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Foreword 

Like many other medical scientists I first became aware of au to immune 
disease as a clinical entity from the work of Dameshek and Schwar tz in 
1937, and I have been interested in it ever since although always mainly 
from its bearing on immunological theory . During 1962 I col laborated on 
the theoretical side with Dr. Mackay in writing one of the earlier texts in 
English, which was published in 1963. In the ensuing 20 years exper imen
tal and clinical research has enriched the field immensely and widened the 
range of diseases at tr ibutable wholly or in part to autoimmunity. At least 
we were thinking along the right lines, and I am happy to contr ibute a 
foreword to the present volume. 

To one who has been away from active research in immunology since 
1965, the dominant impression of what has happened since is the daunting 
complexity of the genetic and biochemical processes that are concerned 
with the regulation of the immune sys tem. Almost all recent exper imental 
work designed to elucidate basic immunology has centered on the use of 
mouse strains of known genetic composi t ion. As a result , a much more 
precise understanding of the structural chemistry and genetic control of 
the diversity of specific pat terns in antibodies is now available. This holds 
also for the nature and developmental sequence of the several species of 
immunoglobulins and their respect ive functions. Many o ther relevant 
subs tances , particularly cell surface antigens and receptors , lymphokines , 
and other cell secret ions, have also been effectively studied. All of these 
body components concerned in immune responses are proteins directly or 
indirectly coded for by germ line structural genes . In the case of antibod
ies at least, diversity is achieved by modification at some stage of differen
tiation, within the lines of somatic s tem cells, of one or more germ line 
genes by transposit ion or recombinat ion, or by somatic mutat ion. 

It must be remembered , however , that the mammalian genome contains 
a great deal of D N A not demonst rably coding for specific protein and 
presumably concerned with regulatory processes , including the timing 
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and correlation of activity of each structural gene during the processes of 
growth, differentiation, and repair. Far less is known about the detailed 
structure and function of regulatory D N A than about structural D N A and 
the peptide sequences that it codes for. Biologically, however , it is proba
bly jus t as important as the protein-synthetic sys tem, particularly in deter
mining the details of morphological and functional differentiation during 
development . It is well known that the chemical and serological qualities 
of the proteins of humans and chimpanzees are so extremely similar that 
these can be regarded as sibling species . The differences to be found in 
almost every detail of morphology, therefore, must be derived from muta
tional or o ther types of modification of the regulatory segments of the 
genome of the common ancestral species. 

Most experimental and theoretical immunologists now recognize that 
the immune system is an immensely complex web of interactions that 
evolved to deal with a wide variety of exceptional si tuations. Its regula
tion obviously requires a sophisticated system of communicat ion, with 
active responses and feedbacks involving either a proliferative response , 
a step in differentiation, or an activation of secretory function, and, on the 
negative side, inhibitory or destruct ive responses of corresponding type . 
The concept of immune surveillance was introduced to account for a 
variety of oncological phenomena but nowadays there is a growing opin
ion that it is principally concerned with, or is a by-product of, the internal 
specific control of all types of lymphocytes and their derivat ives. Katz has 
summarized the position by saying that all populat ions of functioning 
lymphocytes must be under positive and negative control coordinated to 
optimize the survival of the individual exposed to infection or to some 
internally induced change of "se l f" pat tern. Je rne ' s concept of immune 
regulation by ant ibody, or suppressor cells with specificity for idiotypes, 
is one example of how this may be achieved. 

In the absence of any accepted interpretation of immune regulatory 
processes , I still prefer to think of them broadly as complex homeostat ic 
and self-monitoring functions. Very early in this century Ehrlich clearly 
expressed the logical necessity that the ver tebrate body must in some way 
be inhibited from developing antibodies reactive against its own compo
nents , and this constraint has been more or less consciously recognized 
ever since. It can be expressed broadly in the form that the function of the 
immune system is to recognize the presence of substances or chemical 
pat terns foreign to the body and to eliminate them or nullify their harmful 
act ions. 

At the risk of being too easily satisfied, one can still look at the problem 
in general biological terms rather than at a molecular level and use te rms 
lo re appropriate perhaps to the 1950s than to the 1980s. The immune 
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system in my view exists primarily to maintain the structural and chemi
cal integrity of the body. The facts of infectious disease , of allergic com
plaints, and of the troubles that may follow injection or t ransplantat ion of 
cells or t issues from other individuals all suggest that the entry of things 
that are "not -se l f" parenteral ly is harmful and, at least in relation to 
microbial infection, has needed the evolution of mechanisms to avoid or 
deal with any such entry into the t issues. In broad terms what is needed is 
for cells to recognize the foreign quality of the material , to counteract any 
damaging quality, and in some way to segregate and to des t roy or elimi
nate the offending particles or molecules . 

F rom what we now know of the product ion and functioning of ant ibody 
it is clear that what is needed is a repertoire of epi topes ( immune specifici
ties) on immunoglobulins and immunocytes , sufficient to cover as many 
types of foreign molecular groups as is physically possible but without 
such action on all molecular groupings of body ( "se l f " ) components that 
are accessible to circulating cells or proteins in the blood or lymph. Pro
duction of such a repertoire demands a set of mechanisms by which a very 
wide—virtual ly infinite—diversity of molecular pat terns can be conferred 
on immunoglobulins or the related cell receptors , and also that any of 
those pat terns reactive with self-components are in one way or another 
effectively inhibited or eliminated from the repertoire or rendered incapa
ble of being stimulated to proliferation or o ther significant activity. If this 
is to be accomplished without the general metabolism being dis turbed, an 
elaborate communicat ions system is clearly needed. Much of the control 
of the ant ibody system is at the genetic level. The random transposi t ion of 
al ternative D N A segments within a well-ordered framework plus acceler
ated point mutat ion in the V gene segments indicates some of the subtlety 
of the processes . 

When we come to cellular aspects of immune responses , however , 
experimental immunology is much less revealing. It is evident that many 
classes of lymphocytes carry receptors of similar specificity to those 
forming the variable regions of ant ibodies . The B-cell surface receptor 
responsible for specific cellular activation after contact with antigen ap
pears to be monomeric IgM synthesized by the cell itself. Must less is 
known of the specific T-cell receptor . There is considerable evidence , 
which I find impressive, that points to the passive transfer of the whole or 
part of B-cell receptors to Τ cells, which then take on the character is t ic 
specificity in their functional responses . Others consider that T-cell speci
ficity is au tonomous to the cell concerned . 

The activities of higher cells, suppressor cells, cytotoxic and nonspe
cific killer cells among the Τ cells have not yet been fully defined. The 
implication is that within the immune system there must be means by 
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which the numbers and distribution of every recognizably different type 
of circulating cell can be monitored and, if necessary , be stimulated to 
proliferate, functionally inhibited, or des t royed. In its own way communi
cation and control of the immune system may be as complex as its social 
analogs, the control of crime and delinquency or the economics of an 
industrial society. Auto immune disease has often been likened to the 
revolutionary violence of a rebellious section of the national police force, 
and there may be jus t as many possible reasons for the conflict to become 
clinically overt . 

Immune tolerance to self-components is mediated through more than 
one mechanism, but when ant ibody production is being considered I be
lieve that clonal deletion is the dominant process . If a precursor Β cell at 
its first surface expression of the specific ant ibody receptor makes contact 
with the corresponding antigenic determinant in adequate concentra t ion, 
the precursor cell is lethally damaged. As the clone matures , its cells 
become less susceptible to damage and are more likely to show a prolifer
ative response to the same specific st imulus. 

Autoimmune disease is not easy to define or to interpret . For fairly 
obvious reasons the original hallmark of au to immune disease was the 
presence of autoant ibodies , that is, antibodies reactive with normal con
sti tuents of the body. The prototype was " w a r m - t y p e " au to immune he
molytic anemia as described by Dameshek and Schwar tz in 1950. Virtu
ally all the generally recognized auto immune diseases have shown one or 
more types of autoant ibody not a lways directly related to the symptoms 
of the condit ion. In healthy subjects the appearance of any of the common 
autoantibodies tested for in clinical laboratories is quite unusual , but there 
is a distinct increase in their incidence in old age. 

In some ways the simplest interpretation of the appearance of an active 
clone of Β cells producing autoant ibody is that a mutat ion (germ line or 
somatic) has significantly increased its resistance to tolerization by the 
corresponding autoantigen. In view of the complexi t ies , known in detail 
or recognized in principle, that are needed for a normally functioning 
immune system, it is only to be expected that a wide range of somatic 
genetic errors may be needed for the appearance of an au to immune clone. 
The mutat ions or other type of change in D N A pat tern may involve ei ther 
germ line cells or somatic cells at various stages of differentiation; and , 
for overt manifestations of the clone, appropriate functional s tates of the 
internal environment will be necessary . 

Auto immune disease has many resemblances to a condit ioned malig
nancy and modern thinking on the initiation of malignancy may well be 
relevant . There is a general agreement that the final s tep in the develop
ment of at least one important group of cancers is the undue activity of the 
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product of an oncogene , itself derived from a normal gene which is pre
sumably concerned with cell proliferation in development and repair and 
which is referred to as a proto-oncogene. According to work in Wein
berg ' s laboratory, the change in s t ructure associated with the proto-onco
gene to oncogene change is located in a single nucleotide, the codon G G C 
being changed by a point mutat ion to G T C , corresponding to a g lyc ine -
valine change in the gene product . Scolnick 's group, however , has pub
lished evidence that a regulatory change , by which abnormally large 
amounts of the gene product are synthesized, can produce the same cell-
transforming effect. 

The eventual interpretation of the appearance of au to immune clones of 
Β or Τ cells will almost certainly be expressed in molecular te rms that 
may involve a sequence of point muta t ions , anomalous t ransposi t ions , or 
some other intragenomic change, functionally equivalent to somatic mu
tation. It remains to be seen whether , when such investigations have been 
successfully completed in mouse model sys tems of au to immune disease , 
the results can be usefully applied to au to immune condit ions in humans . 

Perhaps the main lesson to be learned from the modern elucidation of 
the mammalian immune system is that of the extraordinary complexity of 
its regulatory mechanisms at both genetic and physiological levels. Clini
cal exper ience suggests that every case of serious au to immune disease 
has its own individual peculiarit ies, and it will probably always be imprac
ticable to provide a complete picture of the primary and secondary pro
cesses responsible for the pat ient ' s condit ion. In a work which must be 
firmly directed toward the clinical realities of diagnosis and t rea tment in 
the various manifestations of au to immune disease, theoretical studies in 
immunology and immunopathology have only a very limited place. The 
handling of individual patients must conform to the current consensus of 
clinical opinion. Basic research in immunopathology will cont inue , and if 
past exper ience is any guide such research will provide at intervals ideas 
that will modify the clinical approach . Equally important is the potential 
of clinical and epidemiological studies in human disease to influence gen
eral thinking on the nature of au to immune disease . The distribution of 
H L A types in relation to clinical condi t ions , particularly of immunopatho-
logical character , is one of the most important findings of this sort . 

Every chapter of this book represents a fusion of acts and ideas from 
both the clinical and experimental fields. It is both inevitable and essential 
that this cooperat ion go on indefinitely. 

Sir Macfarlane Burnet 
Canterbury, Victoria 

Australia 



Editors' Tribute to Sir Macfarlane Burnet 

We record with great sadness that Frank Macfarlane Burnet, 
Nobel Laureate, died on August 31, 1985, a few days before his 
86th birthday and a few months before the publication of this 
book. His remarkable research career spanned six decades, se
quentially moving from microbiology to virology to immunology. 
In his prophetic monograph with F. Fenner, "The Production of 
Antibodies" (1949), he introduced the concept of immunological 
tolerance, in discussing how mice infected in vitro with lympho
cytic choriomeningitis virus remain free of illness, resistant to 
virus challenge, and lack evidence of any immune response to the 
virus: "These phenomena are obviously complex but there is the 
development of a tolerance to the foreign microorganism during 
embryonic life . . . ." 

Burnet's conceptual framework for immunology was con
structed from two dominant themes: the principle of self Inon-self 
discrimination as a mandatory condition for survival, and the 
application of principles of micro-Darwinian evolution to explain 
how lymphoid cells proliferate clonally to provide for those popu
lations of lymphocytes best equipped to serve the needs of the 
organism—clonal selection. His prescient application of these 
themes to immunopathology led to his enduring interest in 
autoimmune disease—an interest in which the Editors were 
privileged to participate—and is epitomized in his most valued 
Introduction to this book. 
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Preface 

The impetus for the book arose when one of us (N.R.R. ) was fortunate 
enough to spend a sabbatical year working in the laboratory of the o ther 
( I .R.M.) . During our many spirited discussions, we realized how much 
our thinking about autoimmunity and au to immune disease had expanded 
since Mackay and Burnet published their landmark book on the subject in 
1963. Conceptual ly , study of self-recognition and autoimmunity has pro
duced fresh insights into normal , as well as abnormal , immunoregulat ion; 
future clinical possibilities for specific intervention have increased the 
need for accura te and early diagnosis of au to immune diseases . 

This book , then , is designed to provide a deeper unders tanding of this 
increasingly important field of medical science for physicians and investi
gators involved in the diagnosis, t rea tment , or research of au to immune 
disease . Each chapter is written by an exper ienced clinician/investigator, 
but to obtain some measure of uniformity, each author was encouraged to 
follow a common outline. We are pleased that Sir Macfarlane Burnet has 
writ ten a foreword that furnishes an historical perspect ive of our current 
concepts of self/non-self discrimination. A final chapter by Sir Gus tav 
Nossal offers a glimpse into the future, relating the newer unders tanding 
of molecular immunology to innovative approaches to the t rea tment of 
au to immune disorders . We have also included an introduction, giving 
accounts of recent investigations into cellular interact ions, and a chapter 
discussing genetic regulation, as these subjects pertain to the induction of 
au to immune disease and the identification of populat ions or individuals at 
greatest risk. A separate chapter by Roger Dawkins examines the practi
cal problems of the evaluation and interpretation of immunological tests 
for autoant ibodies . 

All of us w h o part icipated in the preparat ion of this book hope that the 
readers will find it both useful and stimulating. 

Noel R. Rose 
Ian R. Mackay 
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Introduction 
By the Editors 

AUTOIMMUNITY VERSUS AUTOIMMUNE 
DISEASES 

The term autoimmunity carries the general connotat ion of an immune 
response to const i tuents of the body (self-constituents) to which the im
mune system should be inert. This idea goes back to the express ion horror 
autotoxicus of Ehrlich in 1901, s t rengthened in succeeding years by the 
general failure of experimental is ts to evoke immune responses in animals 
by injection of their own tissue ext rac ts . Indeed, the inviolate charac ter of 
immune tolerance to autologous t issues led Burnet to suggest that self/ 
non-self discrimination was the primary function of the immune sys tem. It 
is now known that nonreactivity to self is not absolute , since sensitive 
assay sys tems usually reveal low levels of autoant ibody in healthy mem
bers of most species studied. In population surveys , there is a proport ion 
of subjects in whom autoant ibodies are readily evident but in whom there 
is no demonstrable disease (see Chapte r 24). Some of the subjects will be 
in what is now recognized as the long (3-5 years) preclinical phase of 
auto immune disease, whereas o thers may have a transient express ion of 
autoantibodies in their blood. The term autoimmunity can be applied to 
these s ta tes . 

The definition of au to immune disease is more difficult. The exper imen
talist would demand not only that the state of autoimmunity be demon
strable, whether experimentally induced or naturally occurr ing, but also 
that the auto immune response can unequivocally be shown to cause dis
ease , usually by transfer of cells or serum to another animal. In the 
clinical setting, the rigorous demonstra t ion of an au to immune effector 
mechanism is seldom possible. There are some instances of natural pla
cental transfer of au to immune disease from mother to fetus, exemplified 
by neonatal myasthenia gravis, thyrotoxicosis , th rombocytopenic pur
pura, and systemic lupus e ry thematosus (SLE) , and there are a few exam-
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pies of deliberate production of au to immune disease in humans by t rans
fer of plasma, for example , thrombocytopenic purpura (see Chapter 19). 
It is frequently necessary , therefore, to resort to experimental models to 
establish the auto immune etiology of a human disease . In general , clini
cians apply the term autoimmune disease to condit ions of uncertain etiol
ogy in which there is a ready demonstrabil i ty of autoant ibody of a rele
vant specificity. In most of these diseases , the circumstantial evidence 
linking the state of autoimmunity and the disease is so strong that a causal 
association can reasonably be assumed; for example , chronic thyroidit is , 
S L E , pemphigus vulgaris, and myasthenia gravis. For other diseases the 
evidence is more t enuous ; among these we include ulcerative colitis, 
multiple sclerosis, alopecia totalis, and vitiligo. 

NATURAL SELF-TOLERANCE AND 
AUTOIMMUNITY 

The state of natural self-tolerance is defined by the absence of immune 
reactivity to autologous const i tuents . Explanat ions for self-tolerance are 
difficult because what can be demonst ra ted in vitro may not necessarily 
have particular relevance in vivo. The possible mechanisms, cited in his
torical order of their development , are three: 

1. Antigen "overload." This concept has developed in various direc
t ions, including blockade of antigen receptors , immunological paralysis of 
the Felton type , and elimination of free antigen by conjugation with anti
body or immunocytes in the circulation. Of these ideas, the concept of 
antigen blockade of receptors on lymphocytes is still current (Nossal , 
1983), 

2. Deletion of self-reactive cells. This notion was one of the corollar
ies of the initial clonal selection theory. It was assumed that lymphocytes 
with a capacity to react with self-constituents were deleted by exposure to 
antigen in excess at a critical stage of their maturat ion. This process was 
held to occur predominantly in fetal life but operated throughout life to 
maintain tolerance in the event of self-reactive cells arising by somatic 
mutat ion. There has been some degree of adherence to deletional theories 
of self-tolerance, at least in modified forms, to explain B-cell to lerance, 
although we recognize at the same time that low levels of autoant ibodies 
in blood are the rule rather than the except ion. For the Τ cell the likeli
hood of deletional tolerance is more plausible. The simplest formulation 
of the theory is that there is diversification during ontogeny in the t hymus , 
perhaps under the influence of products of the major histocompatibili ty 
complex (MHC), and cells which express self-reactivity (in associat ion 
with self-MHC) are eliminated, at least functionally. Consis tent with this 
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notion, but not serving as direct proof, is the high level of dea th in situ of 
fetal thymocytes . We express the reservat ion that , experimental ly , expo
sure of lymphoid cells to antigen in excess has not yet been shown to 
carry lethal consequences . Along these lines, there are strains of mice 
that have an innate lack of T-cell responsiveness to part icular ant igens; 
this is explained when developing thymocytes are exposed to a particular 
antigenic specificity, which results in deletion of that reactivity. The re
sulting failure to respond creates what are described as " h o l e s " in the T-
cell repertoire (Klein, 1982). 

3. Active regulation. This " th i rd gene ra t ion" concept to explain self-
tolerance s tems from the two mains t ream ideas: the " infect ious toler
a n c e " of Gershon and Kondo as the forerunner of immune suppression 
(Gershon, 1974) and the anti-idiotype network of Jerne (1974). In regard 
to the first mainst ream idea, the phenomenology of T-cell suppress ion can 
no longer by doubted , and there are unequivocal markers for cells that 
transfer unresponsiveness in experimental animals . In fact, a complex 
infrastructure of cellular suppressor sys tems has been built up , including 
antigen-specific suppressor cells, idiotype-specific suppressor cells, and 
nonspecific suppressor cells; added to these , but with opposing effects, is 
the putative cont rasuppressor cell that can preempt the activities of sup
pressor cells. We acknowledge a minority viewpoint that activities attr ib
uted specifically to suppression can be explained without invoking the 
exis tence of a distinct subset of Τ cells. The second mains t ream idea is 
that of anti-idiotype regulation. " I d i o t y p e " refers to the antigenic speci
ficity of ant ibody produced in response to a given antigenic determinant 
or epi tope (see Chapter 23). Such ant ibody itself generates an ant ibody 
response: anti-idiotypic ant ibody. The potential regulatory capacity of 
such ant ibody, through its action on receptors on Β cells or even Τ cells, 
was drawn upon by Jerne (1974) as the basis for a ne twork concept of 
idiotype/anti-idiotype interact ions, providing an essential regulatory pro
cess in immune function. The exis tence of endogenously arising anti-
idiotypic antibody has been established but the importance of its role in 
maintaining natural tolerance is still sub judice. 

It is worth noting that maintenance of self-tolerance is clearly of such 
importance that , on a fail-safe basis , several coexisting processes could 
well be expected to opera te . 

CIRCUMVENTION OF SELF-TOLERANCE 

Circumvention of self-tolerance is synonymous with autoimmuni ty . 
Historically, the earliest idea was that some self-constituents were " s e 
q u e s t e r e d . " Such const i tuents were shielded from the immune system in 
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the sense of having no opportuni ty to establish tolerance. Examples were 
thought to include lens protein, certain brain proteins , thyroglobulin (an 
er roneous assumption) , and sperm. When such const i tuents were re
leased in the course of t issue damage , they would be processed as "for
e ign" antigens and would generate an (auto)immune response . This 
mechanism is still not excluded and may be the explanation for immuniza
tion to sperm antigens after vasectomy (see Chapter 21). 

On clonal selection-cwm-deletional theories of self-tolerance, circum
vention of self-tolerance was explained by abnormali ty on the part of the 
lymphoid system, independent of any role of antigen. It was assumed that 
self-reactivity occurred sui generis, based on somatic mutat ions that influ
enced the structure of the antigen-binding receptor of lymphocytes . Thus , 
there emerged cells capable of responding to self-antigens and having a 
resistance to normal homeostat ic controls . In o ther words , an autono
mous clone of lymphocytes arose that could inflict damage to autologous 
t issues and, in the process , cause release of further antigen, so sustaining 
the process . 

The concept that natural tolerance is based on deletion or inactivation 
of self-reactive Τ cells gave rise to the T-cell bypass theory , developed 
concurrent ly by Allison et al. (1971) and Weigle (1980). This theory , 
utilizing the ca r r i e r -hap ten model of B-cell act ivation, specified that the 
presence of self-reactive Β cells is permissible so long as self-reactive Τ 
cells are " s i l e n c e d " and so are unable to provide help to Β cells for 
autoant ibody formation. However , the presentat ion of a foreign carrier 
molecule derived, for example , from a virus or drug in association with a 
self-hapten would allow for a T-cell response to the carrier, thereby pro
viding help for Β cells reactive with the hapten. Of the several exper imen
tal models illustrating T-cell bypass , the most convincing is that based on 
the liver-specific F antigen (see Chapter 12). In the mouse , F antigen 
exists as two al lotypes. Immunizat ion of responder mice with allotypic F 
antigen, which provides the foreign carrier , induces ant ibody that is both 
alio- and auto-react ive; that is , stimulation by the T-cell carrier compo
nent results in break of self-tolerance to the hapten component of F anti
gen. However , the degree to which T-cell bypass can account for the wide 
range of self-sustaining auto immune diseases is uncertain. 

Another of the earlier concepts on induction of au to immune responses 
was molecular mimicry, with rheumatic carditis as the most familiar ex
ample (see Chapter 16). It was shown that a particular s t reptococcal cell-
wall antigen has a molecular configuration similar to that of a sarcolemmal 
antigen of heart muscle and so , in the course of s t reptococcal infection, 
ant ibody produced against the s t reptococcal antigen is incidentally reac
tive with heart . Other examples based on this idea have been cited from 



I N T R O D U C T I O N XXIX 

t ime to t ime, including the demonstra t ion by immunoblot t ing of epi topes 
common to bacteria and the acetylcholine receptor (Stefansson et al., 
1985). To support the concept of molecular mimicry for induction of a 
given au to immune disease, one should be able to discern both a demon
strable clinical association be tween that disease and the presence in the 
patient of the offending microorganism, as well as demonst rable cross-
reactivity be tween antigens of the microorganism and host t issues. 

If the reality of regulatory influences on immune responses is accepted , 
then failure of suppressor mechanisms must contr ibute to s tates of 
autoimmunity . Unfortunately, in humans , the role of antigen-specific sup
pressor circuits is still poorly unders tood because reliable assays are yet 
to be developed. Functional assays for nonspecific suppressor effects 
show evident depression corresponding, in general , with disease exacer
bat ions , indicative at least of a contr ibutory role for T-suppressor dys
function. Enumera t ion in disease of Τ cells bearing markers for helper and 
suppressor subsets has added little information, because markers that 
precisely define the relevant human suppressor populat ions are lacking. 

In the recent past , at tention has turned to the quest ion of antigen pre
sentation in the induction and express ion of autoimmunity . There is, in 
fact, relatively little information on the processing of self-antigens by 
antigen-presenting cells, and it could even be argued that a strong element 
in the maintenance of self-tolerance is exercised at the level of the han
dling of self-antigens by macrophages or o ther antigen-presenting cells. 
Of equal interest is the quest ion of the expression of M H C antigens on 
target t issues involved in au to immune react ions . It would be expected 
that class II M H C antigens (I-A in mice, DR in humans) would be in
volved in the presentat ion of autoant igen, and there is clear evidence that 
t issues showing destruct ive reactions express class II M H C antigens (see 
Chapter 23). Whether expression of class II M H C antigens is a primary 
event or is secondary to the release of interferons or o ther cytokines in 
the course of cytodestruct ive processes is uncertain. 

GENETIC DETERMINANTS OF 
AUTOIMMUNE DISEASES 

We recognize a degree of genetic predisposit ion to au to immune dis
ease , with the genetic loading differing for each disease and varying ac
cording to the contr ibution from either parent (see Chapter 1). There must 
be an interplay be tween genetic predisposit ion and environmental deter
minants , and in some instances a sufficiently strong environmental stimu
lus—infect ious, physical , or chemical—will induce autoimmunity in the 
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absence of apparent genetic predisposit ion. There are also somatic ge
netic influences which could account for the chance component in autoim
mune disease, if the likelihood is accepted that mutational events in repli
cating lymphoid cells will generate receptors with particularly high 
affinities for autologous components . Evidence support ing this concept is 
provided by the well-recognized existence of au to immune reactivity in 
some B-cell lymphomas and the occurrence of monoclonal proteins of the 
myeloma or macroglobulinemia types with high affinity for autoant igens 
(see Chapter 6). Reactivities described include those against IgG Fc deter
minants (rheumatoid factors, Chapter 3), e rythrocyte antigens in the form 
of cold-reactive autoantibodies (Chapter 18), thyroglobulin, and the cy-
toskeletal filaments actin and vimentin. These considerat ions warrant ref
erence to the possible involvement of an oncogene to establish the auton
omous potential of an auto immune lymphoid clone; this possibility seems 
worthy of exploration by application of the now-available techniques of 
molecular biology. 

CAUSE OF TISSUE DAMAGE 

Despite all that has been learned about immunopathology, we still 
know relatively little about the mechanisms of tissue damage in human 
auto immune disease. The initial idea that damage was mediated by circu
lating autoant ibody tended to be discarded in favor of cellular immune 
processes because titers of autoant ibody did not seem to correspond with 
tissue damage. However , it seems clear that humoral ant ibody can be 
incriminated in several types of au to immune disease , including hemocy-
tolytic diseases (see Chapters 18-20), ant i receptor diseases (see Chapte r 
22), and the bullous skin diseases (see Chapter 17). The evidence is based 
on natural transfer of these diseases t r ansp lacen ta l^ or by inoculation of 
serum into mice with reproduct ion of the characterist ic clinical and histo
logical features. Whether or not these ant ibody-dependent diseases re
quire the participation of complement for effective induction of lesions is 
uncertain, but this is highly likely, for some at least. However , when 
pemphigus vulgaris is transferred to a neonatal mouse by injection of 
serum from affected pat ients , the lesions on the mouse ' s skin appear so 
readily and quickly that a role for complement seems unlikely; moreover , 
induction of lesions in vitro or by transfer to mice by IgG occurs despite 
absence or depletion of complement (see Chapter 17). 

Another ant ibody-dependent mechanism of t issue damage is that medi
ated by Κ cells, which bind by Fc receptors to cells sensitized by a t tached 
autoant ibody (see Chapters 7 and 21). The effect is more readily demon-
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strable in vitro and has been invoked to explain damage to thyroid epithe
lial cells in au to immune thyroidit is . Although it is t rue that the thyroid-
specific antigen can be expressed on the thyroid cell surface, and so 
represent a target for ant ibody-dependent cytotoxici ty, the evidence for a 
K-cell effector is perhaps bet ter for virus-infected cells or tumor cells than 
that for cells expressing autoant igens. Moreover , histochemical studies 
using monoclonal antibodies show few cells with K-cell markers at sites 
of t issue destruct ion. 

The participation of macrophages in au to immune tissue lesions must be 
mentioned since such cells can be act ivated by lymphokines or become 
" a r m e d " with cytophilic ant ibodies . Such cells are frequently demonst ra
ble among the cellular aggregates in au to immune lesions but their actual 
contribution to tissue damage is not known (see Chapters 3 and 11). 

Immune complexes are a major mediator of t issue damage in some 
auto immune diseases , for example , S L E and related disorders and rheu
matoid arthritis (see Chapters 2 and 3). It can be readily shown with 
immunofluorescence that antibody and complement are deposi ted in tis
sue lesions and, in the case of S L E , that depletion of serum complement 
accompanies active disease. In S L E the usual autoant igen, D N A , has 
been eluted from immune complexes in the kidney. It is generally as
sumed that damaging immune complexes are formed at sites remote from 
those at which damage is occurring, and perhaps certain t issues such as 
kidney or brain have an affinity for circulating immune complexes . Per
haps the character of the antibody component of the complex , such as the 
isoelectric charge, is an important factor (Gavalchin et al.t 1985). Another 
possibility is that the immune complex forms in situ. This could occur if 
an antigen, for example , D N A , were itself deposi ted in, say, the renal 
glomerulus, or if antibody were present to high titer in the circulation or 
produced locally, and antigen was being released locally as a result of 
inflammatory activity in the target t issue. The latter appears to be one of 
several mechanisms involved in the lesions of au to immune thyroiditis 
(see Chapter 7). 

The Τ lymphocytes are likely effector agents in some au to immune dis
eases , at least as judged by cell counts , using monoclonal ant ibodies , in 
affected t issues. Although such studies generally show a relative but 
slight excess of the suppressor /cytotoxic populat ion, this immunohistolog-
ical evidence is not decisive as to the likely T-cell subset involved. It can 
definitely be stated that Τ lymphocytes are the effector agents in certain 
experimentally induced au to immune diseases and, in mice, that d isease is 
transferable to syngeneic animals by an inoculum of Τ lymphocytes , ei
ther from diseased animals or from cultured T-cell lines (see Chapte r 15). 
Of interest , the phenotype of the cells that transfer disease is that of the 
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helper subset , for example , in experimental au to immune encephalomyeli
tis (EAE) in the mouse . This implies the necessi ty for an induction of 
cytotoxic cells in the recipient, or that cells of T-helper phenotype are 
themselves capable of causing damage , presumably by release of cyto
kines with effector or facilitatory proper t ies . Such cytokines might in
clude interferon, which could cause M H C class II antigen expression on 
target cells, or cytotoxic lymphotoxins (see Chapter 7). However , the 
limited cell specificity of cytotoxic lymphotoxins calls for a guarded as
sessment of their role in au to immune tissue damage. 

A general reservat ion which can be expressed regarding the involve
ment of the T-helper subset in auto immune disease is the difficulty in 
detecting the " foo tp r in t s " of this subset by assays in vivo or in vitro in 
humans . Although there have been many descriptions of assays based on 
lymphokine release, with apparently positive results in many instances , 
clinical immunologists have not found it easy to establish robust lympho
kine release assays that regularly and reliably demonst ra te cell-mediated 
immunity to autoant igens in human autoimmune disease. Moreover , skin 
tests for delayed-type hypersensit ivity to autoantigens, in the limited 
studies in which these have been done , have been usually transient or 
negative. 

The activity of cytolytic MHC-rest r ic ted Τ lymphocytes is well illus
trated under defined experimental condit ions in vitro. For example , cyto
toxic Τ lymphocytes of Lyt-2 phenotype , induced in the course of experi
mental au to immune thyroiditis in the mouse , can readily be shown to 
dest roy thyroid cell monolayers but are subject to H-2 restriction (see 
Chapter 7). Parallel demonst ra t ions of this effect in human auto immune 
disease have been sought assiduously, but workers have been confronted 
with serious technical problems. First , the requirements of M H C compat
ibility demand that autologous cultured target cells be used, and these are 
seldom readily available. Second, the cells must be maintained during 
culture in a differentiated state and continue to express their relevant 
tissue-specific and M H C antigens. Third, the cells must be sufficiently 
stable to permit reliable isotope release assays to quanti tate the cytoxicity 
of effector Τ lymphocytes . Since these conditions can seldom be met , the 
question of the activity of cytotoxic Τ cells in human autoimmune disease 
is unanswered . 

The last effector candidate is the natural killer (NK) cell, which has 
long been studied in the setting of tumor immunology, but the scope of 
activities of N K cells in vivo, and the cell types on which these cells 
opera te , are still unresolved issues. As for Κ cells, there is a scarcity of 
cells with the phenotypic markers of N K cells among the lymphoid infil
t rates in au to immune diseases (see Chapter 7). There is current interest in 
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the function of act ivated N K cells and the possible origin of such cells 
either from N K cells or from a differentiation step from cytotoxic Τ cells. 
These quest ions so far have been examined only by studies in vitro 

WHAT ARE THE "AUTOIMMUNE DISEASES"? 

Any selection of diseases to be included in a text or review as being 
" a u t o i m m u n e " must of necessity be arbitrary. For most of the diseases 
discussed in this volume the evidence for an autoimmune contr ibution to 
pathogenesis , direct or indirect, is substantial . However , for some of the 
diseases included here , the evidence for an autoimmune contr ibution is 
still controvers ia l , for example , sc leroderma, multiple sclerosis , inflam
matory bowel d iseases , and, especially, regional ileitis and cardiovascular 
d iseases . On the o ther hand, there are certain diseases , some perhaps of 
lesser clinical impor tance , for which an au to immune component has been 
suggested, yet these have not been described in any detail in this volume. 
While the evidence for autoimmunity in such diseases is still only circum
stantial, it is toward these diseases that particular at tention could be 
directed in the future. Examples might include the following: 

Bone marrow hypoplasia can be at tr ibuted to immunopathy , with a 
particular role for Τ lymphocytes with suppressor activity, shown in both 
granulopoietic failure by Bagby et al. (1983) and in aplastic anemia by 
Zoumbos et al. (1985). 

Alopecia totalis and alopecia universalis, which tend to be associated 
with markers of thyroid and gastric auto immuni ty , are implicated on the 
basis of "guilt by assoc ia t ion" ; as additional evidence there may be a 
marked regrowth of hair in these diseases in response to prednisolone. 

Vitiligo has likewise been regarded as au to immune on the basis of 
clinical associat ions with thyrogastr ic and adrenal autoimmuni ty , but puz
zling, and inexplicable immunologically, is the remarkable bilateral sym
metry of the lesions; there have been reports from time to time of serum 
ant ibody to melanocytes in vitiligo. 

Idiopathic deafness and Meniere's disease have been implicated as 
auto immune disorders , based on clinical associat ions and on the presence 
of serum antibodies to type II collagen and the induction in rats of co
chlear and vestibular damage by immunizat ion with collagen (Yoo et al., 
1982). 

Hypopituitarism is a relatively rare disease and the examples studied 
are usually reported as sporadic cases , numbering 16 so far, and at tent ion 
can be directed to the presence of serum ant ibodies , demonst rable by 
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immunofluorescence, to specialized cells in the anterior lobe of the pitui
tary gland, including cells secreting prolactin or growth hormone ; the 
subject has been reviewed by Josse (1985). 

There are probably various other examples of minor auto immuno-
pathies of which the present writers are unaware , and there will undoubt
edly be new examples as diseases of obscure pathogenesis are scrutinized 
in clinical immunology laboratories . 

FORECASTS FOR AUTOIMMUNITY 

As a preamble to this closing section, we can distinguish four eras (or 
decades) in the history of autoimmunity: 1955-1965, the decade marked 
by the quest ion, Does autoimmunity exis t?; 1965-1975, the decade 
marked by the upsurge of diagnostic activity associated particularly with 
the use of diagnostic assays based on immunofluorescence, the establish
ment of clinical immunology services, and the acceptance of various dis
eases as being auto immune in character ; 1975-1985, the decade marked 
by the consolidation of the concept of auto immune disease and the intro
duction of new ideas, including that of ant i receptor diseases and the wider 
range of possible autoimmune diseases thereby opened up. We suggest 
that 1985-1995 will be the decade in which attention is directed to tar
geted intervention, and specific immunological approaches for prevention 
or t reatment will be used in place of the nonspecific anti-inflammatory and 
cytotoxic therapy of the past. In this forthcoming decade , in which sev
eral promising leads may come to clinical application, we see as promi
nent the definition of the major autoepi topes relevant to au to immune 
diseases , the development of marker-specific monoclonal ant ibodies , and 
the utilization of anti-idiotypic antibodies and specific immunotherapy 
based on the following considerat ions: 

Autoepitopes. The use of immunofluorescent diagnostic serology has 
led clinical immunologists to refer to macromolecular s t ructures such as 
nuclei, microsomes, mitochondria, and so on, as " a n t i g e n s . " However , 
advances in analytical biochemistry and molecular biology should allow 
precise dissection of these macromolecular " a n t i g e n s " and the eventual 
resolution of the epi topes that are relevant to au to immune react ions. If 
so, these could be produced en masse by gene cloning techniques and 
applied, using appropriate immunization schedules , to realign the immune 
system in the direction of tolerance rather than reactivity. This approach 
is under investigation at present , using a nucleic acid antigen at tached to 
an autologous carrier molecule, γ-globulin. 
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Monoclonal antibodies. The potential application of monoclonal anti
bodies to immunotherapy is underscored by success in several experi
mental model situations in which both prevent ion and reversal of es tab
lished disease have been reported. Reference can be made to the use of 
monoclonal antibody to murine I-A determinants in the prevent ion and 
arrest of E A E in mice. The premise is that the encephali togenic autoanti-
gen must be presented in associat ion with I-A but, with specific b lockade 
of I-A on cells which present neural antigen, induction of disease is abro
gated. Experimental au to immune encephalomyeli t is has been best stud
ied, but o ther experimental examples include myasthenia gravis , thyroidi
tis, and murine lupus. The use of monoclonal ant ibodies to the 
helper/ inducer subset of Τ lymphocytes also appears promising, since the 
monoclonal reagent could bind specifically to that particular populat ion of 
Τ cells subserving induction for help. Fur ther to the above , there will be 
developments based on the anti-idiotypic approach that is being exploited 
following the development of cell lines derived from autoreact ive Τ cells. 
So far these lines are of helper phenotype and, when injected into ani
mals, will reproduce au to immune disease corresponding to their antigenic 
specificity, E A E , peripheral neurit is, thyroiditis, and so on. However , of 
particular interest , cells from these cell lines can be at tenuated by various 
physical or chemical means so that they lose their capacity to induce 
disease but retain the ability to establish a state of protect ion against 
subsequent challenge. Presumably, the inoculation of a t tenuated cells 
stimulates the host to produce cells with the ability to suppress cells of the 
effector class , perhaps via expression of an anti-idiotypic specificity. 

Anti-idiotypic antisera. The capability of such antisera to inhibit immu
nological react ions has been shown in mice by the prevent ion of re
sponses to phosphoryl choline. Closer to autoimmuni ty , there is the ex
ample of anti-idiotypic (anti-id) ant isera raised to the major idiotype of 
antinuclear antibodies in lupus mice (NZB/NZW). Such anti-id antibodies 
proved to be capable of markedly reducing levels of autoant ibody in such 
mice, and although there was a reduction in amount of immune complexes 
in the kidney, the course of disease did not appear to be correspondingly 
influenced. The production of anti-id ant isera, as yet another immuno-
manipulative approach to human au to immune disease , is associated with 
two challenging problems. One is the difficulty in identifying the disease-
relevant idiotype among the large spect rum of antibodies against a macro-
molecular autoantigen in human disease . The other is the likelihood of 
idiotype escape , meaning that ant ibody of o ther idiotypes will increase in 
response to suppression of the major idiotype. To summar ize , the future 
therapy of human auto immune disease , based on immunoregulatory inter
vention, will need to be of a 4 4 microsurgica l ' ' charac ter , so that part icular 
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pathogenic clones or their products will be specifically and precisely ex
cised from the total immunological repertoire of the patient. For this to 
become a reality, considerably more work must be done with animal 
models , and broader application must be made of the outs tanding techno
logical advances that have character ized immunology in the 1980s. 

Noel R. Rose 
Ian R. Mackay 
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I. INTRODUCTION 

Many clinicians have noticed the appearance of multiple cases of 
au to immune disease in members of the same family. Somet imes the same 
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disease appears in related individuals; more often, several different 
auto immune diseases are found. General ly, the families fall into two ma
jo r groups. Some families are subject to the occurrence of the organ-
specific auto immune diseases , such as chronic thyroidit is , G r a v e s ' dis
ease , au to immune gastritis, insulin-dependent diabetes mellitus, and 
related auto immune endocr inopathies . In other families, one sees a 
heightened incidence of the systemic auto immune diseases , such as lupus 
ery thematosus and other mult isystem immunopathies ; hemolytic ane
mias, thrombocytopenias and other blood dyscrasias are relatively com
mon in these families. The predisposit ion to such diseases has been desig
nated an auto immune diathesis . 

In this chapter , we shall concentra te on a limited number of autoim
mune diseases in an effort to delineate how the development of autoim
munity is influenced by genetics and to distinguish the types of genetic 
determinants that may be involved in disease product ion. Many o ther 
chapters contain a section particularly devoted to the genetic aspects of 
the disease under considerat ion. We will consider here the genetic aspects 
of diseases that are exemplars for the two major groups , the organ-spe
cific thyroidit is-associated group and the non-organ-specific mult isystem 
or lupus-associated group, recognizing that there is a spectrum from or
gan-specific to non-organ-specific autoimmunity (Roitt, 1984). 

There are special advantages in considering au to immune thyroiditis in 
that this condition is available for genetic studies in three different 
models . (1) The human disease , chronic thyroidit is , is a classic example of 
the organ-specific autoimmunit ies , and numerous family studies are avail
able (Burek et al., 1984); (2) many of the essential features of the disease 
can be reproduced in the experimental laboratory by immunization with 
the principal thyroid antigen, thyroglobulin (Witebsky and Rose , 1956; 
Witebsky et al., 1957); and (3) spontaneous forms of thyroiditis occur in 
certain genetically predisposed animals , such as obese strain (OS) chick
ens , Buffalo (BUF) rats , and the Argonne colony of beagle dogs (Bigazzi 
and Rose , 1975). These advantages do not hold up as well for the multi
sys tem, lupus-associated auto immune diseases in that these diseases are 
less precisely defined, do not cluster quite so unequivocally, and cannot 
be reproduced in animals by immunizing procedures , although natural 
models do exist. 

Fascinating puzzles for immunologists and geneticists have been posed 
by the association of immune-mediated diseases with genes of the major 
histocompatibility complex (MHC) that determine acceptance or rejec
tion of tissue grafts. The story began with the discovery in animals that 
the capacity to respond to simple antigens has a genetic basis , and in mice 
the genes that determine immune responsiveness were found to be linked 
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to the H-2 genes of the M H C (McDevit t and Benacerraf, 1969). Such 
genes were referred to as Ir genes , and these coded for p roducts—ant i 
gens—on the surface of cells called la , detectable serologically with spe
cific ant isera. 

Concurrent ly with research on the role of H-2 genes in mice, scientists 
were engaged in the mapping of genes in humans that specified his tocom
patibility and that were important in organ t ransplantat ion. Products of 
two major human leukocyte antigen (HLA) loci could be detected serolog
ically, and these loci, which came to be known as Η LA-A and HLA-B, 
corresponded to H-2 Κ and H-2D in mice; a third serologically detected 
minor locus was called HLA-C. Another major locus was later detected in 
man by using stimulation in mixed lymphocyte cul tures , and this became 
known as HLA-D; a gene locus that was closely related (D-related, DR) 
was later identified serologically and found to be the analog of the murine 
Ir-Ia system. The D region in man has been found to contain three loci, 
DP, DQ, and DR. The M H C in man occupies a locus on the short arm of 
ch romosome 6 and in mice occupies a locus on ch romosome 17. 

It is now conventional to refer to gene products of loci within the M H C 
as class I, class II and class III, since their t issue expression and function 
are quite different. The class I p roducts , H L A A, Β are expressed on most 
t issues in the body and have two effects, both of which are determined by 
their capacity to attract Τ lymphocytes : (1) they determine rejection of 
organ grafts, and (2) they associate with foreign, usually virally encoded , 
antigens on the cell surface to form a compound antigen that becomes a 
target for T-lymphocyte at tack. It is necessary that the class I antigens of 
the at tacking Τ lymphocyte match those of the cellular target, an effect 
known as M H C restriction (Doherty and Zinkernagel , 1975). The class II 
(D, Dr, la) products are expressed predominantly on Β cells, macro
phages , dendrit ic cells, endothelial cells, and activated Τ lymphocytes ; 
these associate with antigens in such a way as to at tract helper Τ lympho
cytes , thus promoting amplification of immune responses . The class III 
products are coded for by genes of the complement sys tem. 

II. T H Y R O I D D I S E A S E A S I L L U S T R A T I N G 

O R G A N - S P E C I F I C A U T O I M M U N I T Y 

A . H u m a n T h y r o i d i t i s 

Chronic thyroiditis is primarily a disease of the fourth, fifth, and sixth 
decades of life and shows a strong female:male predominance . Studies 
conducted over 20 years ago (Hall, et al., 1960) clearly established that 
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there was a familial predisposition to au to immune thyroid diseases , 
Hash imoto ' s disease, and G r a v e s ' d isease . Subsequent studies showed 
that unaffected relatives had a higher frequency of thyroid autoant ibodies 
than did population controls and that among these thyroidit is-prone fami
lies there was also an increased predisposit ion to develop thyroiditis-
associated diseases and/or the corresponding autoant ibodies (Irvine, 
1965; Hall and Stanburg, 1967; Roitt and Doniach, 1967). 

We would draw attention here to the fact that au to immune thyroid 
disease sometimes occurs in a juveni le form (Burek et al.y 1982). In cases 
starting before puber ty , the sex ratio is nearly equal because the differen
tial effects of sex hormones are not yet apparent . It seems likely that the 
genetic determinants in au to immune thyroiditis can be more readily 
sorted out in the juvenile than in the adult form of thyroidit is . First , the 
premature occurrence of the disease may signify a particularly strong 
genetic predisposi t ion, making this form of the human disease especially 
suitable for investigations and, secondly, the chance for confounding en
vironmental factors to interfere with investigations is probably less in 
children than in individuals with longer life spans . 

A study of juvenile thyroid disease raises two primary quest ions . H o w 
strong are heritable as opposed to o ther factors in the initiation of dis
ease? What types of genetic factors are responsible for the development 
of thyroiditis? In order to determine the importance of genetic versus 
environmental factors in the development of disease, Burek et al. (1982) 
analyzed a group of children aged between 8 and 16 years with chronic 
thyroiditis or thyrotoxicosis . Immunological and clinical data were as
sembled on the probands as well as on their parents and siblings. Immuno
logical studies included autoantibodies to thyroid antigens, thyroglobulin, 
and thyroid microsomes , as well as to other autoant ibodies . Clinical stud
ies included evaluation of thyroid function with a s tandard bat tery of 
biochemical tests . In each family, only the proband had clinical evidence 
of thyroid disease. However , many other children were found to have 
thyroid autoant ibodies . Some of the parents were also found to have 
thyroid autoant ibodies . The proband was then eliminated and all of the 
clinically normal siblings were divided into three groups: those in which 
neither parent had thyroid autoant ibodies ; those in which a single parent 
had thyroid autoant ibodies; and a third group in which both parents had 
thyroid autoant ibodies . The incidence of thyroid autoimmunity as at
tested by thyroid autoantibodies was then determined in each group. As 
indicated in Table I, there are significant differences in the incidence of 
thyroid autoant ibodies in these groups of clinically normal children. Since 
all three groups were exposed equally to environmental influences, the 
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TABLE I 
Prevalence of Thyroid Autoantibodies in Unaffected Siblings of Children and 
Adolescents with Autoimmune Thyroid Disease* 

Thyroid autoantibodies Percentage 
found in Number positive/number tested positive 

Both parents 17/24 71 
One parent 14/26 54 
Neither parent 4/14 29 

a From Burek et al. (1982). 

conclusion must be drawn that genetic factors undoubtedly do play a 
major role in the initiation of thyroid autoimmuni ty . 

In order to carry out investigations of the kinds of genes involved in the 
product ion of disease in a human populat ion, Burek et al. (1984) per
formed family studies, using a series of serological and biochemical mark
ers . These markers are listed in Table II and comprise mainly blood group 
antigens, blood enzymes , and HLA types . In each case , a statistical eval
uation was made with the associat ion of thyroid autoimmuni ty , as mea
sured by the presence of autoant ibodies , and the genetic de terminant . 
Four markers were found to be associated with the product ion of thyroid 
autoant ibodies , namely, HLA, Gm, Rh, and A B O , and, al though each of 
these associat ions individually was ra ther weak, a composi te influence of 
these could provide a substantial component of the genetic risk (Rose and 
Burek, 1985). At the practical level, knowledge of these markers could be 
informative in identifying children in those families most likely to develop 
thyroid autoimmunity . 

The association of HLA with au to immune disease has been descr ibed 
frequently (Spielman et al., 1981) and holds for both the organ-specific 
and mult isystem auto immune diseases , discussed later in this chapter . 
The closest associat ion is the relat ionship of HLA-B27 with ankylosing 
spondylit is , a l though this is not conventionally included among the 
au to immune d isorders , and various au to immune diseases have been asso
ciated with the HLA hap lo type-A/ , B8, DR3. It is perhaps ra ther surpris
ing that human chronic thyroiditis shows only a weak relationship to 
part icular HLA t ypes , al though the associat ion be tween HLA-B8 and 
Graves ' d isease is quite strong (see Chapter 4). On the other hand, the 
HLA type is the most important single determinant in the development of 
thyroid immunity . That observat ion is a t tes ted to in Table I I I , in which 
the occur rence of thyroid autoant ibodies is related to the sharing of haplo-
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TABLE II 

Association of Thyroid Autoimmunity with Genetic 
Determinants 

Relative association with 

thyroglobulin microsomal 
System Allele antibody antibody 

Η LA B8 13.37 7.56 
Gm 8.38 14.37 
Rh R'(CDe) 7.07 — 
ABO 2 — 7.89 

" From Burek et al. (1984); "relative association1 defined in 
source article. 

types with the proband having chronic thyroiditis (Burek et al., 1982). If a 
clinically normal sibling shares both haplotypes with his or her affected 
brother or sister, that sibling has an approximately 90% chance of having 
autoant ibodies . A normal sibling who shares but one haplotype has a 70% 
chance , and a sibling who shares neither haplotype has only a 56% chance 
of developing autoant ibodies . Although 56% is still high, one must realize 
that these figures are based on families in which there is a case of juveni le 
thyroiditis. Even more striking are the figures of subclinical disease mea
sured by biochemical abnormali t ies or goiter, as observed on follow-up 
clinical studies. An initially normal sibling who shares both haplotypes 
with an affected brother or sister has a 32% chance of having subclinical 
thyroid disease. These observat ions indicate that Η LA provides powerful 
prognostic information on the development of significant thyroid autoim
munity. 

Recent studies by Farid and colleagues (Farid et al., 1979, 1981) have 
suggested that there is some heterogeneity of thyroid diseases based on 
their association with H L A . The more common goiterous form of thyroid
itis, Hash imoto ' s thyroiditis, is associated with HLA-DR5, whereas the 
atrophic form is associated with HLA-DR3. 

B. S p o n t a n e o u s A u t o i m m u n e T h y r o i d i t i s i n C h i c k e n s 

The second model for the study of the genetic control of thyroid 
autoimmunity is spontaneous thyroiditis in the OS chicken (see Chapte r 
4). This closed flock, originally developed by R. F . Cole of Cornell Uni
versity, now develops au to immune thyroiditis with an incidence of over 
90% (Cole, 1966). These animals develop autoant ibodies to thyroglobulin 
and to thyroid epithelial cells, simulating those found in human pat ients . 
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TABLE III 
Occurrence of Thyroid Autoantibodies in Relation to Shared Haplotypes a 

HLA-A and Η LA-Β shared 
with proband 

Siblings 

Total number 
with antibody 
Number (%) 

with subclinical 
disease 

Number (%) 

Both haplotypes 
One haplotype 
Neither haplotype 

19 
13 
9 

17 (90) 
9(70) 
5(56) 

6(32) 
1 (8) 
0(0) 

" From Burek et al. (1984). 

The lesions in the thyroid gland closely resemble those in human Hashi
moto ' s disease. The chickens themselves show signs of profound hypo
thyroidism. The disease itself is clearly genetic in origin (Bacon et al., 
1977). Efforts to discover an infectious agent responsible for this disease 
have been uniformly negative. Other environmental factors, such as food 
or environmental toxicants , have also been eliminated as causat ive agents 
of the disease . 

In order to trace the genetic basis of this au to immune disease , the 
noninbred OS strain was studied for a variety of genetic markers (Bacon 
et al., 1981). Of the 12 blood groups segregating in the OS strain, only one , 
the Β blood group, was closely associated with the development of thy
roiditis. This association could be demonst ra ted in te rms of the severity of 
d isease , the age of onset of d isease , and the levels of ant ibody produced 
(Fig. 1). The most susceptible birds were those with the Β genotype 
Bl3B13; birds with the Β genotype B5B5 developed only mild disease , 
whereas the heterozygote B5B13 chickens were intermediate in suscepti
bility. Breeding exper iments were carried out to demons t ra te formally 
that these alleles are linked to the susceptibility to disease . 

The basis of this Β blood group associat ion with disease was investi
gated by means of cell transfer studies (Livezey et al., 1981). It was found 
that the greater susceptibility to disease in the B13 birds is transferable 
with thymocytes but not with bursal cells. This result shows that the 
major defect is not in the thyroid gland or in the Β cells, even though both 
Β cells and the thyroid gland are essential for the development of disease , 
but in the thymus-derived lymphocytes . The Β blood group of the chicken 
is the major histocompatibili ty complex , analogous to human HLA or 
murine H-2; therefore, it is logical to propose that the B-associated sus
ceptibility to thyroiditis is based on an immune-response gene . 

A second genetic abnormali ty was discovered in the most susceptible 
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SUMMARY 

3 6 

AGE (WEEKS) 

FIG. 1. Relationship of the titer of thyroglobulin autoantibodies from B5B13 x B5B'3 

genotype of OS matings. Ratios at each time point represent the number of chickens with 
histological evidence of thyroiditis over the total number examined. T.C.H.T., Tanned cell 
hemagglutination test. 

OS chickens (Jakobisiak et al.y 1976). It is based on an abnormali ty of 
thymus function. The first evidence for this abnormali ty arose from stud
ies of skin graft rejection based on mismatches at minor histocompatibil
ity loci. Normal ly , neonatally thymectomized chickens accept grafts mis
matched at these minor loci. The OS failed to retain such grafts; however , 
after irradiation, the neonatally thymectomized OS chickens did accept 
the mismatched skin grafts. Therefore, the conclusion was drawn that an 
effector cell population residing in peripheral locations was prematurely 
released by the thymus of the OS compared with that of normal chickens . 
Several other pieces of information suggesting a thymic abnormali ty in 
the OS have arisen. First , the Τ lymphocytes of OS chickens are more 
reactive to mitogens than are Τ cells of normal chickens (Kite et al.y 

1979). Second, the number of thymic nurse cells is greater in OS chickens ; 
while the nature of these thymic cells is unknown, they undoubtedly are 
important in timing the maturat ion of the thymus-derived lymphocytes . 
Third, OS chickens have a significantly higher incidence of natural anti
bodies to sheep and rabbit red blood cells as well as autoant ibodies to 



1. G E N E T I C P R E D I S P O S I T I O N T O A U T O I M M U N E D I S E A S E S 9 

organ-specific antigens of liver, kidney, s tomach, and pancreas (Wick, 
1970; Khoury et al, 1982). 

The most likely explanation for the thymic abnormali ty in the OS 
chicken is that it matures in an abnormal manner . The normal sequence of 
events in chickens seems to be that a preponderance of the lymphocytes 
exiting the thymus during embryonic life are of the suppressor T-cell type . 
Inducer/helper Τ cells probably leave the thymus somewhat later and are 
functionally in the minority in the per iphery. The situation may be re
versed in OS birds; that is, a p reponderance of helper/ inducer Τ cells may 
be the first to leave the thymus . This early advantage of helper/ inducer 
cells may be maintained by contact with low levels of thyroglobulin during 
later life. 

A third abnormali ty has been found in the thyroid gland of the O S . The 
first evidence for this abnormali ty was discovered by Sundick and Wick 
(1974) as an increased uptake of radioactive iodide. This uptake occurred 
even if the OS thyroid were placed on the allantoic membrane of a chick 
egg, indicating that it was not due to a humoral factor (Sundick and Wick, 
1976). Other exper iments using t ransplantat ion have confirmed the fact 
that this increased iodide uptake is intrinsic to the thyroid. Paradoxical ly, 
the gland produces less effective thyroid hormone than do normal thyroid 
glands, suggesting that there is a basic genetic defect in organic iodiniza-
tion (Sundick et al., 1979). Although the exact nature of this lesion has not 
yet been defined, it results in the development of an au tonomous thyroid; 
that is, one not suppressible by thyroxin (Livezey and Sundick, 1980). 

Each of these three genetic effects in the OS sorts independently (Rose 
et al., 1976). The birds that are most prone to the development of severe 
au to immune disease inherit all three defects; that is, the Β locus immune-
response gene , the abnormali ty in thymic maturat ion, and the intrinsic 
abnormali ty in the thyroid gland. Each of these three defects has a differ
ent specificity. The immune-response gene probably determines response 
to one or a small number of antigenic determinants on the thyroglobulin 
molecule. The defect in thymic maturat ion seems to predispose to the 
development of a number of self-directed immunological react ions . The 
thyroid abnormali ty pertains to the function of the thyroid gland. One can 
unders tand, therefore, why the OS chicken may develop a number of 
autoant ibodies , the major autoant ibody is directed to thyroglobulin and 
the only significant disease is thyroidit is . 

C E x p e r i m e n t a l A u t o i m m u n e T h y r o i d i t i s i n M i c e 

The third model for the genetic investigation of thyroiditis is experi
mentally induced thyroidit is . The most informative animal for these in-
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vestigations has been the mouse , where a large number of inbred strains is 
available. Early investigations showed great differences in the responses 
of various strains of mice to a s tandardized stimulus of murine thyroglob
ulin plus a suitable adjuvant (Vladutiu and Rose , 1975). These responses 
were not due to susceptibility to the action of adjuvant itself, since several 
different adjuvants could be used (Esquivel et al.y 1977). Genet ic analysis 
of the strains showed that the responses were predictable on the basis of 
their H-2 genotype . Certain alleles, such as H-2ky H-2sy and H-2qy are 
consistently associated with vigorous responses to thyroglobulin, as evi
denced by a prompt production of thyroglobulin autoant ibody and the 
early appearance of severe lesions. Other H-2 genotypes , such as H-2b o r 
H-2dy are character ized by the later production of autoant ibodies and 
very mild or even insignificant lesions in the thyroid gland. 

The basis of this / / -2-associated response was studied by means of cell 
transfers (Vladutiu and Rose , 1975). It was found that Τ cells alone ac
count for the genetic difference. The source of Β cells was irrelevant in 
the genetically determined response of mice to mouse thyroglobulin. 
Moreover , Τ cells are a requisite for the development of these diseases . 
On the o ther hand, T-cell transfers were much more effective when car
ried out with thymectomized recipients , suggesting that there is a normal 
T-suppressor cell in some strains of mice. 

Fur ther genetic analyses were carried out using intra-/ /-2 recombi
nants . The major gene controlling responsiveness to thyroglobulin is lo
cated in the l-A subregion (Beisel et al.y 1982). This region cor responds 
roughly to the D region of human HLA. Animals with k or s alleles at I-A 
are basically good responders , whereas those with b or d alleles are poor 
responders . However , there was a difference in thyroid lesions in intra- / / -
2 recombinants , depending on genes located to the right of the I-A region. 
Fur ther investigation showed that a second gene within H-2 influences the 
development of experimental thyroiditis in mice. This gene was localized 
at the D region of H-2. Its major effect was not on ant ibody product ion 
but on severity of thyroid infiltration. In animals with k or s at I-A, some 
alleles, such as k a n d / , produced severe disease, whereas b, dy and q were 
associated with milder lesions. Interestingly, t h e / a l l e l e at l-A is responsi
ble for a poor response , whereas q at l-A provides a good response . 
Therefore, it is the combination be tween the gene at l-A and the gene at D 
that determines the final picture of antibody product ion and disease . 

In order to explain these resul ts , we assume that there are two levels of 
M H C genetic control (Rose et al.y 1981). The first involves the induction 
of immune response and is encoded primarily in class II genes of the l-A 
region. The second level of genetic control determines the development of 
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the effector response as assessed by pathological lesions. This genetic 
control is endowed in the class I genes of the D region. It appears that the 
class I genes of Κ region also affect the severity of thyroiditis lesions. As 
shown in Fig. 2, several different populat ions of Τ cells can be hypothe
sized as involved in the genetic control of experimental thyroiditis in the 
mouse . The class II genes of the I-A region code for the proliferative 
response to thyroglobulin of helper/ inducer Τ cells and can be measured 
directly by such a proliferative response in vitro (Chris tadoss et al., 1978; 
Okayasu et al., 1981). These helper/ inducer cells bear the Lyt-1 antigen. 
It is possible to demonst ra te an effector Τ cell in vitro in the mouse 
(Creemers et al., 1983). The exper iments require labeling of mouse thy
roid cultures with m i n d i u m . Lymphocy tes from immunized mice stimu
lated in vivo and then in vitro with mouse thyroglobulin produce a signifi
cant cytotoxic effect on these targets . The effect is / / -2-restr ic ted. 
Moreover , antisera to the appropria te Κ or D determinants abrogate the 
cytotoxic effect in part , and a combinat ion of the two ant isera completely 
inhibits the cytotoxic reaction. The reaction is also inhibited by polyva
lent rabbit antisera to thyroglobulin, suggesting that thyroglobulin itself 
acts as the surface determinant on the thyroid epithelial cells. The cyto
toxic reaction can be prevented by t reatment of the lymphocyte suspen-

l-A gene /C-end gene 
D-end gene 

^ Lesions 

Ab 

FIG. 2. Proposed schema for genetic control of the immune responses of mice to murine 
thyroglobulin. T H , Helper/inducer Τ cell; T s , suppressor Τ cell; T E , effector/cytotoxic Τ cell; 
Β, Β cell; and Ab, antibody. 
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sion with Lyt-2 antisera, suggesting that a L y t - 2 + cell is responsible for 
cytotoxici ty. However , t reatment of the suspension at an earlier t ime with 
Lyt-1 antisera prevents the development of the Lyt-2 cytotoxic cells, 
pointing to an L y t - 1 + helper/ inducer cell. 

Antigen-specific suppressor Τ cells can be induced in mice by injection 
of soluble antigen, that is, thyroglobulin, without any adjuvant (Kong e t 
a l . , 1982). The suppressors can be transferred with thymus or spleen 
suspensions . 

III. M U L T I S Y S T E M A U T O I M M U N E D I S E A S E S 

A I n t r o d u c t i o n 

The multisystem non-organ-specific au to immune diseases , including 
the connect ive tissue diseases , have long been thought to show genetic 
l inkages, but the nature and degree of such linkages could not be specified 
by reason of the difficulties in precise nosologic character izat ion of the 
entities under considerat ion. As a group, the mult isystem auto immune 
diseases show relatively weak pat terns of inheri tance and the tendency 
for disease overlap within pat ients , or within family members , is less 
prominent than that seen in the thyroiditis-related auto immune diseases . 
The mult isystem auto immune diseases are a heterogeneous group and 
some , such as Sjogren's syndrome, might even be more appropriately 
classified as organ specific: Their characterizat ion as mult isystem may 
depend more on the propensi ty for immune complexes to be generated by 
the major target autoantigens of the disease than on multiple target tis
sues . Particular examples used in this discussion to illustrate aspects of 
inheri tance include systemic lupus e ry thematosus (SLE) , Sjogren 's syn
drome (SS), chronic active hepatitis (CAH) , and rheumatoid arthri t is . The 
major genetic determinants to be considered will include female sex; the 
HLA system with comment on phenotypes , haplotypes , and extended 
haplotypes; immunoglobulin al lotypes, G m and K m ; HLA-Gm interac
t ions; and familial predisposit ion of undefined nature . 

For a few of the diseases in the mult isystem group there are models in 
animals, ei ther spontaneously occurring or experimental ly induced; spon
taneously occurring models are exemplified by the lupuslike diseases in 
various mouse strains, which are genetically quite complex , and experi
mentally induced models derived by immunization with an autoantigen in 
F reund ' s complete adjuvant, for example , rheumatoid arthritis and myas
thenia gravis, resemble the experimental organ-specific diseases in having 
strong dependence on genes of the H-2 complex. 
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B . F e m a l e S e x 

Almost all of the mult isystem au to immune diseases occur predomi
nantly in females, the cited sex ratios ( F : M ) being 6 :1 for S L E , 9 :1 for 
Sjogren 's syndrome, 8:1 for au to immune C A H , and 2 :1 for rheumatoid 
arthri t is . There is substantial evidence in humans and o ther species for a 
generally augmented humoral immune responsiveness in females 
(Mackay et al., 1977), exemplified by higher immunoglobulin levels , espe
cially IgM, greater immunological responses to antigenic challenge, and a 
higher background frequency among females in normal populat ions of 
various autoant ibodies . This effect may be explained by regulatory genes 
that influence the expression of genes which determine levels of im
munoglobulin product ion. For example , a gene locus on the X chromo
some was postulated to explain differences in the ant ibody response to 
dextran in mice (Blomberg et al., 1972), and a Y-linked regulatory locus 
has been postulated (Brewer ton, 1984). 

Detailed studies on models of S L E in mice, including castrat ion and 
hormone supplementat ion, point very strongly to the female predisposi
tion to autoimmunity being due to modulat ing effects of ho rmones on 
immune responses . In human S L E , and in lupus in N Z mouse s trains , 
es t rogens have potentiating effects whereas tes tos terone is protect ive 
(Talal et al., 1980). Of interest , if males have abnormal convers ion of 
androgens to estrogenic metabol i tes , the protect ive effect of androgens is 
a t tenuated (Lahita et al., 1982). On the o ther hand, there are other models 
of autoimmunity in mice, for example , B X S B , in which males have accel
erated disease which, in this case , is due to a Y-chromosome-l inked factor 
that is dependent on autosomal genes but not sex ho rmones ; this may 
have some analogy with a rare inherited type of S L E in males , expressed 
in sons and fathers (Lahita et al., 1983). 

C. HLA 

Although it is readily unders tandable that MHC-encoded cell-surface 
products could influence the propensi ty to develop immune-mediated dis
ease , the manner whereby this occurs is still unclear. Six points can be 
made . (1) Multiple and different effects must be opera t ive , since HLA-
associated diseases may have some clinical similarities yet differ quite 
markedly in their M H C markers and immunological express ion, for exam
ple, ankylosing spondylitis (HLA-B27) and rheumatoid arthritis (HLA-
DR4). (2) The disease associat ion is usually not with a single HLA speci
ficity bu t ra ther with a chromosomal set of M H C genes that may include 
HLA specificities, complement alleles, and other genes which together 
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const i tute a supra type , or extended hap lo type—where among these the 
actual disease susceptibility gene is located is unknown. (3) HLA effects 
on predisposit ion to disease are generally not strong since the relative risk 
for S L E conferred by HLA-B8 or -DR3 is only of the order of 3 to 4, and 
for Sjogren's syndrome or au to immune C A H of the order of 10 to 15; 
however , the strength of association may be a t tenuated by unknown de
grees of heterogeneity among disease entities and so, as diseases become 
more precisely classified, genetic associat ions with specific subsets will 
become stronger (Mackay, 1983; Stastny et al., 1983). (4) There may be 
more than one / /LA-l inked determinant involved (Scholz and Albert , 
1983); the additional determinants may confer increased susceptibility, 
for example , DR3 and DR4 in insulin-dependent diabetes mellitus; or may 
confer protect ion, as suggested for certain HLA specificities in S L E 
(Whitt ingham et al., 1983). (5) Different HLA specificities may confer 
susceptibility to the same disease among different ethnic groups . (6) In 
analysis of pedigrees, the HLA specificity under considerat ion may not 
segregate with the occurrence of disease in family members , implicating 
non-MHC as well as M H C genes in susceptibility (Reveille et al., 1983). 
An analog of this is provided by spontaneous insulin-dependent diabetes 
mellitus in BB rats in which there are operat ive at least two genes , one 
determining Τ lymphopenia and not linked to the rat M H C and the o ther 
influencing susceptibility to diabetes and closely linked to the rat M H C 
(Jackson et al., 1984). 

HLA associat ions with disease will be clarified by defining extended 
haplotypes. There was early recognition that certain H L A associat ions 
with disease were secondary to linkage disequi l ibr ium—a greater than 
expected association of one H L A specificity with another . For example , 
autoimmune C A H was found by studies of families to be strongly associ
ated with HLA-Al, -B8, -DR3, present as a haplotype on one chromo
some (Mackay and Tait , 1980). More complex extended haplotypes have 
been identified for several d iseases , involving complement alleles and 
other MHC-associa ted loci, notably in insulin-independent diabetes melli
tus (Raum et al., 1984) and rheumatoid arthritis (Dawkins et al., 1983). It 
has been suggested (Alper et al., 1982) that these gene clusters are frozen 
in the genome because their components fail to cross over during meiosis: 
The disease susceptibility gene is assumed to be incorporated with the 
gene cluster of the extended haplotype. However , as indicated by Shoen-
feld and Schwar tz (1984), this at t ract ive concept does not take account of 
the immune functions specified by the M H C genes . 

There is no single overall explanation to explain H L A associat ions with 
disease: Multiple mechanisms must be operat ive . For some examples 
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such as the associat ion of HLA-B27 and ankylosing spondylit is , there is 
appeal in the concept of molecular mimicry in which the H L A specificity 
is cross-react ive with microbial ant igens. For /?67D/?3-associated autoim
mune diseases , there may be an associated general immune hyperact ivi ty 
(or weakness of suppression) , according to data of Ambinder et al. (1982), 
as well as antigen-specific effects. The latter could opera te via an Ir gene 
effect, which specifies responsiveness to an autoantigen (or an extrinsic 
antigen which is cross-react ive with an autoant igen) , or by an immune-
suppressor gene. For example , Sazazuki and colleagues (1983) addressed 
immunological aspects of MHC-l inked susceptibility by studies on im
mune responses in vitro to s t reptococcal cell wall (SCW) antigen, and 
high and low responders could be associated with H L A haplotypes as 
defined by family studies. A good case was made for the exis tence of 
HLA-associa ted immune-suppressor (Is) genes to which were at t r ibuted 
"crucia l roles in the pathogenesis of au to immune disease and a l le rgy ." 
The concept developed was that the genetic defect in autoimmuni ty is a 
homozygous state for the lack of an Is gene for the relevant autoant igen. 

D . C o m p l e m e n t S y s t e m 

Genet ic polymorphism is frequent among components of the comple
ment sys tem, the best studied being those (C2, C4, and factor B) coded by 
genes in the M H C between Η LAB and DR (Hobart et al., 1984). There 
are two common alleles for factor B , at least four alleles for C2, and there 
are complex polymorphisms for C4. Alleles of C2, C4, and factor Β are 
found to be included in the extended haplotypes associated with insulin-
dependent diabetes mellitus, rheumatoid arthri t is , and multiple sclerosis , 
but probably have no influence per se on susceptibility to d isease . 

The disease that is associated particularly with inherited complement 
deficiencies is S L E ; this disease or an analogous syndrome has been 
found in association with deficiencies of almost every complement com
ponent (Walport et al., 1984), particularly C2 and also C4, C5 , C6, C7, 
and C8 . It was shown in a family study by Fielder et al. (1983) that 8 3 % of 
29 pat ients with S L E had one or more null or silent alleles for C4A, C4B, 
or C2, thus resulting in a failure of synthesis of the corresponding comple
ment gene product ; it was inferred that partial deficiencies of a comple
ment component in heterozygous states conferred susceptibility to S L E . 
It is uncertain how complement deficiency predisposes to S L E , but facili
tation or prolongation of viral infections that p rovoke S L E is one pos
sibility. 
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E . I n h e r i t a n c e o f V G e n e s f o r A u t o a n t i g e n s 

The mammalian immune system has a huge capacity for generating 
diversity: for ant ibodies, 10 6 to 10 8 different combining si tes; and for Τ cell 
receptors , an as-yet-unknown number . This diversity is created by multi
ple gene segments in the germ line, somatic recombinat ion of these seg
ments , somatic mutat ion, and association of different VH and VL polypep
tides during immunoglobulin assembly. Despite this potential for random 
diversity among antibody binding sites, there is reason to believe that 
there may be a preferred or dominant expression of particular V region 
genes in the B-cell repertoire (Manser et al., 1984). Accordingly, inheri
tance of autoant ibody reactivity by Β cells could be explained by prefer
red expression of a germ line V gene . However , on the basis that a germ 
line gene coding for self should be selected against, the occurrence of self-
reactivity in Β cells is more comfortably explained by postcombinatorial 
mutat ions or by failure of immunoregulatory processes . A theory of V 
gene inheritance has been developed by Adams and recently applied to 
the inheritance of insulin-dependent diabetes mellitus (Adams et al., 
1984). 

A investigative approach to the activity of V genes for autoant igens 
could be made by enzymatic digestion of the D N A of blood leukocytes 
and by searching for disease-associated D N A fragments by hybridization 
with V region probes . A simpler, but less direct , approach described in the 
next section is the examinat ion for associat ions of disease with allotypic 
variants on the constant chains of immunoglobulin molecules , on the 
basis of linkage disequilibrium between V and C region genes . 

F. A s s o c i a t i o n o f G m w i t h A n t i b o d y R e s p o n s e s a n d 
D i s e a s e 

Possible relationships between G m phenotypes and immune respon
siveness or disease have been keenly investigated. The claims (reviewed 
below) for posit ive, albeit weak, associat ions can be balanced by the 
unenthusiast ic comments of Steinberg (1984). 

Wells et al. (1971) measured levels of natural antibody to flagellin, and 
of ant ibody following a pr imary challenge with 5 μ% of monomer ic flagel
lin. The finding was of a high number of Gm( l ;21)-positive subjects among 
the groups with high natural ant ibody and with high titers of ant ibody 
following pr imary challenge, in contras t to low titers in Gm(3;5)-positive 
subjects . These and subsequent observat ions by Mackay et al. (1975) 
suggested that the high-responder G m phenotype might confer a selective 
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survival advantage . N e v o (1974) reported that subjects homozygous for 
Gm(3;5) were poor ant ibody responders to Salmonella typhi ant igens 
compared with he terozygotes and, among subjects with typhoid fever, the 
relative frequency of homozygotes for Gm(3;5) was increased; thus , sus
ceptibility to typhoid could be determined in part by the G m phenotype of 
the subject. The basis for associat ions be tween ant ibody response and 
G m allotypes would presumably be linkage disequilibrium be tween genes 
for the constant region of Ig molecules and variable region (V) genes that 
specify the s tructure of the ant ibody-combining site of the immunoglobu
lin heavy chain. 

In regard to disease associat ions with Gm al lotypes, one of the early 
observat ions was a weak association (RR,2.3) of Gm(l ;21) with C A H , 
discussed below in the context of H L A interact ions. In G r a v e s ' d isease , 
an association between Gm(3;23;5) and Gm(3;5) haplotypes and the pres
ence of thyroid-stimulating autoant ibodies was reported by Farid (1977), 
but the validity of these findings was quest ioned by Propert (1984) on the 
basis of the statistical analysis used in the s tudy. A very strong associat ion 
with Gm( 1,2,21) was ascertained for antiglomerular basement membrane 
ant ibody (anti-GBM) and for the associated glomerulonephrit is by Rees et 
al. (1984); this increase was at t r ibuted entirely to p resumed heterozygotes 
with phenotype Gm( l , 2 ,21 ;3 ,5 , l l ) , and heterozygotes at Gm loci had 
higher ti ters of ant i -GMB irrespective of the presence of Gm(l ,2 ,21) . In 
another study on autoant ibodies , Mentnech et al. (1980) found a signifi
cantly higher titer of anti-IgG ant ibodies , including rheumatoid factors , in 
Caucasian coal miners with pneumoconios is who were homozygous for 
Gm, G m ( 3 ; 5 , l l ) than in miners who were heterozygous for G m , 
Gm( l ,2 ,3 ,17 ;5 , l l , 21 ) . In celiac disease , only pat ients with the phenotype 
Gm(23) had substantial levels of ant ibody to a pure preparat ion of gliadin, 
a derivative of gluten that excites an immunopathological response in the 
intest ine. Weiss and colleagues (1983) used a sensitive radio immunoassay 
to detect ant ibody in 30 Caucasian patients with a celiac disease who had 
been maintained on a gluten-free diet for a period of 1.5 to 20 years , and 
found that none of 8 patients negative for Gm(23) had raised levels of 
antibody to gliadin. 

Other disease associat ions with G m al lotypes, derived from studies on 
Caucasians of northern European origin, include S L E and multiple 
sclerosis (Whitt ingham et al., 1984a) and insulin-dependent diabetes mel-
litus (Schernthaner and Mayr , 1984). Among Japanese with myasthenia 
gravis, N a k a o et al. (1980) found that the frequency of the Gm(l ,2 ;21) 
phenotype was significantly increased among patients with a high titer of 
autoant ibodies to the acetylcholine receptor , and N a k a o et al. (1981) 
reported a significant difference among Japanese insulin-dependent dia-
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betics in the frequency of certain Gm specificities in patients who had 
developed antibodies to insulin as compared with those who had not. 

There are similar reports of disease associat ions for the K m al lotypes, 
formerly referred to as Inv, a structural variant on the κ light chain en
coded by a gene on chromosome 2. Vogel et al. (1971) found an associa
tion between A B O blood groups and K m ( l ) specificity in Thai patients 
with leprosy and Brachtel et al. (1979) found that patients with the atopic 
diseases atopic dermati t is , hay fever, allergic rhinitis, bronchial as thma, 
and acute urticaria, which result from an IgE response to al lergens, had 
an increased frequency of K m ( l ) . These studies did not clearly define the 
association of K m ( l ) with an ant ibody response to a specific antigen, 
whereas Pandey et al. (1979), in a study on 20 white children and 33 black 
children immunized with a number of vaccines , found differences related 
to ethnic background and K m allotype in responses to Haemophilus in
fluenzae type polyribose phosphate vaccine and meningococcus C poly
saccharide vaccine. Whitt ingham et al. (1984b) investigated patients with 
autoant ibody to the extractable nuclear antigen La (SS-B), which is asso
ciated with primary Sjogren's syndrome; there was a highly significant 
association be tween the K m ( l ) phenotype and ant i -La; this is of particu
lar interest because no associat ion was found between K m ( l ) and autoan
tibody to another structurally related extractable nuclear antigen, 
( U l ) R N P , which is characterist ic of mixed connect ive disease . Other 
disease associat ions with K m ( l ) have not as yet been identified. 

G . E f f e c t o f HLA-Gm I n t e r a c t i o n o n A n t i b o d y 
R e s p o n s e a n d D i s e a s e 

In a study designed to analyze the effect of Gm types on ant ibody 
responses , Whitt ingham et al. (1980) immunized 200 unrelated healthy 
adult Caucasian volunteers with 1 μg of monomer ic flagellin; measured 
IgM and IgG antibodies to flagellin serologically before and 2 weeks after 
immunizat ion, that is, at the peak of the primary response ; and performed 
HLA and G m typing to examine associat ions of these genetic markers 
with the antibody response . Of the 200 subjects , 125 responded to this low 
dose and 100 developed IgG antibodies to flagellin. The mean log titer of 
serum IgG antibody was higher in females than in males and was higher in 
subjects heterozygous for Gm allotypes than in homozygotes . Analysis 
using appropriate statistical models indicated that the magnitude of the 
ant ibody response in subjects with particular G m phenotypes depended 
on the phenotype determined by the HLA-B locus (Whitt ingham et al., 
1984a). The data pointed to interactive effects be tween Gm and HLA loci, 
so that the joint effects of particular H L A and Gm phenotypes were 
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substantially greater (or less) than the sum of the mean effects of the two 
loci considered separately. 

There are few other studies in which an interactive effect of HLA and 
G m on the magnitude of an ant ibody response has been examined. N o 
such effect was apparent in the ant ibody response to gliadin in gluten-
sensitive enteropathy (Weiss et al., 1983), although the statistical meth
ods differed from those used in flagellin s tudy; thus , more than 70% of the 
patients with gluten-sensitive enteropathy were HLA-B8 and/or -DR3, yet 
IgG antibody to gliadin was found in affected patients with Gm(23), irre
spective of the presence or absence of HLA-B8 and/or -DR3. In mice two 
genetic loci, H-2 on ch romosome 17 and the immunoglobulin heavy chain 
allotype locus lgh on ch romosome 12 were found to have controlling 
influences on the antibody response to gliadin (Kagnoff, 1982), al though 
their interactive effect was not de termined. 

The influence of interactive effects of Gm and HLA on susceptibility to 
development of au to immune disease was established for au to immune 
C A H in a study in Melbourne on 50 patients and 180 healthy controls 
(Whitt ingham et al., 1981). The relative risk for au to immune C A H was 
11.6 for patients who were HLA-B8, 11.7 for patients who were HLA-
DR3, and 2.3 for patients who were Gm( l , 2 ) ; 4 5 % of the pat ients who 
were HLA-B8 had the phenotype Gm(l ,2 ) but none of the pat ients who 
were negative for HLA-B8 were Gm( l ,2), in sharp contrast to the distribu
tion of Gm( l ,2 ) relative to the presence or absence of HLA-B8 in the 180 
healthy controls , 24 and 18%, respect ively. Applying statistical tech
niques , Whit t ingham et al. (1984a) found that the relative risk for disease 
was lowest in patients negative for HLA-B8 yet positive for Gm( l ,2 ) and, 
relative to this low risk group, the risk was increased 39 t imes for subjects 
positive for both HLA-B8 and Gm( l ,2 ) , 15 t imes for subjects posit ive for 
HLA-B8 but not Gm( l ,2 ) , and 2 t imes for subjects negative for both phe-
notypes . Thus , in the presence of HLA-B8, immunoglobulin genes pre
sumed to be in linkage disequilibrium with the Gm( l ,2 ) phenotype sub
stantially augmented the risk of development of au to immune C A H ; and, 
in contras t , in the absence of HLA-B8, these same Gm-linked genes ap
peared to be inactive. 

Interact ive effect of HLA and Gm have been sought in o ther autoim
mune diseases . For rheumatoid arthri t is , Proper t et al. (1982) reported on 
a study on 45 Caucasian pat ients with classical disease in whom the 
determinants involved were HLA-DR4 and Gm(l ,2 ,3 ;5) . The risk for dis
ease was increased 21.7 t imes in pat ients with both HLA-DR4 and 
Gm(l ,2 ,3 ;5) and 5.8 t imes in patients with HLA-DR4 but not Gm(l ,2 ,3 ;5) , 
in compar ison with those who lacked both the -DR4 and Gm(l ,2 ,3 ;5) 
phenotypes . There are several o ther diseases in which predisposi t ion is 
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conferred by both H L A and immunoglobulin al lotypes, examples includ
ing myasthenia gravis, thyrotoxicosis , Sjogren 's syndrome, and multiple 
sclerosis (Whittingham et al., 1984a); in these studies interactive effects 
of HLA and Gm were not implicated, although among insulin-dependent 
diabetes mellitus a G m phenotype (1 - , 2 - , 3 + , 5 + ) showed significant het
erogeneity according to subdivision of disease by HLA-DR type (Schern-
thaner and Mayr , 1984). No te can be taken of an interesting study among 
Japanese by Uno et al. (1981), who were at tempting to identify genes 
predisposing to susceptibility to Graves ' disease. In a study of 30 families 
in whom there were two or more affected relatives with disease , all af
fected siblings bar one shared the disease-associated H L A and Gm phe
notypes ; siblings with disease-associated phenotypes who did not have 
disease were not tested for thyroid ant ibodies , and so latent disease in 
these was not excluded. 

H. F a m i l i a l P r e d i s p o s i t i o n o f U n d e f i n e d B a s i s : 
B a c k g r o u n d G e n e s 

Genetic analysis of the mult isystem diseases is complicated, for some 
at least, by an unknown degree of diagnostic heterogenei ty , pertaining 
almost certainly to RA and probably also to S L E . This may account for 
difficulties with family studies. 

Information on familial predisposit ion to S L E is now substantial and 
has been well reviewed, for example , by Reveille et al. (1983). Data from 
Es tes and Christian (1971), Dubois (1974), and Reveille et al. (1983) indi
cate that a first or second degree relative of a proposi tus with S L E would 
have a 7 - 1 2 % risk of developing S L E , and an even higher risk for sero
logic abnormali t ies . 

However , the most impressive evidence for genetic de terminants of 
S L E is the concordance for both disease and serologic abnormali t ies in 
monozygotic twins. Block et al. (1975) reviewed twin pairs with concor
dance for disease in 70%, considerably in excess of the frequency for 
dizygotic twins and sib pairs. Since known genetic determinants (see 
below) such as female gender , H L A phenotypes (B8, DR3), and deficien
cies of complement components would explain only a small component of 
the genetic risk for S L E , there are obviously multiple background genes 
which, acting with environmental influences, determine susceptibility to 
S L E ; similar considerat ion would presumably apply to o ther multisys
tem, auto immune diseases . 

The nature of the background non-MHC genetic de terminants of 
autoimmunity is still a mystery , and will require detailed analysis of 
auto immune-prone families. In one such study by Grennan et al. (1984) on 
inheri tance of rheumatoid arthrit is , it was found that au to immune thyroid 
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disease was significantly more frequent in those families in which rheuma
toid arthritis segregated with a DR4-negative haplotype , suggesting that 
genes independent of DR4 may predispose to both diseases . As rheuma
toid ar thr i t is - thyroidi t is haplotype sharing by appropriate sibling pairs 
was not increased, this suggests that par t of this genetic background in 
common is de termined by non-/ /LA-l inked genes . 

I. M u r i n e L u p u s 

The recognition of au to immune disease in inbred N e w Zealand (NZ) 
mice in the late 1950s held out much promise for an unders tanding of the 
genetic basis of au to immune disease , but this has yet to be realized, even 
25 years later. Knight and Adams (1982) reviewed their studies on N Z 
mice and attr ibuted three genetic influences to the occur rence of lupus 
nephritis in B/W hybrids , with one being closely linked to the M H C and 
two to the occurrence of au to immune hemolytic anemia in N Z B , with 
neither being linked to the M H C . Other authors (Theofilopoulos and 
Dixon, 1981; A. D . Steinberg, 1984) emphasize the genetic complexity of 
these murine models , with at least six autosomal genes being implicated 
by A. D . Steinberg (1984) in the disease of N Z B mice, and multiple genes 
in the B/W hybrid. It is of interest that genetic interference with the final 
pa thway is possible by introduction of the xid gene , which inhibits the 
development of a subset of splenic Β cells on which depend responses to 
certain ant igens, including autoant igens . Thus there appears to be an 
interplay among multiple genetic influences and environmental determi
nants in predisposit ion to S L E in various models in mice, exemplified by 
the N Z B strain and the B/W hybrids , and the MRL-lpr/ lpr s t rains. There 
is no reason to believe that the situation is any less complex in human 
S L E . 

IV. CONCLUDING REMARKS: FUTURE PROSPECTS 

It is now obvious that the development of human au to immune disease 
is determined to a great extent by inheri tance. The most commonly identi
fied genetic factors are those associated with female gender and the major 
histocompatibility complex. Of the several ways in which HLA might play 
a role in au to immune disease , the most likely is that HLA incorporates an 
immune-response gene similar to the murine Ir gene . Thus individuals 
who inherit certain HLA haplotypes are probably bet ter responders to 
particular antigenic determinants of self-antigens. However , as the exper
iments with murine thyroiditis have shown, H M C genes can have several 
different effects. The usual explanation is that the actual gene responsible 
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for increased susceptibility is merely associated with the H L A determi
nant by linkage disequilibrium. Therefore, the H L A determinant serves 
only as the marker for the nearby disease susceptibility gene . Thus far, no 
such disease susceptibility gene has been identified, ei ther in exper imen
tal animals or in human populat ions. Another explanation is that there is 
an abnormali ty in the HLA gene itself. To find such an abnormali ty, it is 
necessary to compare D N A restriction maps of D N A from diseased and 
normal individuals, and it may be that restriction fragment analysis will 
demonst ra te an abnormal sequence in those individuals who actually de
velop disease; this approach has proven to be very promising in insulin-
dependent diabetes mellitus (Dausset and Cohen , 1984). 

The genetic susceptibility to the initiation of immune response may 
differ from control of the effector arm of the immune response , which 
results in the actual product ion of disease. It is well known that the 
occurrence of autoant ibodies is much more common than the develop
ment of lesions, suggesting that additional levels of genetic control are 
required for the development of disease above those required for the 
product ion of autoant ibodies , and experimental studies support this idea. 

A genetic influence on immunoregulat ion is probably conferred by the 
thymus . In a few diseases there may be a decrease in nonspecific suppres
sor cells such as those induced by Concanaval in A, but in most autoim
mune diseases only certain populations of suppressor Τ cells are dimin
ished, that is, the populations that are specific for the antigens involved in 
the particular autoimmune response . General decreases in numbers or 
activity of nonspecific suppressor cells is not a prominent feature of 
autoimmunity , although such decreases may be evident only during exac
erbat ions of disease, as claimed in multiple sclerosis (Compston, 1983), or 
particularly at the onset of disease , as reported for insulin-dependent 
diabetes mellitus (Buschard et al., 1983). In most cases , however , it will 
be necessary to develop measures for quanti tat ive analysis of activity of 
antigen-specific suppressor cells in order to gauge the immune status of 
the patient. 

A further type of genetic abnormali ty relates to the target organ. In the 
case of thyroiditis in particular, it appears that some underlying defect in 
the function, and perhaps the ana tomy, of the thyroid gland is necessary 
for the development of thyroid disease. The same could apply to o ther 
t issues affected by organ-specific auto immune diseases , for example , 
s tomach. These target organ defects may themselves be responsible for 
disease and may explain why patients with nonauto immune disease , for 
example , of the thyroid, are encountered in families in which au to immune 
thyroid disease is common. 

An overview is present in Fig. 3. It is based on the experimental evi-
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FIG. 3. Theoretical construct of the genetic predisposition to autoimmune thyroiditis. 
Reprinted with permission from Rose and Burek (1985). 

dence that the development of au to immune disease represents the con
junct ion of several independent genetic even ts , for which the evidence is 
good in both thyroiditis and murine S L E . In the case of thyroidit is , these 
events include one or more immunoregulatory genes , an abnormali ty in 
maturat ion of the thymus , and a dis turbance in the function of the thyroid 
gland. Individuals who inherit all three of these defects are the ones most 
likely to develop auto immune disease . If only two defects are inheri ted, 
the frequency of disease might be considerably less. However , the inter
vention of developmental and environmental factors may shift the balance 
to development of disease. Such factors as sex hormones , thyroid infec
tion, or even stress may be significant contr ibutors . In this respect , it is 
important to point out that even genetically resistant mice and rats can be 
induced to produce a full picture of thyroidit is , if a strong enough anti
genic stimulus is given. In the case of experimental thyroidit is , that stimu
lus is provided by thyroglobulin combined with F reund ' s adjuvant and, in 
the case of experimental au to immune encephalomyeli t is , the use of per-
tussigen will induce disease in resistant mouse strains (Munoz and 
Mackay , 1984). 

The concept jus t presented does not presuppose that there are disease 
susceptibility genes as such. It is the conjunction of several abnormali t ies 
in addition to the / /LA-determined effect that is responsible for the devel
opment of disease in some, but not all, individuals with a part icular H L A 
phenotype . Also, the au to immune disease in family members does not 
a lways clearly segregate with HLA haplotypes . This picture seems to fit 
rather closely the clinical concept of an au to immune diathesis s ince, in 
families predisposed to the development of autoimmuni ty , not every 
member develops auto immune disease , and different au to immune dis
eases can develop in various members of the same family and at different 
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ages. The differences are at tr ibuted to HLA and non-HLA genetic effects, 
the occurrence of various target organ differences in various members of 
the family, and age and sex which come into play because of their role in 
altering thymus function, and to environmental influences. 

In many ways the concept of an au to immune diathesis is similar to the 
familiar principle of atopy as a predisposit ion to the development of im
mediate hypersensitivit ies or allergies. It is well known that the develop
ment of allergy is more common in some families than o thers . Howeve r , 
the particular form that allergy may take varies from person to person 
within the same family. Moreover , there is a strong age-related factor in 
the development of allergy. 

The role of the major histocompatibility complex in the development of 
autoimmunity may have important implications as far as the prognosis 
and t reatment of au to immune disease are concerned , particularly if re
striction fragment analysis of D N A can sharpen est imates of risk. First , 
within predisposed families, it may be possible to select the individuals at 
greatest risk and, under such c i rcumstances , to intervene at an earlier 
t ime. In the case of thyroidit is , prognosis is feasible even if there is not a 
strong linkage disequilibrium with a particular HLA haplotype; rather , the 
sharing of any haplotype with the affected proband would be significant. 
The presence of o ther genetic markers , such as Gm, could add to the 
prognostic value of HLA. All of these measures may make it possible to 
identify the individuals at risk for au to immune disease much more effec
tively than was done in the past . 

As far as t reatment is concerned , one logical strategy is to at tack the 
HLA -determined factors. Recent exper iments in mice have shown the 
effectiveness of anti-la sera in abrogating genetically controlled immuno
logical responses . T w o experimental ly produced au to immune diseases , 
experimental auto immune encephalomyeli t is (EAE) and experimental 
myasthenia gravis , can be prevented in mice by concurrent injection of 
the appropriate anti-la sera. In the case of recurrent E A E , one can even 
prevent exacerbat ion of the disease by injection of the anti- la reagent . In 
animals predisposed to genetically determined au to immune disease , such 
as murine lupus in N Z B / N Z W mice, the occurrence of disease can be 
delayed by the injection of the appropriate anti- la antisera. It should be 
noted that the anti-la ant iserum must be directed to the part icular allo
typic determinant responsible for good response . In heterozygous mice , 
one can demonst ra te that only anti-la ant isera directed to the allele asso
ciated with a good response are effective. Since most humans are hetero
zygous , this finding suggests that it may be possible to reduce autoim
mune susceptibility without general reduct ion of the immune response . 
However , a note of caution must be inserted. A recent s tudy has shown 
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that injections of anti-la antisera in mice produced a general deplet ion of 
Β cells in spleen and lymph node ; this finding could limit the general 
application of anti-la therapy for the t reatment of au to immune disease . 
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I. I N T R O D U C T I O N 

A . HISTORICAL BACKGROUND 

The use of the term " l u p u s " to describe various ulcerative condit ions 
of the skin was popular for many years prior to the more restricted appli
cation of the term " lupus e r y t h e m a t e a u x " by Cazenave (Talbott , 1974). 
La ter physicians recognized the systemic involvement , especially Wil
liam Osier (Talbott, 1974) who wrote 4 4 . . . a disease of unknown etiol
ogy with polymorphic skin les ions—hyperemia , oedema, and hemor
rhage—arthri t is occasionally and a variable number of visceral 
manifestations, of which the most important are gastrointestinal cr ises , 
endocardi t is , pericardit is , acute nephri t is , and hemorrhage from the mu
cous sur faces . " However , it was not until the discovery of the lupus 
e ry thematosus (LE) cell phenomenon in 1948 by Hargraves at the Mayo 
Clinic that the disease began to be appreciated as an au to immune phe
nomenon. Later work by Holman and Kunkel (1957), Miescher (1957), 
and Seligmann (1975) gave real importance to this phenomenon . These 
investigators were able to show that serum from patients with systemic 
lupus e ry thematosus (SLE) very frequently contained not only antibodies 
responsible for the L E cell phenomenon but , more importantly, antibod
ies directed to their own deoxyribonucleic acid (DNA) . With the discov
ery of ant i -DNA antibodies, a new era in the field of human au to immune 
diseases began. Subsequent ly , it was shown that patients with S L E dem
onstrated multiple defects in both humoral and cellular immunity. 

B. IMPORTANCE O F AUTOANTIBODIES 

Autoant ibodies , especially antinuclear antibodies (ANA), have played 
an important role in furthering our understanding of the pathogenesis of 
S L E . Despite continued debate over the existence of " A N A - n e g a t i v e " 
S L E , it remains clear that autoant ibodies and A N A are closely related to 
the expression of the disease in both humans and animal models . This 
nearly constant relationship between disease and the presence of A N A 
has been more strongly emphasized in new American Rheumat ism Asso
ciation (ARA) classification criteria for S L E (Tan et al.y 1982). The new 
criteria include not only the presence of a positive A N A but also the more 
SLE-specific A N A , anti-Sm (anti-Smith), and ant i -DNA. Accordingly, 
this review of S L E , although general in scope , will emphasize the immu-
nobiology of A N A in S L E and the clinical usefulness of A N A profiles in 
the differential diagnosis of S L E . In addition, this chapter will highlight 



2. SYSTEMIC LUPUS ERYTHEMATOSUS 31 

important clinical, pathogenet ic , and immunological aspec ts of human 
S L E as well as recent work with experimental animal models of S L E . 

II. G E N E R A L D E S C R I P T I O N 

A . CLASSIFICATION CRITERIA 

In the early years of investigation of S L E , it became readily apparent 
that an effective study of an au to immune diathesis that could present with 
such a wide spect rum of clinical and serological abnormali t ies would first 
require a set of classification criteria. In 1971 (Cohen et al.y 1971), a 
commit tee of the A R A devised criteria for S L E (Table I) to more readily 
permit comparison of studies done by different investigators. It is worth 
emphasizing that these criteria were never intended to be diagnostic crite
ria, al though they are widely used as such. In 1982 (Tan et al., 1982), with 
the advent of more sensitive, specific, and reliable tests for A N A and the 
realization that some items of the early clinical criteria were not suffi
ciently discriminating, the 1971 set of criteria was revised. These new 
criteria (Table II) eliminated infrequent and less discriminating clinical 
signs such as Raynaud ' s phenomenon and alopecia, and added important 
laboratory findings such as positive fluorescent A N A and an t i -DNA or 
anti-Sm. To be classified as having S L E , one must have at least four of the 

TABLE I 
Preliminary ARA Classification Criteria (1971) for 
SLEA 

Facial erythema (butterfly rash) 
Discoid lupus 
Raynaud's phenomenon 
Alopecia 
Photosensitivity 
Oral or nasopharyngeal ulceration 
Arthritis (nondeforming) 
LE Cell 
Chronic false-positive STS 
Profuse proteinuria (>3.5g/day) 
Cellular casts 
Pleuritis and/or pericarditis 
Psychosis and/or convulsions 
Hemolytic anemia/leukopenia/thrombocytopenia 

* From Cohen et al. (1971). 
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TABLE II 
Revised ARA Classification Criteria (1982) for SLE 

Malar rash 
Discoid rash 
Photosensitivity 
Oral ulcers 
Arthritis (nondeforming polyarthritis) 
Serositis (pleuritis and/or pericarditis) 
Renal disorder (proteinuria >0.5 g/day or cellular casts) 
Neurologic disorder (psychosis and/or seizures) 
Hematologic disorder (leukopenia or lymphopenia/hemolytic anemia/thrombocytopenia) 
Immunologic disorder (anti-DNA/anti-Sm/LE cell/false-positive STS) 
Antinuclear antibody 

11 criteria, ei ther at one time or serially. These new criteria were shown 
to have a 96% sensitivity and specificity for S L E (Tan et al., 1982). 

B. EPIDEMIOLOGY 

Systemic lupus e ry thematosus is a disease primarily of women , espe
cially of young black women . Prevalence rates in one study (Siegel and 
Lee , 1975) were 55.8 per 100,000 for black women and 3.3 per 100,000 for 
black men. Corresponding rates for white women and white men were 
16.8 and 2.9. The overall annual incidence of S L E in the 15-year study 
ending in 1973 was 2.0 per 100,000. Earlier studies (Kurland et al., 1969; 
Siegel et al., 1970) showed rates approximately twice as high. A later 
study by Fessel (1974) of the Kaiser Foundat ion Heal th Plan group from 
1965 to 1973 showed an incidence of 7.6 per 100,000, using the 1971 A R A 
criteria. Prevalence rates were nearly three t imes as high for the Kaiser 
group as for the N e w York study (Siegel and L e e , 1975). In both studies 
incidence rates rose nearly two- or threefold over the periods of s tudy. 
These increases probably reflected improved diagnostic capabilities (e.g. , 
L E cell test) , but also may have been due to an increased at tack rate 
(Hahn, 1980). 

C . ETIOLOGY 

1. Viruses 

It is generally assumed that S L E is an auto immune disease associated 
with various definite immune defects . Nei ther the initiation nor the actual 
sequence of events leading to these immune defects is known. It is felt, 
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however , that some combinat ion of environmenta l , genet ic , and host fac
tors (e.g. , hormones) must be present for full express ion of the disease . 
Foremos t among the possible candidates for environmental agents that 
may trigger the disease are viruses. Spurred by the discoveries in 1969 of 
viruslike s t ructures in kidney biopsies from S L E pat ients , interest in a 
viral etiology for S L E increased (Hurd et al., 1969). Although it was 
shown that on closer inspection these tubuloreticular s t ructures were not 
truly paramyxovirus nucleocapsids (Pincus et al., 1970), a t tempts to show 
increased antiviral antibody titers in S L E patients met with more success 
(Phillips and Christ ian, 1973). In fact, S L E patients very often had ele
vated levels of antibodies to various common viruses such as measles and 
rubella viruses. Because of broad-spect rum antiviral reactivity, these 
results were interpreted as merely a reflection of polyclonal B-cell reactiv
ity (Pincus, 1982). At tempts at viral isolation and direct demonst ra t ion of 
viruses by electron microscopy were uniformly unsuccessful . 

Type C retroviruses are animal viruses with unique capabilit ies for 
complex interactions with host cells. It is possible that these interact ions, 
inadequately controlled in the susceptible host ; might be related to the 
au to immune phenomenon occurring in S L E . One experimental model for 
S L E , the N e w Zealand B/W Fj hybrid mouse (NZB/W), has been inten
sively studied with respect to the possible role of type C re t rovirus . Viral 
part icles may be seen early in the life of N Z B / W mice, with a subsequent 
rise in ant ibody ti ters to viral antigens correlating with immune complex 
nephrit is (Izui et al., 1979). On the o ther hand, separat ion of viral infec
tion and nephrit is can be achieved with backcross matings with normal 
SWR mice (Datta et al., 1978). These Fi mice show an increased viral 
output wi thout nephri t is . Addit ionally, Dixon et al. (1971) showed that 
more of these glomerulonephri t is-causing antibodies were directed to de-
oxyribonucleoprote in (DNP) than to the gp70 protein and other viral anti
gens . At present the role of viruses in both murine and human lupus still 
remains an intriguing but unproven hypothes is . 

2. Drugs 

A number of drugs have now been shown to cause a drug-induced lupus 
syndrome (DILE) (Harmon and Por tanova , 1982). Drug-induced lupus 
syndrome is in many ways similar to idiopathic S L E , but differs in the 
population at risk, lack of renal and C N S disease , and the relatively 
limited variety of A N A . Patients with D I L E are most often older, whi te , 
and male, with predominant ly polyarthrit is and/or serosit is . A N A are 
usually antihistone but may include anti-single-strand D N A (ssDNA) anti
bodies (Fritzler and Tan , 1978). H L A - D R w 4 has been shown to be in
creased in hydralazine D I L E patients (Batchelor et al., 1980). 
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Liver acetyltransferase enzymes detoxify drugs by acetylat ion. En
zyme levels are genetically controlled and are phenotypically expressed 
in humans as fast or slow acetylators . Acetyla tor phenotype is important 
in the expression of A N A in patients on hydralazine and procainamide. A 
fast acetylator phenotype with cumulat ive hydralazine ingestion of >400 
g is not associated with the product ion of A N A , while 60% of persons 
with a slow acetylator phenotype will produce A N A at this level (Perry et 
al., 1970). Increased frequencies of procainamide-induced A N A are also 
associated with a slow acetylator phenotype (Woosley et al., 1978). The 
mechanisms by which these drugs can induce A N A were reviewed by 
Harmon and Por tanova (1982). The reasons only some of these patients 
with drug-induced A N A develop clinical lupus remain unknown. 

3. Environmental Factors 

It has long been known that sunlight is closely related to some cases of 
S L E . Certain patients give dramat ic histories of having symptoms appear
ing de novo after a sunburn, while others relate personal histories of 
photosensit ivity to sunlight that are more than the usual exper iences of a 
normal population. In the skin rash of human S L E , a common and almost 
characterist ic finding is the presence of stippled deposi ts of immunoglobu
lin and complement at the dermal -ep idermal junct ion . A very at tract ive 
hypothesis for this finding is that these deposi ts comprise ant igen-ant i 
body complexes , which are precipitated at this region. The pathogenic 
mechanism might be considered to arise from the destruct ion of epithelial 
cells that release nuclear antigens into the dermis of the skin, come into 
contact with antinuclear ant ibody at the dermal -ep idermal junc t ion , and 
are precipitated as immune complexes . This hypothesis and the proposed 
pathogenic mechanism were tested in an experimental model using ultra
violet light (UVL)-irradiated mice (Tan et al., 1976). Ultraviolet light 
irradiation of D N A has been shown to induce a photochemical reaction in 
D N A , causing the formation of thymine dimers . These thymine dimers 
are highly immunogenic and cause the production of antibodies specific 
only for thymine dimers . In the experimental model , mice were first im
munized with thymine dimers so that circulating antidimer antibodies 
were known to be present . These animals were then whole-body irradi
ated with U V L , which caused a photochemical induction of thymine di-
mer in the nuclei of epithelial cells. The epithelial cells have the capacity 
to repair thymine dimers by a mechanism of excision of the thymine dimer 
and extrusion of the dimers across the cell membrane . 

In this model , it was shown that immune complexes of thymine dimer 
and ant ibody to dimer were present as stippled deposi ts in the d e r m a l -
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epidermal junct ion of mice recovering from whole-body U V L irradiation. 
An extension of this work has been performed on humans to show that 
similar types of thymine dimers were induced in the nuclei of epithelial 
cells after irradiation of isolated pa tches of skin (Tan and Stoughton, 
1969). A reasonable conclusion from these exper iments is that a similar 
mechanism for the formation of immune complex deposit ion at d e r m a l -
epidermal junct ion could occur in the skin of S L E pat ients w h o already 
have preexisting circulating A N A . It might be important to r emember that 
thymine dimers might not be the antigen of importance as far as the 
lesions of human S L E skin are concerned . U V L causes t ransformation of 
o ther intranuclear macromolecules such as nuclear proteins and D N A - or 
R N A - p r o t e i n complexes , and these other macromolecules may be of 
greater importance in pathogenici ty. 

The effect of sunlight is of greater than jus t theoretical interest . It has 
been shown that U V L of wave lengths of 300 nm can be effective in the 
photochemical transformation to thymine dimer. Studies in photobiology 
have shown that U V L of wave lengths in the region of 300 nm are de
tected on the ear th ' s surface (Roller , 1965). 

D . ANIMAL MODELS 

Animal models of S L E have been studied intensively from both an 
immunological and a viral s tandpoint . Current ly , there are at least three 
separate mouse strains that express features of an au to immune disease 
very similar to human S L E (Dixon, 1982). 

The N Z B / W mouse strain was first developed by Helyer and Howie in 
1963 by mating the N Z B auto immune hemolytic mouse with a normal 
N Z W mouse . Almost 100% of the hybrid animals developed a rapidly 
progressive and lethal glomerulonephrit is associated with ant inuclear an
t ibodies. The A N A that were produced included antibodies to double 
strand D N A (dsDNA) and single strand D N A (ssDNA) , as well as to 
nuclear proteins and to nuclear and transfer R N A (Talal et al., 1974). The 
antibodies that appeared to have the most pathological impor tance were 
anti d s D N A , since they were eluted from sections of diseased kidneys in 
high concentra t ions (Dixon et al., 1971). Animals developed disease and 
died at a mean of 439 days and 280 days for males and females, respec
tively (Howie and Helyer , 1968). The marked difference in survival t ime 
be tween sexes pointed to an important aspect that has held t rue for the 
more recently developed lupuslike models : the fact that within the strain 
endogenous modifying factors exist that affect the severity of disease 
express ion. In the N Z B / W mouse , female sex hormones p roduce more 
rapid onset of disease . In another murine lupus model , the M R L strain, 
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lupus develops early in life in the MRL/lpr mouse and later in the MRL/n 
mouse . The factor responsible for this difference in onset is the Ipr (or 
lymphoproliferative) gene (Murphy and Roths , 1979). Like estrogens in 
NZB/W disease, the Ipr gene is clearly an accelerating factor in M R L 
mice. These mice also make a wide variety of autoant ibodies including 
ant i -DNA and anti-Sm (40%), a marker for human lupus (Eisenberg et al., 
1978). Like human S L E , anti-Sm-negative and -positive mice do not differ 
in disease severity. The third murine lupus model is the BXSB mouse 
(Murphy and Roths , 1979); again, early and late disease onset can be 
seen. In contradist inction to the N Z B / W , the accelerating factor predis
posing to early disease in the BXSB appears to be linked to the Y chromo
some, making the male mouse in BXSB disease more prone to early death 
(Theofilopoulos and Dixon, 1981). 

After many years of intensive investigation into the et iopathogenesis of 
murine lupus, Dixon (1982) suggested that some generalizations can be 
made that are pert inent to our understanding of human S L E . First , no 
single gene or group of genes [e.g., the major histocompatibility complex 
(MHC)] has been defined that can account for the auto immune diathesis 
of S L E . Rather , the genetic endowment predisposing to au to immune dis
ease is a diverse one , probably coming from within as well as outside the 
M H C region. Second, both endogenous (Ipr gene in M R L mice) and exog
enous (neonatal lymphocytic chorimeningitis in all strains) factors can 
modify disease expression. Finally, B-cell hyperact ivi ty, autoant ibody 
formation, and immune complex pathology are consistent findings in all 
forms of murine lupus. 

III. CLINICAL MANIFESTATIONS 

As a multisystemic disease, S L E may present with widespread involve
ment of various organs and t issues. Ordinarily, however , its initial presen
tation is limited in scope with additional areas of involvement occurring as 
the disease progresses . Fever , weight loss, and increasing fatigue together 
or separately may herald the onset of S L E . Arthralgias and arthritis are 
the most common forms of clinical express ion, symmetrically affecting 
the small jo ints of the hands , wris ts , and knees (Rothfield, 1982). Deform
ing arthritis is unusual , and erosive changes are quite rare (Russel et al., 
1981). Synovial fluid findings from swollen jo ints reveal leukocyte counts 
<3000, in fluid that is characteristically clear to only slightly cloudy with 
good viscosity (Pekin and Zvaifler, 1970). The next most common mani
festation of S L E is cutaneous disease. Cutaneous lesions may range from 
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the e ry thematous "butterfly r a s h , " which is evanescent and nonscarr ing, 
to the disfiguring discoid lesion. Other skin changes include (1) ery thema
tous maculopapular , often pruritic rash, (2) lupus profundus (nonsuppura
tive panniculitis), (3) vasculitic nodules with a tendency to ulcerate , (4) 
annular , polycyclic lesions (Gilliam and Sontheimer , 1982). These latter 
skin lesions are often associated with a positive serum test for anti-SSA/ 
Ro ant ibody. 

Mucous membrane lesions occur in the form of oral and nasal ulcers 
(Ropes , 1976). These are painless and usually heal with cort icosteroid 
therapy. Serositis may appear as pleuritis with or without effusions or as 
pericardit is . Pericarditis is usually detected as a friction rub without sig
nificant pericardial fluid (Ropes , 1976). Lung involvement in S L E is rela
tively uncommon, but may take the form of either an acute pneumonit is 
with transient infiltrates or as diffuse interstitial pneumoni t is . Pulmonary 
hyper tension and severe pulmonary hemorrhage have also been described 
(Matthay et al., 1974). Cardiac manifestations o ther then pericarditis in
clude myocardit is and the ver rucous endocardi t is of Libman and Sacks 
(1924); however , the latter condition is rarely observed at present . 

As the above summary indicates, S L E may present clinically in many 
different ways and in different degrees of severity. However , the involve
ment of two organ sys tems, the kidney and the nervous sys tem, por tends 
a poor prognosis . Renal disease in S L E may be divided into mesangial , 
membranous , focal, and diffuse proliferative nephritis (Baldwin et al., 
1970; McCluskey, 1982). Mesangial nephrit is is associated with relatively 
few if any urinary abnormali t ies but has on occasion been noted to pro
gress to a diffuse proliferative lesion. Membranous nephrit is is often asso
ciated with nephrotic syndrome, although hematur ia is infrequent. This 
type generally carr ies a bet ter prognosis than the proliferative types . In 
focal proliferative lupus nephri t is , < 5 0 % of glomeruli are affected by 
segmental proliferation. Urinalyses are abnormal with respect to both 
protein and red blood cells, but significant renal insufficiency is uncom
mon. On the other hand, diffuse proliferative glomerulonephri t is is associ
ated with the entire spectrum of urine abnormali t ies , significant renal 
failure, and/or nephrotic syndrome. 

In addition to renal disease, involvement of the nervous system in S L E 
may herald a significant change in disease progression. Besides peripheral 
neuropathy, patients may manifest a long list of neuropsychiatr ic prob
lems including paralysis , seizures , headaches , and organic as well as non
organic syndromes (Feinglass et al., 1976). Psychot ic s ta tes secondary to 
lupus are notoriously difficult to diagnose and treat . This problem is best 
illustrated when one considers the patient with severe lupus nephrit is on 
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high doses of cort icosteroids who develops psychosis . Diagnostic possi
bilities range from active lupus cerebrit is and cort icosteroid-induced psy
chosis to brain abscess in an immunosuppressed host . 

Hematological d is turbances , very common in S L E , have been re
viewed by Budman and Steinberg (1977). Anemia is present in more than 
one-half of cases , the primary cause being bone marrow suppression re
lated to chronic disease. Other causes for anemia such as au to immune 
hemolytic anemia should be sought. Auto immune hemolytic s tates can 
precede the other manifestations of S L E by a number of years . Direct 
C o o m b s ' tests are often positive (Boehner et al.y 1968), but are not usu
ally associated with a hemolytic anemia. Anemia may also be secondary 
to chronic blood loss. Bleeding may occur in association with thrombocy
topenic s ta tes . Thrombocytopenia is associated with IgG antiplatelet anti
bodies and is present in —15% of patients (Budman and Steinberg, 1977). 
Like auto immune hemolytic anemia, au to immune thrombocytopenic pur
pura can also predate the onset of typical S L E by many years . In contrast 
to thrombocytopenia , bleeding does not usually occur with the presence 
of a lupus anticoagulant. Antibodies to clotting factors have been noted in 
lupus very uncommonly , but when present are directed to one of the 
following: VII , IX, XI , or XII (Rick and Hoyer , 1975). More commonly , 
prolonged partial thromboplast in t imes are seen secondary to the inhibi
tory action of anti-phospholipid in pat ients ' sera. Enhanced thrombosis 
rather than bleeding is the rule with this latter lupus anticoagulant . Be
cause of cross-reactivity with cardiolipin, lupus anticoagulant may be 
correlated with biological false-positive tests for syphilis (Laurell and 
Nilsson, 1957). 

Given the long list of possible clinical manifestat ions, one can easily see 
the rationale for devising the previously listed classification criteria. 
Other diagnostic possibilities often considered during the evaluation of 
patients shown ultimately to have S L E include subacute bacterial endo
cardit is , rheumatoid arthrit is , rheumatic fever, leukemia, lymphoma, sec
ondary syphilis, and serum sickness . It may take a number of years actu
ally to confirm a diagnosis of S L E , because separate organ system 
involvement may proceed very slowly. Fo r this reason, performance of 
serological tests may yield an early and specific diagnosis. 

IV. HISTOPATHOLOGY 

The histopathology of S L E has been described in comprehens ive re
views (Cruickshank, 1974) and will not be discussed in detail here . How-
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ever , certain features of histopathology of the kidney, skin, and brain will 
be ment ioned. 

Renal involvement is a major cause of morbidity and mortali ty in S L E . 
The pathological features have been elucidated by renal biopsies per
formed on patients with varying severity of illnesses and in some in
s tances by serial biopsies performed on the same patient . A classification 
of lupus nephritis has been proposed by Andres et al. (1970). (1) Mild 
(focal) lupus nephritis is character ized by segmental proliferation of some 
glomeruler tufts while other tufts appear normal . Usually < 5 0 % of the 
glomeruli are involved, and they exhibit segmental proliferation, that is, 
hypercellularity with some areas of necrosis of the involved segment . 
Immunoglobulins and C3 can be demonst ra ted in the mesangium of all 
glomeruli , and scattered areas of fine granular fluorescence may be 
present among the capillary loops especially in areas of proliferation. (2) 
Severe (diffuse) proliferative lupus nephritis is character ized by abnor
malities of > 5 0 % of the total area of the glomerular tufts. Interstitial 
infiltrates of mononuclear cells are seen, and epithelial c rescents are com
mon as are sclerotic glomeruli. Deposi ts of immunoglobulins and C3 ap
pear as granules or irregular lumps along the peripheral capillary well and 
mesangium. (3) Membraneous nephrit is is character ized by thickening of 
the basement membrane when observed by light microscopy. N o prolifer
ation is observed, although there may be slight irregular increases in 
mesangial cells and matrix. By immunofluorescence, immune complex 
deposi ts are diffuse and located in the subepithelial region and mesan
gium. In recent years , it has been shown that some pat ients with these 
different classifications of nephritis can be seen to transform from the 
mild or focal nephritis to the diffuse and proliferative form; in patients 
who have responded to t rea tment , the reverse transition has also been 
observed . Finally (4), an additional classification, mesangial (minimal) 
lupus nephri t is , has been descr ibed, in which the pathological abnormali
ties are limited to the mesangium. The diagnosis is made mostly by stud
ies by immunofluorescence and electron microscopy that show deposi ts 
of IgG and C3 in the mesangium and occasionally along capillary walls. 

A second organ that has yielded considerable information regarding the 
pathogenesis of S L E is the skin. With immunofluorescence me thods , it 
has been clearly demonst ra ted that the "l iquefact ion n e c r o s i s " of the 
basement membrane zone seen by light microscopy consists of stippled or 
small lumpy deposi ts of immunoglobulin and complement at the d e r m a l -
epidermal junct ion (Burnham et al., 1963; Tan et al., 1966). Some authors 
have referred to this finding as the " l u p u s b a n d , " but this is an inaccurate 
description because this phenomenon at the de rmal -ep ide rmal junct ion is 
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not restricted to S L E and may occur in diseases such as rosacea, mixed 
connect ive tissue disease, and urticaria. Recent ly , properdin and factor Β 
(Schrager and Rothfield, 1976) have also been demonst ra ted at the der
mal -ep idermal junct ion , which brings up the possibility that nonimmuno-
logical factors that can activate the alternative pa thway of c o m p l e m e n t -
polysacchar ides , endotoxins , and other subs tances—may be involved in 
pathogenesis . 

The pathology of central nervous system (CNS) disease in S L E is not 
well unders tood. A patient may have had seizures , hemiparesis , or hemi
plegia without pos tmor tem evidence of cerebral vasculitis or brain dam
age detectable by light microscopy. However , by immunofluorescence 
microscopy, IgG and IgM have been found in the choroid plexus of the 
brain together with complement components (Atkins et al., 1972; Lam-
pert and Oldstone, 1974). Such immunoreactants can also be found in the 
walls of small arterioles, capillaries, and venules in the brain. The search 
for immune complexes that might play a significant role in the C N S dis
ease of S L E deserves extension, since C N S disease is becoming a more 
frequently observed complication of the disease . 

V. IMMUNOLOGY 

A . IMMUNOLOGICAL ABERRATIONS 

1. Humoral Immunity 

It has been demonst ra ted that the serum factor in S L E patients respon
sible for the L E cell phenomenon noted by Hargraves (1948) is ant ibody 
directed to nucleoprotein o r histone (Holman and Deicher , 1959; Tan et 
al., 1982). This hallmark discovery by Hargraves and the usefulness of the 
L E cell test have been overshadowed by the advent of the fluorescent 
antinuclear antibody test and the characterizat ion of numerous antinu-
clear antibodies during the last 20 years . In addition to non-tissue-specific 
autoantibodies such as A N A and ant icytoplasmic ant ibodies , t issue-spe
cific autoantibodies are also seen in S L E (Table III) . These latter antibod
ies include those directed to circulating ery throcytes , lymphocytes , and 
platelets as well as those directed to tissue-specific antigens of the thy
roid, liver, s tomach, adrenal gland, and muscle . 

Certainly the most intensively studied and best character ized of these 
types of autoantibodies are the ant inuclear antibodies (ANA). Antinu
clear antibodies occurring in S L E are quite diverse , but may be broken 
down into broad groups according to their specificities for various nuclear 
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TABLE III 
Autoantibodies in SLE 

To nuclear antigens 
DNA 
Nucleoprotein 
Histones 
Nonhistone (acidic) proteins 

To cytoplasmic antigens 
RNA 
Ribosomes and other RNA-protein complexes 
Cytoplasmic proteins 

To clotting factors 
Lupus anticoagulants 

To red cell antigens 
To white cell antigens 

T-Lymphocyte cell-surface antigens 
B-Lymphocyte cell-surface antigens 

To platelet antigens 
To other tissue-specific (thyroid, liver, muscle, stomach, adrenal) antigens 

macromolecules (Table IV). The first demonstra t ion of an t i -DNA anti
bodies came about as investigators were dissecting out the react ive moi
ety account ing for the L E cell phenomenon (Robbins et al., 1957). This 
moiety eventually proved to be 1 Μ NaCl soluble nucleoprotein (DNP) 
(Holman and Deicher , 1957). As a result of these s tudies, however , inter
est grew in developing methods to detect an t i -DNA in S L E sera. Methods 
employing purified native D N A were developed including double im
munodiffusion, complement fixation, hemagglutination, and counter im-
munoelect rophores is (CIE) . By immunodiffusion it appeared that anti-
D N A antibodies were of at least two different specificities. One specificity 
was felt to be directed to the phosphodies ter backbone of D N A , which 
would account for antibody react ive with both single strand and double 
strand D N A . The other large group of an t i -DNA antibodies had specific
ity for the purine and pyrimidine bases exposed only on single strand 
D N A . This would account for those antibodies reactive only with single 
strand D N A . A third but relatively rare type of an t i -DNA ant ibody has 
been seen with specificity only for the helical s t ructure of D N A . This third 
type could not be absorbed by single strand D N A or synthet ic homopoly-
mers (Gilliam et al., 1980). 

Ant i -DNA antibodies rapidly became a serological hallmark of S L E . 
Tan and others (1966) demonst ra ted the close relationship of changes in 
ant i -DNA antibodies and free serum D N A with clinical manifestations of 
S L E (Fig. 1). In the clinical course depicted here , significant levels of 
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TABLE IV 
Autoantibodies to Nuclear Antigens (ANA) in SLE 

Antibody specificity 

Double strand DNA (dsDNA) 
Antigenic determinant present in 
both dsDNA and single strand (ss) 
DNA. 

Single strand DNA (ssDNA) 
Antigenic determinant related to ex
posed purines and pyrimidines 

Histones 
Antigenic determinants in all sub
classes: HI , H2A, H2B, H3, H4, 
and H2A/H2B, H3/H4 complexes 

Nonhistone antigens 
Sm antigen 

Antigenic determinant 
is protein(s) complexed to five 
species of small nuclear RNA 
(snRNA) 

Ul RNP 
Antigenic determinant is protein(s) 
complexed to Ul-RNA 
SS-A/Ro 
Antigenic determinant is 61-
kdalton protein complexed to 
RNAs 

SS-B/La 
Antigenic determinant is 43-kdalton 
protein complexed to RNAs 

PCNA (proliferating cell nuclear 
antigen) 
Determinant is 33-kdalton protein 

Clinical characteristics 

60-70% of patients with SLE. When in 
high titer, practically a diagnostic 
marker 

60-70% of patients with SLE. However, 
present in other diseases, including 
nonrheumatic diseases 

70% of patients with SLE. >95% of pa
tients with procainamide- and hydrala-
zine-induced LE 

30-40% of patients with SLE. Diagnostic 
marker 

35-45% of patients with SLE. >95% of 
patients with mixed connective tissue 
disease 

30-40% of patients with SLE. 60-70% of 
patients with Sjogren's syndrome. Re
lated to neonatal lupus 

15% of patients with SLE. 45-60% of pa
tients with Sjogren's syndrome 

3% of patients with SLE 

ant i -DNA are seen in a period of disease quiescence without free D N A 
being present . Subsequent ly a flare of activity is associated with disap
pearance of antibody and appearance of free antigen. This sequence of 
events suggested that immune complexes of D N A and ant ibody were 
being formed during flares of disease activity and was the first evidence 
that circulating A N A might be involved in pathogenesis , such as in t issue 
deposit ion of immune complexes . Other investigators confirmed this by 
demonstrat ing the presence of ant i -DNA in cryoprecipi tates (Davis et al.y 

1978) and acid eluates of kidney sections from S L E patients (Koffler, 
1974). It is clear from these and other studies that a unique relationship 
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1 2 3 4 5 6 7 8 
Months 

FIG. I. A patient with SLE initially showing DNA antibody in four consecutive serum 
samples. Exacerbation of illness with high fever and increased proteinuria coincided with 
appearance of DNA antigen in serum and disappearance of antibody. (From Tan et al., 
1966.) 

exists be tween ant i -DNA and S L E . One group of investigators has been 
quite successful in showing that in individual pat ients sequential eleva
tions and depress ions in an t i -DNA levels may be valuable indicators of 
impending disease flares (Swaak et al., 1979, 1982). Other investigators 
have a t tempted to correlate disease activity with potentially pathogenic 
propert ies of the ant i -DNA itself. Such propert ies include complement-
fixing ability, immunoglobulin class or subclass , and avidity or ability to 
precipitate. It is generally held that activity and nephrit is are most often 
correlated with IgG complement-fixing antibodies (Hahn , 1982). F rom 
these studies has also come the finding that high titers of an t i -DNA anti
bodies are nearly a lways found only in S L E . This point is emphas ized in 
the graph in Fig. 2. Although other systemic rheumat ic diseases may 
express ant i -DNA ant ibodies , high titers are almost exclusively associ
ated with S L E . 

Turning from antibodies react ive with D N A to ant ibodies directed to 
the basic nuclear prote ins , h is tones , we note that approximately two-
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FIG. 2. Antibody to native DNA was measured by a radioimmunoassay method. The 
numbers in parentheses indicate the number of patients tested. With few exceptions, high 
binding for native DNA was present in the SLE group. SLE, systemic lupus erythematosus; 
RA, rheumatoid arthritis; SS, Sjogren's syndrome; PSS, progressive systemic sclerosis; 
DM, dermatomyositis; DLE, discoid lupus; MCTD, mixed connective tissue disease; NHS, 
normal human serum; FANA-neg, serum negative for fluorescent antinuclear antibody; 
DSC, disease control serum. (From Notman et al., 1975.) 

thirds of patients with idiopathic S L E show antihistone reactivity 
(Fritzler and Tan, 1978). Antihistone antibodies are much more common 
in procainamide-induced lupus, occurring in 96% of patients when their 
sera are examined by the histone reconsti tution A N A test . In hydralazine-
induced lupus, the next most common form of drug-induced S L E , anti
bodies to histones also occur but are not detected by the histone reconsti
tution test . These antibodies are directed to histones H3 and H4 and must 
be detected by an enzyme-linked immunosorbent assay (ELISA) using 
purified histone fractions (Portanova et al., 1982). Use of this latter assay 
showed that procainamide-induced antihistone antibodies were predomi
nantly directed to H 2 A - H 2 B complexes (Table V). In distinguishing idio
pathic from drug-induced S L E by serological means , it is also important 
to remember that the latter disorder often displays a restricted diversity of 
A N A compared with the heterogeneity of the A N A response in the 
former (Table VI). 

Like antibodies to d s D N A , antibodies to a nonhis tone protein named 
Sm carry high specificity for S L E . Anti-Sm antibodies occur in —30% of 
S L E pat ients , and may be considered a serological marker for this disease 
(Fig. 3). It is not surprising in view of its diagnostic significance that the 
Sm-an t i -Sm system has evoked so much interest since its discovery in 
1966 by Tan and Kunkel . In immunofluorescence, anti-Sm gives a speck
led staining pat tern not significantly different from that of ant inuclear 
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TABLE V 
Types of Antihistone Antibodies Induced by Procainamide (Pr) and 
Hydralazine (HY) 

Antibody 
class 

Antibodies to 

Drug H2A H2B H2A/H2B H3 

Pr 0 0 + + 0 
Hy + + + / - + / - + + 
Pr + + + / - + + + + / -
Hy 0 0 + / - + / -

IgM 

IgG 

r ibonucleoprotein (nRNP) but may be distinguished from ant i -nRNP by 
double immunodiffusion. Recent ly , Lerner and Steitz (1979), have made 
interesting new observat ions on the nature of autoantigens such as Sm 
and n R N P . By using anti-Sm as a reagent to immunoprecipi ta te 3 2 P - and 
3 5 S-labeled tissue culture cell ex t rac ts , these investigators have been able 
to show that certain small nuclear R N A s ( U l , U2, U4, U 5 , and U6) are 
complexed with Sm antigen in p r o t e i n - R N A particles (Fig. 4). Some of 
these small nuclear R N A species such as U l R N A are thought to be 
involved in posttranscript ional processing of he terogeneous nuclear R N A 
to messenger R N A . Yang et al. (1981) demonst ra ted that anti-Sm could 
inhibit this splicing function of small R N A and suggested thai the U l 
R N A - p r o t e i n particle was involved in splicing of early R N A transcr ip ts . 

Another nonhis tone autoantigen that also reacts with S L E sera is nu
clear R N P (Sharp et al., 1972). Like Sm, n R N P also associates with small 
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FIG. 3. Antibody to Sm antigen was determined by hemagglutination in different rheu
matic diseases. With the exception of one patient with mixed connective disease, all other 
sera with anti-Sm were from patients with SLE. (From Notman et al., 1975.) 



Τ Sm RNP 

FIG. 4. Profiles of small nuclear RNAs immunoprecipitated by anti-Sm and antinuclear 
RNP sera. HeLa cells were labeled with 3 2 P and cell extract reacted with sera. The immuno-
precipitates were solubilized and run on polyacrylamide gels to identify precipitated RNAs. 
Left lane represents total cellular RNA. Middle lane shows five major RNA bands precipi
tated by anti-Sm serum: Ul , U2, U4, U5, and U6 RNAs. Right lane shows that only Ul 
RNA is precipitated by anti-RNP serum. 
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Antibody Profiles in Idiopathic SLE and Drug-Induced LE 

Antibody to 

Histones Sm nRNP dsDNA ssDNA 

Idiopathic SLE (20)" 7 9 3 7 5 
Drug-LE (23)fl 22 0 0 0 3 

a Numbers in parentheses indicate numbers of patients. 

nuclear R N A but unlike Sm is highly specific in that it a lways associates 
with only U l R N A (Lerner and Steitz, 1979). For this reason an t i -nRNP 
has come to be known as ant i -Ul R N P . Ant i -Ul R N P may be seen as a 
nonspecific speckled pat tern of immunofluorescent staining on nuclear 
substra tes but may be specifically identified by immunodiffusion or C I E . 
High titers of ant i -Ul R N P in the absence of o ther A N A , especially anti-
D N A , are indicative of a clinically distinct enti ty, mixed connect ive tissue 
disease (MCTD) (Tan, 1982). The mere presence of ant i -Ul R N P lacks 
the specificity of anti-Sm, as can be seen in Fig. 5. 

A final group of A N A in S L E directed to nonhistone nuclear proteins 
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FIG. 5. Antibody to nRNP was determined by hemagglutination with the same sera as in 
Fig. 5. Note that all patients with MCTD had uniformly high titers. However, antibody was 
also present in other diseases, sometimes in relatively high titers. (From Notman et al., 
1975.) 

TABLE VI 
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are the Sjogren's syndrome ant ibodies , ant i-SSA/Ro and ant i -SSB/La. 
First described by Alspaugh and Tan (1975, 1976) in a study of precipitat
ing A N A in Sjogren's syndrome, anti-SSA and anti-SSB were later shown 
to be identical (Alspaugh and Maddison, 1979) to two previously de
scribed antibodies, anti-Ro (Clark et al., 1969) and anti-La (Mattioli and 
Reichlin, 1974). Anti-SSA/Ro occurs in 3 0 - 4 0 % of patients with S L E but 
in almost 70% of Sjogren's sicca pat ients . Ant i -SSB/La is less frequent in 
S L E , appearing in only 15%, but three to four t imes more frequently in 
Sjogren's syndrome. F rom a clinical s tandpoint , recent investigations 
have revealed very interesting disease associat ions of the ant i-SSA/Ro 
ant ibody. In a 2-year study of three in fan t -mother pairs with S L E , 
Franco et al. (1981) showed that all the infants had ant i-SSA/Ro at t ime of 
birth and that the antibody was no longer detectable at 6 months postna-
tally. This finding was consistent with transplacental passage of A N A . 
More important was the observat ion of complete heart block (CHB) in 
one of the infants. Similar observat ions were made in an extension of the 
initial study (Scott et al., 1983), confirming the associat ion of ant i-SSA/Ro 
with C H B . 

Screening of pregnant lupus patients for ant i-SSA/Ro may provide valu
able information with regard to the possible occurrence of the neonatal 
lupus syndrome and life-threatening C H B in the fetus. The frequent oc
currence of anti-SSA/Ro and/or ant i -SSB/La has also been discovered in 
another dermatological subset of S L E , subacute cu taneous lupus (Gilliam 
and Sontheimer, 1982). This disease is character ized by extensive non-
scarring psoriaform or annular , polycyclic lesions, somet imes accompa
nied by various musculoskeletal complaints . Interestingly, it has also 
been found that the expression of ant i-SSA/Ro in these patients is closely 
linked to the presence of the H L A - D R w 3 antigen (Maddison, 1982). In 
one study (Bell and Maddison, 1980) all 10 patients with S L E and anti-Ro 
were H L A - D R w 3 posit ive, whereas only 28% of anti-Ro-negative pa
tients were H L A - D R w 3 posit ive. This latter figure was almost identical to 
the prevalence of DRw3 in a control populat ion. 

2. Cellular Immunity 

Clearly, the most reproducible abnormali ty of cellular immune function 
in S L E is the marked B-cell hyperreact ivi ty (Kunkel , 1980). Despi te over
all reduced numbers of both Τ and Β cells, assays for plaque-forming cells 
performed on peripheral blood lymphocytes (PBL) from S L E patients 
show excessive numbers of such cells when compared to normal P B L 
(Decker et al., 1979). Pokeweed mitogen stimulation seems to have little 
enhancing effect on these immunoglobulin (Ig)-producing cells. Response 
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to stimulation with chemical haptens in vitro is also enhanced with pro
duct ion of specific ant ihapten IgM ant ibodies . Without such st imulation, 
however , the Ig-producing Β cells present in S L E P B L tend to be IgG 
producers rather than IgM producers . Initial a t tempts to measure T-cell 
function in S L E consisted of skin tests with common antigens for a de
lay ed- type hypersensit ivity react ion. These c rude assays showed a dimin
ished reactivity to common antigens that was also present with in vitro 
assays of antigen responsiveness (Horwitz , 1972). More recent ly, studies 
of T-cell function in S L E have centered around the apparent loss of 
suppressor-cell activity and its correlat ion with elevated levels of lympho-
cytotoxic antibodies and increased disease activity (Williams, 1982). Also 
exciting are the findings of A N A cross-react ive with lymphocyte mem
branes or reactive with membrane-bound nuclear antigens such as D N A 
or histones (Searles et al., 1979; Rekvig and Hannes tad , 1979). Other 
areas of defective cellular immune function include work showing dimin
ished autologous mixed lymphocyte reactivity (Sakane et al., 1978) and 
diminished natural killer cell activity (Gato et al., 1980). The significance 
of these findings has yet to be resolved. 

B. MECHANISMS O F DAMAGE 

A major mechanism of t issue injury in S L E is mediated by immune 
complexes , and the damage can be caused either by immune complexes 
formed exogenously and t rapped in various t issues or by immune com
plexes formed endogenously in situ in t issue by the combinat ion of fixed 
antigen and circulating ant ibody (Koffler et al., 1971; McCluskey , 1982). 
The latter (if fixed antigen is the problem) may be ei ther a structural part 
of the t issue or an antigen deposi ted and avidly bound by that t issue. In 
the renal lesion of S L E , immune complexes are seen in var ious locat ions 
throughout the glomerulus as well as in the tubulointerstitial a reas of the 
kidney as a whole . Activation of complement by the classical pa thway is 
supported by the presence of C l q , C4, and C3 in these areas a lso . Al
though it appears clear that damage is correlated with immune complex 
deposit ion and complement act ivation, little is known about the actual 
way in which immune complexes are localized. There is evidence that 
complexes are actually t rapped initially in the mesangial area , but with 
chronic deposit ion may exceed the removal capacity of the mesangium 
and spill over into subendothelial and subepithelial locations (Kunkel , 
1980). In support of this , it has been shown that subendothelial deposi ts 
are very uncommonly seen without coexistent mesangial deposi ts (Hill et 
al., 1978). Little doubt exists concerning the composi t ion of the majority 
of immune complex components in lupus nephri t is . As shown by the work 
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of Koffler and associates (1974), high concentra t ions of ant i -DNA can be 
eluted from kidney specimens and direct staining of renal t issue with 
fluorescent-tagged ant i -DNA shows t issue-bound D N A (Andres et al., 
1970). Izui (1977) has evidence that suggests that some of these complexes 
may be formed in situ. Format ion in situ may be the primary mechanism 
for the occurrence of membranous lupus glomerulonephrit is (McCluskey, 
1982). In addition to ant i -DNA, other A N A have been eluted from the 
renal t issue of patients with lupus nephrit is . These include ant ibodies to 
Sm, n R N P , SSA/Ro, and s sDNA (Winfield et al., 1975; Maddison and 
Reichlin, 1979). 

C IMMUNOGENETICS 

In clinical studies of the relationship of genetic factors to S L E , the 
strongest evidence for the importance of such factors has come from 
studies of S L E in twin pairs . Although studies of families (Siegel and L e e , 
1968; Masi , 1968) and of household contacts (Cleland et al., 1978) pro
vided somewhat disparate conclusions , studies of mono- and dizygotic 
twin pairs with S L E emphasized the importance of genetic factors in the 
etiology of S L E (Block et al., 1975). One especially convincing report 
described the onset of S L E in twins who were separated at 16 months of 
age and yet both developed the disease only 1 month apart some 13 years 
later (Block et al., 1975). Overall the concordance rate in monozygot ic 
twins is 70%, suggesting some role still exists for environmental factors . 
On a more basic level, evidence is also available for the influence of 
genetic factors on the expression of disease. For instance, the prevalence 
of A N A and hypergammaglobulinemia in first-degree relatives of the 
twins studied above was shown to be increased 28 and 3 3 % , respect ively. 
Concordance rates for the same serological factors in the twins were 71 
and 87%, respectively. In a study by Miller and Schwar tz (1979), a defect 
in suppressor-cell function was demonst ra ted to be more common in lu
pus relatives than in controls . 

Early reports of histocompatibili ty typing were not able to provide 
strong evidence for a common H L A genotype (Goldberg et al., 1973; 
GmmeX etal., 1971; Stas tny, 1972; Arnet t etal., 1972; Waters et al., 1971; 
Nies et al., 1974). More recently, the work of Gibofsky et al. (1978) 
provided evidence for a link be tween S L E and the combined B-cell al-
loantigens H L A - D R w 2 and -DRw3. Other investigators suggested that 
the risk of S L E increases some 16 t imes if both these alloantigens and 
reactivity of Β cells to al loantiserum Ia-715 are present (Reinertsen et al., 
1980). Fur ther support for the role of DRw3 has come from studies at the 
Mayo Clinic that showed that the presence of this B-cell alloantigen is 
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closely associated with the ability of pat ients to make ant ibodies to native 
D N A (Griffing et al., 1980). These data suggested that control for autoan
tibody product ion may be related to an immune-response gene , but that 
the disease expression ultimately depends on other factors , both genetic 
and environmental , as well. 

D . LABORATORY DIAGNOSIS 

Although various important A N A in S L E have been discussed, little 
mention has been made of methods for their detect ion. The most sensit ive 
test for A N A is the indirect immunofluorescent technique using a polyva
lent fluorescein-tagged anti-Ig. Fo r many years t issue sect ions from either 
mouse or rat kidney have been used as substrate for the detect ion of 
A N A . More recently, various t issue culture cell l ines, especially the 
H E p 2 cell line, have come into common usage (Fig. 6). These latter 
substra tes tend to be more appropria te for some nuclear antigens such as 
SSA/Ro due to higher concentra t ions of these antigens in H E p 2 cell lines 
(Harmon et al., 1984). In addit ion, larger nuclei and nucleoli allow for 
earlier recognition of some pa t te rns , and significant numbers (2 -4%) of 
mitotic cells allow detect ion of antibodies to chromosomal binding pro
teins. Without the use of such subs t ra tes , antibodies to cen t romere (Mo-
roi et al.t 1980) proliferating cell nuclear antigen (Miyachi et al., 1978) and 
rheumatoid arthritis nuclear antigen (Alspaugh and Tan , 1975, 1976) 
would not have been recognized. 

Once a positive fluorescent A N A has been detec ted , further investiga
tion should cont inue to define the specificity of the A N A . A number of 
A N A may be detected by the Ouchter lony immunodiffusion technique . 
Using pro type operationally monospecific ant isera (some of which are 
now available from the Centers for Disease Control in Atlanta) (Tan et al., 
1982), ant ibodies to Sm, U l R N P , SSA/Ro, and SSB/La may be specifi
cally identified when placed against appropr ia te t issue or cell ex t rac t s . 
Antibodies to D N A may also be detected by this technique , but only when 
present in high titer. For this reason other techniques such as the Fan-
assay and the Millipore filter binding assay (Ginsberg and Kaiser , 1973) 
have become available. If Crithidia luciliae is used as subst ra te in an 
immunofluorescent assay , then an t i -dsDNA may be specifically detected 
by reaction with the organism's kinetoplast (Aarden et al., 1975). Antihis-
tone antibodies (as previously alluded to) may be detected in pro-
cainamide-induced S L E by a reconsti tut ion assay developed by Tan and 
co-workers (1976). An improvement using E L I S A has been developed by 
Rubin et al. (1982) that increases the sensitivity of detect ion and facili
tates identification of ant ibody to his tones H I , H2A, H 2 B , H 3 , and H4 . 



FIG. 6. (A) Speckled nuclear staining produced by serum with antibody to nuclear RNP 
(Ul RNP) on the HEP-2 cell line. Note that nucleoli were completely unstained (900x). (B) 
Homogeneous nuclear staining produced by serum from a patient with SLE in indirect 
immunofluorescence on HEP-2. (C) A pattern of nucleolar staining demonstrated by sera 
from some patients with scleroderma on HEP-2. 
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TABLE VII 
ANA Profiles in Certain Autoimmune Diseases 

Antibodies to SLE MCTD 
Sjogren's 
syndrome Scleroderma 

Dermato-
polymyositis 

dsDNA 60-70 <5« <5 <5 <5 
ssDNA 60-70 10-20 10-20 10-20 10-20 
Histones 70 <5 <5 <5 <5 
Sm 30-40 <5 <5 <5 <5 
Ul-RNP 35-45 95-100 <5 20 <5 
SS-A/Ro 30-40 <5 60-70 <5 <5 
SS-B/La 15 <5 45-60 <5 <5 
Scl-70 <5 <5 <5 20-30 <5 
Centromere/ <5 <5 <5 25-30 <5 

kinetochore 
Nucleolar <5 <5 5-10 50-60 5-10 

antigen 

a <5% frequency is used to denote the fact that the antibody is rarely observed. (All data are 
percentages.) 

Armed with these various serological techniques , one can bet ter ap
proach the diagnoses of connect ive t issue disorders . As seen in Table VII , 
profiles of A N A can be most useful when trying to distinguish among 
these disorders . For example , S L E is character ized by a number of differ
ent A N A , whereas scleroderma, Sjogren 's syndrome, dermatomyosi t i s , 
and M C T D exhibit more narrow specificities. Diagnosis can often be 
assured in some cases with presence of a single marker ant ibody such as 
anti-Sm in S L E or anti-Scl-70 in sc leroderma. 

VI. TREATMENT 

Treatment of S L E should be carried out in a logical fashion, matching 
increasingly more severe clinical manifestations with more potent , al
though unfortunately more toxic, strategies. The mainstay of t rea tment is 
undoubtedly cort icosteroids , but it is not appropr ia te to use these without 
a global therapeut ic strategy. As discussed extensively in earlier sect ions 
of this chapter , S L E is a prototypic au to immune disease with many mea
surable immune abnormali t ies manifested in part as A N A s , immune com
plexes , and complement consumpt ion. While laboratory tests should not 
be used as dictators of therapy, they should be used to supplement clinical 
observat ions and as guides to therapy. In this context , t i ters of A N A , 
ant i -DNA, immune complexes , and complement are most useful. 
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In the patient with mild arthralgias or arthrit is , minimal consti tutional 
symptoms and mild skin lesions associated with a positive A N A but no 
other serological abnormali t ies , t reatment with aspirin, another nonste
roidal antiinflammatory drug, or hydroxychloroquin may be sufficient to 
control the disease. If symptoms are not controlled by these measures or 
there is evidence of worsening serological abnormali t ies , t reatment with 
cort icosteroids is indicated. Prednisone produces a prompt response , usu
ally within 24 to 48 h. Doses should be tapered as rapidly as possible as 
long as symptoms can be suppressed. Alternate-day cort icosteroids may 
be adequate for some persons . More severe manifestations such as renal 
or C N S involvement ordinarily indicate higher doses of cort icosteroids (1 
mg/kg). Life-threatening manifestations not controlled by cort icosteroids 
call for the use of cytotoxic drugs such as cyclophosphamide and azathio-
prine (Cameron etal., 1970; Cade et al., 1973; Shelp et al., 1971). Aphere-
sis procedures aimed at removing circulating antibodies and immune com
plexes are new modalities of t rea tment , but the final evaluation of their 
therapeut ic efficacy is not available (Huston et al., 1981; Wei et al., 1981). 
However , with our increased understanding of the pathophysiology of 
S L E and with the development of rational approaches to therapy, signifi
cant advances have already been made in control of disease activity and 
in long-term survival of patients suffering from this disease (Decker , 
1982). 
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I. INTRODUCTION 

In considering the entity of adult rheumatoid arthritis (RA), one must 
keep in mind the possibility that the disease which has traditionally gone 
by this name may be composed of more than one condit ion. The reason 
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for this caution is the observat ion that patients with seronegative (rheu
matoid factor-negative) RA, aside from their milder clinical course and 
low incidence of systemic complicat ions, do not demonst ra te the aggrega
tion of the HLA-DRw4 tissue marker that is characterist ic of seroposit ive 
disease (Doubloug et al., 1980; Alarcon et al., 1982). The information 
presented in this chapter pertains largely to seroposit ive RA. 

Rheumatoid arthritis shares a group of autoant ibodies with the o ther 
connect ive tissue diseases . However , like the o ther members of the 
group, it is characterized by a selective increase in frequency and titer of 
one of these autoant ibodies . Most characterist ic of RA are the anti-IgG 
autoantibodies or rheumatoid factors (RFs) . A minority of patients also 
have antinuclear and anti-single-stranded D N A antibodies. It should be 
recognized, however , that autoant ibody formation and immune complex 
phenomena consti tute only one aspect of a series of immunological reac
tions that take place in the rheumatoid joint . Perhaps more basic to rheu
matoid synovitis is the cellular immune response in the synovial mem
brane itself, which leads to the synthesis of immunoglobulins and 
lymphokines that mediate the immunologically stimulated inflammation 
that takes place. 

II. HLA-D REGION AND THE GENETICS 
BACKGROUND 

Because of the tendency of RA to aggregate in certain families, there 
has long been an impression that there is a genetic basis for its develop
ment . Although population studies have been contradictory (Bunim et al., 
1964; Masi and Shulman, 1965; Lawrence , 1970), familial aggregation of 
the rheumatoid factor in the serum of asymptomat ic relatives has been 
demonst ra ted (Ziff et al., 1958; Ball and Lawrence , 1961), and H L A 
typing has established that there is a genetic basis for the disease. H L A -
Dw4 was found in 59% of seroposit ive Caucasian patients with RA and in 
16% of normal controls (Stastny, 1977). 

HLA-D locus typing, as carried out above , is performed using typing 
cells in a mixed lymphocyte reaction. HLA-DR locus typing utilizes spe
cific alloantibody to induce complement-mediated cytotoxicity directed at 
host Β cells. The B-cell alloantigen H L A - D R 4 was found in 6 5 % of sero
posit ive pat ients with R A and in 2 8 % of normal controls (Stastny, 1981). 
There was no associat ion with the HLA-A or HLA-B loci. The aggregation 
of the HLA-D locus does not extend to juveni le RA, emphasizing again 
the differences be tween the adult and juvenile diseases . 
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III. S E R U M A U T O A N T I B O D I E S 

A . THE RHEUMATOID FACTORS 

A role for autoimmunity in RA was first indicated by the presence of R F 
or anti-IgG in the serum of rheumatoid pat ients . Anti immunoglobulin 
activity was first noted by Waaler (1940) and Rose et al. (1948), who found 
that the serum of high proport ion of patients with RA agglutinated sheep 
ery throcytes sensitized with rabbit ant ibody. Although it is now known 
that anti-IgG antibodies occur in pat ients with a variety of condit ions 
o ther than RA, the term rheumatoid factor has continued to be used for 
this type of autoant ibody. The R F s are , in fact, a group of autoant ibodies 
that are directed against the Fc fragment of the heavy chain of IgG (Fig. 
1). The antigenic sites in the Fc fragment against which IgM-RF is di
rected have been identified, and these are in the second (Cy2) and third 
(Cy3) constant homology regions that const i tute the Fc fragment (Natvig 
et al., 1972). 

B. MULTIPLICITY O F RHEUMATOID FACTORS 

For many years , it was believed that there was only one R F and that 
this was present only in the IgM class. This supposit ion arose because the 
detect ion and assay of the RFs was carried out by agglutination methods 
such as the latex fixation and sensitized sheep cell agglutination (SSCA) 
procedures , which are sensitive in the detect ion of IgM immunoglobulin 
ant ibodies. IgG-RF was first demonst ra ted in certain sera when interme
diate complexes of a molecular weight be tween IgG and IgM, which 

Light Heavy 
Chain Chain 

FIG. I. The antigenic sites in the Fc fragment against which IgM-RF is directed are in the 
Cy2 and Cy3 constant homology regions that constitute the Fc fragment. 
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dissociated in acid to IgG molecules , were found on ultracentrifugation of 
certain sera (Kunkel et al., 1961). Subsequent ly , IgA-RF was isolated 
(Taylor and Abraham, 1973), and recently IgE-RF (Zuraw et al., 1981) 
and IgD-RF (Pope et al., 1982) were demonst ra ted in the serum of a 
majority of patients with seroposit ive RA. 

Not only can RFs exist in the different immunoglobulin c lasses , but 
they also combine with IgG of various species . R F has been widely as
sayed by the SSCA method, which employs rabbit ant ibody to sensitize 
the sheep cell. A factor reacting with human IgG and another reacting 
with both human and rabbit IgG have been described (LoSpalluto and 
Ziff, 1959; Williams and Kunkel , 1963; Milgrom et al., 1962). As a general 
rule, the sera of RA patients show positive reactions in both the latex 
fixation test , which employs human IgG for sensitization, and the SSCA 
test , which employs rabbit IgG. The human gamma-globulin-sensitized 
latex agglutination test was positive in 8 8 % of patients with definite and 
classic RA, and in 7 3 % of patients with possible or probable disease 
(Waller et al., 1961). The rabbit gamma globulin SSCA test was less 
sensitive, the corresponding figures being 72% in definite or classical 
patients and 36% in those possible or probable . Values in healthy donors 
were of the order of 3 - 4 % with both procedures . 

Sera of patients with hypergammaglobulinemic states like viral hepati
tis and chronic liver disease (Bonomo et al., 1963), syphilis (Peltier, 1959), 
and sarcoidosis (Kunkel et al., 1958), which are frequently seroposi t ive, 
tend to react mainly in test sys tems employing human gamma globulin for 
sensitization. It should be pointed out , however , that sera of patients with 
pulmonary fibrosis (Tomasi et al., 1962), leprosy (Cathcart et al., 1961), 
and subacute bacterial endocardit is (Williams and Kunkel , 1962) tend to 
react in both the latex and SSCA procedures . 

C . SPECIFICITY O F RHEUMATOID FACTORS 

Since the RFs appear to function as autoant ibodies against IgG, it has 
been commonly assumed that they are produced as a result of autoim-
munization by the pat ient ' s own IgG in altered form, this alteration result
ing perhaps from reaction of the IgG with an exogenous antigen. There 
are a number of reports demonstrat ing that heat-aggregated IgG has the 
capacity to stimulate peripheral blood mononuclear cells (PBMC) of pa
tients with RA to undergo blastic transformation (Pisko et al., 1982), 
stimulate the synthesis of immunoglobulin (Yamasaki and Ziff, 1977), and 
generate the lymphokine M1F (Kinsella, 1974). However , these may rep
resent nonspecific polyclonal responses to aggregated gamma globulin. 
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The association of seropositivity with chronic inflammatory states and 
with chronic infections suggests that the R F s are induced by a chronic 
immunizing process . R F has , in fact, has been induced in the rabbit by 
prolonged immunization with Escherichia coli (Abruzzo and Christ ian, 
1961). A striking example of such a process in man is the development of 
RFs in the course of subacute bacterial endocardi t is (Williams and 
Kunkel , 1962). In this condit ion, IgG-RF and IgM-RF appear in the se
rum, reaching a peak following the development of maximum levels of 
circulating immune complexes and suggesting that the IgG in the immune 
complexes st imulates the synthesis of the R F s . With t rea tment , the ti ters 
of the R F s decrease , but more slowly than do the levels of the complexes 
(Carson et al., 1978). 

Certain IgM-RFs show serological specificity for genetically defined 
determinants on IgG that are not present on the host IgG but are present 
on IgG of normal individuals (Fudenberg and Kunkel , 1961). This and the 
fact that rheumatoid patients have R F s that react also with the IgG of 
other species indicate that RFs have the capacity to cross-react relatively 
widely. H o w wide this cross-reactivity may be is emphasized by the 
recent observat ion of Hannes tad (1978) that some R F s also react with 
nuclear antigens. Hannes tad observed that certain purified R F s gave posi
tive antinuclear antibody react ions. Approximately 40% of sera from 62 
cases of seroposit ive classical RA contained such cross-react ing R F s . 
Thus , many patients have a R F subset that reacts with both the Fc port ion 
of IgG and an antigenic site on the histone moiety of the nucleoprotein. 
Williams (1979) has suggested that the characterist ic that the cross-react
ing antigens may have in common is a configurational one , that is, a 
common structural shape , and Johnson and Faulk (1976) summarized 
various concepts for the formation of R F s . However , as with o ther au
toant ibodies , the true mechanism is at present not established. 

D . SOLID PHASE IMMUNOASSAYS FOR RHEUMATOID FACTOR 

The availability of solid phase immunoassays has created a new dimen
sion in the measurement of autoant ibodies . These assays have been ex
tensively applied to the measurement of the R F s . IgD- and IgE-RFs have 
recently been demonst ra ted using this technique. By radio immunoaasay , 
Wernick et al (1981) found that the concentra t ion of IgG-RF (439 ± 755 
Mg/ml) was greater than that of IgM-RF (175 ± 221 Mg/ml). Values in 
normal adults were 4.1 ± 2.3 /xg/ml for IgG-RF and 1.3 ± 0.96 /xg/ml for 
IgM-RF. Normal values were observed in almost all pat ients with juveni le 
RA. 
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Ε . OTHER AUTOANTIBODIES 

The presence of a number of autoant ibodies in the serum suggests that 
there is polyclonal activation of Β cells in RA. Antinuclear antibody 
(ANA) and anti-single-strand D N A (ant i-ssDNA) are commonly present . 
Antinuclear ant ibody, measured by indirect immunofluorescence, was 
present in 3 5 - 4 0 % of patients with RA (Garcia-de la Torre and Miranda-
Mendez , 1982; No tman et al., 1975). The staining pat tern is usually dif
fuse, indicating that the antibody is directed against the histone of deoxy-
ribonucleoprotein. This ant ibody is also responsible for the positive L E 
cell reactions that are observed in RA pat ients . Positive L E cell tests were 
seen in only 1 1 % of patients (Fallet and Ziff, 1958). 

The role of collagen in the rheumatic diseases has recently become a 
subject of interest . This arose with the work of Steffen et al. (1973), who 
observed that 4 5 % of rheumatoid sera showed positive react ions with 
human collagen using a globulin consumpt ion test . Michaeli and Fuden
berg (1974) found collagen ant ibody in 60% of RA patients and only 9% of 
controls by a hemagglutination method. The occurrence of anticollagen 
antibody was independent of the presence or titer of R F . Moreover , pa
tients with RA who had the highest levels of collagen antibodies had 
severe erosive disease (Clague et al., 1979). Antibody to types I, I I , and 
III collagens has been demonst ra ted (Andriopoulos et al., 1975). How
ever , immunofluorescent staining of rheumatoid synovial t issue with col
lagen antigens showed the presence of cells producing ant ibody only to 
type II collagen, which is restricted to hyaline cartilage. It has been ar
gued from this finding that the cartilage serves as a local source of antigen 
to stimulate the synthesis of autoant ibody in the synovial membrane . It is 
of interest that col lagen-anticol lagen immune complexes have been dem
onstrated in the cells of rheumatoid synovial effusions (Steffen et al., 
1974). 

Cellular immunity to collagen has also been demonst ra ted in RA. The 
PBMC of most patients responded in culture to stimulation by types II 
and III collagen with the product ion of M I F (Trentham et al., 1978). In 
contras t , cells from patients with other forms of arthritis did not respond. 
Also, it has been possible to induce arthritis in rats by injecting them 
intradermally with type II collagen, but not with other types (Trentham et 
al., 1977). The PBMC of the arthritic rats responded to rat collagen with 
proliferation in cul ture, indicating that autoimmunity to collagen had been 
induced. 

There are objections to the notion that immunity to collagen may be 
responsible for rheumatoid synovitis . About 40% of patients with RA do 
not have collagen ant ibody. Fur the rmore , collagen antibodies have been 
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observed in patients with ankylosing spondylitis (Clague et al., 1979), 
leprosy (McAdam et al., 1978), and relapsing polychondri t is (Foidart et 
al., 1978). It seems likely, therefore, that collagen ant ibody formation is a 
secondary phenomenon in the pathogenesis of RA, although the possibil
ity that immunity to collagen plays a role in maintaining the synovitis 
cannot be ruled out . 

T w o other autoantibodies may be ment ioned. A serum antiperinuclear 
factor has been identified in RA patients (Nienhuis and Mandema , 1964; 
Marmont et al., 1967). The ant iperinuclear factors are immunoglobulins 
that react with the keratohyaline granules of human oral mucosal cells. 
They have been demonst ra ted by immunofluorescent staining in 5 1 % of 
patients with RA, rarely in S L E , and in isolated cases of Sjogren 's syn
drome and hyperglobulinemic purpura . Also, IgM antibodies against in
termediate filaments (IMF) of the cytoskeleton have been demonst ra ted 
by immunofluorescent staining to be present in the serum of 80% of pa
tients with seroposit ive RA (Osung et al., 1982). These ant ibodies are also 
present in the synovial fluid. Intermediate-filament ant ibody has been 
identified with lesser frequency in pat ients with ankylosing spondylitis 
and osteoarthri t is and in normal subjects . 

IV . I M M U N E C O M P L E X P H A S E O F R H E U M A T O I D 

S Y N O V I T I S 

A . CIRCULATING IMMUNE COMPLEXES 

Immune complexes occur in the serum of RA pat ients . It has been 
reported that they may be detected before it is possible to diagnose the 
disease (Jones et al., 1981). Opinions have differed about the value of 
quantitating immune complex levels in RA serum. Although Rober ts -
Thomson et al. (1980) were able to discriminate 79% of rheumatoid pa
tients from healthy blood donors by the Clq binding assay , o thers (Mc-
Dougal et al., 1982) found measurements of immune complex levels of 
little value in the diagnosis or management of RA. The various procedures 
used correlated poorly with each other and failed to reflect the activity of 
the disease. 

Although nonspecific measurements of immune complex levels in the 
circulation have not yielded valuable information, investigation of the 
composi t ion, proper t ies , and complement-fixing activity of R F complexes 
has been of considerable interest . Immune complex levels in rheumatoid 
sera are correlated with IgG-RF and IgM-RF levels (Pope et al., 1981). 
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Serum from patients with RA contains a complex of IgG with IgM-RF, 
which has a sedimentat ion coefficient of 22 S. This complex can be fre
quently detected in high-titer sera by ultracentrifugation (Franklin et al., 
1957). It is of low affinity and appears to have no important role in rheu
matoid inflammation. It is possible, however , that this type of complex is 
the source of the cryoprecipi tates of mixed cryoglobulinemia (LoSpal luto 
etal, 1961). 

IgG-RF tends to react preferentially with itself ra ther than with o ther 
molecules of autologous IgG to form dimers and larger molecules (Pope et 
al., 1974). These , if present in sufficient concentra t ion, may be seen on 
ultracentrifugation as intermediate complexes with sedimentat ion coeffi
cients of 11 to 18 S (Kunkel et al., 1961). Increased levels of these inter
mediate complexes have been observed in association with rheumatoid 
pulmonary interstital fibrosis (Tomasi et al., 1962), Fe l ty ' s syndrome (An-
dreis et al., 1978), and the hyperviscosi ty syndrome that may accompany 
RA (Jasin et al., 1970). Self-associated IgG-RF complexes have the ca
pacity to react with IgM-RF to form molecules containing IgG-RF, IgM-
R F , and C3 . Such complexes have been phagocytosed from the serum of 
patients with Fel ty ' s syndrome on incubation with normal polymorphonu
clear cells (Hurd et al., 1977) to form stainable inclusions in these cells. 

B . IMMUNE COMPLEXES IN THE SYNOVIAL EFFUSION 

Although total hemolytic complement activity in RA serum is normal or 
slightly elevated, rheumatoid synovial effusions are uniquely character
ized by low levels of complement ( C ) componen t s (Hedberg , 1964; Pekin 
and Zvaifler, 1964; Ruddy and Austen , 1970). The reasons for this de
crease are several , but in the last analysis the trigger for the activation of 
C is the presence of R F complexes . IgG-RF tends to self-associate to 
form dimers and even larger molecules (Pope et al., 1974, 1975), with the 
composit ion (IgG-RF) 2 and (IgG-RF)„, respectively. These complexes 
dissociate at acid pH to IgG. They can be precipitated by Clq (Winchester 
et al., 1970), and are able to fix C directly (Brown et al., 1980). Indeed, 
Winchester and co-workers found that the decrease in C levels in syn
ovial effusions was proportional to the level of the IgG-RF complexes in 
the effusion (Winchester et al., 1970). The IgG-RF complexes can, in 
turn, react with IgM-RF and form larger complexes with the composi t ion 
(IgG)„-IgM-RF. These are also capable of activating C (Taylor-Upsahl et 
al., 1977; Bianco et al., 1974; Sabharwal et al., 1982). As a result of the C 
activation, chemotact ic factors like C5a, which attract large numbers of 
polymorphonuclear cells into the effusion, are generated. 

Generat ion of C3a and C5a yields anaphylotoxic activity leading to the 
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accumulat ion of fluid in the joint space . The generat ion of C3b act ivates 
the alternative complement pathway (Ruddy and Aus ten , 1973). More
over , the binding of C3 to the R F complexes yields molecules with the 
composi t ion (IgG)„-IgM-RF-C3, which are phagocytosed to yield inclu
sions in the polymorphonuclear cells of the synovial effusion and the 
phagocytic type A cells of the synovial lining layer (Fig. 2). These inclu
sions can be demonst ra ted to stain positively for IgG, IgM, and C3 by the 
immunofluorescent technique (Kinsella et al., 1970; Tursi et al., 1970; 
Hurd et al., 1970). The uptake of these complexes leads to (1) release of 
lysosomal enzymes in the joint cavity that also participate in the activa
tion of C3 and C5 ; (2) release of oxygen radicals and hydrogen peroxide , 
which leads to local cell injury and secondary inflammation; (3) synthesis 
and release from the granulocytes and lining cells of proinflammatory 
prostaglandins of the Ε series; and (4) synthesis and release of powerful 
leukocyte chemotact ic factors like 5-hydroxyeicosatetraenoic acid (5-
H E T E ) and leukotriene B4, which are produced in the cell by the lipoxy
genase catalyzed oxidation of arachidonic acid. 

It is clear from the above that the synovial effusion phase of rheumatoid 
synovitis is essentially an immune complex-induced exudat ive response 
that is similar to that which occurs in immune complex-induced vasculitis 
or in an Arthus reaction in the skin. Instead of taking place in a vessel 
wall, it occurs in the joint space , which is in free communicat ion with the 
perivascular interstitial space surrounding the synovial vascula ture . In 
this sense , RA par takes of the characteris t ics of an immune complex 
disease . 

There is agreement that the levels of immune complexes are higher in 
the synovial fluid than in the serum (Halla et al., 1979; Rober t s -Thomson 
et al., 1980). Cecere et al. (1982), moreover , have compared the IgG-RF, 
IgM-RF, and IgA-RF levels in the serum and synovial fluid with the levels 

RHEUMATOID FACTOR COMPLEXES 
1. Activate C pathways -C3a, C3b, C5a, 

C5, 6, 7 
2. Undergo phagocytosis and stimulate release of 

a. lysosomal proteases +• C3a, C3b, 
C5a 

b. 0 2 - H 2 0 2 , - OH - cell injury 
c. proinflammatory prostaglandins ·• acute 

inflammation 
d. leukotriene B4 and 5-HETE *· chemo-

taxis 

FIG. 2. Summary of pathways of acute inflammation initiated by rheumatoid factor 
complexes in the synovial fluid and extracellular space of the synovial membrane. 
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of the corresponding immunoglobulin classes in each of these sites. The 
percentages of IgM-RF and IgA-RF in their respect ive immunoglobulin 
classes were greater in the synovial fluid than in the serum. However , the 
percentage of IgG-RF relative to total IgG in the synovial fluid was not . 
This was interpreted to mean that although significant contr ibut ions of the 
three RFs are made to the synovial fluid by synovial membrane synthesis , 
this is not apparent in the case of IgG-RF because of preferential uptake 
of IgG-RF complexes relative to IgG by the rheumatoid inflammatory 
cells. 

Male and Roitt (1981) isolated the C3-containing immune complexes of 
the synovial fluid of rheumatoid patients on conglutinin co lumns , and 
determined that they contained only immunoglobulins (presumably IgG-
R F and IgM-RF) and activated components of the complement sys tem. 
This result suggested that antigens o ther than IgG were not involved in 
the immune response in the synovial membrane at least to the extent of 
forming immune complexes in amounts sufficient to be detected. It should 
be added, however , that col lagen-ant icol lagen immune complexes have 
been demonstra ted in rheumatoid synovial cells by the staining of colla
gen and immunoglobulin in synovial cell inclusions (Steffen et al., 1974). 
Also, cryoprecipitable complexes containing immunoglobulins, D N A , 
and antinuclear antibodies have been found in synovial effusions (Marcus 
and Townes , 1968; Barnett et al., 1970; Marcus and Townes , 1971). 

C . IMMUNE COMPLEXES IN RHEUMATOID SYNOVIAL 

MEMBRANE 

Evidence for the presence of immune complexes in rheumatoid syn
ovial t issue is based mainly on fluorescent ant ibody staining of synovial 
cells. Positive staining has been considered evidence of the phagocytosis 
of immune complexes by these cells. Kinsella et al. (1969) demonst ra ted 
an lgG-C3 complex in the type A phagocytic synovial lining cells on the 
basis of combined staining of IgG and C3 in the cytoplasm of RA synovial 
cell suspensions following trypsin digestion of the synovial t issue; Hurd et 
al. (1971) also stained inclusions made up of IgG, IgM, and C3 in synovial 
lining cells in suspension. Tursi et al. (1970) made similar observat ions by 
staining intact synovial t issue sect ions. These immunofluorescent staining 
exper iments indicated that the phagocytic or type A synovial lining cells 
phagocytose (IgG-RF)„-C3 complexes and IgG-IgM-RF-C3 complexes . 
Munthe and Natvig (1971) have eluted similar complexes from rheuma
toid synovial t issue. Finally, extensive staining of IgG, IgM, and C3 in the 
interstitial space of the synovium (Brandt et al., 1968) suggested that R F 
complexes are deposited in the interstitium in large quanti t ies. In view of 
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the extensive synthesis of immunoglobulins and R F s in the rheumatoid 
synovial membrane (Smiley et al., 1968), it appears likely that these intra
cellular and extracellular complexes are synthesized locally. 

D . IMMUNE COMPLEXES IN CARTILAGE 

Rheumatoid cartilage has been examined by the immunofluorescent 
technique at the light microscopic level (Cooke et al., 1975) and by the 
immunoperoxidase technique at the electron microscopic level (Ishikawa 
et al., 1975). By both methods , deposi ts of IgG, IgM, and R F have been 
stained in the superficial port ions of the articular cartilage and meniscus , 
suggesting that RF-containing immune complexes are deposi ted in these 
t issues. Their location in the superficial portion of the cartilage suggests 
that the complexes or their const i tuents have diffused into the cartilage 
from the synovial space. These complexes may stimulate the growth of 
the pannus across the carti lage. It is also possible that they release antigen 
that st imulates the immunocompetent cells of the synovial membrane to 
propagate the synovial inflammatory react ion. The latter possibility is of 
interest in relation to the observat ion that jo ints that have been replaced 
by a mechanical prosthesis and a re , therefore, free of carti lage, tend to be 
less subject than intact jo ints to exacerbat ion of rheumatoid synovitis 
(Lance , 1982). 

V . C E L L U L A R P H A S E O F R H E U M A T O I D S Y N O V I T I S 

A . CELLULAR CHANGES 

The sublining or deep layer of the rheumatoid synovial membrane is the 
site of a chronic inflammatory react ion. The mononuclear cells that infil
t rate this layer are part icipants in an immune response in which Τ and Β 
lymphocytes undergo blastic t ransformation, lymphokines and a mono
kine are secreted, and immunoglobulin is synthesized. As observed in the 
electron microscope, small lymphocytes emigrate from the postcapillary 
venules to form perivascular collections that consist mainly of these cells. 
These collections have been referred to as lymphocyte-r ich areas (Kobay
ashi and Ziff, 1973; Ishikawa and Ziff, 1976); such areas may assume a 
nodular configuration. In neighboring regions, which have been called 
transitional a reas , both Τ and Β lymphocytes undergo blastic transforma
tion and macrophages collect in increased numbers . These areas appear 
to be the sites of immunological stimulation of both Τ and Β cells. In still a 
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third type of region, the cells are composed mainly of plasma cells. Such 
areas have been designated plasma-cell-rich areas . 

In addition to the electron microscopic data , evidence of T-cell t rans
formation in the sublining layer is seen in the presence of M I F and a 
blastogenic factor (Stastny et al., 1975a,b) in rheumatoid synovial effu
sions. Interleukin-1 (IL-1), a macrophage secretory product , has also 
been demonst ra ted (Fontana et al., 1982). These polypeptides diffuse into 
the synovial fluid through the easily permeable synovial lining layer. 

The lymphocytes of the rheumatoid synovial effusion are predomi
nantly Τ cells as in the blood. When the results of five studies were 
averaged, 66% of the lymphocytes in the blood and 7 1 % of the lympho
cytes in the synovial fluid were of the T-cell variety. Moreover , measure
ments made on collagenase digests of rheumatoid synovial t issue have 
demonstra ted that the lymphocytes in the synovial membrane are also 
mainly Τ cells; the mean value of three studies was 77% (Van Boxel and 
Paget, 1975; Abrahamsen et al., 1975; Bankhurst et al., 1976). Thus the 
lymphocytes in all three compar tments , blood, synovial effusion, and 
synovial membrane , are mainly Τ lymphocytes . 

The proport ions of helper and suppressor Τ lymphocytes in the three 
compar tments has been a subject of great interest . These have been iden
tified both by monoclonal antibody staining and by functional testing. 
Monoclonal antibodies that selectively react with human Τ cells (OKT3) , 
helper/ inducer cells (OKT4) , and suppressor/cytotoxic cells (OKT8) have 
made it possible to differentiate these T-cell populat ions. An increased 
ratio of T4 to T8 cells in the peripheral blood of rheumatoid patients has 
been reported (Raeman et al., 1981; Veys et al., 1982a; Fox et al., 1982). 
In contras t , a number of groups have observed decreased (Fox et al., 
1982; Veys et al., 1982b; Lydyard et al., 1982) or normal (Forre et al., 
1982) ratios of T4 to T8 cells, as compared to the blood, in rheumatoid 
synovial fluid (Fox et al., 1982; Veys et al., 1982b; Lydyard et al., 1982) 
and synovial tissue digests (Burmester et al., 1981). Utilizing ei ther im-
munofluorescent (Janossy et al., 1981; Duke et al., 1982) or immunohis to-
chemical staining techniques (Klareskog et al., 1982; Meijer et al., 1982) 
to stain intact synovial t issue, markedly increased numbers of T4 cells 
have been observed in the t issue. Most of these cells were descr ibed as 
being in close contact with H L A - D R or la-posit ive interdigitating den
dritic cells, which are believed to present antigen to the surrounding T4 
cells and in this way help to propagate the synovial inflammatory re
sponse . 

Kurosaka and Ziff (1983) studied the distribution of lymphocyte subsets 
in the rheumatoid synovial membrane by an electron microscopic im-
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munoperox idase staining technique . In this technique, individual cells are 
identified from the staining of their cell membranes by peroxidase-labeled 
monoclonal ant ibody. At the same t ime, the cells with which the lympho
cytes are in close contact are identified on the basis of their u l t ras t ructure . 
It was observed that the percentage of T4 and T8 cells in a given area 
varied with the type of a rea examined. In the lymphocyte-r ich collect ions, 
which consis ted predominant ly of small lymphocytes , most of the lym
phocytes were T4 cells. The T 4 : T8 ratio was 3.0. In the transitional a reas , 
where blastic t ransformation takes place , p lasma cells are present , and 
macrophagel ike cells are found in increased numbers , the T4/T8 ratio was 
0.8. It appeared from this that in regions of immunological activity (transi
tional areas) , the percentage of T8 or suppressor/cytotoxic cells rose as if 
in response to the immunological stimulation taking place. This work 
emphas ized that the T 4 : T8 ratio in rheumatoid synovial t issue is depen
dent on the region selected for staining. 

Funct ional measurements of suppressor activity in the T-cell popula
tion isolated from rheumatoid synovial t issue have disclosed an almost 
complete lack of suppressor activity (Chat topadhyay et al., 1979; Romain 
et al., 1982). The discrepancy be tween the positive staining of suppressor 
cells in synovial t issue or digests and the absence of suppressor activity in 
cul tures of synovial Τ cells has not been explained. 

B. IMMUNOGLOBULIN SYNTHESIS IN THE SYNOVIAL TISSUE 

The rheumatoid synovium removed at the time of surgery carries on 
extensive immunoglobulin synthesis . In exper iments of Smiley et al. 
(1968), the level of synthesis in synovial pieces cultured in vitro was 
greater than that of spleen or lymph node t issue. The major port ion of the 
immunoglobulin synthesized was IgG, with lesser amounts of IgA and 
IgM. On the basis of kinetic s tudies, Sliwinski and Zvaifler (1970) calcu
lated that be tween 12 and 26% of the IgG present in the synovial fluid had 
been produced locally in the synovial membrane . Wernick et al. (1985) 
measured the synthesis of IgG-RF and IgM-RF by solid phase radioimmu
noassay in synovial mononuclear cell suspensions obtained from seropos
itive pat ients . Both R F s were synthesized, and in approximately equal 
quanti t ies . IgG-RF accounted for 5.4 ± 2.4% of the IgG secreted, and 
IgM-RF for 30.1 ± 13.8% of the IgM secreted. These were larger fractions 
of the total immunoglobulin in each class than found in the serum, and in 
the case of IgM-RF, than synthesized by the peripheral blood mononu
clear cells, suggesting that there was a selective enr ichment of R F synthe
sis in the synovial t issue over that synthesized e lsewhere in the body. 
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This evidence of selective R F synthesis in rheumatoid synovial t issue 
suggested that locally synthesized R F s may make a significant contribu
tion to the R F complexes in the synovial effusion. 

C . EPSTEIN-BARR VIRUS AND RHEUMATOID ARTHRITIS 

There has been much recent interest (Ferrell et al., 1981; Depper and 
Zvaifler, 1981; Catalano et al., 1979) in the possibility that E p s t e i n - B a r r 
virus (EBV) has an etiological role in RA. This interest began with the 
observat ion of Alspaugh and Tan (1976) that rheumatoid patients had a 
high frequency of precipitating antibody to a nuclear antigen present only 
in EBV-transformed Β lymphocytes . This ant ibody, designated the rheu
matoid arthritis precipitin (RAP), was subsequently also demonst ra ted by 
immunofluorescent staining of EBV-infected B-cell lines such as the WI-
L 2 and Raji cell lines. The nuclei of such cell lines were stained by a 
majority of rheumatoid sera, indicating the presence of antibody to a 
unique antigen called the rheumatoid arthritis associated nuclear antigen 
(RANA). Opinion on the elevation of titers to EBV antigens o ther than 
RAN A has been divided, but serological data do not support the possibil
ity that rheumatoid patients have a different exposure exper ience to EBV 
than the rest of the population (Ferrell and Tan , 1981). 

Additional evidence for an association between E B V and RA is the 
observat ion of Bard wick et al. (1980) that PBMC from rheumatoid pa
tients spontaneously establish permanent cell lines more frequently and 
rapidly than do lymphocytes from control individuals. Investigation 
showed that the earlier ' ' t a k e o f f of rheumatoid Β cells to form a cell line 
was due to a deficiency of a T-cell populat ion, which ordinarily slows the 
rate of formation of cell lines. This observat ion pointed to a T-cell-related 
inhibition of EBV stimulation of Β cells that was deficient in RA. 

Tosa to et al. (1981) also provided evidence that T-cell control of the B-
cell response to EBV is deficient in RA. Lymphocy tes from EBV-immune 
rheumatoid patients failed to develop a T-suppressor-cell population after 
12 days in the EBV-infected cultures of P B M C , while lymphocytes from 
normal individuals suppressed the number of ISC formed at this t ime. 
Finally, Hasler et al (1982) offered evidence that the T-cell suppressor of 
EBV-induced B-cell proliferation alluded to above exerts this suppression 
by secreting γ-interferon. It appears likely, in view of the evidence of 
diminished T-cell function observed in RA, that decreased amounts of γ -
interferon are produced by the Τ cells in EBV-infected cultures of rheu
matoid peripheral blood mononuclear cells, leading to an increased B-cell 
response to the virus. Thus , the EBV abnormali t ies observed in RA are in 
all likelihood a secondary phenomenon . 
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VI. INITIATION OF RHEUMATOID SYNOVITIS 

The initiation of rheumatoid synovial inflammation presumably takes 
place at the level of the postcapillary venule of the synovial membrane . 
The st imulus, whatever it may be , act ivates the emigration of mononu
clear cells from the postcapillary venule . In some a reas , these mononu
clear cells collect to form quiescent nodules of small lymphoyctes , which 
maintain the approximate ratios of the T- and B-cell populat ions in the 
blood. In other perivascular a reas , an immunological reaction appears to 
occur with the formation of blast cells and plasma cells and the accumula
tion of macrophagel ike cells. The nature of the stimulus for these changes 
is not known. Evidence of an extrinsic antigen is not at hand. Analysis of 
the immune complexes of the synovial effusion (Male and Roitt , 1981) has 
detected only immunoglobulins and complement . This leaves the possibil
ity that IgG is the responsible autoant igen. The major argument in favor of 
this possibility is the almost invariable associat ion of classical RA with 
the R F s . However , RFs are present in a number of chronic inflammatory 
states o ther than RA and it is not likely that an au to immune response to 
autologous IgG is the initial stimulus in all of them. It also does not appear 
likely that EBV is the causat ive agent. The evidence to date indicates that 
although RA patients have a decreased capacity to suppress the E B V 
stimulation of Β cells, this is very likely a result of the rheumatoid process 
rather than a cause of it (Hasler et al., 1982). 

The possibility remains that neither extrinsic antigen nor autoantigen is 
involved in the causat ion of RA but that this disease is a consequence of 
an autologous mixed lymphocyte reaction (AMLR) (Weksler et al., 1981). 
In the A M L R , proliferation of Τ cells in vitro takes place as a conse
quence of stimulation by autologous non-T cells when a sufficiently ele
vated ratio of the adherent cell fraction to the T- lymphocyte fraction is 
established. Such a react ion, if it occurred in the synovium, would be 
sufficient to trigger the series of cell interactions which takes place in the 
rheumatoid synovium. If the concentra t ion of macrophages or dendrit ic 
cells in a given perivascular collection of mononuclear cells became suffi
ciently high, condit ions would be ripe for the development of an A M L R . 
In the RA synovium, condit ions favoring an A M L R would exist in the 
macrophage-rich transitional a reas . On the o ther hand, in the absence of 
significant numbers of macrophages or dendrit ic cells, perivascular lym
phocyte collections would grow in a passive manner to form inactive 
populat ions of small lymphocytes , the lymphocyte-r ich collect ions. Al
though it is not clear what abnormali ty is responsible for the initial emi
gration of small lymphocytes from the postcapil lary venule , it is possible 
that the immunological reactivity seen in the transit ional areas is a conse-
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quence of the increased ratio of macrophages or dendrit ic cells to lympho
cytes permit ted by the endothelial cells to emigrate to these areas from 
the blood. 

VII. CONCLUSION 

Rheumatoid synovitis (Fig. 3) consists of two simultaneous react ions: a 
chronic inflammatory reaction that is present in the sublining layer of the 
synovium, and a more acute exudat ive reaction that takes place in the 
synovial fluid. In the chronic inflammatory phase , Τ cells, Β cells, and 
macrophagelike cells interact. Initially, a mixed population of small lym
phocytes emigrates from the postcapillary venule (Fig. 4). It consists 
mainly of Τ cells and the majority of these , as in the blood, are T4 cells 
(Kurosaka and Ziff, 1985). They form lymphocyte-r ich collections in 
which T4 lymphocytes are predominant (T4/T8 = 2.9). In neighboring 
perivascular areas that have been referred to as transitional a reas , the Τ 
cells appear to undergo blastic t ransformation, lymphokines are released, 
and perhaps as a consequence , macrophages are at t racted into the area . 

Altered 
IgG 

Abnormality of 
Immunological 

Regulation 

f Τ Lymphocytes 

+ 

Β Lymphocytes = Chronic Inflammatory Phase 

+ 

Macrophages 

Rheumatoid Factors 

Immune Complexes 

Inflammation = Acute Inflammatory Phase 

FIG. 3. The interaction of the mononuclear cells of the rheumatoid synovial membrane 
(chronic inflammatory phase) leads to the production of rheumatoid factor immune com
plexes, perhaps requiring the participation of altered IgG. The resulting immune complex-
induced acute, exudative reaction, manifested by polymorphonuclear cells and lowered 
complement levels in the synovial effusion, constitutes the acute inflammatory phase of 
rheumatoid synovitis. 
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LYMPHOCYTE- TRANSITIONAL 
RICH AREA AREA 

Cells 

FIG. 4. Changes in the T- and B-lymphocyte populations following emigration from the 
postcapillary venule of the rheumatoid synovial membrane with production of lymphokines 
and antibodies. 

Presumably , as a result of proliferation of T8 supressor/cytotoxic lympho
cy tes , the T4/T8 ratio in the transit ional areas falls (T4/T8 = 0.8). The 
lymphokines l iberated by the act ivated Τ cells diffuse into the synovial 
fluid where a blastogenic factor and M I F have been identified. The macro
phages also secrete the monokine I L - 1 , which has also been identified in 
the synovial fluid. 

The Β lymphocytes , which make up 10-20% of the early lymphocyte-
rich collections, undergo blastic t ransformation in the transitional areas 
and become plasma cells. The plasma cells synthesize large amounts of 
immunoglobulin and significant amounts of rheumatoid factors. IgG-RF 
and IgM-RF are synthesized in approximately equal quantit ies (Wernick, 
et al., 1985) and are l iberated into the synovial fluid where they part icipate 
in the formation of the immune complexes that are responsible for the 
immune complex or exudat ive phase of rheumatoid synovit is . In this 
phase , large numbers of polymorphonuclear cells are a t t racted into the 
synovial effusion. In this setting, the chronic inflammatory react ion in the 
sublining layer appears to act as a factory for the product ion of the im
munoglobulins of the immune complexes that are responsible for the ex
udat ive phase . 

The stimulus that initiates the abnormal synovial response is as yet not 
known. The presence in the serum of a number of the autoant ibodies that 
character ize the connect ive t issue diseases as a group suggests that a 
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defect in immunoregulation is, at least in part , responsible for the abnor
mal synovial immune response . The specific clinical configuration of 
rheumatoid disease and its particular association with anti-IgG autoanti
body formation may consti tute only the pat tern in which individuals with 
a " r h e u m a t o i d " genetic background respond to a defect in immunoregu
lation. 
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Any one who has seen a half a dozen examples of common lupus and lupus 
erythematosus is able with ease to distinguish the one from the other, . . . but let 
him wait awhile and see more, and he will find before long that there are examples 
of mixed forms of disease which it is impossible to denote correctly without 
employing hybrid names or qualifying adjectives. (Hutchinson, 1880) 
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I. HISTORICAL DEVELOPMENT 

Patients with overlap syndromes of various types , who do not fit tradi
tional classifications, have been recognized for many years (Dubois , 1974; 
Sharp , 1975). In the early and mid-1960s at Stanford Universi ty, the initial 
serological evaluations were made by Sharp et al. of some interesting 
patients who had overlapping clinical features of systemic lupus erythe
matosus (SLE) , progressive systemic sclerosis (PSS), and polymyosit is . 
Their characterist ic finding was that they had persistent high titers of 
antibody to whole calf thymus nuclei by complement fixation, both when 
the disease was active and when in remission. This distinguished them 
from typical S L E pat ients , whose ant ibody titer would diminish as the 
disease became inactive. It was believed that these Stanford pat ients 
might represent a distinct clinical enti ty, and hence they were referred to 
as mixed connect ive tissue disease (MCTD), rather than by the more 
general term overlap syndrome (Sharp et al., 1972). 

It was hypothesized that the circulating antinuclear ant ibody in these 
patients might be unique. In order to try to clarify its na ture , a very 
sensitive passive hemagglutination test was developed in which various 
nuclear antigens were adsorbed to tannic acid-treated sheep e ry throcytes . 
These studies of Sharp et al. (1972) revealed that the M C T D patients all 
had very high hemagglutination titers (1:1,000 to 1:10,000,000) of anti
bodies directed against an extractable nuclear antigen (ΕΝΑ) that had 
been described earlier by Holman (1965). Analysis of sera from other 
rheumatic diseases showed that Ε Ν Α antibodies were present , usually at 
lower levels, in —50% of pat ients with typical S L E and were rarely found 
in o ther diseases . 

Since Ε Ν Α was a nuclear preparat ion that was only partially purified, it 
seemed reasonable to postulate that it might contain more than a single 
antigenic specificity, and that Ε Ν Α antibodies occurring in M C T D might 
be different from those detected in S L E . In order to investigate this 
possibility, enzyme digestion studies were pursued in which ENA-coa ted 
erythrocytes treated with r ibonuclease (RNase) , t rypsin, or deoxyr ibonu-
clease were reacted with M C T D and S L E sera. It was found that diges
tion with RNase and trypsin eliminated or greatly reduced the hemaggluti
nation reaction to Ε Ν Α in all cases of M C T D , but had little effect on Ε Ν Α 
antibody titers in S L E (Sharp et al., 1972). 

Tan then performed fluorescent antinuclear ant ibody (FANA) analyses 
on these M C T D sera, and found that they produced speckled react ions in 
high titer (Sharp et al., 1972). Rim or patchy F A N A pat terns were occa
sionally seen at lower dilutions, but at higher dilutions all react ions were 
speckled. RNase t reatment of the t issue sections eliminated the speckled 



4. MIXED CONNECTIVE TISSUE DISEASE 83 

reactions of M C T D sera. These findings suggested that the circulating 
ant ibody in M C T D had a specificity for a nuclear r ibonucleoprotein 
(RNP) antigen. 

Immunodiffusion analyses in several laboratories during the early 1970s 
(Nor thway and Tan, 1972; Reichlin and Mattioli, 1972; Parker , 1973) 
showed more precisely that Ε Ν Α contains at least two immunologically 
distinct antigenic componen t s , the RNase - and trypsin-sensit ive R N P an
tigen and the RNase- and trypsin-resistant Sm antigen; the latter had been 
described previously by Tan and Kunkel (1966). The immunodiffusion 
test , using well-characterized reference sera, provides a more definitive 
identification of R N P and Sm ant ibodies , but the hemagglutination test 
with titers before and after RNase cont inues to be highly useful because it 
is much more sensitive and quant i ta t ive. As an example , R N P ant ibody 
with a hemagglutination titer of < 1 : 1 0 0 0 is rarely detectable by immuno
diffusion. The hemagglutination test for R N P ant ibody is also 100- to 
1000-fold more sensitive than the F A N A test ; thus , the F A N A may be 
inadequate as a screening test early in the course of M C T D when the 
ant ibody titer may be at a low level. Counter immunoelec t rophores is may 
also, in some cases , be able to demons t ra te R N P or Sm ant ibodies that 
have not been detected by other techniques (Kurata and Tan , 1976; 
Bresnihan et al., 1977). 

During the past decade , it has become progressively more clear that the 
serological pat tern of very high titers of R N P antibodies and no Sm anti
bodies is more frequently associated with M C T D , is infrequent in S L E 
and P S S , and is very rare in o ther rheumat ic diseases (Sharp et al., 1972; 
Nor thway and Tan, 1972; Parker , 1973; No tman et al., 1975; Sharp et al., 
1976; Farber and Bole, 1976; Singsen et al., 1977; Tan et al., 1980; Sharp , 
1982). The typical serological pat tern in M C T D shows a high-titer, speck
led F A N A (often >1 :1 ,000 ) , and very high titers (frequently 
>1:1 ,000,000) of ant ibody to RNase-sensi t ive Ε Ν Α by hemagglutination 
and R N P ant ibody by immunodiffusion. Sm antibodies and high titers of 
ant ibody to nat ive D N A are infrequent in M C T D , and their appearance 
usually correlates with a severe flare of SLE-l ike disease (Es ther et al., 
1981; Grant et al., 1981; Frank et al., 1983). Sm ant ibodies , usually in 
association with lower titers of R N P ant ibodies , are most commonly asso
ciated with S L E (Notman et al., 1975; Sharp et al., 1976). 

Patients with clinical features of M C T D will rarely be negative for R N P 
antibody (Sharp et al., 1976), and occasionally they may transiently have 
negative tests for F A N A and R N P ant ibody early in their course . Subse
quently these tests will become posi t ive, usually following cort icosteroid 
therapy (Alarcon-Segovia, 1979; Sharp et al., 1972; Grant et al., 1981). 
This serological evolution may relate to the presence of circulating im-



84 GORDON C. SHARP AND BERNHARD H. SINGSEN 

mune complexes , often detected by Raji cell or Clq binding assays (Halla 
et al., 1978; Frank et al., 1983), which during active M C T D bind the R N P 
antibody and impede its detect ion. Once present , high titers of free circu
lating R N P antibody usually persist both during periods of active and 
inactive disease, but long-term studies have disclosed that in some pa
tients R N P antibody levels may fall or become undetectable after 5 to 11 
years (Sullivan et al., 1984). This phenomenon is more often seen in 
patients in prolonged remission and less frequently in associat ion with 
active disease. Other recent reports also emphasize that Ε Ν Α ant ibody 
titers and F A N A pat terns , as well as o ther serological tes ts , may change 
with time in M C T D (Nimelstein et al., 1980; Grant et al., 1981). 

The initial description of typical clinical characteris t ics in M C T D in
cluded Raynaud ' s phenomenon , swollen hands with a sausagelike appear
ance of the fingers, poly arthralgia or arthri t is , esophageal hypomoti l i ty, 
inflammatory myopathy , lupuslike skin rashes , serosit is , leukopenia, and 
anemia. The infrequency of renal d isease , responsiveness to cort ico
steroids, and a relatively good prognosis were suggested by that first 
report (Sharp et al., 1972). Over the past decade it has emerged that renal 
disease may occur (although progressive renal failure is rare) , and that 
pulmonary disease is very common. Pulmonary hyper tension, associated 
with proliferative vascular lesions, is also a serious complication in some 
pat ients , and therefore the prognosis is not a lways favorable (Nimelstein 
etal., 1 9 8 0 ; S i n g s e n ^ a / . , 1980a; Grant et al., 1981; Sharp , 1981; Sullivan 
et al, 1984). 

II. THE CLINICAL CONTROVERSY OF MIXED 
CONNECTIVE TISSUE DISEASE (MCTD) 

The status of M C T D as a distinct rheumatic disease syndrome remains 
controversial , at least partially because no single laboratory, roentgeno-
graphic, or clinical feature is pa thognomonic . Indeed, one might view the 
delay in the development of diagnostic criteria as recognition that no 
illness of evolution, which may encompass many overlapping features of 
" c l a s s i c " rheumatic d isorders , will ever occupy a comfortable niche as a 
defined entity. And perhaps it should not. Perhaps the value of mixed 
connect ive tissue disease lies in the investigative, clinical, and academic 
" t e n s i o n " that it c rea tes , spurring both its opponents and proponents 
toward bet ter understanding of fundamental immunopathological mecha
nisms. 

Historically, descriptions of overlapping features of rheumatic disor
ders have been with us for a century . Despite the furious pace of techno-
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logical advances in immunology during the past 30 years , the diagnosis of 
rheumatic syndromes is still based almost exclusively on clinical phenom
ena, with only limited knowledge of etiology and pathogenesis . Thus , one 
sees myopathic features at clinical or histological levels of observat ion in 
problems as diverse as localized and progressive systemic sclerosis 
(PSS), rheumatoid arthrit is , J R A , S L E , polymyosi t is , and a variety of 
postinfectious reactive ar thropathies . The same can be said for synovitis 
in these and in almost all o ther rheumat ic d isorders . Similarly, the ubiq
uity of pulmonary involvement , albeit most commonly quite mild, is now 
recognized in the majority of rheumatic syndromes in both children and 
adults . 

As suggested by Christian (1979), nosological frustration ensues when 
arbitrary criteria for disease classification collide with the real world. 
Te rms such as " l u p o d e r m a , " " sc l e rode rma tomyos i t i s , " and " r u p u s " al
ready seem out of step with today ' s sophist ication, and yet to call some
thing an "ove r l ap s y n d r o m e " or "undifferentiated connect ive t issue dis
e a s e " is perhaps only a more linguistically sophisticated manner of stating 
that we do not yet unders tand things adequate ly . Thus , one cannot help 
but suspect that substitution of the word " m i x e d " for "undi f ferent ia ted" 
is not momentous and that possibly M C T D as a concept will have only 
historical interest in another short decade . 

One of the greatest disservices we may do to ourselves is to develop 
classification criteria for d iseases , such as those proposed by the Ameri
can Rheumat ism Association (ARA) for rheumatoid arthri t is , S L E , and 
now scleroderma, without adequately protecting the practi t ioner from 
those criteria. Beyond aids to memory of salient disease features , such 
criteria should have no diagnostic utility; rather , they ought to be em
ployed mainly for the purposes of uniform disease classification for immu-
nobiological, clinical, and t reatment investigations. 

Given this, is the call for diagnostic criteria for M C T D , as suggested by 
Alarcon-Segovia (1981) and o thers , a timely and helpful s tep? Perhaps not 
quite yet. Despi te being born into a rich family, M C T D is only 13 years 
old; and like most preadolescents , it is perhaps only dimly aware of its 
future directions and ultimate place in the adult world of rheumatic dis
eases , some of which have been recognized since antiquity. It is instruc
tive to reflect that in 1976 Reichlin persuasively argued that M C T D was 
merely a subset of S L E , and yet by 1980 LeRoy and associates were 
convinced that M C T D patients frequently developed sc leroderma. In a 
similar fashion, early rushes of li terature quickly disspelled the notions 
that M C T D was without significant renal disease or erosive arthrit is (Ben
nett and Spargo, 1977; Halla and Hardin , 1978). 

But criteria of another sort may yet be helpful. The distinguishing fea-
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tures of lymphocyte types , numbers , and functions that quite clearly sep
arate M C T D and its four component classic disorders is fascinating new 
information (Alarcon-Segovia, 1981). And one begins to suspect that our 
progressive unraveling of the precise nature of the nuclear acidic protein 
antigens will have far-reaching " d i a g n o s t i c " consequences as well. But 
the number of potential laboratory discriminators is becoming over
whelming, and it is clear that "pa t t e rn recogni t ion" will be required. 

For tunate ly , the compute r is at hand. An "artificial intel l igence" model 
at the University of Missouri can now with a s tandard clinical and labora
tory data base , differentiate M C T D and 24 other rheumatic disorders with 
9 5 % accuracy when compared with an experienced rheumatologist (Lind-
berg et al., 1982, 1983). Since our understanding suggests that pat terns of 
immunological behavior will cont inue to become diagnostically restric
t ive, the challenge will lie in our ability to provide the rapid and cost-
effective performance of many laboratory tes ts . The compute r will then 
be able to give us diagnostic probabilit ies, although the worr isome impli
cations of deintellectualizing the art of medical thinking will need to be 
carefully addressed. 

Progressively, it has become clear that M C T D is a disease of evolut ion. 
However , the sequential development of clinical features has caused 
problems for both " l u m p e r s " and " s p l i t t e r s . " On the one hand, 60% of 
M C T D patients can be diagnosed as "c lass ic rheumatoid a r th r i t i s " by 
ARA criteria, and an additional 2 5 % can be categorized as "p robab le 
rheumatoid a r th r i t i s" (Bennett and O'Connel l , 1978). Converse ly , the 
majority of Sharp ' s original 25 patients with M C T D also satisfy the cur
rent preliminary criteria for S L E . Several reports suggest that ultimately 
the largest percentage of M C T D patients progress to a clinical state diffi
cult to differentiate from progressive systemic sclerosis (Nimelstein et al., 
1980; Singsen et al., 1980a). 

Serological findings may evolve sequentially as well. The latter has 
been demonst ra ted in rheumatoid factor-positive, FANA-negat ive chil
dren with " sys temic onset J R A , " who then developed high-titer R N P 
ant ibodies , subsequently had the transient presence of anti-Sm antibod
ies, and then developed M C T D (Singsen et al., 1977). Grant et al. (1981) 
also reported the evolution of laboratory features, including 4 of 23 
M C T D patients with initially absent F A N A , 3 who had anti-Sm antibodies 
transiently present at 3 years after disease onset , and a progressive in
crease in the number of patients with abnormal binding of d sDN A at their 
5-year follow-up. The frequency with which F A N A could change to or 
from a speckled pat tern was also notable. Seventy percent of the M C T D 
group was rheumatoid factor positive at some time during the disease 
course . 
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Since even "c l a s s i ca l " rheumatic syndromes are seen to share common 
features with each other as they develop over t ime, it is particularly 
dangerous to descr ibe or compare illnesses which are studied largely by 
cross-sect ional , "po in t - in - t ime ," or re trospect ive methods . As a new ill
ness , M C T D is particularly liable to the criticism of absent prospect ive 
studies. Thus as one example the paucity of histological and pos tmor tem 
studies of M C T D testifies to our lack of unders tanding of the natural 
history of the illness. To some extent , this fact blunts the arguments from 
both s ides—pro and c o n — a s to whether M C T D is a separate ent i ty. 
Indeed, it is precisely this awareness that has led us to direct our research 
energies away from clinical description and toward three more important 
a reas : (a) prospect ive studies of organ function and long-term ou t come ; 
(b) development of possible animal models ; and (c) detailed biochemical 
studies of the composi t ion and function of the antigens that react with 
antibodies commonly associated with M C T D . 

Much has been written and misunders tood since the inital descript ion 
of M C T D in 1972 that implies that the presence of an t i -RNP antibodies in 
high titer arbitrarily defines M C T D . It is important to distinguish be tween 
that which is necessary and that which is enough. Most investigators are 
comfortable with the rare but striking patient who has features of all four 
components of M C T D but who has no R N P ant ibodies; they usually 
appear shortly. Much more distressing are the clinicians and occasional 
investigators who accept these R N P antibodies as a diagnostic sine qua 
non. Admit tedly, the patient who demons t ra tes R N P antibodies has a 
higher probability of evolving into M C T D , but the diagnosis should be 
reserved for those patients who have demonst ra ted both clinical and sero
logical features of a truly mixed pat tern. 

Is M C T D a diagnosis that should be actively sought, or can the diagno
sis be allowed to develop naturally while treating its component par ts? 
Bennett (1982) suggests that " . . . it behooves the alert physician to 
consider the possibility of M C T D in a diverse array of clinical s i tua t ions , " 
but then notes that such disparate things as fever of unknown origin, J R A , 
aseptic meningitis, unexplained serositis or arthri t is , and myocardi t is are 
by themselves adequate to prompt considerat ion of M C T D . In our opin
ion, such a listing may encourage overdiagnosis of M C T D and further 
confuse an already difficult terminology. 

The most important reason for differentiating subsets of rheumat ic ill
ness is that they foster s tructured thought and research and allow investi
gators to produce sharply focused new information regarding manage
ment , ou tcome , etiology, and pathogenesis . It is evident that the original 
association of R N P antibodies with M C T D has spurred unique advances 
in our understanding of nuclear acidic protein ant igens. Our derivat ive 
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knowledge of their biochemistry, and its impact on cellular and humoral 
immunity, may help to clarify the pathogenesis of illness as disparate as 
Sjogren's syndrome, S L E , dermatomyosi t i s , and scleroderma. 

III. A U T O I M M U N E I M M U N O P A T H O L O G I C A L 

M E C H A N I S M S 

A . ELUCIDATION O F OTHER DISTINCT NUCLEAR ANTIGENS 

Elucidation of the R N P and Sm nuclear antigens and the correlation of 
autoantibodies to these antigens with M C T D and S L E have stimulated 
further investigation of this type , resulting in the identification of o ther 
nuclear antigens that appear to have clinical importance. Some of these 
antigens and the rheumatic diseases with which they are correlated are 
shown in Fig. 1. The findings of new precipitin bands on Ouchter lony 
analysis , which were immunologically distinct from R N P , Sm, and other 
previously described sys tems, has led to the delineation of the MA and Su 
antigens associated with S L E (Winn et al, 1979a; Treadwell et al, 1984) 
and the J o - 1 , PM-1 , and Ku antigens found mainly in polymyosit is and a 
polymyosi t i s -sc le roderma overlap syndrome (Nishikai and Reichlin, 
1980; Wolfe et al, 1977a; Mimori et al., 1981). The SS-A (Ro) and SS-B 
(La) (Ha) antigens discovered independently in several laboratories have 
been primarily associated with Sjogren 's syndrome and S L E (Alspaugh 
and Tan , 1975; Alspaugh et al., 1976; Scopelitis et al., 1980; Alspaugh and 
Maddison, 1979; Akizuki et al., 1977). The rheumatoid arthritis nuclear 
antigen (RANA) system is most frequently seen and occurs in highest 
titers in rheumatoid arthritis (Alspaugh and Tan , 1976). Another distinct 
precipitin reaction, the Scl-70 system, has been found mainly in PSS as 
has the nucleolar antibody demonst ra ted in the F A N A test , while the 
cent romere antibody most clearly defined with F A N A tests employing 
cultured cells is most frequently seen in the C R E S T variant of PSS (Tan et 
al., 1980). 

B. CORRELATION O F ANTINUCLEAR ANTIBODY PATTERN AND 

CLINICAL MANIFESTATIONS 

Evidence is emerging that suggests some of these circulating autoanti
bodies are correlated with predictable clinical manifestations and there
fore may serve as markers for rheumatic disease subsets . N u m e r o u s pub
lished reports have documented the strong correlation of antibodies to 
native D N A and active S L E and the role of D N A - a n t i - D N A complexes 
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FIG. I. Various nuclear antigens, to which circulating antibodies have been found in the 
rheumatic diseases, are listed at the top of the diagram. Arrows are drawn from each antigen 
to the disease listed below in which the system is most frequently observed. ΕΝΑ, extract-
able nuclear antigen consisting of ribonucleoprotein (RNP) and Sm components; Sm, MA, 
Su, Ro, La, Ha, Ku, and Jo-1 are antigen designates by various authors, taken from the 
names of the prototype patients; SS-A and SS-B are systems associated with Sjogren's 
syndrome (SS); RANA, rheumatoid arthritis (RA)-associated nuclear antigen. Scl-70 and 
PM-1 designations refer to their association with scleroderma (PSS) and polymyositis (PM). 
The PM-1 and Ku systems are most closely related to a polymyositis-scleroderma overlap 
syndrome (PM/PSS). Ro and La were originally reported as cytoplasmic systems but are 
immunologically identical to the nuclear SS systems. Antibodies to the centromere and 
nucleolar antigens are identified by the FANA method, and are associated with the CREST 
variant of PSS and systemic sclerosis, respectively. MCTD, mixed connective tissue dis
ease; SLE, systemic lupus erythematosus. 

in S L E nephritis (Tan et al., 1966; Koffler et al., 1967). Antibody to the 
M A antigen is much less frequently detected but seems to be found exclu
sively in S L E , and appears to identify lupus patients who have very 
severe disease (Winn et al., 1979a). Studies by Wasicek and Reichlin 
(1982) indicate that the occur rence of anti-Ro (SS-A) ant ibodies in the 
absence of anti-La (SS-B) antibodies in lupus patients is also associated 
with a high risk of having D N A antibodies and severe nephri t is . In con
trast , S L E pat ients with antibodies to both Ro and L a (Wasicek and 
Reichlin, 1982) and with Sm and R N P antibodies (Winn et al., 1979a,b; 
Sharp , 1982; Reichlin, 1979) may have a lower frequency of serious renal 
disease and a more favorable prognosis . Antibodies to R N P in high ti ters 
in the absence of o ther autoant ibodies are rarely associated with progres
sive renal disease, but instead are very frequently correlated with Ray
naud ' s phenomenon , swollen hands , sclerodactyly, esophageal hypomo-
tility, abnormal pulmonary diffusing capaci ty , and inflammatory myosit is 
(Sharp, 1979, 1981; Sullivan et al, 1984). 

It appears that patients with the C R E S T subset of sc leroderma (who 
may have ant icentromere antibodies) and M C T D patients with R N P anti-
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bodies are at greater risk for developing pulmonary hypertension and 
proliferative vascular lesions (with minimal fibrosis) than are pat ients with 
classical PSS , S L E , and polymyosit is (Salerni et al., 1977; Sharp , 1981; 
Sullivan et al, 1984). Pulmonary hyper tension, when it occurs in P S S , is 
more apt to be associated with pathological findings of substantial fibrosis 
in addition to vascular changes (Salerni et al., 1977). 

The PM-1 and Ku antinuclear autoant ibodies are most frequently cor
related with a polymyosi t i s -sc le roderma overlap syndrome (Wolfe et al., 
1977a; Mimori et al., 1981), although the PM-1 system also occurs less 
frequently in typical polymyosit is . The Jo-1 sys tem, on the o ther hand, is 
usually associated with classical polymyosit is (Nishikai and Reichlin, 
1980). 

C . IMMUNOPATHOLOGICAL FINDINGS IN M C T D 

1. B-Cell Hyperactivity 

The numerous immunological aberrat ions that have been identified in 
M C T D strongly suggest that immune injury mechanisms are involved in 
the pathogenesis of the disease. The facts that extremely high titers of 
R N P antibody persist for many years and that pat ients often have marked 
polyclonal hypergammaglobulinemia are indicative of B-cell hyperact iv
ity. Although the actual amount of R N P antibody has not been deter
mined by direct measurement , using indirect me thods , Maddison and 
Reichlin (1977) showed that R N P antibody consit i tuted 3 3 % of the total 
immunoglobulin in one case . 

2. Immune Regulation 

In order to try to elucidate the abnormali t ies of immune regulation that 
may give rise to the auto immune phenomena in M C T D and other rheu
matic diseases , Alarcon-Segovia and colleagues studied the numbers and 
functions of helper Τ cells ( T H ) , suppressor Τ cells ( T s ) , and post thymic 
precursor Τ cells in these diseases (Palacios et al., 1981; Alarcon-Segovia 
etal., 1981; Alarcon-Segovia, 1981; Alarcon-Segovia and Palacios, 1981). 
Their findings, illustrated in Fig. 2, suggest that the immunoregulatory T-
cell circuits in M C T D may be adequate both in post thymic precursor cells 
and in serum thymic factor, but that there is a defect at the level of the 
helper Τ cells either in their signaling to precursor cells for feedback 
inhibition or in the reception of suppressor signals from suppressor Τ cells 
(Alarcon-Segovia and Palacios, 1981). There is a defect in the suppressor 
Τ cells that could be due to a decreased stimulus from feedback inhibition 
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MCTD 

FIG. 2. Schematic representation of immunoregulation in normal subjects and patients 
with MCTD. Normal postthymic precursor Τ cells generate Τ μ and T y cells, which are in 
equilibrium providing a balanced helper (H) and suppressor (S) function and a normal Β cell 
response in the healthy subject. Τ μ cells normally produce a feedback inhibition signal that 
acts upon the postthymic precursor Τ cells. This leads to suppressor signals from T y cells 
that help to maintain normal regulation. In the MCTD patient, the pool of postthymic 
precursor Τ cells is increased; these cells are qualitatively normal and generate adequate 
numbers of Τ μ cells. Although numerically adequate, the Τ μ cells are functionally defective 
either in their signaling to precursor Τ cells or in the reception of suppressor signals from the 
Τγ cells. Decreased generation of T y cells and the consequent loss of suppression causes B-
cell activation by uncontrolled Τ μ helper cells. This results in production of high levels of 
IgG autoantibodies to RNP. Penetration of RNP antibodies into Ty cells through their Fc 
receptors may further accentuate the loss of Ύγ cells and abrogate their suppressor function, 
thus leading to an autoperpetuating phenomenon. (Modified from Alarcon-Segovia and Pala-
cios, 1981.) 

or a result of the effect of ant i -RNP ant ibodies , which apparent ly can 
penetra te living mononuclear cells through Fc receptors (Alarcon-Sego
via et al., 1978, 1979a). These abnormali t ies of immunoregulatory T-cell 
circuits in M C T D are different from those found in S L E , Sjogren 's syn
d rome , P S S , and rheumatoid arthritis (Alarcon-Segovia, 1981), support
ing the concept that M C T D is a distinct entity (Table I). 

3. RNP Antibody Penetration of Living Mononuclear Cells 

Alarcon-Segovia 's report of R N P ant ibody penetrat ing living mononu
clear cells is of considerable interest , since there have been few instances 
in which antibodies have been shown to penetra te living cells. Possibly 
there is something unique about R N P ant ibodies , perhaps their enormous 
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T-Cell functions 

Suppressor Genera Feed 
T-Cell numbers tion of back 

Spon suppres inhibi
Disease Total V Τ taneous Con-A sion tion Help 

MCTD i i Ν ί i i 1 i PN 
SLE 1 1 Ν i Ν or 1 i i i PN 
PSS Ν Ν 1 Ν Ν Ν Ν Ν t 
RA Ν Ν Ν Ν Ν Ν Ν Ν Ν 
ss Ν or I Ν Ν 1 Ν Ν Ν Ν Ν 

a Modified from Alarcon-Segovia (1981). 
b Abbreviations and symbols: Τ γ , Τ cells with receptors for Fc portion of IgG; TM , Τ cells 

with receptors for Fc portion of IgM; T p , postthymic precursor Τ cells (autologous rosette 
forming Τ cells); Con-Α, concanavalin-A-induced suppression; MCTD, mixed connective 
tissue disease; SLE, systemic lupus erythematosus; PSS, progressive systemic sclerosis; 
RA, rheumatoid arthritis; SS, primary Sjogren's syndrome; [ , decreased; ] , increased; 
N, normal; PN, probably normal. 

quantity compared to other ant ibodies, that would permit this to occur . In 
this regard, it is pertinent that there have been several reports of direct 
speckled nuclear fluorescence noted in t issues from M C T D patients when 
they were incubated with fluoresceinated anti-human gamma globulin 
(Alarcon-Segovia et al., 1979b; Gilliam and Prys towsky, 1977; Mundy et 
al., 1981). There has been controversy as to whether these findings are the 
result of in vivo penetrat ion of cells by R N P antibody or whether the 
observat ions are due to an artifact in which high levels of circulating R N P 
antibodies enter the cells during the processing of nonviable t issue. 

4. Other Immunopathological Abnormalities 

Other immunological abnormali t ies occurring in M C T D include re
duced serum complement levels in —25% of patients (Wolfe et al., 1977b), 
and circulating immune complexes during active disease (Halla et al., 
1978; Frank et al., 1983). Fishbein and associates (1977) described the 
presence of circulating R N P antigen and ant ibody. Deposit ion of IgG, 
IgM, and complement have been observed within muscle fibers, in the 
sa rco lemmal-basement membrane region, in vascular wells, and along 
the glomerular basement membrane in M C T D (Oxenhandler et al., 1977; 
Singsen et al., 1978). 

TABLE I 
Comparison of Lymphocyte Studies in MCTD with Other Connective Tissue Diseases5 
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Hamburger and associates recently studied 18 patients with M C T D , 
most of whom had active disease , and found that only 4 patients had 
defective reticuloendothelial system (RES) Fc-specific immune clearance 
as measured by clearance of IgG-sensitized e ry throcytes , although 17 had 
circulating immune complexes by Raji cell and Clq binding assays (Frank 
et al., 1983). The 4 patients with defective clearance had an illness that 
more resembled typical S L E with antibodies to Sm and/or D N A , higher 
levels of immune complexes , glomerulonephri t is , and severe skin lesions. 
Renal disease was absent in the 14 pat ients with normal R E S clearance. It 
is possible that the maintenance of normal R E S function in pat ients with 
more classic M C T D may enable these patients to clear immune com
plexes efficiently, precluding serious renal damage . On the o ther hand, it 
would seem that the lungs are more susceptible to injury, possibly be
cause of the different nature of the circulating immune complexes in 
M C T D , or possibly because the pulmonary disease is due to o ther mecha
nisms. 

In addition to the immunoregulatory abnormali t ies already descr ibed, 
there is widespread pathological evidence of lymphocytic and plasma cell 
infiltration of numerous human t issues in M C T D (Singsen et al., 1980a). 
Lymph nodes are frequently enlarged, somet imes to enormous propor
t ions, and muscle , spleen, salivary glands, and synovium are particularly 
affected. 

D . PURIFICATION AND BIOCHEMICAL CHARACTERIZATION O F 

R N P AND Sm ANTIGENS 

N u m e r o u s laboratories are actively pursuing purification and biochem
ical characterizat ion of R N P , Sm, and o ther nuclear ant igens. In earlier 
studies Nor thway and Tan (1972) emphasized the immunological distinct
ness of these antigens, while Mattioli and Reichlin (1973) showed their 
close relationship. The subsequent observat ions of Takano et al. (1981), 
consistent with both of these concep t s , indicated that R N P and Sm are 
distinct antigenic sites on the same macromolecular complex. Biochem
ical investigations from various laboratories showed that the whole com
plex containing R N P and Sm activities consists of ~ 8 polypept ides and 
the 165-nucleotide R N A designated Ul R N A (Lerner et al., 1981a; Har
din et al., 1982; Takano et al.y 1981; White et al., 1981). Polypeptides of 
—68,000 and lower molecular weights (referred to as A and C peptides) 
are associated with the R N P antigenic determinant , while the Sm anti
genic de terminant is associated with lower molecular weight polypep-
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t ides, referred to as B / B ' , D , and Ε pept ides (Takano et al, 1981; Pet ters-
son et al, 1984). 

Purification of the R N P and Sm antigens will facilitate studies of their 
role in the rheumatic diseases and furthermore may contr ibute to our 
understanding of basic cell biology, since Lerner et al. recently indicated 
that small nuclear R N P s may have a key role in the processing of h n R N A 
to mature m R N A (Lerner et al., 1980; Yang et al., 1981). If R N P antibod
ies can penetrate living cells, this might result in inhibition of one or more 
of the specific steps in the RNA-process ing pa thway. 

When compared in evolutionarily distinct organisms, the R N P U1 R N A 
has a remarkably stable 165-nucleotide-long sequence (Branlant et al., 
1980). The human and calf sequences are identical (Agris et al., 1984), and 
their sequences are only 2 nucleotides different from the rat. Rat , calf, 
and man have 7 nucleotide differences from that of chicken, and the 
secondary structure of this sequence has also been determined (Branlant 
et al, 1980, 1981; Epstein et al, 1981). Agris and colleagues (1984) have 
shown that R N P antigenicity is predominantly restricted to one-third of 
the RNP-RNA nucleotide sequence , numbers 40 -90 , plus two large mo
lecular weight pept ides . Complement ing this work, Liautard et al. (1983) 
found that the Sm-specific peptides protected the separate 3 ' , uridine-rich 
terminus of the U l R N A . Protein protection of the middle and 3 ' terminus 
of the R N A leaves the 5 ' end open for the hypothesized functions of R N P 
in the processing of messenger RNA (Lerner et al, 1980; Rogers and 
Wall, 1980). 

E. M R L M O U S E AUTOIMMUNE DISEASE: A N EXPERIMENTAL 

ANIMAL M O D E L O F M C T D ? 

The study of nuclear acidic protein antigens is enhanced by the avail
ability of the nearly congenic mouse strains M R L / M p - l p r / l p r (MRL/1) 
and M R L / M p - + / + (MRL/n) . The au to immune disease in MRL/1 mice is 
characterized by massive lymphoproliferation, high levels of circulating 
immune complexes , arthrit is, arterit is , and the product ion of antibodies to 
D N A , R N P , and Sm (Eisenberg et al, 1978; Singsen et al, 1980b; Pi-
setsky et al, 1980,1981; Billings et al, 1982). The fact that these mice 
produce R N P antibodies, have some similarities to M C T D in their dis
ease , and may have similar immunoregulatory T-cell circuit abnormali t ies 
(Alarcon-Segovia and Palacios, 1981) suggests that the M R L mouse may 
be an animal model of M C T D . The M R L mice, since they produce R N P 
and Sm antibodies, are also being used for construct ion of hybr idomas to 
generate monoclonal antibodies to these antigens (Lerner et al, 1981b; 
Billings et al, 1982; Wise et al, 1982). 
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F . VASCULAR LESIONS IN M C T D AND M R L M I C E 

A significant complication in M C T D may be the proliferative vascular 
lesion associated with pulmonary hyper tension. Using connect ive tissue 
stains on lung biopsies of M C T D pat ients , Hurst et al. (1980) noted prolif
eration of young collagen throughout the intimal area of pulmonary arteri
oles. Biochemical analysis of these specimens showed that synthesis of 
type III collagen in M C T D lung is selectively increased, resulting in an 
abnormal type I : I I I ratio. Ultrastructural analysis of these vascular le
sions also shows a disordered array of collagen fibers, an abundance of 
intimal ground subs tance , and perforations of the basal lamina. Similar 
lesions have also been observed by Hurs t et al. (1980) in M R L mice. 
Thus , investigation of this animal model may provide information regard
ing the pathogenesis of vascular complicat ions in M C T D . 

IV . M A J O R C L I N I C A L C H A R A C T E R I S T I C S O F 

M C T D 

A . GENERAL FEATURES O F THE ADULT PATIENT 

Patients with mixed connect ive t issue disease range in age from 4 to 80 
years , with a mean of 37 years ; —80% of patients are female (Sharp, 
1981). M C T D is observed as frequently as sc leroderma, but is more com
mon than polymyosit is and less frequent than S L E . Typical clinical fea
tures of M C T D (Table II) include Raynaud ' s phenomenon , pulmonary 
disease , polyarthrit is , swollen hands or sclerodactyly, inflammatory mus
cle d isease , and esophageal hypomotil i ty (Sullivan et al., 1984). This long-
term, prospect ive study demonst ra ted that lymphadenopathy , alopecia, 
malar rash, serositis, cardiac and renal d isease , anemia, and leukopenia 
are less frequent findings. The increased frequency of esophageal hypo
motility, myosit is , and pulmonary disease in this report , as compared to 
some previous investigations, is probably the result of a prospect ive , 
systemat ic , and long-term collection of da ta in this series . 

In some M C T D patients the typical overlapping disease pat tern is fully 
expressed when the patients first come to medical a t tent ion. Howeve r , as 
physicians have more fully appreciated the associat ion of R N P antibody 
with M C T D and as testing for R N P ant ibody has become more widely 
available, larger numbers of patients have been identified in an early 
phase of disease that may or may not become M C T D . During this t ime 
minimal symptoms , such as Raynaud ' s phenomenon , arthralgias, myal
gias, and/or swollen hands may be insufficient to make a definitive diagno-
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TABLE II 
Clinical and Laboratory Characteristics of 34 Patients with MCTD* 

Characteristic Number Percentage 

Clinical 
Raynaud's phenomenon 31 91 
Pulmonary disease 29 85 
Polyarthritis 29 85 
Swollen hands/sclerodactyly 29 85 
Inflammatory myositis 27 79 
Esophageal hypomotility 25 74 
Lymphadenopathy 17 50 
Alopecia 13 41 
Pleuritis 12 35 
Malar rash 10 29 
Cardiac disease 9 26 
Renal disease 9h 26h 

Anemia 8 24 
Leukopenia 7 21 
Diffuse scleroderma 7 21 
Sjogren's syndrome 4 12 
Trigeminal neuropathy 2 6 

Laboratory 
Positive FANA 34 100 
Positive RNP antibody 34 100 
Positive rheumatoid agglutinins 20 59 
Hypergammaglobulinemia 18 53 
Hypocomplementemia 11 32 
Positive LE cell test 6 18 

a From Sullivan et al. (1984). 
b Only 6 patients or 18% had clinical evidence of renal disease. 

sis. LeRoy and associates (1980) refer to this constellation as an undiffer
entiated connect ive tissue syndrome. Long-term follow-up reveals that in 
some patients this mild syndrome may persist for years ; in o thers , it may 
progress to PSS ; while yet in o thers , it may develop additional manifesta
t ions, resulting in a diagnosis of M C T D (Gilliam et al., 1977; Grant et al., 
1981; Hench et al., 1975; Singen et al., 1977). In the study by Sullivan et 
al. (1984), 60% of their pat ients initially had more limited clinical involve
ment and were thought to have rheumatoid arthrit is , P S S , S L E , polymyo
sitis, or an undifferentiated connect ive tissue disease (Table III) . By the 
time of their most recent medical evaluat ion, 9 1 % had demonst ra ted typi
cal overlapping features of M C T D , while 9% maintained their undifferen
tiated status. 
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Transitions in Mixed Connective Tissue Disease over Longitudinal Study' 

Number classified Number classified 
at initial at latest 

Disease classification medical evaluation medical evaluation 

Mixed connective tissue disease (MCTD) 14 31 
Undifferentiated connective tissue Disease 7 3 
Systemic lupus erythematosus 6 0 
Rheumatoid arthritis or JRA 4 0 
Progressive systemic sclerosis 2 0 
Polymyositis 1 0 

a Sullivan et al. (1984). 

B . SPECIFIC O R G A N INVOLVEMENT 

1. Skin 

The skin in M C T D may be taut , th ickened, or shiny, and over t ime such 
sc lerodermatous changes can become extens ive; however , widespread 
involvement with tightly bound-down skin and cont rac tures seems un
common (Sharp et al., 1972, 1976). Two-thirds of M C T D patients have 
swollen hands accompanied by a tapered or sausagelike appearance of the 
fingers (Farber and Bole, 1976; Parker , 1973; Sharp et al., 1972). Other 
skin manifestations include lupuslike malar erupt ions , chronic discoid 
lesions, diffuse vasculitic changes , the violaceous heliotrope eyelids and 
e ry thema over the knuckles that resemble dermatomyosi t i s , periungual 
telangiectasia, " s q u a r e d " telangiectasia over the face and hands , areas of 
hypopigmentat ion and hyperpigmentat ion, and diffuse nonscarr ing alope
cia (Gilliam et al., 1977). 

2. Joints 

Three-fourths of M C T D patients have arthri t is , and almost all have 
polyarthralgias (Sharp, 1981; Bennet t et al., 1978; Halla and Hardin , 
1978). The arthritis is often nondeforming, but may be suggestive of rheu
matoid arthritis by its erosive and disabling capabilities (Alarcon-Segovia 
and Uribe-Uribe, 1979; Ramos-Niembro et al., 1979; Singsen et al., 1977; 
Sharp , 1981). Rheumatoidl ike changes were present in 3 0 - 3 5 % of patients 
in some investigations, but these have been primarily limited to involve
ment of the hands and wrists (Halla and Hardin , 1978). Subcutaneous 

TABLE III 
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nodules have occasionally been found in patients with M C T D (Hench et 
al., 1975; Sharp et al., 1972). 

3. Muscles 

Proximal muscle weakness , with or without tenderness , is frequent and 
may be severe in M C T D (Oxenhandler et al., 1977; Parker , 1973; Sharp et 
al., 1976). Markedly elevated serum levels of creat ine phosphokinase , 
SGOT, and/or aldolase, myopathic changes on e lec t romyography, and 
muscle histology with inflammatory changes similar to polymyosit is may 
all be observed in both adults and children (Singsen et al., 1978, 1980a). 

4. Esophagus 

Esophageal abnormali t ies and swallowing difficulties are frequent in 
M C T D (Farber and Bole, 1976; Sharp , 1975; Winn et al., 1976). System
atic studies of 35 consecut ive M C T D patients by cine-esophagram and/or 
manometry revealed dysfunction in 80%; 70% of these had no historical 
symptoms suggesting esophageal abnormali t ies (Winn et al., 1976). De
creased amplitude of peristalsis in the distal two-thirds of the esophagus 
and decreased upper and lower esophageal sphincter pressures are char
acteristic abnormali t ies. The severity of measured esophageal dysfunc
tion appears to correlate with disease durat ion, but not necessarily with 
expression of symptoms (Sharp, 1981; Singsen et al., 1977; Wolfe et al., 
1977b). 

5. Heart 

Pericarditis may be the only clinical difficulty, and is the most frequent 
cardiac abnormality reported in M C T D (Singsen et al., 1977; Alpert et al., 
1983; Oetgen et al., 1983). The pericarditis is usually cort icosteroid re
sponsive. Cardiac involvement appears to be less common than pulmo
nary disease in adult M C T D , but may be frequent in children (Singsen et 
al., 1977; Singsen, 1981; Hepburn , 1981). We have prospectively studied 
37 adults with M C T D and found that pericarditis and/or pericardial effu
sion occurred in 10 pat ients ; pulmonary hypertension was present in 10 of 
15 patients who underwent cardiac catheter izat ion; and mitral valve pro
lapse occurred in 9 pat ients . On cardiovascular examination 7 8 % had 
abnormalit ies including murmurs , gallop rhythm, pericardit is , mitral 
valve prolapse, pulmonary hyper tension, and edema. Electrocardio
graphic abnormalit ies were noted in 70% and included chamber enlarge
ment , ar rhythmias , conduct ion defects , and ST-T wave abnormali t ies (Al-
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pert et al, 1983). It is not yet clear what prognostic significance this 
frequent cardiac involvement will have . 

6. Lungs 

Pulmonary dysfunction is usually clinically silent in the early phases of 
M C T D , and may go undetected unless detailed evaluat ions are per
formed. Although not appreciated initially (Sharp et al., 1972), a 1976 
prospect ive study (Harmon et al.) reported that 80% of M C T D patients 
had evidence of pulmonary disease , including 69% who were asymptoma
tic. Serial follow-up of those pat ients who were treated with cort ico
steroids showed significant clinical and physiological improvement in 12 
of 14. Subsequent ly , however , it has become apparent that pulmonary 
involvement in M C T D may seriously compromise function, leading to 
exertional dyspnea and/or pulmonary hyper tension, particularly in the 
later stages of disease (Jones et al., 1978; Rosenberg et al., 1979; Es ther et 
al., 1981; Wiener-Kronish et al., 1981; Sullivan et al, 1984). 

We have jus t completed analysis of the clinical, laboratory, and pa tho
logical findings from a prospect ive , longitudinal evaluation of 34 pat ients 
with M C T D (Sullivan et al, 1984). The most frequent serious problem 
was pulmonary hypertension, with associated proliferative vascular le
sions in the lungs and other organs. The most common clinical finding was 
dyspnea , followed by pleuritic pain and bibasilar rales. Twenty-nine pa
tients had evidence of pulmonary involvement (85%); included in these 
were 8 of 11 asymptomat ic patients (73%) who also had abnormal pulmo
nary function tests and/or chest films. Single-breath diffusing capacity 
(DLCO) was abnormal in 7 3 % , vital capacity was reduced in 3 3 % , total 
lung capacity was low in 4 1 % , and FEVj was abnormal in 17%; resting 
hypoxemia was present in 2 1 % of pat ients . Thirty percent had chest 
roentgenographic abnormali t ies consisting of small irregular opacit ies that 
involved predominantly the bases and middle regions. These findings con
firmed that pulmonary involvement in M C T D may not only be common , 
but also may be clinically inapparent until far advanced . 

Right heart catheterizat ion with cardiac output determinat ion was also 
performed on 15 of these pat ients . Ten had elevations in pulmonary vas
cular resistance (PVR), and 10 had increased pulmonary ar tery pressure , 
but pulmonary wedge pressure was abnormal in only 1 patient . The clini
cal findings of this study suggested that M C T D patients with features 
similar to PSS are more likely to develop pulmonary hyper tension. It is of 
additional interest that nailfold capil laroscopy, performed by Dr. H . 
Maricq in 3 of these pat ients , showed severe capillary loop changes be
fore pulmonary symptoms were present . All three subsequent ly devel-



100 GORDON C. SHARP AND BERNHARD H. SINGSEN 

oped pulmonary vascular disease; thus , nailfold capillary microscopy 
may be helpful in determining which M C T D patients will develop pulmo
nary hypertension. 

7. Kidney 

Longer follow-up now suggests that renal disease is more frequent in 
M C T D than was thought initially. When isolated case reports are ex
cluded, recent studies give a combined incidence of 28% renal involve
ment , including children (Rao et al., 1976; Bresnihan et al., 1977; Bennet t 
and Spargo, 1977; Singsen et al., 1977). Glomerular deposit ion of immune 
complexes may be observed, although the pat terns differ from S L E 
(Fuller et al., 1977; Baldassare et al., 1976). Patients with M C T D occa
sionally die of progressive renal failure (Bennett and Spargo, 1977). 

In our longitudinal study of M C T D , there has been clinical evidence of 
renal disease in 6 pat ients , manifested by proteinuria and/or hematur ia ; 1 
developed the nephrot ic syndrome (Sullivan et al., 1984). Two renal biop
sies showed focal glomerulonephrit is . In all of these pat ients , the renal 
abnormalit ies responded well to cort icosteroid therapy and progressive 
renal failure did not occur . At autopsy , 3 patients who never exhibited 
clinical manifestations of renal disease had proliferative vascular lesions 
in the kidneys similar to those noted in o ther organs ; the glomeruli were 
normal in 2 of these patients and mesangial thickening and hypercellular-
ity were noted in the third. In a report by Singsen et al. (1980a), 7 of 15 
children with M C T D had clinical or histological evidence of renal d isease , 
and Grant et al. (1981) noted 1 patient who died from "sc le roderma kid
ney . ' ' Observat ion of comparable levels of circulating immune complexes 
in M C T D and S L E may be important (Parker and Marion, 1977; Halla et 
al., 1978), but the clinical and histological findings suggest that vascular 
lesions may represent a more serious problem than immune complex 
nephritis in M C T D . 

8. Nervous System 

Significant neurological deficits are observed in only 10% of patients 
with M C T D , but in some of these cases it may be the primary clinical 
concern (Bennett et al., 1978; Sharp , 1975; Wolfe et al., 1977b). Trigemi
nal neuropathy appears to occur much more frequently in M C T D than in 
other rheumatic disorders (Sharp et al., 1976), but usually this is of minor 
clinical consequence . Other problems noted have included aseptic 
meningitis (Bernstein, 1980), seizures, peripheral neuropathy , organic 
mental syndromes , "vascu la r h e a d a c h e s , " and cerebral infarction or 
hemorrhage (Cryer and Kissane , 1978). 
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9. Miscellaneous Clinical Features 

Sjogren 's syndrome appears to occur frequently in M C T D (Alarcon-
Segovia, 1976; Fraga et al.y 1978; Sharp , 1975). Hash imoto ' s thyroiditis 
and persistent hoarseness are occasionally observed in children and 
adults (Wolfe et al., 1977b; Singsen et al.y 1980a), and fever and lympha-
denopathy occur in about one-third of M C T D patients (Gilliam et al.y 

1977; Sharp , 1981). Lymph nodes may be massively enlarged and suggest 
a lymphoma, but when biopsied they reveal only lymphoid hyperplasia. 
Hepatomegaly and splenomegaly may occur , but serious liver function 
dis turbances are uncommon. The intestinal tract may also be involved, 
with resultant hypomotil i ty, pseudosaccula t ion, dilatation, malabsorp
tion, sclerosis, and perforation, much as is seen with sc leroderma (Cooke 
and Lur ie , 1977; Davis et aLy 1978; Samach et al.y 1978). In one report , 
three patients with M C T D had extensive gastrointestinal changes similar 
to those found in PSS (Norman et al.y 1978); this has also been observed 
in children (Singsen et al.y 1977). Several serological features including 
hypergammaglobulinemia should also be emphas ized , and up to 60% of 
patients will manifest rheumatoid factor, often at very high titers (Sharp, 
1981). 

C . PEDIATRIC DISCRIMINATIONS 

Since 1973 there have been at least 12 reports of pediatric pat ients with 
M C T D (Sanders et al.y 1973; Singsen et al.y 1977). These reports encom
pass 39 children, with an additional 12 others (defined as < 1 6 years old) 
briefly mentioned in other investigations, but in such fashion that features 
and t reatment responses could not be separated from the larger groups of 
adul ts . The incidence and prevalence of pediatric M C T D is unknown. In 
one large pediatric rheumatology referral service, M C T D was one-tenth 
as frequent as S L E and occurred approximately once for every 100 cases 
of JRA (Singsen et al., 1977). The median age of onset for the 39 reported 
children with M C T D was 10.8 years (range, 4 - 1 6 years) ; there have been 
29 girls and 10 boys (Peskett et al., 1978; Hepburn , 1981; Singsen, 1981). 

M C T D in children and adults is largely similar, al though there are sev
eral distinguishing pediatric features. (1) Dermatomyosi t i s and SLE-l ike 
rashes have been more commonly observed in children (Singsen et al., 
1977; Baldassare et al.y 1976). (2) Clinical and histological evidence of 
renal involvement appears more common in childhood M C T D (Oetgen et 
al.y 1981; Jones et al.y 1978). In our exper ience , 5 of 16 pediatric devel
oped significant renal d isease , including 2 who progressed to chronic 
hemodialysis . (3) Thrombocytopenia cont inues to be observed in —25% of 
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children with M C T D (Singsen et al., 1977). (4) Sjogren 's syndrome, most 
often observed as recurrent episodes of " m u m p s , " is quite frequent in 
children with M C T D (Fraga et al., 1978). (5) There is a higher frequency 
of cardiac disease, especially pericardit is , reported in childhood M C T D 
(Silver et al., 1976; Singsen et al., 1977; Jones et al., 1978). 

Several additional aspects of pediatric M C T D deserve comment . De
forming but relatively painless arthritis and a high frequency of rheuma
toid factor have remained prevalent since their first descript ions in child
hood M C T D (Baldassare et al., 1976; Oetgen et al., 1981; Singsen et al., 
1977). Since the degree of synovitis is mild to modera te , and complaints of 
discomfort are not usually marked, responses to t reatment may appear 
bet ter than they actually are . Erosive disease in these children has been 
infrequent, but flexion contrac tures and deformity are common. 

Since Sjogren's syndrome is generally rare in children with rheumatic 
disease (Athreya et al., 1977), it is infrequently or incompletely searched 
for in pediatric M C T D . At least half of the children with M C T D have 
salivary gland involvement and/or keratoconjunctivit is sicca (Fraga et al., 
1978; Singsen et al., 1980a). This suggests that clinical salivary gland 
evaluation, Schi rmer ' s test , and lip biopsy should be considered in all 
children with possible M C T D . 

In the initial report of Sanders and associates (1973), the 9-year-old 
patient had absent serum IgA; one other child without serum IgA has also 
been noted (Peskett et al., 1978). Selective deficiency of serum IgA has 
also been observed in JRA (Petty et al., 1977); it should cont inue to be 
searched for in chidren with M C T D . 

An infant with congenital complete heart block (CCHB) has been re
ported born to a mother with M C T D (Nolan et al., 1979); the child also 
developed pericardial t amponade and a discoid L E rash. C C H B is now a 
well-recognized complication of several maternal rheumatic or " p r e -
rheuma t i c " illnesses, most commonly S L E (McCue et al., 1977). 

In children as in adul ts , M C T D is frequently a sequential disease 
(Hench et al., 1975; Grant et al., 1981; Singsen etal., 1977; Sullivan et al., 
1984). It is rare for a child to present with all of the overlapping features of 
M C T D . Rather , the majority manifest Raynaud ' s phenomenon in associa
tion with polyarthrit is. Progressively, these patients then develop o ther 
disease features of M C T D , but not in any particular order . Serological 
findings may also change over t ime, commensura te with the clinical situa
tion. Thus , the absence of F A N A and the presence of rheumatoid factor 
may be associated with early polyar thropathy, while anti-Sm antibodies 
may appear along with renal d isease , hypocomplementemia , and other 
S L E features (Hepburn , 1981; Singsen et al., 1977). A speckled F A N A 
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will first develop several years after o ther nuclear pat terns are recognized 
in some of these children. 

It should be emphasized that many of the features of pediatric M C T D 
are intially clinically silent and may remain undetected for long periods of 
t ime unless carefully sought. The limited verbal skills, memory , and expe
riential understanding of children may magnify these findings. These si
lent or asymptomat ic features may include: (1) pulmonary function (PFT) 
abnormali t ies , which are found prior to historical complaints or roentgen-
ographic change; (2) esophageal dysfunction; (3) minimal al terat ions in 
bowel habi ts , perhaps related to early gastrointestinal tract a l terat ions; (4) 
early sc lerodermatous skin changes , particularly around the mouth or at 
the distal digits; (5) salivary gland disease with xerostomia or kera tocon
junctivit is sicca; and (6) minimal muscle involvement with mild a t rophy, 
modera te serum muscle enzyme elevat ions, and perhaps E M G changes , 
but with no significant proximal weakness . Children most commonly do 
not complain of dyspnea or shor tness of breath . Thus , PFTs should be 
part of the routine evaluation of any child in whom M C T D is suspected. 
Pulmonary hypertension and idiopathic fibrosis must be recognized as 
potentially life threatening in pediatric M C T D (Jones et al., 1978; Rosen
berg et al., 1979; Singsen et al., 1977). 

D. HlSTOPATHOLOGY 

Isolated biopsy information from early M C T D patients demons t ra ted 
skin alterations including increased dermal collagen and edema (Sharp et 
al., 1972). Other cases with immunofluorescent analysis of skin and mus
cle demonst ra ted deposits of IgG or IgM within normal-appearing blood 
vessels , within normal muscle fibers, around or on sarcoplasmic base
ment membranes , or within perimysial connect ive t issues (Oxenhandler 
et al., 1977; Singsen et al., 1978). Histochemical analysis of these t issues 
showed perifascicular a t rophy and type I fiber predominance . 

Lung t issues from early M C T D patients revealed vascular intimal pro
liferation and medial hyper t rophy , interstitial mononuclear infiltrates, and 
infrequent fibrosis in a few instances (Harmon et al., 1976; Jones et al., 
1978; Kennedy , 1976). Early descript ions of M C T D mentioned vascular 
changes in several of the o ther t issues available (Cooke and Lur ie , 1977; 
Fuller et al., 1977), but recognition of the diffuse vasculopathic nature of 
M C T D had not yet developed. This lack of appreciat ion of the unique 
vascular changes of M C T D perhaps related to the frequency with which 
similar al terat ions are associated with systemic or pulmonary hyper ten
sion or with natural aging. 
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The first comprehensive histological investigation of M C T D reviewed 
material from three autopsies and five additional renal biopsies (Singsen 
et al., 1980a). The study group included 15 pediatric M C T D cases with a 
median age at disease onset of 10.7 years ; the three children who died had 
had disease for 5.4 years prior to histological evaluation. The ages, short 
disease durat ions , absence of systemic or pulmonary hyper tension, and 
lack of corticosteroid t reatment in young patients are relevant because in 
older patients all would be variables that could cause or reduce the ob
served vasculopathy. 

Widespread proliferative vascular lesions were the most prominent his-
topathological feature in these young pat ients . All three children had 
diffuse vascular diease; in combinat ion, 31 of 58 organs (53%) had intimal 
vascular change, and 9 organs (16%) revealed medial vessel wall thicken
ing (Fig. 3). The vascular abnormali t ies occurred both in large vessels 
such as the aorta and renal artery and within small myocardial ar terioles. 
The severity and frequency of this obliterative or obstruct ive vasculo
pathy in organs without overt evidence of clinical involvement was strik
ing; these included intestinal t ract , kidney, aor ta , coronary vessels , and 
myocardium (Singsen et al., 1980a). Inflammatory infiltration of vessels 
was not a prominent feature. Similar proliferative vascular lesions have 
now been described in M C T D in adults (Esther et al., 1981; Wiener-
Kronish et al., 1981; Sullivan et al., 1984). Thus , the presence of pulmo
nary hypertension in M C T D appears to be related to the proliferative 
vascular abnormalit ies and marked luminal vessel narrowing, but without 
significant interstitial fibrosis. In marked contrast is the uniform finding of 
Salerni et al. (1977) of pulmonary fibrosis in a series of 350 PSS pat ients . 

The microvasculature in scleroderma has been implicated as one of its 
primary sites of injury (Norton and N a r d o , 1970; Campbell and LeRoy , 
1975). Several features of the histology of M C T D , however , appear to 
distinguish it from scleroderma: (1) there is limited capillary disease in 
M C T D , in contrast to the frequency of capillary change described in 
progressive systemic sclerosis; (2) large vessel involvement is a new and 
striking aspect of M C T D patients that is said to be absent in P S S ; (3) the 
significant fibrosis that is commonly observed in sc leroderma lung, hear t , 
and gastrointestinal tract is absent in M C T D ; and (4) in contrast to sclero
derma, the rarity of fibrinoid change in M C T D appears noteworthy 
(Campbell and LeRoy , 1975; Singsen et al., 1980a). 

It should be noted, however , that widely varying degrees of at tention 
have been directed toward tissue studies of both M C T D and scleroderma. 
Nei ther has had longitudinal histological evaluat ions, and each has so few 
pathological investigations that it is possible that further s tudy would 
demonst ra te them to be either dramatically similar or dissimilar. The 



FIG. 3. Two medium-sized arteries from the terminal ilium of a 15-year-old female with 
MCTD. These arteries demonstrate both intimal and medial proliferation and the luminal 
narrowing that are characteristic of MCTD. 
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vascular lesions in either illness will be underest imated if they are not 
diffusely present or if they are obscured by late a t rophy and fibrosis. 
Since the early serological and clinical characteris t ics of sc leroderma and 
M C T D can be so markedly different, it is important that we critically 
describe the histopathological similarities and differences so that points of 
convergence and divergence can be clearly recognized. 

The widespread large and small vessel changes of M C T D are of con
cern because vascular compromise may lead to hemorrhage (Harmon et 
al., 1976) and to organ failure (Cooke and Lur ie , 1977; Jones et al., 1978; 
Singsen et al., 1980a). Until now, the most likely organs to be affected by 
vascular compromise have been the kidneys, lungs, and gastrointestinal 
tract (Norman and Fleischmann, 1978; Samach et al., 1978). 

Initial investigations of M C T D suggested a low frequency of renal in
volvement , but evidence of membranous and/or diffuse glomeru
lonephritis may be found in up to 28% of patients in more recent reports 
(Baldassare et al., 1976; Bennett and Spargo, 1977; Singsen et al., 1980a). 
Immunofluorescent studies of some cases showed granular deposi ts of 
IgG, C3 , and C4 in the glomerular basement membrane , and electron 
microscopy demonst ra ted electron-dense deposi ts in subepithelial and 
deep mesangial regions (Fuller et al., 1977; Jones et al., 1978; Rao et al., 
1976). Singsen and co-workers (1980a) described 6 of 15 children who had 
clinical or histological evidence of renal involvement . Five of six renal 
t issues demonst ra ted marked renal vascular sclerosis (87%), two had 
membranous nephropathy , and the remaining four all had diffuse prolifer
ative glomerulonephrit is . T w o of these latter have required chronic hemo
dialysis, and two others have developed severe systemic hyper tension. In 
the series of 308 patients with M C T D reported by Wolfe and associates 
(1977b), the 20 renal biopsies included 5 that were normal , 5 with mesan
gial hypercellularity, 5 with focal glomerulitis, 3 with membranous glo
merulonephri t is , 1 with membranoproliferat ive glomerulonephri t is , and 1 
with severe intimal proliferative vascular changes . 

Gastrointestinal alterations in M C T D may include a t rophy and fibrosis, 
proliferative vasculopathy, widespread dysmotil i ty, or pneumatos is cys-
toides intestinalis (Cryer and Kissane , 1978; Norman and Fle ischmann, 
1978; Samach et al., 1978). These changes may be caused by vascular 
insufficiency, fibrosis, or muscle layer involvement. A distinctive replace
ment of the inner and outer muscle layers of the esophagus , pylorus , and 
colon with some form of hyaline material has been observed in M C T D 
(Singsen et al., 1980a). These changes are quite distinct from the type of 
a t rophy or fibrosis that has been associated with PSS . 

The synovial histopathology of M C T D has been briefly noted in two 
studies (Bennett et al., 1978; Singsen et al., 1980a). Both described 
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chronic inflammatory cell infiltrates and cartilage destruct ion that ap
peared quite similar to that found with rheumatoid arthri t is ; one rheuma
toid nodule in M C T D was typical of those found in rheumatoid arthrit is 
(Ramos-Niembro et al., 1979). 

Other pathological al terations of M C T D that may be unique include the 
prominent plasmacytic inflammatory infiltrations in salivary glands, liver, 
and GI tract and the widespread inflammatory myopathy (Fig. 4). Pericar
ditis and cardiac myopathy have been found in small numbers of children 
and adults reported with M C T D (Singsen et al., 1980a; Whitlow et al., 
1978; Alpert et al., 1983), but their prevalence is not yet known. 

Histopathological investigation of M C T D remains at a nascent stage. 
There is recent evidence suggestive of a widespread but largely silent 
vasculopathy, inflammatory cardiac and skeletal myopa thy , membrano-
proliferative nephropathy, and widespread pulmonary and gastrointesti
nal involvement in M C T D . Most of these changes imply a potential for 
morbidity and mortality greater than that originally observed . Prospect ive 
histopathological studies with pre- and pos t t rea tment observat ions are 
necessary to determine whether current expecta t ions of M C T D morbidity 
and mortality are overly optimistic. 

E. DIFFERENTIAL DIAGNOSIS 

The differential features of M C T D versus the o ther four classical rheu
matic syndromes are outlined in Table IV. A total of only 12 clinical and 9 
laboratory discriminators is employed in this simplified schemat ic . It is 
important to recall that in most reports regarding these illnesses relatively 
insensitive tests are commonly employed, particularly when investigating 
esophageal , pu lmonary , or muscle function. Thus , the original report of 
M C T D (Sharp et al., 1972) did not systemically assess these organ sys
t ems , and the follow-up by Nimelstein et al. (1980) of the same pat ients 
largely reassessed only symptoms . Sullivan and associates (1984) have 
now confirmed that significant functional abnormali t ies in these sys tems 
may p recede clinically apparen t d isease . Therefore , in a pat ient with R N P 
antibody and a presumptive diagnosis of M C T D , detailed pulmonary , 
esophageal , and muscle evaluat ions may be indicated even in the absence 
of clinical symptoms . 

F . TREATMENT AND PROGNOSIS 

Treatment recommendat ions specifically for M C T D are largely based 
upon anecdotal information. There are no controlled studies with long-
term follow-up, and thus no compar isons of various t rea tment methodolo-
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gies are available. Additionally, since M C T D is an evolut ionary disease , 
very different t rea tments may be appropria te for the same patient over the 
duration of several years . For instance, children with M C T D have been 
diagnosed who initially responded to intramuscular gold for systemic and 
articular JRA-like features, then improved with cort icosteroids when der-
matomyosi t is ensued, and finally required immunosuppress ives for signifi
cant SLE-l ike renal involvement (Singsen et al., 1977). 

The original descript ions of M C T D (Sharp et al., 1972; Sharp , 1975) 
suggested that there was a high degree of cort icosteroid responsiveness , 
and that patients who did not respond to cort icosteroids in high doses 
sometimes improved after the addition of cyc lophosphamide . Scleroder-
malike features of M C T D appeared least likely to respond. Howeve r , 
more extended observat ions have not supported a uniformly optimistic 
outlook. In our long-term study (Sullivan et al., 1984), approximately 
two-thirds of patients had a favorable response to t reatment and had mild 
disease or were in remission at the time of the most recent observat ion. 
That M C T D can have a good long-term prognosis is indicated by 13 of 34 
(38%) who had sustained inactive disease , including 10 who were off all 
therapy for 1 to 8 years (mean, 5 years) . As previously noted, inflamma
tory changes such as rashes , arthrit is , serosit is , myosit is , and nephrit is 
were most responsive to cort icosteroids , while sclerodermalike involve
ment , esophageal hypomotil i ty, and pulmonary disease were less likely to 
respond. 

In contrast to the segment of our patients who had a favorable course , 
36% have had more severe , less steroid-responsive disease including four 
patients who died. A major complication of M C T D that is clearly emerg
ing from this and other studies is pulmonary hypertension and widespread 
proliferative vascular lesions. Pulmonary hypertension in M C T D may or 
may not respond to combinat ions of cort icosteroids and cytotoxic agents , 
but no controlled studies have been performed and thus the most effective 
t reatment remains uncertain. 

It is useful to consider therapy of M C T D in terms of its pat terns of 
organ system involvement. Arthritis is a frequent feature of M C T D that 
may be present well before other overlapping disease suggests M C T D 
(Halla and Hardin, 1978). As recognition of the erosive and deforming 
potential of M C T D has increased, so has the early addition of remitt ive 
agents such as gold and penicillamine to antiinflammatory t rea tment . In 
some settings arthritis has been amenable to nonsteroidal antiinflamma
tory drugs (Bennett and O'Connel l , 1978), but o thers have achieved little 
success with these medications (Ramos-Niembro et al., 1979). Ibuprofen-
related aseptic meningitis in M C T D , perhaps on a hypersensit ivi ty basis , 
has been described in one case and may suggest caution in the use of this 
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agent (Bernstein, 1980). When cort icosteroids have been used to treat 
o ther M C T D manifestat ions, many physicians have observed a good re
sponse of the arthri t is , at least during the early inflammatory phase . How
ever , it seems unlikely that the long-term outcome for M C T D arthritis is 
different when treated with cort icosteroids versus o ther forms of therapy. 
The erosions and deformities of jo ints in longstanding M C T D are indica
tions for a comprehensive program similar to that used in rheumatoid 
arthri t is , including educat ion, rest , and physical therapy. 

Usually anemia, leukopenia, rash , serosit is , fever, and lymphadeno-
pathy will improve within days to weeks of beginning cort icosteroids for 
M C T D (Sharp, 1981). Inflammatory myositis also will usually respond, 
but may require higher doses (1 -2 mg/kg) of cort icosteroids for longer 
periods of t ime. 

The t rea tment responses of o ther organ sys tems involved in M C T D are 
more difficult to character ize . Pulmonary disease may significantly im
prove following oral cort icosteroids in some cases (Harmon et al., 1976), 
but whether the improvement reported is predominantly pleural or inter
stitial and whether it was assessed by clinical, roentgenographical , or 
pulmonary function criteria is not a lways evident from available informa
tion. Pericarditis and pleuritis in M C T D apparent ly respond well to corti
costeroids (Davis et al.f 1978), but interstitial and restrictive lung disease 
may (Hepburn , 1981) or may not (Cryer and Kissane , 1978). Pulmonary 
hyper tension in M C T D also may (Rosenberg et al., 1979; Wiener-Kronish 
et al., 1981) or may not (Jones et al., 1978) improve with combinat ions of 
cort icosteroids and cytotoxic agents . Raynaud ' s phenomenon and sau
sage fingers may be reduced by employing cort icosteroids (Ellman et al., 
1981; Fraga et al., 1978). 

The therapeut ic response of features of Sjogren 's syndrome is not well 
character ized in M C T D . Some adults and children with salivary gland 
involvement definitely improve with cor t icosteroids , but long-term evalu
ations are not available (Alarcon-Segovia, 1976; Fraga et al., 1978). 

It is also not clear how often the gastrointestinal aspects of M C T D will 
respond to t rea tment . One investigation revealed improved esophageal 
motility in 8 of 14 patients following cort icosteroid t rea tment for o ther 
disease manifestations (Winn et al., 1976). Several o ther specific repor ts 
of intestinal involvement in M C T D exist , but indications of therapeut ic 
response are absent (Samach et al., 1978; Norman and Fle ischmann, 
1978; Cooke and Lurie , 1977). 

Renal disease in M C T D may be an indication for high-dose cort ico
steroids, possibly in association with immunosuppress ive agents . Kitri-
dou and associates (1980) noted cort icosteroid responsiveness in three of 
six pat ients , but their report had no details of dosage , t rea tment durat ion, 
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Number Mean duration 
studied Deaths of disease (years) Reference 

100 4 6 Sharp et al. (1976) 
15 4 6.8 Singsen et al. (1977, 1980a) 
22 8 12 Nimelstein et al. (1980) 
23 5 a Grant et al. (1981) 
34 4 11 Sullivan et al. (1984) 

194 25 (13%) 

a Not stated for whole series; mean duration was 11 years in those who died 
from MCTD. 

or relation of ou tcome to type of renal lesion. Cytotoxic agents have been 
utilized in small numbers of pat ients , but without a uniform ou tcome 
experience (Bennett and Spargo, 1977; Rao et al., 1976; Singsen et al., 
1977). 

Initial prognostic est imations for M C T D suggested a good long-term 
outcome (Sharp, 1972). A later mult icenter study reported that only 4 % of 
100 M C T D patients had died (Sharp et al., 1976); the mean durat ion of 
illness in these adults was 6 years , with a range of 6 months to 22 years . 
Concern for a possibly more severe prognosis in M C T D first appeared in 
the pediatric literature (Singsen et al., 1977, 1980a). Particularly worri
some were the frequencies of cardiac involvement (64%), life-threatening 
thrombocytopenia (43%), and renal disease (47%). Four of 15 children 
(27%) had succumbed after a mean disease durat ion of only 5.4 years . The 
immediate causes of death in these children included infection in 3 and 
cerebral hemorrhage in 1. The infections were rapidly fatal, caused by 
encapsulated organisms (pneumococcal in 2 and meningococcal in 1), and 
were not related to significant cort icosteroid doses . 

The overall prognosis in M C T D can be projected by reviewing the 
statistics in five recent series with long-term, sequential evaluation (Table 
V). It is interesting that in the report by Nimelstein et al. (1980), six of the 
eight deaths were not directly related to rheumatic disease . Pulmonary 
disease, pulmonary hyper tension, and congest ive heart failure were major 
factors in four of the deaths in the series of Grant and associates (1981); 
the fifth death was due to squamous cell carc inoma of the lung. In the 
study of Sullivan et al. (1984), four deaths were related to M C T D ; signifi
cant factors included pulmonary hyper tension, proliferative vascular le
sions, and cor pulmonale in three , pericardial t amponade in one , perfo-

TABLE V 
Prognosis in Five Series of MCTD Patients with Sequential Evaluations 
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rated bowel in two , and disseminated sepsis in three . The overall 
mortality in these five studies was 13%, with the mean durat ion of disease 
varying from 6 to 12 years . 

The collected observat ions of mobidity and mortality that are develop
ing over t ime suggest that modification of the early predict ions of a gener
ally favorable ou tcome for M C T D is necessary . In both children and 
adul ts , it is becoming clear that the prognosis for M C T D is generally 
similar to that of S L E , but somewhat bet ter than for sc leroderma. Our 
knowledge of morbidity, ou tcome, and ideal therapy for M C T D all remain 
in flux. Trea tment protocols , longitudinal prospect ive assessments , and 
information sharing regarding this illness will all p romote improved future 
care for M C T D . 

V. SUMMARY 

Mixed connect ive tissue disease (MCTD) is a syndrome character ized 
by overlapping clinical features and high titers of circulating ant ibody to 
nuclear R N P . The debate over whether M C T D const i tutes a distinct clini
cal entity still has not been resolved, but a number of recent studies 
support this possibility. Fea tures that appear to distinguish M C T D from 
S L E , P S S , and o ther rheumat ic diseases include (1) the serological pat
tern of extremely high titers of R N P ant ibody, usually in the absence of 
significant titers of o ther ant ibodies; (2) abnormali t ies of immunoregula-
tory T-cell circuits in M C T D that differ from the defects found in other 
rheumatic diseases ; (3) normal R E S clearance of immune complexes in 
most M C T D pat ients , in contrast to S L E ; (4) the high frequency in M C T D 
of pulmonary hypertension and proliferative vascular lesions (possibly 
unique) in the lungs and other organs , virtually without fibrosis; and (5) 
o ther pathological al terations that may be unique for M C T D (e.g. , wide
spread plasmacytic and lymphocytic infiltration in many t issues , and the 
distinctive replacement of the inner and outer muscle layers of the esoph
agus with hyaline material) . 

In our view, however , the present s tatus of M C T D as a distinct entity is 
not the most critical issue. As these pat ients came to be recognized by 
their clinical and serological character is t ics and reports of more long-term 
observat ion began to appear , certain repetit ive pat terns emerged: (1) 
M C T D tends to evolve gradually, and during the early phases , functional 
tests and biopsies of t issues often reveal abnormali t ies even prior to the 
appearance of clinical symptoms ; (2) the limited (e.g. , undifferentiated) 
connect ive t issue disease that is present initially frequently progresses 
over t ime to become more widespread and typical of M C T D , and transi-
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t ions in clinical and serological pat terns are observed during longitudinal 
s tudy; (3) certain organ systems (e.g. , lung, esophagus , muscle) are at a 
high risk to become involved; (4) many of the disease manifestations are 
initially responsive to cort icosteroids , but the sclerodermalike features , 
being most resistant to t rea tment , are apt to be the predominant clinical 
findings later in the course of M C T D ; (5) while the prognosis is relatively 
favorable in many M C T D pat ients , a significant percentage will develop 
serious and sometimes fatal complicat ions, particularly pulmonary hyper
tension and proliferative vascular lesions. 

When it has its onset in childhood, M C T D appears to be a more severe 
disease. Systemat ic , long-term studies of adults are however beginning to 
reveal similar types of clinical features and pathological lesions. The pau
city of reports of M C T D patients (children and adults) who are exclu
sively cared for by their private physicians and never come to tertiary 
referral centers might suggest that a significant segment of the M C T D 
population with milder disease is not represented in the medical l i terature. 

The most important result of the continuing controversy of mixed con
nective tissue disease is the stimulus that it has provided to further inves
tigation. The numerous immunopathological abnormali t ies demonst ra ted 
in M C T D indicate that immune injury mechanisms may play an important 
role in this au to immune disease. Fur ther elucidation of these mechanisms 
may lead to new and more selective t rea tments for certain rheumat ic 
diseases . It seems likely that a variety of genetic , environmenta l , immu
nological, hormonal , and o ther factors will determine whether pat ients 
will cont inue to have a prolonged benign undifferentiated connect ive tis
sue disease , develop major organ system involvement of typical M C T D , 
evolve into more lupus- or sclerodermalike disease, or develop serious 
proliferative vascular complicat ions. The M R L mouse animal model , 
which may be analogous to human M C T D , may permit incisive investiga
tion of some of these factors in ways which would not be possible in 
pat ients ; a lready, the M R L mouse has provided a means of producing 
monoclonal antibodies to R N P , Sm, and other nuclear ant igens. 

Finally, an unexpected but remarkable consequence of the investiga
tions stimulated by M C T D is the demonstra t ion that R N P , Sm, and other 
nuclear acidic protein antigens may have important roles in basic cell 
biology, such as in the processing of messenger R N A . Thus , jus t as the 
monoclonal proteins occurring in multiple myeloma facilitated subse
quent elucidation of immunoglobulin s t ructure and function, the autoanti
bodies to R N P , Sm, and other nuclear antigens occurring in M C T D and 
other rheumatic diseases have stimulated the purification, biochemical 
character izat ion, and s tudy of the biological role of these nuclear 
ant igens. 
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I. I N T R O D U C T I O N 

Scleroderma is not a single disease , but a group of diseases whose main 
feature is sclerosis of the skin due to collagen deposit ion in the superficial 
and deep dermis . Diseases with this clinicopathological feature are often 
pathogenetically related, and in most of them, an immunological derange
ment seems to be involved. 

Although the clinical definition of sc leroderma dates back to the mid-
nineteenth century (Benedek and Rodnan , 1982), it was not until it was 
included among the collagen diseases with systemic lupus e ry thematosus 
by Klemperer (1950) that interest in these condit ions was aroused. The 
acumen of Klemperer became evident when antinuclear antibodies were 
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found in both diseases [see review by Jablonska et al. (1974) and Alarcon-
Segovia (1975)]. 

The descript ion of mixed connect ive tissue disease (MCTD) by Sharp 
et al. (1972) as a condit ion in which features previously considered char
acterist ic of systemic lupus e ry thematosus , polymyosi t is , and rheumatoid 
arthritis as well as sc leroderma converge in the presence of high titers of 
antinuclear r ibonucleoprotein ant ibody called at tention to the aforemen
tioned s ta tement that sc leroderma is a manifestation of various diseases 
ra ther than a disease proper . The term scleroderma, however , is fre
quently given, with the connotat ion of disease enti ty, to the diffuse form 
of sc leroderma that affects multiple internal organs in addition to affecting 
the skin. Because of this , Goetz (1945) proposed that this form of diffuse 
sc leroderma be called progressive systemic sclerosis (PSS), a term that 
we will use here for this part icular condit ion. 

II. C L A S S I F I C A T I O N 

Diseases and syndromes in which scleroderma is a manifestation are 
many , and they vary from the localized to the systemic. A classification of 
sc leroderma is presented in Table I. 

Most forms of sc leroderma are idiopathic whether primary or associ
ated with or secondary to o ther diseases . In some of those considered 
under this heading, a mechanism for the development of sc leroderma has 
been partially unraveled. This may be the case in the sclerodermalike skin 
changes of juveni le diabetes mellitus (Lundbaek, 1957; Garza-El izondo et 
al.y 1983), where nonenzymat ic glycosylation of collagen may alter the 
packing, cross-linking, and turnover of collagen. Likewise , the scleroder
malike changes in the carcinoid syndrome seem to depend on the fibrosing 
propert ies of serotonin (Zarafonetis et al., 1958) and have been found to 
occur after L-5-OH-tryptophan administrat ion (Sternberg et al., 1980). 
Other forms of sc leroderma, herein called react ive, may result from con
tact with chemical agents , may occur following infection, or may result 
from immunological phenomena like the graft-versus-host react ion 
(Spielvogel et al., 1977). Pr imary scleroderma may be localized either as 
morphea or as linear sc leroderma; the latter includes the en coup de sabre 
form that causes facial hemiat rophy. T w o main categories conform pri
mary P S S ; the diffuse sc leroderma form in which scleroderma is found 
proximal to the metacarpophalangeal jo ints whether acral (acrosclerosis) 
or generalized, and the C R E S T syndrome, an acronym derived from Cal
cinosis , R a y n a u d ' s phenomenon , Esophageal dysfunction, Sclerodacti ly, 
and Telangectasia (Winterbauer , 1964), in which, at least in the early 
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Table I 
Classification of Scleroderma 

I. Idiopathic Scleroderma 
A. Localized, primary 

1. Morphea 
2. Linear scleroderma 

B. Progressive systemic sclerosis, primary 
1. Diffuse scleroderma 
2. CREST syndrome 

C. Scleroderma in MCTD 
D. Scleroderma in overlap with other diseases 

1. Immunological 
a. Sclerodermatomyositis 
b. Primary biliary cirrhosis 
c. Amyloidosis 

2. Metabolic 
a. Porphyria 
b. Insulin-dependent diabetes mellitus 
c. Scleromyxedema 

3. Tumoral 
a. Carcinoid syndrome (and L-5-hydroxytryptophan administration) 
b. Bronchoalveolar carcinoma 

4. Inherited 
a. Progeria and Werner's syndrome 
b. Phenylketonuria 
c. Brandywine triracial isolate 

5. Other 
a. Fasciitis with eosinophilia 

II. Reactive Scleroderma 
A. Chemically induced scleroderma 

1. Polyvinyl chloride-related 
2. Bleomycin-induced 
3. Pentazocine-induced fibrosis 
4. Epidemic toxic denatured rape seed oil syndrome 
5. Silicone-induced (human adjuvant) disease 

B. Postinfections 
1. Scleroderma adultorum of Buschke 

C. Immunological 
1. Graft-versus-host reaction 

s tages, sc leroderma is limited to the fingers and face. There is evidence 
both for and against the notion of the identity of the two . Their immuno
logical differences and similarities are discussed in Section V. 

Scleroderma may be a prominent component of M C T D (Sharp et al, 
1972), and in long-term follow-up, may remain as its main manifestation 
(Nimelstein et al, 1980). There is, however , ample evidence that the 
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immunological d is turbance that takes place in M C T D is quite different 
from that occurr ing in PSS (Alarcon-Segovia, 1983). 

Sc leroderma may occur in overlap with other diseases but whether 
these associat ions const i tute actual distinct entit ies, as seems to be the 
case with M C T D , or are the result of common pathogenetic mechanisms 
or mere coincidence, remains to be determined. Of particular interest to 
the readers of this volume are the sclerodermatomyosi t is , in which a 
peculiar an t igen-an t ibody sys tem, the K u - a n t i - K u , has been described 
(Mimori et al., 1981) and the associat ion of scleroderma and primary 
biliary cirrhosis (Reynolds et al., 1971), an occurrence too common to be 
coincidental . Like L-5-hydroxytryptophan, when used in conjunction 
with carbidopa (Sternberg et al., 1980) other drugs and chemicals can 
result in sc leroderma. Included among these drugs are pentazocine and 
bleomycin (Finch et al., 1980). Workers in the plastics industry in contact 
with polyvinyl chloride (Maricq et al., 1976), women subjected to cos
metic surgery with silicone implants (Kumagai et al., 1984), and Span
iards who consumed adulterated rapeseed oil (Olmedo-Garzou et al., 
1982) have developed diseases with features of scleroderma. 

Chronic graft-versus-host react ions may yield changes akin to those of 
sc leroderma (Spielvogel et al., 1977), and may const i tute a model of 
scleroderma (Jaffe and Claman, 1983). Other models of sc leroderma in
clude the spontaneous inherited disease of White Leghorn chickens 
(Gershwin et al., 1981). E a c h of these may in turn be models of different 
diseases manifesting themselves with scleroderma. 

III. C L I N I C A L P R E S E N T A T I O N S 

Primary progressive systemic sclerosis is a connect ive tissue disease 
that is character ized clinically by induration and thickening of the skin 
that may be diffuse or limited to distal port ions (acrosclerosis), by abnor
malities of the vascula ture , both at the small vessels causing digital in
farcts and at larger vessels causing Raynaud ' s phenomenon , and by organ 
involvement that is character ized by dysmotility and distention of the 
gastrointestinal t ract , by pulmonary involvement causing fibrosis, by car
diac involvement causing hear t failure, and by renal involvement causing 
hyper tension and/or renal failure. Patients with progressive systemic 
sclerosis (PSS) develop a characterist ic facies due to skin tightening (Fig. 
1). A variant of PSS is the C R E S T syndrome where the five manifesta
tions forming the ac ronym occur with a more protracted course . Sclero
derma in the C R E S T syndrome is confined to the fingers and the face, and 
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FIG. 1. Facial features of scleroderma as developed by Paul Klee. In 1935, Klee devel
oped progressive systemic sclerosis and was to die of its pulmonary complications in 1940. 
This photograph of him was taken in December, 1939, 5 months before he died. Despite 
being severely ill and often bed-ridden, he continued to have a remarkable pictorial output 
that has given contemporary painters innumerable guidelines. (Reproduced with the permis
sion of Felix Klee, to whom I am grateful). 

internal manifestat ions o ther than the esophageal usually take many years 
to appear but are not by any means absent . Indeed, severe pulmonary 
hyper tens ion or renal involvement may occur also in C R E S T syndrome 
patients (Steen et al, 1984). 

The course of PSS is usually but not a lways progressive, and the pro
gression may be slow both in the diffuse and the C R E S T forms. Excel lent 
reviews of the clinical features of systemic sclerosis are those of Rodnan 
(1978) and L e R o y (1981). Preliminary criteria for the classification of PSS 
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have been drawn (Subcommit tee for Scleroderma Criteria of the Ameri
can Rheumat ism Associat ion Diagnostic and Therapuet ic Criteria Com
mit tee , 1980). 

Mixed connect ive t issue disease has scleroderma features most often 
confined to the hands where it can coexist with edema of the hands , a 
cardinal feature of this disease (Alarcon-Segovia, 1981). These pat ients , 
most of whom are females, also have features previously considered char
acterist ic of systemic lupus e ry thematosus , including butterfly rash and 
frontal hair shortening; features of dermatomyosi t is , including muscle 
weakness and hel iotrope lid rash; a peripheral arthritis only second in its 
destruct ive potential to rheumatoid arthritis (Ramos-Niembro et al., 
1979); Raynaud ' s phenomenon ; and Sjogren's syndrome (Alarcon-Sego
via, 1976). This disease could be distinguished as an entity because of the 
presence of high serum titers of ant i -nRNP antibody. 

IV . H I S T O P A T H O L O G Y 

Involved skin has increased compact collagen in the reticular dermis 
that ex tends inwards below the skin adnexae well into the subcutis . The 
epidermis shows loss of rete pegs , a t rophy of dermal appendages , and 
hyalinization of arterioles. Lymphocy te accumulat ion may be present , 
consist ing most ly of Τ lymphocytes (Kondo et al., 1976). 

Arter ies show intimal thickening that may be responsible for both the 
Raynaud ' s phenomenon and the digital infarcts peripherally and the dis
ease of internal organs such as the lungs, heart , and kidneys (D'Angelo et 
al., 1969). In the synovium, there may be lymphocytic infiltration as well 
as fibrosis that may become quite thick. 

Histological changes in the esophagus usually follow the distribution 
found in esophageal motility s tudies, with more marked changes in the 
lower por t ions . There may be thinning of the mucosa and increased colla
gen deposi t ion in the submucosa and lamina propria with scarring of the 
muscular is . There may be anteriolar intimal thickening. Similar changes 
are found in the intestinal t ract . Increased collagen has been found sur
rounding Brunner ' s glands as a sign of scleroderma on peroral small 
bowel biopsy (Rosson and Yesner , 1965). 

Pulmonary findings are mainly those of an intense interstitial and alveo
lar fibrosis with intimal thickening of small pulmonary vessels . There is no 
necessary correlat ion be tween the degree of interstitial fibrosis and the 
extent of pulmonary vascular changes (Rodnan, 1978). Renal lesions con
sist mainly of intimal hyperplasia of intralobular and smaller arteries with 
fibrinoid necrosis of arterioles and glomerular tufts. 
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Adventi t ial fibrosis may distinguish the findings in PSS from those 
made in malignant hyper tens ion of other causes . There are deposi ts of 
IgM, complement and, ant inuclear antibodies found in immunohis to-
chemical and elution studies (McCoy et al., 1976). 

At au topsy , interstitial myocardial fibrosis may be found in irregular 
pa tches that may extend to replace myocardial fibers and involve the 
conduct ion sys tem (Ridolfi et al., 1976). Small coronary arteries may 
show intimal thickening but larger coronary arteries are usually spared. 
Salivary glands are frequently involved, both with lymphocyt ic infiltra
tion and ductular changes identical to those of Sjogren's syndrome and by 
peri- and intraglandular collagen deposi t ion (Alarcon-Segovia et al., 
1974). 

V . I M M U N O L O G Y O F S C L E R O D E R M A 

A IMMUNOLOGICAL FEATURES O F P S S 

As compared to o ther connect ive t issue diseases such as S L E , Sjo
gren ' s syndrome , or R A , PSS has few clinical features to permit conceiv

ing an immunological pathogenesis . More often than not the vascular 
lesions show intimal proliferation ra ther than necrotizing vasculit is . This 
type of lesion is also responsible for the renal involvement of late onset 
and is associated with severe hyper tens ion, which is ra ther rare in S L E 
(Herrera-Acos ta et al., 1978). In the skin and other organs , the predomi
nant lesions are due to collagen deposit ion rather than to a flagrant inflam
matory p rocess . F r o m the laboratory standpoint , serum complement lev
els are normal , ant inuclear antibodies are not so readily apparent as they 
are in S L E , and serum immunoglobulins are not grossly abnormal . Thus , 
clues to the immunological nature of PSS were less readily apparent and 
took longer to become apparent . 

Lymphocy t i c infiltrate was noticed in the dermis of PSS pat ients , and 
when studied by newer techniques these were found to be mostly formed 
by Τ lymphocytes (Kondo et al., 1976) Elution and immunocytochemical 
studies of sc leroderma kidneys revealed the presence of IgM in glomeruli 
and eluted ant inuclear antibodies from them (McCoy et al., 1976). A large 
proport ion of pat ients with P S S , either with diffuse sc leroderma or the 
C R E S T syndrome , have evidence of Sjogren 's syndrome (Alarcon-Sego
via et al., 1974; Cippolett i et al., 1977) with lymphocyt ic infiltrate of 
salivary glands . Both pr imary Sjogren 's syndrome and Sjogren 's syn
drome associated with o ther diseases have prominent immunological fea
tures ; all the diseases they are associated with are immunological , and 
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most of them are au to immune . These include primary biliary cirrhosis 
(Alarcon-Segovia et al., 1973), an au to immune disease that associates not 
uncommonly with C R E S T syndrome (Reynolds et al., 1971). 

Antinuclear ant ibodies showing fine speckles (Kleinsmith et al., 1982) 
or nucleolar staining (Miyawaki and Ritchie, 1977) in immunofluorescent 
studies were descr ibed in sc leroderma patients (CREST and diffuse 
scleroderma, respectively) and soon other an t igen-ant ibody sys tems 
were found to occur predominant ly in PSS patients such as the uracil-
specific ant i -RNA (Alarcon-Segovia et al., 1975), the ant icentromere 
(Fritzler and Kinsella, 1980), and the anti-Scl-70 antibodies (Douvas et 
al., 1979). The finding of high titers of ant i -nRNP antibodies in pat ients 
with sc leroderma, as well as features previously considered characterist ic 
of S L E , RA, and dermatomyosi t i s (Sharp et al., 1972), made it also evi
dent that sc leroderma as a disease manifestation could occur as a result of 
autoimmunity . This notion was confirmed when scleroderma features ap
peared in both human (Spielvogel et al., 1977) and experimental (Jaffe and 
Claman, 1983) graft-versus-host disease. 

B. IMMUNOLOGICAL DERANGEMENTS 

1. Lymphocyte Subpopulations 

Patients with PSS have been found to have normal proport ions of Τ 
cells with receptors for the F c port ion of IgG ( T 7 cells), but decreased Τ 
cells with receptors for the F c port ion of IgM (Ίμ cells), in two of three 
studies (Gupta et al., 1979; Alarcon-Segovia et al., 1981; Inoshita et al., 
1981). Τ Cells with the capacity of forming roset tes with autologous eryth
rocytes ( T a r cells), a Τ cell found to have functions of post thymic precur
sor Τ cells (Palacios et al., 1981 and to be a responding cell in the autolo
gous mixed lymphocyte reaction (Palacios et al., 1980; Tomonar i et al., 
1980; Fournier and Charre i re , 1982), are found in normal proport ions in 
patients with PSS (Alarcon-Segovia et al., 1981). T-Cell subpopulat ions, 
as detected with monoclonal antibodies of the O K T series, are quite 
variable in PSS (Keys tone et al., 1982; Melendro et al., 1983). In one 
study of 22 pat ients with PSS not receiving any t reatment and their care
fully matched controls , the only statistically significant difference was a 
decreased proport ion of T3 cells (Melendro et al., 1983). Other findings 
are shown in Table II . 

The decreased number of Τ cells is not associated with decreased Β 
cells (Horwitz et al., 1977) but B-cell subpopulat ions have not yet been 
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Table II 
T-Cell Subpopulations As Determined with Monoclonal 
Antibodies of the OKT Series in 22 Untreated PSS Patients 
and their Age-and-sex Matched Controls 

T-cell subpopulations 

T3 T4 T8 

Normal 0 8 9 11 
Decreased 0 14 8 9 
Increased 0 0 5 2 
Mean ± ISD 

PSS 41.4 ± 9.4* 34.1 ± 7.8 20.0 ± 8.2 
Controls 51.1 ± 6.4 35.5 ± 6.8 21.7 ± 5.8 

° As compared to the 95% confidence limits of their age-and-
sex-matched controls. 

b Significance versus controls, ρ < .01. 

studied in P S S . Decreased proport ions of T3 lymphocytes may be due to 
their homing in t issue lesions (Fleishmajer et al, 1977). 

2. T-Cell-Function Studies 

Concanaval in Α-induced suppressor-cell function has been found to be 
nornial in pat ients with P S S , using different indicator sys tems (Alarcon-
Segovia al, 1981; K r a k a u e r ^ a / . , 1981; Krawit t etal, 1982; Segond 
al, 1982). Suppressor-cel l function spontaneously expanded in culture 
has also been found to be normal in PSS (Alarcon-Segovia et al, 1981). In 
three different s imultaneous studies, helper-cell function was studied with 
allogeneic combinat ions of PSS and normal cells and found to be in
creased (Alarcon-Segovia et al, 1981; Krakauer et al, 1981; Inoshi ta et 
al, 1981). 

The function of pos t thymic precursor Τ cells, identified in man as T a r 

cells, was found to be normal in nine untreated patients with PSS (Alar
con-Segovia et al, 1981). Feedback inhibition, studied by coculturing Τ γ 

and Β cells, T^ cells, or T a r and Β cells in the presence of poke weed 
mitogen (Palacios et al, 1981), was found to be normal in pat ients with 
PSS (Alarcon-Segovia et al, 1981). 

A suppressor monocy te was found to be responsible for a defect of 
pr imary in vitro ant ibody response to tr initrophenyl coupled to polyacry-
lamide beads found in PSS pat ients (Segond et al, 1982). 
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3. Autologous and Allogeneic Mixed Lymphocyte 
Reactions 

Normal human Τ lymphocytes proliferate when cocultured in vitro with 
inactivated non-T cells from the same donor , a phenomenon called autol
ogous mixed lymphocyte reaction (AMLR) (Opelz et al., 1975), which has 
both memory and specificity (Weksler and Kozak , 1977) and may thus 
reflect the complex interaction of the immunoregulatory circuits in self-
recognit ion. The react ion of Τ cells to / /LA-Dr-nonident ical allogeneic 
non-T cells and A M L R have different cellular bases and significance (Pa
lacios et al., 1980). 

Proliferation in A M L R in PSS was found to be normal in one study 
(Morse and Bodi , 1982). However , in another investigation where day-to
day kinetics of response were studied in 17 untreated PSS pat ients , an 
early peak proliferative response was noticed on the fourth day in 9 pa
tients and on the fifth day in another 4 (Laffon et al., 1983). As this early 
response might be anamnes t ic , kinetic studies lasting 12 days were con
ducted, and these revealed a second proliferative response on the ninth or 
tenth day (Alcocer-Varela et al., 1984a). Two possibilities were consid
ered to explain these findings; on the one hand, that autoreactivi ty be
tween Τ and non-T cells might have occurred in vivo in PSS pat ients and 
be recalled in the A M L R , or on the other hand, that alterations of im
munoregulatory cells or their products might permit this earlier activation 
in the system (Alcocer-Varela et al., 1984a). 

Response in allogeneic mixed lymphocyte cultures (MLC) of PSS Τ 
cells and normal Β cells showed no significant differences from those 
stemming from normal cocul tures (Morse and Bodi, 1982; Alcocer-Varela 
et al., 1984a). Howeve r , when M L C of PSS non-T cells and normal Τ cells 
were done , proliferation was significantly less than that of normal non-T 
cells and PSS Τ cells (Morse and Bodi , 1982). This could indicate ei ther 
that PSS non-T cells are poor st imulators in M L C or that PSS Τ cells are 
bet ter responders than normal Τ cells. 

4. Production of, and Response to, Soluble Mediators 

Τ Lymphocy tes from patients with PSS produce the T-cell growth fac
tor interleukin-2 (IL-2) adequately (Alcocer-Varela et al., 1984b). They 
also respond normally in vitro to IL-2 of an exogenous source. The pro
duction of interleukin-1 upon stimulation of monocytes with l ipopolysac
charide S is normal . Howeve r , unst imulated monocytes from some pa
tients with early PSS release IL-1 activity spontaneously into their 
supernatants (Alcocer-Varela et al., 1985). Response by Τ lymphocytes 
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from PSS pat ients to I L - l was found defective (Alcocer-Varela et al, 
1985). Both of these findings could indicate in vivo preact ivat ion. These 
findings are of part icular interest since both monocytes (Diegelmann et 
al., 1982) and their soluble products (Diegelmann et al., 1982) including 
IL - l (Schmidt et al., 1982) induce fibroblast proliferation as well as colla-
genase product ion (Postlethwaite et al, 1983). Indeed, cells from the 
immune sys tem, including Τ lymphocytes , seem to actively part icipate in 
the regulation of fibrogenesis mainly through the product ion of soluble 
factors (Jimonez et al, 1979; Korn et al, 1980; Post lethwaite et al, 1984). 

T w o other factors have been repor ted to be present in serum from 
pat ients with P S S . One is a factor that is cytotoxic to human endothelial 
cells (Kahaleh et al, 1979; Cohen et al, 1983), which al though originally 
thought to be unique to PSS pat ients has been found in o ther connect ive 
t issue diseases as well (Shanahan and Korn , 1982). Another serum factor 
is the one descr ibed by Emeri t (1976) as capable of inducing chromosomal 
aberrat ions that she found in most PSS pat ients , but this is still largely 
unconfirmed. 

5. Interactions between Mononuclear Cells and 
Fibroblasts 

Mononuclear cells are in close associat ion with fibroblasts and the col
lagen they deposi t in excess in P S S . This is noticeable in the early stages 
of the disease (Fleishmajer et al, 1977; J imenez , 1983), is quite similar to 
what occurs in the chronic graft-versus-host disease where sc leroderma 
and hyperpigmentat ion develop (Jimenez, 1983), and may concur with 
vascular endothelial changes . 

Mos t likely the cells of the immune system play important regulatory 
roles on fibrogenesis, probably through soluble mediators that include 
both st imulators (Johnson and Ziff, 1976; Schmidt et al, 1982; Keyse r et 
al, 1980; Post le thwai te et al, 1984) and inhibitors (Jimenez et al, 1979; 
Nei lson et al, 1982; Post lethwaite et al, 1984). They can also have both 
effects depending on their concentra t ion (Diegelmann et al, 1982). The 
various soluble factors p roduced by cells of the immune sys tem that 
influence fibroblast functions are presented in Table III . 

Mixed mononuc lear leukocyte-f ibroblas t cultures have been done in an 
a t tempt to be t ter unders tand their interact ions (Korn , 1981; Hibbs et al, 
1983). Both autologous and allogeneic cocul tures stimulate both collagen 
and noncollagen protein product ion (Hibbs et al, 1983). 

W e have recent ly examined this model in our laboratory with cells from 
PSS pat ients and normal age-matched controls (Gonzalez-Amaro et al, 
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Table III 
Soluble Factors Produced by Cells of the Immune System That Have Regulatory Effects on 
Fibroblast Function 

Producer 
Factor cell Effect on fibroblast function Reference 

IL-1 Monocyte Stimulates collagenase Mizel et al. (1981); 
production Postlethwaite et al. 

(1983) 
Stimulates Schmidt et al. (1982) 

fibroblast 
proliferation 

16 Kdalton MNL a Stimulates growth of Postlethwaite and Kang 
subconfluent fibroblasts (1983) 

22 Kdalton Τ Cells Chemotactic for fibroblasts Postlethwaite et al. 
(1976) 

55 Kdalton MNL* Inhibits fibroblast collagen Postlethwaite et al. 
production (1984) 

60 Kdalton Τ CehV Stimulates fibroblast Postlethwaite and Kang 
proliferation (1983) 

>100 Kdalton Τ Cells'' Stimulates collagen fibroblast Postlethwaite et al. 
production (1984) 

a May be identical to IL-1. 
* MNL, mononuclear leukocytes; may be the same factor described by Jimenez et al. 

(1979). 
c May be the same factor described by Walil and Gately (1983). 
d May be the factor described by Johnson and Ziff (1976). 

1984). Supernatants recovered from fibroblast-MNC autologous cocul-
tures from sc leroderma pat ients induced higher thymidine and [ 1 4 C]pro-
line incorporat ion than did those from normal subjects. Supernatants 
from those cocul tures also induced higher thymidine incorporat ion by 
autologous fibroblasts from PSS patients than did those from A M L R . The 
increased thymidine incorporat ion was mostly by fibroblasts, as deter
mined in exper iments in which one of the two cells types was treated with 
mitomycin C. 

6. Differences in immunoregulation be tween PSS and 
MCTD 

Despite the presence of sc leroderma in both PSS and M C T D , the find
ings in both of these diseases from the standpoint of immune regulation 
are markedly different (Alarcon-Segovia, 1983). These are shown in Table 
IV. Both also differ from other connect ive t issue diseases (Alarcon-Sego
via, 1983). 
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Table IV 
Comparison between Cellular Immunological Findings in the 
Peripheral Blood of PSS and MCTD Patients3 

Study PSS MCTD 

Total lymphocytes Normal Decreased 
Ύγ Cells Normal Decreased 
Τ μ Cells Decreased Normal 
T^ Cells Normal Increased 
T3 Cells Decreased Normal 
T4 Cells Normal Normal 
T8 Cells Normal Decreased 
Suppressor function Normal Decreased 
Feedback inhibition Normal Decreased 
Generation of suppression Normal Decreased 
Helper function Increased Normal 
AMLR Early response Early response 
Production of IL-2 Normal Decreased* 
Response to IL-2 Normal Decreased 
Production of IL-l Normal Decreased 
Response to IL-l Decreased — 

a Modified from Alarcon-Segovia (1983). 
b With PHA stimulus; normal in AMLR. 

C . MECHANISM O F DAMAGE 

The solution of the riddle of the pathogenesis of PSS may have begun. 
The peculiar associat ion of vascular endothelial damage, increased colla
gen deposi t ion, and peculiar ant inuclear antibodies may now be linked. 

Increased helper T-cell function (Alarcon-Segovia et al., 1981; Kra-
kauer et al., 1981; Inoshi ta et al., 1981) might be a primary event . Some of 
those helper Τ cells might locate in t issues proximal to fibroblasts, per
haps a t t racted by t issue-associated antigens such as collagen to which 
they may be commit ted , or they may be able themselves to further at t ract 
lymphocytes by means of the soluble fibroblast chemotact ic factors they 
produce (Post lethwaite et al., 1976). This homing in t issues might explain 
the decrease in Ύμ and T3 cells, the former having been shown to have 
predominant helper activity (Moret ta et al., 1977). Increased helper func
tion could result in increased product ion of lymphokines , with predomi
nance of those favoring fibroblast proliferation and collagen product ion as 
well as act ivation of clones of Β cells that produce autoant ibodies . 

A cytotoxic factor to endothelial cells (Kahaleh et al., 1979) could also 
be a byproduc t of helper T-cell activation and be responsible for endothe
lial cell damage and intimal proliferation. Monocytes could part icipate in 
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the response to lymphokines by themselves producing IL-1 and perhaps 
other monokines . IL-1 would, in turn, stimulate fibroblast proliferation 
and increased collagenase product ion. Such stimulation, if collagen or a 
fraction from collagen or laminin (Huffstutter et al, 1984) was the antigen 
or ant igens, might contr ibute to the vicious circle of T-cell activation, 
lymphokine-monokine production/fibrogenesis, and product ion of antinu
clear ant ibodies . These might also contr ibute to counteract suppressor 
cells, perhaps by penetrat ing into them and causing their deletion (Alar
con-Segovia et al., 1979b). 

D . IMMUNOGENETICS 

Different studies have shown different H L A associations in PSS , prob
ably reflecting the ethnic variations of each study. In general , associat ion 
with the strongly linked Al, B8, and DR3 haplotypes or with some of the 
phenotypes that compose it have been found in British, German , and 
Dutch pat ients (Fraundenberg et al., 1978; Hughes et al., 1978; Kallen-
berg et al., 1981; Welsh, 1983). Raised DR5 phenotypes have been found 
in both Canadian and British pat ients (Gladman et al, 1981; Welsh, 1983), 
particularly in those with C R E S T syndrome (Gladman et al, 1981). 

Converse ly , in white scleroderma patients from the United States no 
association was found with either the Al, B8, or DR3 haplotype or their 
components or DR5 (Whiteside et al, 1983). The strongest association 
was found be tween DR1 and C R E S T syndrome patients having anticen-
t romere ant ibodies . These findings were also made in the British study 
(Welsh, 1983). 

It seems that no clear-cut associat ion has been found between PSS and 
HLA ant igens, but that this may reflect both the heterogeneity of the 
diseases that cause sc leroderma as well as of the ethnic background of the 
populat ions studied. 

E. SEROLOGY 

Antibodies to nuclear antigens (ANA) have been found in the serum of 
patients with sc leroderma (Rothfield and Rodnan , 1968; Jablonska et al, 
1974; Alarcon-Segovia, 1976). Immunofluorescent tests for A N A using 
serum from PSS patients yield three main pat terns of fluorescence 
(Kleinsmith et al, 1982); a fine speckled pat tern that is associated with 
C R E S T syndrome, a thready pat tern that is found mainly in pat ients with 
either diffuse sc leroderma or acrosclerosis but having pulmonary involve-
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ment , and a nucleolar pat tern that is associated with diffuse sc leroderma 
(Miyawaki and Ritchie, 1974; Kleinsmith et al, 1982). 

The ant ibody giving the fine speckled pat tern probably cor responds to 
the ant icent romere ant ibody (Kleinsmith et al, 1982; McCar ty et al, 
1983) that has been found in pat ients with the C R E S T syndrome (Fritzler 
and Kinsella, 1980; Tuffanelli et al, 1983). The antigen giving the thready 
pat tern has not been identified, but this could be due to react ion with the 
Scl-70 antigen (Maddison, 1983) (see below), and the nucleolar pat tern 
probably cor responds to the uracil-specific ant i -RNA antibodies (Miy
awaki and Ritchie, 1973) that are found in most PSS patients with early 
active diffuse sc leroderma (Alarcon-Segovia et al, 1975; Heinzerl ing et 
al, 1980; Fishbein and Alarcon-Segovia, 1985). 

Failure to detect the uracil-specific ant i -RNA antibodies in these pa
tients (Cattogio and Maddison , 1981) seems to be due to different pat ient 
populat ions and to low assay sensitivity, since the initial observat ions 
using counter immunoelec t rophores is (Alarcon-Segovia et al, 1975) have 
been confirmed with a sensitive radioimmunoassay using synthetic po-
lyuridylic acid (poly-U) (Heinzerling et al, 1980), and more recently by 
an E L I S A method also using poly-U (Fishbein and Alarcon-Segovia, 
1985). That the antibodies to R N A found in PSS are specific to uracil was 
shown by their reactivity with protein-conjugated uridine and uridine-
containing dinucleotides (Alarcon-Segovia et al, 1975) and with poly-U 
(Alarcon-Segovia and Fishbein, 1975), but not with polyadenylic-polyuri-
dylic acid (poly A-poly U) where the bases are not exposed , thus ruling 
out interaction with the suga r -phospha t e moiety (Alarcon-Segovia and 
Fishbein, 1975; Fishbein and Alarcon-Segovia, 1985). These antibodies 
were also inhibited with uracil (Alarcon-Segovia et al, 1975). 

Antibodies to a chromosomal antigen initially called Scl-1 and later Scl-
70 (Douvas et al, 1979) are found in —20% of patients with various forms 
of PSS (23% in diffuse sc leroderma; 13% in C R E S T syndrome) and in few 
other instances (Tan et al, 1980; Cattoggio et al, 1983). They seem, 
therefore, to be less sensit ive, albeit probably specific for sc leroderma. 

Antibodies to centrioles have been observed in four patients within the 
sc leroderma spect rum (Tuffanelli et al, 1983), in one with Raynaud ' s 
phenomenon and telangiectasia, one with C R E S T syndrome, and two 
with diffuse sc leroderma. 

Patients with localized forms of sc leroderma also frequently have se
rum A N A (Rodnan et al, 1977). These are more easily detected when 
using H e L a cells for their s tudy (73% versus 50% on mouse kidney sec
tions) (Takehara et al, 1983). Thus 2 of 4 pat ients with morphea , 6 of 6 
pat ients with generalized morphea , and 8 of 12 pat ients with linear sclero-
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derma were found to have A N A with various pat terns of fluorescence 
(homogeneous speckled and nucleolar) in a recent study (Takehara et al, 
1983). 

The associat ion of ant ibodies to nuclear R N P with M C T D (Sharp et al., 
1972) permit ted the definition and characterizat ion of this disease to the 
point that at present it can be suspected and, I believe, diagnosed in their 
absence (Alarcon-Segovia, 1981). Most patients with M C T D , however , 
have high titers of antibodies to R N P , and, if originally absent , these 
antibodies usually appear ei ther spontaneously or after the initiation of 
cort icosteroid t rea tment (Alarcon-Segovia, 1979b). High titers of antibod
ies to R N P have a high specificity for M C T D . In a study of 2800 sera from 
289 S L E pat ients , we found 155 patients with antibodies to extractable 
nuclear ant igens, 40 pat ients with antibodies to R N P , and 21 with these 
antibodies at high t i ters , 7 of whom fulfilled a predefined clinical criteria 
for the diagnosis of M C T D . All the o ther 14 had Raynaud ' s phenomenon , 
and included among them were all S L E patients with myositis and all with 
calcinosis. 

It is therefore likely that these 14 patients do have M C T D although they 
do not fulfill the proposed criteria (Alarcon-Segovia, 1981). Although 
most if not all extractable nuclear antigens associate with R N A , for clini
cal purposes the main r ibonuclease-sensit ive antigen that gives high titers 
in hemagglutination assays is nuclear R N P , and this allows its differentia
tion from another major const i tuent of Ε Ν Α , the Sm antigen (Tan and 
Kunkel , 1966). Antibodies to the Sm antigen are most frequently found in 
S L E , albeit in a small proport ion of patients (Barada et al., 1981). 

Another interesting nonhis tone protein an t igen-ant ibody system is the 
K u - a n t i - K u (Mimori et al., 1981), which is found to have high specificity 
for the sc le roderma-polymyos i t i s overlap syndrome, thus support ing the 
content ion that such pat ients are distinct from those with M C T D (Alar
con-Segovia, 1981). 

Antibodies to collagen have been detected in patients with PSS (Mackel 
et al., 1982). These are directed to interstitial (type I) and basement mem
brane (type IV) collagen. Both were found to correlate with the presence 
of pulmonary functional abnormali t ies (Mackel et al., 1982). These anti
bodies did not seem to cross-react among themselves , and those to type 
IV collagen could be unique to PSS whereas those to type I collagen are 
also found in RA (Menzel et al., 1978). Antibodies to insulin receptors 
have also been descr ibed in at least one patient with PSS (Weinstein et 
al, 1980). 

Immune complexes have been detected in PSS (Pisko et al, 1979; Dan 
etal, 1981;Seibolde7fl / . , 1982; Hughes etal, 1983; Fishbein etal, 1985) 
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using various me thods : Raji cell assay (Pisko et al, 1979; Seibold et al., 
1982; Hughes et al, 1983), Clq binding (Dan et al, 1981; Seibold et al, 
1982; Hughes et al, 1983; Fishbein et al, 1985), inhibition of antibody-
dependent cellular cytotoxici ty (Hughes et al, 1983; Fishbein et al, 
1985), and agarose gel e lectrophoresis (Seibold et al, 1982). 

Presence of immune complexes in PSS has varied from 9 (Chia et al, 
1979) to 82% (Seibold et al, 1982). The immune complexes seemed to be 
he terogeneous (Fishbein et al, 1984), and to correlate with organ involve
ment (Seibold et al, 1982; Hughes et al, 1983) and with the presence of 
ant inuclear antibodies (Seibold et al, 1982) or rheumatoid factor (Hughes 
et al, 1983). They appeared not to be related to the presence of antibodies 
to collagen (Mackel et al, 1982). 

V I . T R E A T M E N T 

In the pas t few years several advances have been made in the t rea tment 
of P S S . These include those made in intervention on collagen metabol ism 
and those made in the t rea tment of several of the complicat ions of P S S . 

Λ INTERVENTION IN COLLAGEN METABOLISM 

T w o main drugs have been proposed for the purpose of decreasing 
collagen deposi t ion in sc leroderma. D-Penicillamine has been shown to 
inhibit the intramolecular and intermolecular cross-links of collagen caus
ing increasing propor t ion of soluble collagen in the skin (Nimni and 
Bavet ta , 1965; Ui t to et al, 1970). D-Penicillamine also has effects on 
immune functions that might be beneficial in PSS (Chwal inska-Sadowska 
and Baum, 1976). 

Resul ts of trials with this drug have been controversial , and no well-
controlled study has shown its effectiveness without quest ion (Nassonova 
and Ivanova , 1979). A recent s tudy suggested a beneficial effect (Steen et 
al, 1982). Toxici ty, however , is high, and withdrawal is often necessary . 

Colchicine has also been used to intervene in the metabolism of colla
gen in PSS because of its effects in the disruption of microtubule forma
tion that p revent the extrusion of collagen from the fibroblasts (Ehrlich 
and Bornshte in , 1972; Diegelmann and Peterkofsky, 1972; Fernandez-
Madrid et al, 1974). It has also been found to increase collagen degrada
tion in vitro, apparent ly by enhancing the action of collagenase (Harris 
and K r a n e , 1971). 

As with D-penicillamine, conflicting results have been reported on the 
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effect of colchicine in the t rea tment of PSS (Alarcon-Segovia, 1979). 
However , a long-term evaluation of colchicine in the management of PSS 
and localized sc leroderma showed improvement in most patients (Alar
con-Segovia et al, 1979a). Those patients who had < 5 years durat ion of 
disease when placed on t rea tment , and those who received larger total 
doses of colchicine, improved the most . As opposed to D-penicillamine, 
colchicine, which was given at the maximum tolerated dose , had practi
cally no untoward effects. 

B . TREATMENT O F COMPLICATIONS O F P S S 

Renal failure and malignant hyper tension in PSS had proven to be 
uniformly fatal or to require renal dialysis, nephrec tomy, and transplanta
tion until the advent of angiotensin-converting enzyme inhibitors (Lopez-
Ovejero et al., 1979). Resul ts , however , have not been uniformly success
ful (Whitman et al, 1982; Thurm and Alexander , 1984). 

Trea tment of Raynaud ' s phenomenon in PSS has been a t tempted with a 
number of medicat ions , but has been shown to be regularly effective until 
the advent of the calcium channel blocker , nifedipine, which has been 
shown to improve Raynaud ' s phenomenon in several controlled studies 
(Smith and M c K e n d r y , 1982; Sauza et al., 1984) and to improve finger 
ulcerat ions (Jaffe, 1982). 

Nifedipine may also have beneficial effects on pulmonary hyper tension 
in pat ients with PSS (Ocken et al., 1983). Caution should be exer ted with 
the use of this medicat ion, however , since it may have untoward effects 
on the lower esophageal sphincter pressure (Kahan et al., 1984). Re
cently, prazocin has also been found beneficial for Raynaud ' s phenome
non in PSS (Surwit et al, 1984). 

The esophageal aperistalsis of pat ients with PSS may be a difficult 
problem to deal with and may be extremely bothersome and deleterious to 
the pat ient . Metoclopramide has been found to induce the appearance of a 
pressure zone at the sphincteric area in PSS patients and to cause the 
appearance of pressure waves in 5 of 11 patients with aperistalsis of the 
esophagus due to PSS (Ramirez-Mata et al, 1977). 

C . IMMUNOSUPPRESSIVE AGENTS 

Despi te the growing evidence that PSS may be due to an immunological 
derangement , immunosuppress ive agents and cort icosteroids have not 
been shown to be of any significant benefit in the t reatment of this 
disease (Steigerwald, 1979). 
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V I I . C O N C L U D I N G R E M A R K S 

Scleroderma is a manifestation of various diseases , many of them 
au to immune . The pr imary form of scleroderma, P S S , remained for many 
years as the mos t elusive and puzzling of the auto immune connect ive 
t issue diseases . 

Although some evidence of autoimmunity had become apparent in P S S , 
it remained difficult to unders tand how it could relate to increased colla
gen deposi t ion and to intimal proliferation. N e w knowledge in the regula
tory act ions of cells and their p roducts from the immune sys tem, and on 
the functions of fibroblasts, including collagen product ion as well as the 
descript ion of circulating factors possibly produced by those same cells, 
has given clues to the possible pathogenet ic mechanisms whereby autoim
munity and increased fibrogenesis might be related. At the same time 
aberra t ions in immunoregulatory T-cell circuits in PSS began to be unrav
eled and to be distinguished from those found in the other connect ive 
t issue d iseases , including M C T D where scleroderma also occurs . 

A number of ant inuclear antibodies have been found present ei ther 
primarily or uniquely in the serum of pat ients with scleroderma, ei ther as 
PSS or as its C R E S T syndrome variety or in over lap, and either as M C T D 
or as sc lerodermatomyosi t i s . The meaning of these antibodies as a cause 
or as a result of immunodysregulat ion will have to be unders tood before 
the ent ire picture on the pathogenesis of sc leroderma can be drawn. Anti
bodies to type I and type IV collagen may be indicative of a role of 
collagen as a triggering antigen, a possibility that might close the circle of 
the pathogenesis or sc leroderma. Laminin could also be implicated. 

These advances in the knowledge of the pathogenet ic mechanisms in 
PSS might seem futile were it not that they permit to foresee more rational 
therapeut ic approaches . In the meant ime, however , it has also become 
possible to offer something to the patient with PSS . Intervent ion on colla
gen metabol ism has become available, and despite controversial resul ts , 
this has been received enthusiastically. Various modalities of t rea tment 
for the renal , vascular , pu lmonary , and esophageal complications of PSS 
are also available. 

V I I I . S U M M A R Y 

Scleroderma is not a d isease , but a manifestation of various diseases in 
most of which an immunological derangement is likely to par t ic ipate . The 
pr imary forms of sc leroderma, localized and systemic, are diseases that 
are also probably related. The systemic form, progressive systemic 
sclerosis (PSS), has in turn two variants : the diffuse and the C R E S T 
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syndrome (acronym for Calcinosis, R a y n a u d ' s phenomenon , Esophageal 
involvement , Sclerodactyly, and Jelangectasia) . 

Scleroderma may also occur with features previously considered char
acteristic of systemic lupus e ry thematosus , dermatomyosi t i s , rheumatoid 
arthrit is , and Sjogren 's syndrome in the disease entity called mixed con
nective t issue disease (MCTD) that associates with high titers of ant ibody 
to nuclear r ibonucleoprotein. An association of scleroderma and dermato
myositis has also been found to have an antinuclear ant ibody called anti-
Ku. 

Patients with PSS have decreased Τ cells with receptors for the Fc 
port ion of IgM and decreased Τ cells in their peripheral blood, perhaps 
because these cells locate in t issues in the vicinity of fibroblasts. Suppres
sor-cell function and feedback inhibition function are normal in pat ients 
with P S S , but they do seem to have increased helper function that could 
account for an early proliferative response in the autologous mixed lym
phocyte react ion. Preact ivat ion of monocytes is also apparent from the 
spontaneous release of mononuclear cells in culture of the monokine 
interleukin-1, while the product ion of and the response to the lymphokine 
interleukin-2 is normal in P S S . 

Mononuclear cells and fibroblasts seem to have strong interactions for 
regulatory purposes . These could be deranged in P S S , and thereby ex
plain the increased fibrogenesis and collagen deposit ion characterist ic of 
this disease . 

The immunoregula tory derangement in PSS seems to be quite different 
from that which occurs in mixed connect ive tissue disease and in o ther 
connect ive t issue diseases . 

N o clear-cut HLA associat ions has been found in PSS pat ients , but this 
may reflect ethnical variat ions as well as disease heterogenei ty. 

Pat ients with PSS have been found to have various characterist ic au
toant ibodies . These include antinucleolar antibodies that are probably 
directed to nucleolar R N A and may be the same as the uracil-specific anti-
R N A ant ibodies , as antibodies to the chromosomal cent romere that are 
found primarily in pat ients with the C R E S T syndrome, antibodies to a 
nucleolar antigen called Scl-70, and antibodies to type I and IV collagen. 
Circulating immune complexes can also be detected in the serum of pa
tients with P S S . 

N e w avenues of t rea tment have been uncovered by means of interven
tion on collagen metabol ism, which has been tried with either D-penici l-
lamine or colchicine. N e w forms of t rea tment for various complications of 
PSS have also become available to make the situation less hopeless . 
Indeed, advances in knowledge about PSS suggest a brighter future for 
pat ients with this puzzling disease. 
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I. INTRODUCTION: HISTORICAL BACKGROUND 

Sjogren 's syndrome (SS) is a chronic inflammatory disease character
ized by diminished lacrimal and salivary gland secret ion (the sicca com
plex) resulting in keratoconjunctivit is sicca (KCS) and xeros tomia (Talal, 
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1979; Strand and Talal , 1980; Shearn, 1977). The glandular insufficiency is 
secondary to lymphocyt ic and plasma cell infiltration. There is both a 
primary and secondary form of this disease as described below. Sjogren 's 
syndrome is particularly important among the auto immune diseases for 
two reasons . First , it is a common condition with perhaps 2 - 3 million 
affected individuals in the United Sta tes , the majority undiagnosed. Sec
ond, SS is a disorder in which a benign auto immune process can terminate 
in a lymphoid malignancy. Thus , it is a crossroads disease that offers 
potential insight into the mechanisms whereby immunological dysregula-
tion may predispose to a malignant transformation of Β cells already 
involved in an au to immune process . 

The history of the disease goes back some 100 years . Patients with 
features of dry mouth , dry eyes , and chronic arthritis were described by 
European clinicians be tween 1882 and 1925. In 1892, Mikulicz reported a 
man with bilateral parotid and lacrimal gland enlargement associated with 
massive round cell infiltration. In 1933, Henrick Sjogren reported detailed 
clinical and histological findings in 19 women with xerostomia and kerato
conjunctivitis sicca, of whom 13 had chronic arthritis. In 1953, Morgan 
and Cast leman concluded that Sjogren 's syndrome and Mikulicz 's disease 
were the same enti ty. 

II. G E N E R A L D E S C R I P T I O N , C L A S S I F I C A T I O N , A N D 

A N I M A L M O D E L S 

A . GENERAL DESCRIPTION 

Sjogren 's syndrome has been termed an auto immune exocr inopathy. 
Ninety percent of the pat ients are females, probably explainable by the 
important influence of sex steroid hormones on immunoregulat ion and 
autoimmunity (Talal, 1982). The classic lesion is a lymphocyt ic and 
plasma cell infiltrate that may involve salivary, lacrimal, and often other 
exocrine glands, for example , those in the respiratory t ract , gastrointesti
nal t ract , and vagina (Greenspan, 1974). The term "benign lymphoepi the-
lial l e s ion" has been used to descr ibe the characterist ic histological ap
pearance in the salivary glands. 

The exact mechanism responsible for the glandular destruct ion in SS is 
not known. Both Τ and Β lymphocytes are present in the tissue lesions. 
Large amounts of immunoglobulin and rheumatoid factor are synthesized 
locally, β-2-microglobulin, a component of lymphocyte membranes that 
may play an immunological role, is increased in serum and saliva. 
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Β. CLASSIFICATION 

Sjogren 's syndrome is classified into pr imary and secondary types . The 
clinical basis for this classification is that primary SS occurs in the ab
sence of another connect ive t issue or au to immune disease, whereas sec
ondary SS accompanies another disease , usually rheumatoid arthrit is . 
Secondary SS with rheumatoid arthritis const i tutes —50% of all pat ients 
with S S . In a small percentage of cases of SS there is another connect ive 
tissue disease accompanying the sicca complex, or the associated disease 
may be pr imary biliary cirrhosis (see Chapter 9). This clinical differentia
tion can now be validated by o ther markers ; thus , only in pr imary SS is 
there an increased frequency of the H L A specificities B8 and D R 3 , and 
only in pr imary SS are the antibodies SS-A(Ro) and SS-B(La) demon-
stratable. Howeve r , rheumatoid factor is present in serum in both types . 

C . ANIMAL MODELS 

There have been proposals for animal models of SS in two settings 
during the pas t decades . A " s p o n t a n e o u s " model was postulated on the 
basis of lymphoid infiltrates into salivary t issues in " a u t o i m m u n e " strains 
of mice, initially N Z B (Kessler , 1968) and more recently the MRL/ lpr 
strain. The o ther setting has been the a t tempted induction of an autoim
mune sialadenitis by immunizat ion with salivary tissue in F r e u n d ' s adju
vant , but this met with no consistent success . Nei ther type of model 
appears to have been strongly pursued by investigators nor would seem to 
provide clear insights into pathogenesis . 

III. C L I N I C A L P R E S E N T A T I O N S 

A . PRIMARY SJOGREN'S SYNDROME 

The two mos t c o m m o n presenta t ions a re , first, the insidious and slowly 
progressive deve lopment of the sicca complex and, second, the more 
rapid deve lopment of a severe oral and ocular d ryness , often accompa
nied by episodic paroti t is , in an otherwise well pat ient . The average pa
t ient ' s age is 50 years . The disease occurs in all races and in both children 
and adul ts . 

About 50% of pat ients with the sicca syndrome have additional features 
of Sjogren 's syndrome. The most common ocular complaint is a sensa
tion, descr ibed as " g r i t t y " or " s a n d y , " of a foreign body in the eye . 
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Other symptoms include burning, accumulat ion of thick ropy strands at 
the inner canthus particularly on awakening, decreased tear formation, 
redness , photosensi t ivi ty, eye fatigue, itching, and a " f i lmy" sensation 
that interferes with vision. Gross inspection of the eyes may reveal noth
ing abnormal , mucous th reads , or conjunctival congestion. An abnormal 
Schirmer test and rose bengal staining of the conjunctiva or inflammatory 
keratitis on slip-lamp examinat ion are indications of lacrimal gland in
volvement . 

Patients will complain of eye discomfort and difficulty in reading or 
watching television. Inability to cry is not a common complaint . Lacr imal 
gland enlargement occurs infrequently. Ocular complications include cor
neal ulcerat ion, vascularizat ion, or opacification, followed rarely by per
foration. 

The distressing manifestations of salivary insufficiency include diffi
culty with chewing, swallowing, and phonat ion; adherence of food to 
buccal surfaces, abnormali t ies of taste and/or smell; fissures of the 
tongue, buccal membranes , and lips, particularly at the corners of the 
mouth , the need for frequent ingestion of liquids, especially at meal t imes; 
and rampant dental car ies . Pat ients are unable to swallow a dry cracker or 
toast without ingesting fluids and will manifest displeasure at the sugges
tion that they do so. They may carry a bottle of water or o ther lubricants 
in their purses and may awaken at night for sips of water . The dentist may 
notice that fillings are loosening. The tongue and mucous membranes are 
characterist ically dry , red, and "pa r chmen t l i ke . " The lips may be dry 
and cracked. The tongue depressor adheres to oral surfaces, and the 
normal pool of saliva in the sublingual vest ibule, visible when the tongue 
is e levated, is not present . Dryness may also involve the nose , the poste
rior pharynx and larynx, and the t racheobronchial t ree , and may lead to 
epistaxis , hoarseness , recurrent otitis media, bronchit is , or pneumonia . 

Half the pat ients have parotid gland enlargement, often recurrent and 
symmetrical and somet imes accompanied by fever, t enderness , or ery
thema. The parotid glands may have any consis tency but are usually firm 
and nontender . Severe bilateral parotid swelling may give rise to the so-
called chipmunk facies. Super imposed infection is rare . Rapid fluctua
tions in gland size are not unusual . A particularly hard or nodular gland 
may suggest a neoplasm. 

Stimulated parot id salivary flow rates can be measured using lemon 
ju ice and cups that are placed over the orifices of the parotid ducts and 
secured by suction. F low rates are reduced or unobtainable in SS . Sali
vary scintigraphy employing technet ium per techneta te shows an abnor
mal salivary gland function. Biopsy of the minor salivary glands in the 
lower lip makes it possible to obtain histological confirmation and to rule 
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out o ther d iseases , including sarcoidosis or amyloidosis , entering into the 
differential diagnosis . 

B. SECONDARY SJOGREN'S SYNDROME AND ASSOCIATED 

DISEASES 

1. Rheumatoid Arthritis 

The arthritis of Sjogren 's syndrome resembles classic rheumatoid ar
thritis in its clinical, pathological , and roentgenographic features. The 
sicca syndrome develops in —10-15% of pat ients with rheumatoid arthri
tis. Arthralgias and morning stiffness not progressing to jo int deformity 
may occur in pat ients with the sicca complex . Fluctuat ions in the course 
of the arthritis are not accompanied by parallel alterations in the sicca 
symptoms . Splenomegaly and leukopenia suggestive of Fe l ty ' s syndrome 
and vasculitis with leg ulcers and peripheral neuropathy may appear even 
in the absence of clinically evident rheumatoid disease. 

2. Scleroderma 

This is a recognized accompaniment of SS ; Raynaud ' s phenomenon 
occurs in 20% of pat ients . 

3. Skin 

Skin or vaginal dryness and allergic drug eruptions occur frequently. 
Episodic lower extremity purpura , somet imes preceded by itching or 
other p rodromata , may be the presenting complaint . 

4. Renal Disease 

Glomerulonephri t is develops rarely and should suggest ei ther coexist
ing systemic lupus e ry thematosus (SLE) or mixed (IgM-IgG) cryoglobu
linemia. Over t or latent abnormali t ies of the renal tubules including diabe
tes insipidus, renal tubular acidosis , or Fanconi syndrome occur with 
some frequency. 

5. Myopathy 

Severe proximal muscle weakness , and rarely, tenderness may be early 
symptoms , leading to a diagnosis of polymyosit is . Weakness may also be 
associated with electrolyte imbalance, nephrocalcinosis , and the clinical 
findings of renal tubular acidosis . Peripheral or cranial neuropathy may 
cause symptoms of dyses thes ia or paresthesia . Facial pain and numbness 
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can accompany trigeminal neuropathy and contr ibute to the oral discom
fort caused by d ryness . 

6. Other Immunopathic Diseases 

Chronic thyroiditis of the Hash imoto type is present in 5% of pat ients , 
but clinical hypothyroidism is rare . Sjogren's syndrome was reported in 
52% of pat ients with pr imary biliary cirrhosis and in 35% of patients with 
chronic active hepati t is , al though some would regard these frequencies as 
overly high. Gastr ic achlorhydria , acute pancreat i t is , and adult celiac 
disease have been repor ted in Sjogren 's syndrome. 

7. Lymphadenopathy 

Cervical or o ther lymph node enlargement may the the first indication 
of malignant lymphoma or pseudolymphoma. It must be emphasized that 
in the vast majority of cases , lymphoproliferation remains confined to 
salivary and lacrimal t issue, resulting in a chronic benign course of stable 
or progressive xeros tomia and xerophthalmia. In some, however , evi
dence of extension of lymphoproliferation to extraglandular sites appears 
even after 15 or more years of benign disease. 

IV. HISTOPATHOLOGY 

The descript ion of Morgan and Cast leman (1953) remains the s tandard 
reference for the histopathology of SS , and further observat ions are pro
vided by Bloch et al. (1965) and Shearn (1971). The histological abnormal
ities in salivary and lacrimal glands in SS involve parenchyma and duc ts . 
Overall the changes are pa tchy, initially with the lobular archi tecture of 
the gland being preserved and with varying degrees of lobular involve
ment . The parenchymal changes are marked by a dense lymphocyte-
plasma cell infiltration, the degree of which tends to correlate with the 
extent of acinar damage . L y m p h follicles with germinal centers may be 
evident . In the later s tages, increases in the lobular septal fibrous t issue 
and scarring with acinar deplet ion become the dominant features , but 
lobular archi tecture can be preserved throughout the course of the dis
ease . The ductal changes include hyperplasia of the lining cells of in-
traglandular duc ts , and these proliferative changes in ducts may progress 
to the development of the characterist ic "epimyoepithel ial i s l ands . " The 
histological changes are well represented in the minor labial salivary 
glands, from which a simple biopsy procedure gives valuable diagnostic 
information. 
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Extens ive lymphoid infiltrates may involve the lung, kidney, or skeletal 
muscle , resulting in functional abnormali t ies of these organs or frank 
lymphoma. In some pat ients , it may be impossible to decide be tween a 
benign or malignant p rocess . The term " p s e u d o l y m p h o m a ' ' has been 
employed in such si tuations. 

The extraglandular lymphoid infiltrates are of two general types . They 
may be highly pleomorphic and include small and large lymphocytes , 
p lasma cells, and large ret iculum cells. In a lymph node the cells may 
distort the normal archi tecture and extend beyond the capsule , making 
the diagnosis be tween a benign and malignant lesion very difficult. The 
term pseudo lymphoma has been applied when the lesions show tumor
like aggregates of lymphoid cells but do not meet histological criteria for 
malignancy. Periodic acid-Schiff-posit ive intranuclear inclusions and ma-
croglobulins may be present , as in Waldens t rom's macroglobulinemia. 

A . PSEUDOLYMPHOMA 

In pseudo lymphoma, the site of extraglandular lymphoproliferation de
termines the clinical presenta t ion. There may be hyperplasia of lymph 
nodes near salivary glands, and striking regional lymphadenopathy may 
be the predominant clinical feature. On the other hand, lymphoid infiltra
tion may be selectively excessive in a distant organ such as kidney or 
lung. The involved organs may become functionally impaired, giving rise 
to renal abnormali t ies or pulmonary insufficiency. Renal tubular acidosis 
may arise through such a mechanism. 

Fea tures that should alert the clinician to the possibility of extraglandu
lar lymphoproliferation in a patient with Sjogren's syndrome are regional 
or generalized lymphadenopa thy , hepatosplenomegaly, pulmonary infil
t ra tes , renal insufficiency, purpura , leukopenia, hypergammaglobuline
mia, or e levated serum macroglobulin. Vasculitis may be associated, but 
arthritis is rare in such pat ients . The entity of pseudolymphoma cannot be 
clearly defined, but it occupies the middle port ion of the spect rum of 
lymphoproliferation, merging with benign disease (e.g. , hypergammaglo-
bulinemic purpura) on the one end and with frankly malignant disease 
such as Waldens t rom's macroglobulinemia on the other . 

B. LYMPHOMA 

The o ther type of extraglandular lymphoid infiltrate is histologically 
malignant, enabling the specific diagnosis of a lymphoproliferative neo
plasm. These lesions may also appear after several years of apparent ly 
benign disease , may or may not be preceded by pseudolymphoma, and 
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are often highly resistant to therapy. The most common malignant lym
phoproliferation is a highly undifferentiated cell, which by immunohisto-
logical s tudy clearly belongs to the B-cell lineage, often containing intra
cellular IgM-κ. 

V . I M M U N O L O G Y 

A IMMUNOLOGICAL FEATURES 

Abnormali t ies on laboratory tests include a mild normocyt ic , normo
chromic anemia that occurs in —25% of pat ients ; leukopenia occurs in 
30%, eosinophilia ( > 6 % eosinophils) in 25%, and an elevated ery throcyte 
sedimentat ion rate ( > 3 0 mm/h by the Westergren method) in over 90%. A 
mild hypoalbuminemia is common. There are increased levels of immune 
complexes and defects in reticuloendothelial c learance. 

1. Hypergammaglobulinemia 

Half of the pat ients have hypergammaglobulinemia, which is generally 
a diffuse elevation of all immunoglobulin classes . The patients with the 
greatest degree of hyperglobulinemia are those with pr imary SS rather 
than those with rheumatoid arthrit is , and accompanying the hyperglobu
linemia may be po lymyopathy , purpura , or renal tubular acidosis. Mono
clonal IgM may be seen. Cryglobulinemia, often of the mixed IgM-IgG 
type , may be present particularly in pat ients with glomerulonephrit is or 
pseudolymphoma. Hyperviscosi ty associated with IgG rheumatoid factor 
and intermediate complexes has been reported. Some patients with lym
phoma have hypogammaglobul inemia. 

A low IgM level may herald the presence or development of malignant 
lymphoproliferation and is a poor prognost ic sign. A fall in serum IgM is 
often accompanied by a reduct ion in the rheumatoid factor titer and may 
precede the onset of generalized hypogammaglobulinemia. 

2. Autoantibodies 

The presence of multiple serum autoantibodies is a characterist ic fea
ture . The majority of pat ients with primary Sjogren's syndrome are sero
posit ive for rheumatoid factor and for antinuclear antibody (ANA), giving 
a homogenous , or more usually a speckled, pat tern of immunofluores
cence . An ant ibody [rheumatoid-associated precipitin (RAP)] to an E p 
s t e in -Bar r virus-related nuclear antigen (RANA) occurs in secondary 
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Sjogren 's syndrome with RA. It is now recognized that speckled A N A 
react ions character is t ic of pr imary Sjogren 's syndrome are due to an 
autoant ibody to a r ibonucleoprotein antigen known as L a or SS-B, which 
occurs in at least 70% of patients with primary Sjogren 's syndrome and to 
a lesser extent in Sjogren 's syndrome with features of S L E (Alspaugh et 
al., 1976; Mart inez-Lavin et al., 1979); antibodies to the related ribonu
cleoprotein R o , also known as SS-A, also occur but are less specific for 
SS and are more a feature of a subset of S L E . 

3. Historical Developments 

Jones (1958) was the first to descr ibe precipitating autoant ibodies in the 
sera of a pat ient with Sjogren 's syndrome using tissue extracts of salivary 
and lacrimal glands. Then Anderson and colleagues (1961) descr ibed two 
distinct autoant ibody specificities, SjD (Sjogren's syndrome, reference 
serum from patient D O N ) and SjT (Sjogren's syndrome, reference serum 
from patient TRA) , in 3 1 % of pat ients with primary Sjogren's syndrome. 
These autoant ibodies reacted with extracts prepared from a variety of 
human and animal t issues; sera containing SjD antibodies gave mainly 
cytoplasmic staining with ei ther homogeneous and/or speckled nuclear 
staining, and SjT antibodies gave speckled nuclear and diffuse cytoplas
mic staining by immunofluorescence on a liver substra te . The SjD antigen 
was shown to be resistant to heat , t rypsin, D N A a s e , and R N A a s e , while 
the SjT antigen was sensitive to heat and trypsin but resistant to D N A a s e 
and R N A a s e . 

Autoant ibodies to a cytoplasmic antigen were described in the sera of 
pat ients with S L E by Clark and colleagues (1969). This antigen was called 
R o , after the patient in whom it was first descr ibed, and its enzyme 
sensitivity pat tern closely resembled that of Anderson ' s SjD antigen; the 
major difference was that antibodies to Ro were detected predominant ly 
in pat ients with S L E (24%). Mattioli and Reichlin (1974) described an
other autoant ibody specificity, ant i -La, which was directed against a pre
dominantly cytoplasmic antigen that was resistant to D N A a s e and 
R N A a s e but sensitive to heat and trypsin. Anti -La autoant ibodies were 
detected in the sera of pat ients with Sjogren 's syndrome and S L E . Al
spaugh and Tan (1975) later detected two autoant ibody specificities, anti-
SS-A and ant i -SS-B, in the sera of pat ients with primary Sjogren 's syn
d rome , and a third autoant ibody, anti-SS-C, in the sera of pat ients with 
secondary Sjogren 's syndrome associated with rheumatoid arthri t is . Lo 
calization exper iments using both cells of the WIL-2 cell line and normal 
human leukocytes demons t ra ted that these antigens were present in both 
the nucleus and the cytoplasm. A further autoant ibody specificity, anti-
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H a , was descr ibed by Akizuki and colleagues (1977) and was shown to be 
immunologically identical to the anti-SS-B specificity. 

In a subsequent inter laboratory collaborative study, Alspaugh and 
Maddison (1979) demons t ra ted that Ro and SS-A were immunologically 
identical, and that L a and SS-B also were immunologically identical. The 
physicochemical proper t ies and clinical associations of SjD and SjT auto
ant ibody specificities suggested that SjD may be related to Ro(SS-A) and 
SjT to La(SS-B). However , this has not been confirmed, as sera from 
Ander son ' s original pat ients are no longer available for s tudy. 

There has been considerable controversy in the li terature over the cel
lular localization of the R o and L a antigens and their susceptibility to 
enzymat ic t rea tment , since the cellular localization is dependent on the 
method of fixation used for immunofluorescence and the tissue employed, 
and because the enzymat ic susceptibility varies depending on the t issue 
or cellular source of the antigen. As the molecular characterizat ion of 
these antigens becomes more precise , resolution of these uncertaint ies 
should follow. Current information on the characterizat ion of ant i -La(SS-
B) is descr ibed be low; although anti-Ro(SS-A) has many resemblances to 
ant i-La, it is more character is t ic of S L E than of primary Sjogren's syn
drome and hence is not specifically discussed in the following section. 

4. Characterization of the La(SS-B) Autoantibody 

Autoant ibodies to La(SS-B) are reactive with a complex r ibonucleopro-
tein (RNP) antigen, which consists of a heterogeneous group of small 
nuclear (sn) r ibonucleic acids (RNAs) of cellular origin that are associated 
with a protein of M W 45,000-50,000 carrying the La(SS-B) antigenic 
determinant (McNeilage et al., 1984). There are also four virus-encoded 
R N A s that can associate with the La(SS-B) protein. The cellular nuclear 
R N A s that associate with the La(SS-B) protein range in size from 80 to 
300 nucleot ides and include precursors for 5 S ribosomal R N A and for 
transfer R N A , plus o ther snRNAs that are also recognized by Ro(SS-A) 
autoant ibodies when associated with a protein of M W 60,000 that carries 
the Ro(SS-A) antigenic determinant (Wolin and Steitz, 1984). The four 
virus-encoded R N A s that can associate with the La(SS-B) protein com
prise two small R N A s of —160 nucleot ides, VAI and VAII , which are 
encoded by adenovirus and two small R N A s of —170 nucleot ides, E B E R 
1 and E B E R 2, which are encoded by the Eps t e in -Ba r r virus (Lerner et 
al.f 1981). It is to be noted that neither the cell-derived nor the viral R N A s 
are antigenic unless bound to the cellular La(SS-B) protein. The fact that 
both the cellular and viral R N A s of the La(SS-B) antigen are t ranscr ibed 
by R N A polymerase III (Steitz et al., 1982) raises the likelihood that the 
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L a antigenic complex is important for R N A synthesis by R N A poly
merase III . 

B . IMMUNOLOGICAL DERANGEMENTS: SJOGREN'S SYNDROME 

AS A DISORDER O F IMMUNOREGUIATION 

Sjogren 's syndrome is a c rossroads disease in which several aspects of 
immunological dysregulat ion come into play. I have elsewhere presented 
a hypothes is that views au to immune disorders as arising from a back
ground of physiological self-recognition (Talal, 1978). The immune sys
tem depends for its internal regulation on the recognition of self in the 
form of cell-surface l a ( D R ) antigens and idiotypic de terminants . Super
imposed upon this intrinsic sys tem of control is an extrinsic sys tem in 
which immunity is influenced by classical endocrine and neuroendocr ine 
mechanisms . These are mutual interact ions insofar as the immune sys tem 
itself probably helps regulate endocr ine and perhaps even C N S pa thways . 

The immune sys tem was discovered because of its role in natural de
fence against infections and its ability to respond to environmental infec
tious agents . Howeve r , over the last decade it has become apparent that 
the immune sys tem is perhaps even more preoccupied with the organ
i sm's internal envi ronment , to the point where many foreign invaders 
(e.g. , viruses) are only recognized as a consequence of the s imultaneous 
recognition of self. Thus , the immune system is both inward looking 
(surveying self-la and receptors on cell surfaces) and outward looking 
(responding to infectious agents) . The former may be more primitive, 
having evolved over centuries to the system that we study today that is 
competen t in defence as a result of evolutionary pressures and natural 
selection. 

The proper maintenance of immune homeostas is depends on the func
tioning of these dual aspects of immunity. Immunoreguiat ion is a dynamic 
process whose equilibrium is best maintained when both recognition sys
tems function simultaneously. It follows, then, that immunoregulatory 
dis turbances may arise when there are inappropriate per tubat ions or in
trinsic defects in these recognition even ts . 

Intercellular communicat ion is at the heart of immunoreguiat ion. 
Whether through the language of l a ( D R ) or the language of idiotype, the 
cells involved with immunity talk to each other . A breakdown in this 
communicat ion may result in the immunological chaos that we call 
autoimmuni ty . 

Although it has been claimed that Τ cells provide the major means by 
which the immune sys tem regulates itself, this is certainly not the only 
way. The balance be tween help and suppression achieved by immunore-
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gulatory Τ cells is probably the major controlling element in the immune 
response . Abnormali t ies in this balance are characterist ic of many 
au to immune diseases . Yet , in some patients with SS , the numbers of 
helper and suppressor Τ cells are normal , and in others there are altera
tions in T-cell subsets . The autologous mixed lymphocyte response 
(AMLR) (Miyasaka et al., 1980), which we have suggested may be a 
common denominator for the au to immune and lymphoproliferative dis
eases of immunoregulat ion (Smith and Talal, 1982), are abnormal in SS 
due to deficiencies in the stimulating non-T cells as well as in the respond
ing Τ cells. 

More and more , in SS one is struck with defects in immune cells o ther 
than Τ and Β cells, notably N K cells and macrophages . Natural killer 
(NK) cell activity in the blood is diminished as a consequence of im
munoregulatory abnormali t ies . Associated defects may involve adherent 
cells and soluble factors, with these possibly more important than intrin
sic deficits of N K cells (Miyasaka et al., 1983). 

C . MECHANISMS O F DAMAGE 

The lymphoid aggregates in the salivary t issues and their apparent rela
t ionship to the destruct ion of acinar tissue are most impressive; however , 
as yet there are neither adequate functional interpretations of these histo-
pathological appearances nor any explanations for the occurrence of the 
lesions. Β cells appear to be the earliest cells in the salivary gland lesions 
in SS , and salivary glands may take on the characterist ics of organized 
lymphoid t issue with germinal centers , as seen in the thyroid gland in 
Hash imoto ' s disease . Evidence of the intense local B-cell activity in the 
glands includes polyclonal immunoglobulin product ion, autoant ibody 
synthesis , and appearance of monoclonal immunoglobulins, and the latter 
can be present intracellularly as well as synthesitized and secreted. 

T-cell infiltrates appear later in the salivary glands as the lesions be
come more extensive . An immunohistological analysis of the lymphoid 
infiltrates in pr imary SS was reported by Adamson et al. (1983), who used 
labial biopsy specimens as a source of t issue, various monoclonal antibod
ies to lymphoid cells, and a four-step biotin-avidin immunoperoxidase 
technique on frozen t issue sect ions. Τ lymphocytes predominated heavily 
over other cell types , numbering > 7 5 % of all infiltrating cells; a small 
minority of the cells carried B-cell markers , and a specific subset was 
present in salivary t issue that was lacking from peripheral blood. The 
majority of the Τ lymphocytes present belonged to the T-helper subset , 
and > 5 0 % of the Τ cells carried activation antigens (la-positive, OKT10-
posit ive). 
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D. IMMUNOGENETICS 

Auto immune diseases are multifactorial, combining genetic , hormonal , 
immunological , and possibly viral influences. Sjogren 's syndome is one of 
several au to immune diseases associated with the histocompatibili ty anti
gens H L A - B 8 , -DR3; this genetic predisposit ion is also seen in celiac 
disease , dermati t is herpetiformis, myasthenia gravis, Graves ' d isease , 
chronic act ive hepati t is , idiopathic Addison ' s disease, and insulin-depen
dent diabetes melli tus. Certain l a determinants occur more frequently in 
SS than in the general populat ion. 

It is no tewor thy , from the standpoint of classification, that the increase 
in H L A - B 8 , -DR3 is found only in the pr imary and not in secondary types 
of S S . In part icular , in SS with rheumatoid arthritis there is an increase in 
H L A - D R 4 but no increase in H L A - B 8 . As described above , there is a 
strong associat ion be tween ant ibody to the r ibonucleoprotein SS-B(La) 
and pr imary S S ; the associat ion be tween SS-B(La) and H L A - B 8 appears 
to be as strong if not s tronger than with primary SS itself. 

There is another strong genetic associat ion with the SS-B(La) ant ibody, 
this being with the Km(l) immunoglobulin al lotype; this was found to be 
present in 4 2 % of subjects positive for SS-B(La) as opposed to 16% of 
controls (Whitt ingham et al., 1984). Thus , taken together , there are strong 
genetic de terminants for product ion of anti SS-B(La) , namely female gen
der, HLA-B8, and Km(l). The implications of these immunogenet ic asso
ciations are considered in Chapter 3. 

V I . TREATMENT A N D O U T C O M E 

Most often, Sjogren 's syndrome is a benign disease in which conserva
tive management is the best guide to therapy. 

The sicca complex is t reated with fluid replacement supplied as often as 
necessary . There are several readily available ophthalmic preparat ions 
(e.g. , Tearisol , Liquifilm, and 0 .5% methylcellulose) that will adequately 
replace the deficient tears . In severe si tuations, patients instill these as 
often as every 1/2 to 1 h. If corneal ulceration is present , eyepatching and 
boric acid ointment may be necessary . It is more difficult to compensa te 
for the salivary insufficiency. The frequent ingestion of fluids, particularly 
with meals , is often the best solution. Patients should see their dentists 
every 4 months and pay scrupulous at tention to proper oral hygiene. The 
careful use of a Wate r Pic after eating may reduce the incidence of car ies . 

A more aggressive lymphocyt ic disorder develops in a minority of pa
tients with the lymphocytes in extrasal ivary sites, kidney, or lung, being 
primarily Β cells which often produce monoclonal IgM: This character-
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izes the pseudo lymphoma stage. Cort icosteroids or immunosuppress ive 
drugs are often indicated in the t rea tment of pseudolymphoma, part icu
larly when there is renal or pulmonary involvement . Cyclophosphamide 
at a dosage of 75-100 mg daily may diminish extraglandular lymphoid 
infiltrates and may even restore salivary gland function in some pat ients . 

The truly malignant disease lymphoma of SS again involves Β cells, 
al though now there may be inadequate serum immunoglobulins and hu
moral immunodeficiency; autoantibodies can disappear from the blood 
and pat ients may be unable to resist infections such as pneumococcal 
pneumonia . Malignant lymphoma should be treated with intensive che
motherapy , surgery, and/or radiotherapy as indicated by the location and 
extent of disease . These lymphomas can be highly malignant and often 
fatal tumors that require rapid and skilled intervention; even with this 
t rea tment , the prognosis is poor . 

V I I . C O N C L U D I N G R E M A R K S : F U T U R E P R O S P E C T S 

Sjogren's syndrome represents the expression of au to immune pro
cesses of considerable complexi ty. Fu ture investigations will be directed 
towards establishing the specificity of the anti-La(SS-B) antinuclear anti
body for diagnosis of pr imary SS , elucidating the pathogenetic differences 
be tween the pr imary and secondary (rheumatoid-associated) types of the 
disease, discovering the target of the autoimmune at tack, which is not as 
yet evident , and exploring the possibility that virus infection has an initi
ating role in pr imary SS . 

V I I I . S U M M A R Y 

Sjogren 's syndrome is an au to immune exocrinopathy that predomi
nantly affects females (90%) and has two clearly defined forms, a pr imary 
form strongly associated with H L A - B 8 , -DR3 and a secondary form asso
ciated with rheumatoid arthritis and certain o ther immune-mediated dis
eases . There exists no convincing animal model . 

The disease primarily affects salivary and lacrimal t issues but can have 
diffuse express ions at tr ibutable either to an involvement of other exocrine 
secretory t issues , associated au to immune disease, or deposit ion of im
mune complexes . Histologically, there is intense lymphocyte infiltration 
into the affected glands with progressive acinar destriction. L y m p h o m a 
occasionally supervenes . The pr imary type of SS is marked by a charac
teristic ant inuclear autoant ibody, anti-La(SS-B), which also occurs in 
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S L E . Trea tment is palliative and is directed to artificial replacement of 
tears and to oral hygiene. 
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I. A U T O I M M U N E T H Y R O I D I T I S 

A . INTRODUCTION: HISTORICAL BACKGROUND 

Auto immune thyroiditis is a chronic disorder of the thyroid gland that is 
character ized by humoral and cell-mediated immune responses to thy
roid-specific antigens as well as inflammatory infiltration and tissue dam
age localized in the thyroid. It was first recognized in 1912 by Hash imoto , 
a surgeon from the Universi ty of Kushu (Japan), who reported the histo-
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pathological findings in the resected thyroids of four middle-aged women 
with goiter (Hashimoto , 1912). Because of the massive and diffuse lym
phocyte infiltration, Hash imoto defined the condition as l t s t r u m a lympho-
m a t o s a . " Over the years , o ther synonyms have been lymphadenoid goi
ter, lymphoid goiter, chronic lymphocytic throiditis, and more 
commonly , Hash imoto ' s thyroiditis. Although both histopathological and 
clinical aspects of this disorder have been known for a long t ime, its 
au to immune nature has been appreciated only in the last 27 years , follow
ing the pioneering studies of Witebsky and his associates on experimen
tally induced thyroiditis and of Doniach and her associates on Hashi
mo to ' s thyroiditis. 

Ernes t Witebsky initiated his investigations of organ-specific antigens 
of the brain, adrenals , and thyroid during his stay at the Insti tute for 
Exper imental Cancer Research in Heidelberg; his studies were directed 
by Hans Sachs , one of Paul Er l ich 's s tudents and associates (Witebsky 
and Steinfeld, 1928; Witebsky, 1929; Witebsky and Klinke, 1933). Wi
tebsky resumed these studies after his move to the United States (Wi
tebsky et al, 1955; Rose and Witebsky, 1955; Shulman et al, 1955). In 
Wi tebsky ' s own words (1968), " thyroglobul in seemed to be the logical 
candidate for investigating the feasibility of autosens i t iza t ion ." There
fore, a series of exper iments was under taken to determine whether thy
roid antibodies could be detected in the sera of rabbits injected with rabbit 
thyroid extract in complete F reund ' s adjuvant. Indeed, both autoant ibo
dies to thyroglobulin and inflammatory changes of the thyroid gland were 
observed in immunized animals (Rose and Witebsky, 1955, 1956; Wi
tebsky and Rose , 1956). 

At the same t ime, Deborah Doniach had begun an investigation of the 
diagnostic and biochemical aspects of Hash imoto ' s disease. The raised 
serum immunoglobulin levels, their delayed return to normal after thy
roidectomy, and the infiltration of the thyroid with lymphocytes and 
plasma cells suggested that an immune response against an antigen of the 
thyroid gland might be involved in this disease. When the sera of nine 
patients with Hash imoto ' s thyroiditis were tested by precipitation against 
thyroid extract or thyroglobulin, positive reactions were obtained with 
seven sera (Roitt et al., 1956, 1958; Doniach and Vaughan Hudson , 1957; 
Doniach and Roit t , 1957; Doniach et al, 1957). 

These seminal investigations established the auto immune nature of 
Hash imoto ' s thyroidit is , and were followed in rapid succession by numer
ous publications from other investigators that confirmed and extended the 
findings of both Witebsky and Doniach. As a consequence , the te rm 
"au to immune thyro id i t i s" has gained increasing acceptance over the 
years , al though it has been recently criticized because it covers too many 
disparate clinical s tates (Doniach et al, 1979). 
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B . GENERAL DESCRIPTION 

The following points were already evident in the clinical description of 
the first four pat ients with au to immune thyroiditis (Hashimoto , 1912): 

1. The pat ients were all middle-aged women between 40 and 61 years 
old. 

2. Their major if not only complaint was the development of a mass in 
the neck. 

3. The goiter affected both lobes of the thyroid and was a modera te 
size (from a pigeon 's to a hen ' s egg). 

These points are still valid, even though later studies showed that the 
clinical picture of au to immune thyroiditis can be quite complex and heter
ogeneous (reviewed in Doniach et al., 1979; Pinchera et al., 1980; De-
Groot and Sr idama, 1983). Hash imoto ' s thyroiditis occurs more fre
quently (5 -20 t imes more) in females than males , with a peak incidence 
be tween 30 and 50 years of age. A " j u v e n i l e " variant occurs in children 
and adolescents . The prevalence of thyroiditis in the general populat ion 
may vary be tween 0.5 and 1.2%, and its annual rate of incidence is in
creasing (Furszyfer et al., 1972). Many patients have no symptoms , and a 
small goiter is detected during a routine checkup; in o thers , a feeling of 
pressure in the neck or of general malaise may lead to the discovery of a 
goiter. Occasionally the presenting symptoms are hoarseness , mild dys
phagia, and coughing. The thyroid gland is moderately enlarged, horse
shoe shaped, of firm rubbery consis tency, and has a finely lobulated sur
face. Thyroid function is usually normal , but it can be decreased, or less 
commonly , increased. Spontaneous remissions with decrease in goiter 
size and thyroid ant ibody titers have been described, especially in the 
variant affecting adolescents . 

C . ANIMAL MODELS 

Auto immune thyroiditis can be experimental ly induced, but also occurs 
spontaneously in animals (reviewed by Bigazzi and Rose , 1975; Rose et 
al., 1977, 1981; Weigle, 1980). Animal models of au to immune thyroiditis 
have provided valuable information on the mechanisms underlying this 
disorder , and their s tudy remains an indispensable adjunct of clinical 
investigations in humans . 

1. Experimental Autoimmune Thyroiditis 

Auto immune responses to autologous or syngeneic thyroglobulin, as 
well as au to immune thyroidit is , can be deliberately induced in virtually all 
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animal species. The li terature on experimental autoimmune thyroiditis 
(EAT) is quite extensive and several reviews have recently appeared 
(Lewis and Rose , 1985). Therefore we will summarize here the more 
interesting results obtained from the study of some animal models . 

a. Experimental Autoimmune Thyroiditis in Rabbits. Investigations of 
thyroid organ-specific autoant igens in rabbits (Witebsky and Rose , 1956; 
Rose and Witebsky, 1956) opened the way to immunological studies of 
human auto immune thyroidit is . Rabbits immunized with thyroglobulin in 
complete F r e u n d ' s adjuvant develop auto immune responses to thyroglob
ulin as well as infiltration of their thyroids with inflammatory cells, with a 
histopathological picture resembling that of Hash imoto ' s disease. In rab
bits , delayed skin react ions to autologous thyroglobulin occur only sev
eral weeks after thyroid lesions and autoantibodies to thyroglobulin have 
developed, an observat ion suggesting that in this species the thyroiditis 
may be more closely associated with humoral autoimmune responses than 
with delayed hypersensit ivi ty. Interestingly, rabbits with E A T may also 
develop an immune complex-mediated glomerulonephri t is , another find
ing underlying the role of humoral factors in rabbits . 

b. Experimental Autoimmune Thyroiditis in Guinea Pigs. The more inter
esting data obtained in studies of guinea pigs with E A T have resulted from 
transfer exper iments (Sharp et al., 1974). These experiments have demon
strated that E A T can be transferred to normal inbred guinea pigs by the 
inoculation of lymphocytes from syngeneic animals with E A T , but more 
severe thyroid lesions are observed in animals receiving both autoant ibo
dies to thyroglobulin and lymphocytes . Therefore, in guinea pigs the thy
roiditis seems to be determined by both humoral and cellular au to immune 
responses to thyroglobulin. 

c. Experimental Autoimmune Thyroiditis in Mice. Investigations in in
bred mice with E A T have provided the most sophisticated evidence avail
able to date on the inheri tance of organ-specific autoimmunity. In this 
species, au to immune responses to murine thyroglobulin and E A T are 
controlled by at least two genes mapping within the M H C and one or 
more non-H-2 genes (reviewed in Rose et al., 1981; Rose and Kong , 
1982). One Ir gene (located in the I-A subregion) determines the extent of 
immunological response in te rms both of antibody product ion and patho
logical lesions. Other genes (located at the Κ and D ends) act on effector 
responses and modera te the severity of histological damage. In mice, 
serum levels of autoant ibodies to thyroglobulin are usually a good predic
tor of the severity of thyroidit is . However , it is possible to dissociate 
autoant ibody formation from thyroid damage. This suggests a more im-
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portant role of effector Τ cells in the development of thyroid inflammatory 
lesions. The action of effector Τ cells was recently demonst ra ted in vitro 
(Creemers et al., 1983). Invest igations in mice have also indicated a major 
role of Τ suppressor cells in the maintenance of tolerance to thyroglobulin 
(Rose et al., 1981). 

d. Experimental Autoimmune Thyroiditis in Rats. Studies of the genetic 
control of E A T in rats have provided results quite different from those 
obtained in mice (Rose, 1975). Immune responsiveness in terms of auto
ant ibody formation is not linked to the M H C , while thyroid damage may 
be linked to genes mapping within the M H C . With the increasing avail
ability of congenic strains of ra t s , it should now be possible to study the 
effects of background genes that could be obscuring the detect ion of 
MHC-l inked genes . 

Equally important are the results obtained in rats neonatally thymec
tomized and sublethally irradiated (Penhale et al., 1973, 1975, 1976; Ko-
tani et al., 1981, 1982). These animals develop both au to immune re
sponses to thyroglobulin and inflammatory changes in their thyroids . 

2. Spontaneous Autoimmune Thyroiditis 

Auto immune responses to thyroglobulin and inflammatory infiltration 
of the thyroid both may occur in animals without any experimental manip
ulation. The term " spon t aneous au to immune thyroid i t i s" (SAT) under
lines our ignorance of the initiating mechanisms of this condit ion. SAT 
can occur in beagles , marmose t monkeys , chickens , and ra ts . To da te , the 
more interesting observat ions have been obtained in the latter two spe
cies. 

a Chickens The obese strain (OS) chickens were initially selected 
from a White Leghorn flock bred at Cornell Universi ty on the basis of their 
appearance , that is, the express ion of severe hypothyroidism. It was 
quickly realized that the affected birds experienced intense au to immune 
responses to thyroiditis as well as a severe , destruct ive thyroidit is . The 
condit ion is made worse by neonatal thymectomy and improved by early 
bursec tomy. The spontaneous development of au to immune thyroiditis is 
determined by the combinat ion of three independent genetically deter
mined lesions: a s trong au to immune response to thyroglobulin encoded 
by an immune response gene linked to the M H C of the chicken, a mal
function of thymic e f fec tor -suppressor balance , and a defect in thyroid 
cell function. Genes outside the M H C control SAT in chickens , as shown 
by studies of F 2 hybrids be tween the susceptible OS chicken and the 
normal progeni tor CS line. 
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b Rats Auto immune responses to thyroglobulin and inflammatory in
filtration of thyroid occur spontaneously in inbred Buffalo (BUF) ra ts . 
The disorder resembles Hash imoto ' s thyroiditis in that it preferentially 
affects older females: —25% of retired female breeders older than 1 year 
were found to have SAT. Neonata l thymectomy as well as the administra
tion of methylcholanthrene or o ther chemicals increase the severity of 
SAT and accelerate its appearance . We have succeeded in obtaining anti-
idiotypic antibodies directed against autoantibodies to rat thyroglobulin 
from B U F rats with S A T (Zanetti and Bigazzi, 1981). Passive transfer 
exper iments have shown that au to immune responses to thyroglobu
lin could be reduced by the repeated injection of such antiidiotypic anti
bodies . 

A new model of au to immune endocr inopathy was recently described in 
the Bio Breeding/Worcester (BB/W) rats that develop spontaneously in
sulin-dependent diabetes mellitus and lymphocytic thyroiditis (Sternthal 
etal, 1981). 

D. HlSTOPATHOLOGY 

As first descr ibed by Hash imoto (1912), the thyroid gland of pat ients 
with au to immune thyroiditis is usually enlarged, with abundant inflamma
tory infiltration, hyperplasia , and damage of the pa renchyma (reviewed in 
Bigazzi, 1979). 

The inflammatory infiltrate is composed of lymphocytes , p lasma cells, 
and macrophages . Lymphocy te s are closely associated with thyroid fol
licular cells and are often observed crossing into the follicular lumen, 
be tween epithelial cells, or within damaged cells. Many thyroid follicles 
contain inflammatory cells (mostly plasma cells, but also lymphocytes 
and macrophages) within their lumen. Characterist ically, lymphoid folli
cles with distinct germinal centers are present in the thyroid t issue. The 
basement membrane of the follicular epithelium shows gaps as well as 
diffuse and irregular thickening, occasionally assuming a multi layered 
aspect (Kalderon et al., 1973). The most significant ultrastructural finding 
at this level is the presence of distinct and irregular globoid electron-
opaque deposi ts , almost a lways associated with plasma cells in close 
apposit ion to the follicular basement membrane . The parenchymal dam
age is focal, with follicles undergoing changes from normal to necrot ic . 
The epithelial cells of the thyroid follicles may be hyperplast ic , and espe
cially in more advanced stages, swollen and oxyphilic. Such cells have 
been termed "oxyphi l c e l l s , " " o n c o c y t e s , " "Hur th l e ce l l s , " or 
" A s k a n a z y ' s c e l l s . " They are character ized by increased cell size and the 
accumulat ion in their cytoplasm of eosiniphilic granules that cor respond 
to mitochondria increased in number and size. It should be noted that 
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these cells are not typical of thyroiditis a lone, and can also be found in 
other organs . Cell death with destruct ion of follicles is also observed, and 
frequently there is irregular focal fibrosis or extensive fibrous replacement 
of the thyroid pa renchyma (fibrous variant of Hash imoto ' s thyroiditis). 

Recent ul trastructural studies have provided additional information on 
the histopathology of au to immune thyroiditis. Knecht and Hedinger 
(1982) noted three major types of thyroid epithelial cells, that is, normal 
(stimulated) follicular cells, oncocy tes , and degenerating follicular cells. 
The largest areas of infiltration were represented by lymphoid follicles 
with active germinal cen te rs . The infiltrating cells included lymphocytes , 
p lasma cells, monocy tes , macrophages , and giant cells. Plasma cells were 
the most numerous among the infiltrating cells, and were observed within 
the lumen of follicles and within macrophages . Two types of macrophages 
could be dist inguished, one with abundant cytoplasmic organelles and 
another character ized by phagocyt ic proper t ies . Among the ingested ma
terial were lymphocytes , p lasma cells, and possibly remnants of epithelial 
cells. Giant cells, most likely of macrophage origin, were observed within 
the lumen of thyroid follicles. Finally, " interdigi ta t ing" cells, with a 
bulky electron-lucent cytoplasm, a well-developed tubulovesicular sys
tem, and long fingerlike processes were identified within small clusters of 
lymphocytes and in close contact with thyroid epithelial cells. Shamsud-
din and L a n e (1981) also repor ted variable morphological features of thy
roid follicular cells and noted that inflammatory cells infiltrating the thy
roid follicles were located in be tween the epithelial cells, with an evident 
clear space be tween them. N o evidence of migration by inflammatory 
cells through follicular epithelial cytoplasm (emperipolesis) was ob
served. 

There are numerous histopathological classifications of au to immune 
thyroiditis (reviewed by Bigazzi, 1979). One of the most commonly ac
cepted was first introduced by Woolner (Woolner et al, 1959; Woolner , 
1964), who distinguished " f o c a l " from "di f fuse" thyroiditis and within 
the latter group identified a " l y m p h o i d " type , an "oxyphi l ic ep i the l ium" 
type , and one with " p r o n o u n c e d epithelial des t ruc t ion . " Recently Yagi 
(1981) performed electron microscopic and immunohistochemical studies 
on thyroids classified within one of these three groups . H e has found that 
follicular s t ructure was usually maintained in the " l y m p h o i d " (L) and 
"oxyphi l ic ep i the l ium" (O) types , as compared to that observed in the 
" p r o n o u n c e d epithelial des t ruc t ion" (P) type , but degenerating follicles 
with focally b roken or very s t retched basement membranes were often 
found in both L and Ο types . Destruct ion of basement membranes by 
infiltrating lymphocytes and plasma cells was most often observed in the 
Ο type . Cells containing immunoglobulins (mostly IgG) in the s t roma and 
the follicles and immunoglobulin deposi ts (mostly IgG) in the basement 
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membranes , colloid, and s t roma were observed in the three types of 
thyroidit is . Similarly, Knech t et al. (1981) reported that most of the infil
trating plasma cells contain IgG. 

Doniach et al. (1979) reviewed the main features of the three histologi
cal variants of Hash imoto ' s thyroiditis and pointed out that the pat tern of 
the disease has changed considerably in the last 27 years . In the period 
be tween 1940 and 1950, Hash imoto ' s disease was considered quite rare 
and the pat ients usually had firm, diffuse, and rubbery goiters, They could 
be hypothyroid , euthyroid, and even hyperthyroid. The first pat ients 
studied immunologically had high titers of circulating autoantibodies to 
thyroglobulin, capable of precipitating in agar when reacted against that 
autoantigen. Histopathologically, these cases showed severely des t ruc
tive thyroidit is . On the o ther hand, in more recent years Hash imoto ' s 
disease has been diagnosed at earlier stages because of our increased 
awareness and unders tanding of this condition. Therefore, milder cases 
have become commonplace in thyroid clinics. The majority of pat ients 
now have small or moderate-s ized goiters and thyroid function tests that 
are normal or indicative of borderl ine hypothyroidism. The sera of such 
pat ients contain only t races of autoantibodies to thyroglobulin, while au
toantibodies to microsomal antigens are invariably present . Histologi
cally, their thyroids belong to the "hyperce l lu la r " or " o x y p h i l " variants 
of thyroidit is , character ized by a dense lymphocytic infiltrate with germi
nal centers and numerous Askenazy cells. 

Auto immune thyroiditis may be associated with various other disorders 
that possibly are of an au to immune nature (reviewed by Bigazzi, 1979). 
Thyroidit is and Addison ' s disease can occur in the same patient, a condi
tion defined as " S c h m i d t ' s s y n d r o m e . " Thyroiditis may also be associ
ated with myas thenia gravis , diabetes mellitus, systemic lupus erythema
tosus , and rheumatoid arthrit is . 

Finally, a few cases of immune complex-mediated glomerulonephrit is 
have been repor ted (O 'Reagan et al., 1976; Ploth et al., 1978; Jordan et 
al., 1978, 1981; Kalderon , 1980; Wee tman et al., 1981; Verger et al, 
1983). In these cases , the immune deposi ts were found to contain autoan
tibodies to thyroglobulin and thyroglobulin, but autoantibodies to thyroid 
microsomal antigens were also present or their presence could not be 
excluded. Therefore , it is difficult to determine which of the two types of 
autoantibodies was responsible for the glomerulonephrit is . It is well 
known that complexes formed be tween thyroglobulin and autoant ibodies 
to thyroglobulin do not bind complement in significant amounts (see p . 
176). This observat ion may suggest that the autoantibodies to microsomal 
antigens may have a major role in the few cases of immune complex 
glomerulonephri t is observed in thyroiditis pat ients . On the other hand, 
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rabbits injected with denatured thyroglobulin exper ience a glomeru
lonephritis due to the deposi t ion of complexes containing thyroglobulin 
and autoant ibodies to thyroglobulin (Nakamura and Weigle, 1969; Ger-
muth et al.y 1978) and it is possible that such a situation may occasionally 
occur in humans . 

E. IMMUNOLOGY 

1. Immunological Features 

As previously ment ioned, pat ients with auto immune thyroiditis experi
ence both humoral and cell-mediated immune responses to thyroid-spe
cific ant igens. Therefore , in this section we will first discuss the autoanti
gens character is t ic of the thyroid gland and then examine the au to immune 
responses that they are capable of generat ing. 

a. Thyroid-specific Antigens The thyroid contains several autoant igens , 
both in the colloid and the epithelial cells lining the follicles (reviewed by 
Shulman, 1971; Bigazzi, 1979). 

Thyroglobulin, s tored in the thyroid colloid, is the main iodoprotein of 
the thyroid gland and is the storage form of the thyroid hormones . It is 
also found in small amounts (10-100 ng/ml) in the circulation. It is a large, 
compact , water-soluble glycoprotein with a molecular weight of 
—660,000. Mos t thyroglobulin molecules have a sedimentat ion coefficient 
of 19S and contain two identical subuni ts , each consisting of a single 
polypept ide chain with a molecular weight —300,000. Only certain por
tions of the thyroglobulin molecule may be capable of causing autoim
mune responses : It was est imated that each molecule possesses —50 anti
genic de te rminants , of which 6 may be autoantigenic. Recent ly , N y e et al. 
(1980) noted that autoant ibodies to thyroglobulin in different human sera 
are directed against the same epi topes of thyroglobulin, confirming once 
more that only certain restr icted par ts of this molecule are capable of 
inducing au to immune responses . Their data are consistent with an esti
mate of two different major epitopic specificities, with occasional sera 
having ant ibodies directed against a third site. By a different approach 
and utilizing monoclonal antibodies to mouse thyroglobulin, Rose and his 
associates (1982) determined the presence of at least 8 different autoanti
genic de terminants on the thyroglobulin molecule. 

A second autoant igen, also stored in the colloid and termed colloid 
antigen second (CA2), is less well defined than thyroglobulin. The autoan
tigen CA2 const i tu tes a small percentage of the proteins in the colloid, is 
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different from thyroglobulin, appears to contain no iodine, and is distinct 
from the p H 3.6 thyroid pro tease . Although it was first described in 1961, 
there is still no definite information about its s t ructure and antigenic deter
minants . 

The epithelial cells of the thyroid follicles possess an antigen localized 
in their cytoplasm and termed microsomal because it was separated by 
ultracentrifugation in the microsomal fraction, distinct from the mito
chondrial and nuclear componen t s . The antigen is intimately associated 
with the l ipoproteins of microvesicles with smooth profiles, which are 
particularly abundant at the apical margin of the thyroid cells and repre
sent newly synthesized thyroglobulin droplets originating from the Golgi 
complex (reviewed by Doniach and Roitt , 1976). Mariotti et al. (1979) 
solubilized thyroid microsomal antigen(s) by several agents , including 
detergents , hyper tonic salts, and proteolytic enzymes . The greatest effi
ciency in te rms of absolute amounts of solubilized antigen was provided 
by Triton X-100, followed by deoxychola te . These results support the 
concept that thyroid microsomal antigen(s) are an integral membrane 
component (Pinchera et al., 1980). Additional evidence has also been 
provided by Khoury et al. (1981), who showed that some cell-surface 
antigens are identical with the thyroid " m i c r o s o m a l " antigens and that 
"microvi l la r /microsomal" surface antigens are normally localized on the 
apical pole of thyroid follicular cells. 

Very little is known about o ther organ-specific cell-surface autoanti
gens of the thyroid epithelium. They have been identified by mixed he
madsorpt ion (Kite et al., 1965; Jansson et al., 1968) and indirect immuno
fluorescence, and have been found to be distributed in discrete areas over 
the cell surface (Fagraeus and Jansson , 1970). Their relationship to the 
microvil lar/microsomal autoant igens is still unclear and is currently under 
investigation. 

Other autoant igens that may cause auto immune responses in patients 
with au to immune thyroiditis are the thyroid hormones T 3 and T 4 , the 
receptor for T S H (see section on Graves ' disease), and tubulin, the funda
mental protein of microtubules . 

b. Autoimmune Responses to Thyroid Antigens. Patients with autoim
mune thyroiditis exper ience both humoral and cell-mediated immune re
sponses to the various thyroid antigens described in the previous sec
t ions. 

Humoral Immune Responses. Most patients with auto immune thy
roiditis have circulating autoant ibodies capable of reacting in vitro with 
thyroglobulin, CA2, " m i c r o s o m a l " antigen, and other cell-surface au-
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toantigens (reviewed in Bigazzi, 1979). Occasionally, serum autoant ibo
dies to T 3 , T 4 , and the T S H receptor are also detected. 

Autoantibodies to Human Thyroglobulin (AHT). A H T can be de
tected by a variety of p rocedures , such as precipitation in agar, indirect 
immunofluorescence, passive hemagglutination, radio immunoassay , and 
E L I S A . Howeve r , most of the da ta repor ted in the l i terature have been 
obtained using the tanned-cell passive hemagglutination p rocedure ; as 
shown in Table I, A H T have been detected by this method in the sera of 
7 6 - 9 1 % of the pat ients with au to immune thyroidit is . Sera from histologi
cally p roven cases may be negative by the passive hemagglutination pro
cedure ; thus , a negative result does not exclude the diagnosis of autoim
mune thyroidit is . In such cases , indirect immunofluorescence for CA2 
and tests for microsomal ant ibodies may be useful. Autoant ibodies to 
thyroglobulin are also detected in the sera of 6 3 - 8 2 % of pat ients with 
pr imary myxedema , and when this condit ion has been staged on a clinical 
basis , A H T have been found in 47% of the patients with subclinical hypo
thyroidism, 7 5 % of those with mild hypothyroidism, and in 4 3 % of those 
with over t hypothyroidism. Autoant ibodies to human thyroglobulin are 
also detec ted in 2 8 - 6 5 % of pat ients with thyroid carc inomas , 2 8 - 5 0 % of 
pat ients with pernicious anemia, and up to 1 1 % of subjects without overt 
thyroid disorders (Tables I and II). When the incidence of thyroglobulin 
antibodies in normal subjects is analyzed in relationship to age and sex, it 
is found that normal women be tween the ages of 21 and 70 have a higher 
incidence of such autoant ibodies than men . Titers of A H T detected by 
tanned-cell pass ive hemagglutination are extremely high in pat ients with 
the fibrotic variant of Hash imoto ' s thyroidit is , and tend to be lower in 
most of the o ther pat ients with posit ive react ions. 

Recent ly , both rad io immunoassays and E L I S A have been employed to 
detect serum A H T . Approximately 86 -100% of patients with au to immune 
thyroidit is , as well as 8 7 - 8 9 % of pat ients with untreated Graves ' disease 
and 6 9 - 9 4 % of those with pr imary myxedema were found to have circu
lating A H T demonst rab le by radio immunoassay. Results obtained by 
E L I S A have been published by several investigators (Engvall and 
Per lmann, 1975; E n d o et al., 1980; Voller et al., 1980; McCoy et al., 
1983). In general , it has been stated that the results by E L I S A correlate 
quite well with those obtained by passive hemagglutination and radioim
munoassay (Endo et al, 1980). Howeve r , we tend to agree that , at least in 
the published pro tocols , E L I S A seems to have a lower sensitivity than 
rad io immunoassay H X (Voller et al., 1980). 

Autoant ibodies to human thyroglobulin are present in all immunoglobu
lin c lasses , with most of the ant ibody in the IgG class; up to 20% is IgA 
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TABLE II 
Incidence of Thyroglobulin Antibodies in 
Individuals without Overt Thyroid 
Disorders3 

Number of patients Positive (%) 

146 5.5 
52 6.0 

219 3.7 
387 18.0 

1000 6.0 
1297 5.7 

180 10.5 
336 13.1 
785 12.0 
154 14.2 
268 17.5 

Total tested 4824 8.7 

a From Rose and Bigazzi (1978). 

and never > 1 % is IgM. As far as IgG subclasses are concerned , 6 8 % of 
A H T is I g G l , 19% IgG2, 7% IgG3, and 6% IgG4 (Hay and Torrigiani, 
1974). T h u s , > 7 0 % of A H T are in subclasses that fix complement , and the 
poor complement fixation observed in this system may be dependent on 
the na ture of the thyroglobulin molecule , endowed with a limited number 
of autoantigenic de te rminants , ra ther than on the autoant ibodies . 

When A H T have been investigated by isoelectric focusing, all sera but 
one gave spect ro types characteris t ic of polyclonal responses (Nye et al., 
1981). These results are similar to those we have obtained by preparat ive 
isoelectric focusing of autoant ibodies to rat thyroglobulin (Zanetti and 
Bigazzi, 1981) and indicate that humoral au to immune responses to thyro
globulin are polyclonal in na ture . In spite of this, we have succeeded in 
obtaining " c o n v e n t i o n a l " (i .e. , heterologous and polyclonal) antiidioty
p e ant ibodies against A H T (McCoy et al., 1983). These results have been 
confirmed by Mat suyama et al. (1983), who detected cross-react ing 
idiotopes of A H T . 

Autoantibodies to the ''Colloid Antigen Second." Autoant ibodies to 
the "col loid antigen s e c o n d " are detectable only by indirect immuno
fluorescence on cryostat sect ions of thyroid, with a character is t ic bright 
green uniform staining pat tern of the entire colloid ( "g round-g lass" pat
tern) (Table III) . They were observed in 5 - 8 % of the sera found to be 
negative by o ther tes ts for thyroidit is , in 4 1 % of the sera of pat ients with 
thyrotoxicosis , in 3 8 % of the sera of those with primary myxedema , in 
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TABLE III 
Incidence of Circulating Antibodies to Thyroid "Microsomal" Antigen, CA2, 
and Gastric Parietal Cells in Patients with Thyroiditis and Other Conditions3 

"Microsomal" CA2 Gastric parietal 
Diagnosis antibodies 6 antibodies* cell antibodies* 

Chronic thyroiditis 89 32 
100 — 40 
85 — — 
— 73 — 

Primary 57 — 29 
hypothyroidism 

18 — — 
— 38 — 

Thyrotoxicosis 37 — 28 
66 — — 
— 41 — 

Pernicious anemia 26 — 76 
67 — 100 

SLE 27 — — 
Other "collagen" 7 — — 

diseases 
Liver cirrhosis 13 — — 
Viral hepatitis 35 — — 
Patients with 12 31 — 

allergic reactions 
Normal controls 4 — 5 

7 — 7 
0.4 — — 
2 4 — 
4 6 5 
5 — — 

α Modified from Rose and Bigazzi (1978). 
h Data represent percentage of positive. 

30% of the sera of relatives of pat ients with Hash imoto ' s thyroidit is , and 
in 4 - 6 % of the sera of control subjects. 

Autoantibodies to the Thyroid "Microsomal" Antigen (ATM) 
A T M can be detected by complement fixation, indirect immunofluores
cence , passive hemagglutination, radioimmunoassay, and E L I S A . For 
several years the most commonly used method was indirect immuno
fluorescence, by which A T M were detected in 85-100% of patients with 
auto immune thyroidit is , 57% of those with primary hypothyroidism, 2 6 -
67% of those with pernicious anemia, and 2 - 7 % of normal controls (Table 
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TABLE IV 
Incidence of Autoantibodies to 
Thyroid Microsomal Antigen (ATM) 
Detected by Passive 
Hemagglutination in the Sera of 466 
Normal Subjects of Various Ages a 

Age in 
years Males Females 

1-10 0 8 
11-20 0 12 
21-30 0 4 
31-40 4 16 
41-50 0 8 
51-60 12 28 
61-70 4 28 
71-80 16 20 
81-90 8 20 
91-100 0 20 

α Modified from Romanin (1979). 

III) . Less sensitive is complement fixation, which has given posit ive 
results in 5 5 - 7 3 % of sera found to be positive by indirect immunofluores
cence , and is not in common use . A hemagglutination method for A T M 
first developed in Japan has proved to be more sensitive than complement 
fixation and as sensitive as indirect immunofluorescence. Because of its 
simplicity, this p rocedure has become the preferred test to demons t ra te 
circulating A T M . By this method, A T M have been detected in the sera of 
8 5 - 9 5 % of pat ients with Hash imoto ' s thyroiditis and 6 6 - 8 6 % of those 
with G r a v e s ' d isease ; A T M are also present in the sera of normal sub
j ec t s , with a higher incidence in older women (Table IV). Recent ly , A T M 
have been measured by E L I S A in the sera of 104 patients with thyroid 
autoant ibodies (Schardt et al., 1982) and a highly significant correlat ion 
was observed with the results obtained by passive hemagglutination. As 
for the detect ion of A H T , it is to be expected that eventually E L I S A will 
be the preferred method for A T M , especially when testing large numbers 
of sera. 

Cytotoxic Autoantibodies. Cytotoxic autoantibodies are present in 
the sera of most pat ients with au to immune thyroiditis. These antibodies 
are effective in the presence of complement against cells dispersed with 
trypsin from thyrotoxic and normal thyroids . Khoury et al. (1981) demon
strated a comple te correlat ion be tween complement-mediated ant ibody-
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dependent cytotoxici ty and cell-surface immunofluorescence on freshly 
dispersed thyroid cells. This finding confirmed previous observat ions sug
gesting that cytotoxic antibodies are identical with A T M . 

Autoantibodies to Thyroid Cell-Surface Antigens. Autoant ibodies 
to thyroid cell-surface antigens have been found in 98% of sera from 
patients with au to immune thyroiditis, 76% with thyrotoxicosis , and 34% 
with nontoxic goiter (Fagraeus and Jansson , 1970). Ongoing investiga
tions should finally determine whether these autoantibodies are directed 
against the same cell-surface components that are the target of A T M . 

Autoantibodies to the TSH Receptor. Circulating autoant ibodies to 
the T S H receptor are found in 10-15% of patients with auto immune thy
roiditis (Smith, 1981; Davies , 1983). In some cases these antibodies can 
act as T S H agonists and stimulate thyroid function (through stimulation of 
intracellular product ion of cyclic AMP) , even though hyperthyroidism 
may not occur because of extensive thyroid destruct ion. Thyroid growth-
promoting autoantibodies, a distinct population of thyroid-stimulating an
t ibodies, have also been demonst ra ted in the circulation of thyroiditis 
patients (Drexhage et al., 1980; Valente et al., 1983). These autoant ibo
dies might be responsible for the goiter observed in patients with autoim
mune thyroidit is . 

Autoantibodies against lodothyronins. Rarely, patients with 
au to immune thyroiditis are found to have serum autoantibodies against 
iodothyronins (Ginsberg et al., 1978; Faerch et al., 1980). It has been 
shown that such autoant ibodies are directed against parts of the thyro
globulin molecule containing thyroxyl res idues, even though the thyroxyl 
may not be the moiety originally involved in initiating the au to immune 
response (Himsworth et al., 1983). 

Circulating Immune Complexes. Finally, circulating immune com
plexes have been demonst ra ted by the Raji cell radioimmunoassay and 
Clq solid phase radioassay in up to 7 8 % of patients with au to immune 
thyroidit is . Mariott i et al. (1979) demonst ra ted that some of these immune 
complexes contain thyroglobulin; however , they do not bind complement 
in significant amounts . This may explain why immune complex-mediated 
renal disease is not a characterist ic feature of autoimmune thyroidit is . 

Autoantibodies to Other Antigens. Autoant ibodies to o ther anti
gens , such as those of gastric parietal cells, are also present in the circula
tion of pat ients with au to immune thyroiditis (Table III) . 

c. Ceil-Mediated Immune Responses. Most patients with au to immune 
thyroiditis have cell-mediated immune responses to thyroid autoant igens, 
detectable by various procedures (reviewed by Calder and Irvine, 1975; 
Bigazzi, 1979). 
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TABLE V 
Delayed Hypersensitivity Reactions to Thyroid Antigens in Patients with 
Thyroid Disorders3 

Diagnosis 

Percentage 
of positive 
reactions Test 

Chronic thyroiditis 40 Leukocyte migration inhibition 
63 Leukocyte migration inhibition 
87 Leukocyte migration inhibition 
67 Leukocyte migration inhibition 
64 Lymphocyte cytotoxicity 

Graves' disease 82 Leukocyte migration inhibition 
Thyroid controls 15 Leukocyte migration inhibition 
Autoimmune controls 12 Leukocyte migration inhibition 
Normal controls 0 Leukocyte migration inhibition 

0 Leukocyte migration inhibition 
4 Leukocyte migration inhibition 
0 Lymphocyte cytotoxicity 

a Modified from Rose and Bagazzi (1978). 

In early in vivo s tudies, posit ive skin react ions were obtained in the 
majority of pat ients after the intradermal injection of thyroid extract . 
However , it is difficult to determine in re t rospect whether such react ions 
were due to delayed-type hypersensit ivi ty or an Arthus phenomenon . 

In vitro tes ts have shown that lymphocytes from patients with autoim
mune thyroiditis p roduce lymphokines after stimulation with thyroid anti
gens (Table V) . Soborg and Halberg (1968) first demonst ra ted that the 
addition of c rude thyroid extract to culture chambers containing periph
eral blood leukocytes in capillary tubes caused the inhibition of migration 
of leukocytes from 6 of 15 pat ients with auto immune thyroidit is . These 
results were later confirmed by other investigators, who noted inhibition 
of leukocyte migration in 6 3 - 8 6 % of patients with au to immune thyroidi
tis. The percentage of positive react ions observed varies according to the 
antigens used for lymphocyte stimulation. Calder and associates (1972) 
observed inhibition of migration in 66% of patients when crude thyroid 
extract was used versus 40% with purified thyroglobulin and 27% with 
thyroid ' ' m i c r o s o m a l " antigen. In a similar study by War tenberg and 
associates (1973a,b), leukocyte migration inhibition was obtained in all 
pat ients with au to immune thyroiditis after stimulation with thyroid " m i 
c r o s o m a l " antigen but not after incubation with thyroglobulin. 

A direct cytotoxic effect of lymphocytes from patients with autoim
mune thyroiditis has been repor ted by several invest igators. Podleski 
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(1972) first showed that mouse mas tocy toma cells coated with purified 
human thyroglobulin were lysed by lymphocytes from 6 of 11 pat ients 
with Hash imoto ' s thyroidit is , while similar target cells coated with " m i 
c r o s o m a l " antigen were des t royed by lymphocytes from 7 of the same 
pat ients . Similar results have also been obtained using chicken red blood 
cells coated with thyroglobulin and monolayers of dog or human thyroid 
epithelial cells (Laryea et al., 1973; Seybold et al, 1981; Iwatani et al., 
1982). Recent ly , Chow et al. (1983) demonst ra ted that natural killer (NK) 
cell activity against thyroid cells was present in Hash imoto ' s pat ients , but 
with no significant difference from normal subjects. On the other hand, 
thyroiditis pat ients had depressed N K activity against K562 human tumor 
cells. These observat ions do not exclude a possible role of N K cells as a 
mechanism for thyroid cell destruct ion in Hash imoto ' s thyroidit is , but 
indicate that o ther mechanisms (perhaps K-cell-mediated lysis) may have 
a more important role. 

Resul ts obtained with a third in vitro assay, lymphocyte stimulation, 
have been controversial . Some investigators have failed to observe blast 
t ransformation or increased thymidine incorporation when lymphocytes 
from pat ients with au to immune thyroiditis were incubated with thyroid 
ant igens, while o thers have obtained positive results in most or all pa
tients with Hash imoto ' s thyroiditis (reviewed by Calder and Irvine, 1975; 
Bigazzi, 1979). In view of these contradictory repor ts , a more recent 
study has been performed using improved methods in cell separat ion, cell 
cul ture , and cell harvest ing (Aoki and DeGroot , 1979). By using increas
ing levels of thyroglobulin in lymphocyte cul tures , blastogenic responses 
have been observed in 71.4% of Hash imoto ' s patients versus 9 . 1 % of 
normal controls . 

d. Antibody-Dependent Cellular Cytotoxicity (ADCC). This immunologi
cal phenomenon is a combinat ion of both humoral and cellular immunity, 
since it requires the binding of specific antibodies to their target cells and 
the a t tachment of nonsensi t ized lymphoret icular cells to the Fc region of 
those ant ibodies , followed by target cell death through an extracellular 
nonphagocyt ic mechanism. Among the cells involved in A D C C are lym
phocytes that have been termed Κ cells, bear F c receptors , and do not 
belong to ei ther the mature T- or B-cell population. 

React ions of A D C C have been observed using sera or lymphocytes 
from pat ients with au to immune thyroiditis (reviewed by Calder and Ir
vine, 1975; Bigazzi, 1979). When sera from these patients were incubated 
with thyroglobulin-coated chicken erythrocytes and normal human lym
phocytes , lysis of the target cells was obtained in 6 6 - 7 4 % of cases . One 
group of investigators observed a correlation with the titer of IgG A H T , 
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while another group did not notice any correlat ion. When lymphocytes 
from pat ients with Hash imoto ' s thyroiditis were used in an A D C C assay 
performed with chicken ery throcytes coated with IgG antibodies against 
chicken red cells , a significant increase in K-cell cytotoxic activity was 
found in pat ients that were either newly diagnosed and untreated or had 
received t rea tment for < 1 year (Calder et al., 1976). Interestingly, Suzuki 
et al. (1980) repor ted that 3 0 - 4 5 % of pat ients with Hash imoto ' s thyroidi
tis have circulating A H T cytophilic for human monocytes , and that such 
" a r m e d " monocy tes become cytotoxic against thyroglobulin-coated 
chicken e ry throcytes . Finally, a microcytotoxici ty assay for thyroid-spe
cific A D C C , developed using human thyroid epithelial cells as targets , 
confirmed that Hash imoto ' s sera have significantly more cytotoxic activ
ity than normal sera (Iwatani et al., 1982). When peripheral Κ cells were 
measured by a plaque assay, it was noted that patients with euthyroid or 
hypothyroid Hash imoto ' s disease have higher numbers of Κ cells than 
normal cont ro ls , but the difference is not statistically significant. On the 
o ther hand, the K- lymphocyte counts in thyrotoxic patients with Hashi
mo to ' s disease are significantly higher. 

2. Immunological Derangements 

At present , we have no unders tanding of the underlying cause(s) of 
au to immune thyroidit is . As in many other condit ions of uncertain origin, 
au to immune or not , one can suspect that viral infections and hormonal 
and/or genetic factors contr ibute to the disease . It has also been hypothe
sized that one or more abnormali t ies of the immune sys tem, such as 
deficiencies of Τ suppressor cells, excess of T-cell help, polyclonal B-cell 
act ivat ion, and derangements of the id iotype-ant i id iotype ne twork , may 
be the cause of au to immune thyroiditis as well as of o ther au to immune 
diseases . In addit ion there may be underlying defects in the thyroid gland 
itself (reviewed by Rose et al., 1981; Bigazzi, 1983; Rose , 1983). 

In 1971, Allison suggested that Τ lymphocytes play a key role in pre
venting autoimmuni ty and that failure of T-cell feedback control is a 
major factor allowing the development of au to immune disease (Allison et 
al., 1971; Allison, 1971). This suggestion has generated an interesting 
series of investigations on the number and function of Τ lymphocytes and 
their subpopula t ions . 

Initial s tudies on the number of Τ lymphocytes present in the peripheral 
blood of pat ients with au to immune thyroiditis produced ra ther contradic
tory resul ts , since some investigators found higher numbers than in con
trols , o thers observed lower numbers , and others did not notice any sig
nificant difference (reviewed by Bigazzi, 1979). Similarly conflicting are 
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TABLE VI 
Subpopulations of Τ Lymphocytes in Peripheral Blood Lymphocytes of Patients with 
Autoimmune Thyroiditis (AT) and Normal Controls 

Percentage of Ratio of suppressor 
cytotoxic/suppressor cells to helper cells 

References Method AT Controls AT Controls 

Thielemans 
et al. (1981) 

Canonica 
et al. (1982) 

Sridama 
et al. (1982) 

Bonnyns 
et al. (1983) 

Iwatani 
et al. (1983) 

Jansson 
et al. (1983) 

McLachlan 
et al. (1983b) copy, OKT 

Mabs 
Wall et al. IF micros-

(1983) copy, OKT 
Mabs 

IF micros
copy, OKT 
Mabs 

IF micros
copy, OKT 
Mabs 

IF micros
copy, OKT 
Mabs 

IF microscopy 
and flow „ 
cytofluorimetry, mal) 
OKT Mabs 

Flow cyto
fluorimetry 
Leu Mabs 

IF micros
copy, OKT 
Mabs 

IF micros- 30 ± 2 

20.3 ± 1.1 

36 ± 4 

18.5 ± 7.6 

77 ± 36 
(of nor-

25.9 ± 0.9 

29 ± 1 

23.7 ± 5.1 

100 ± 26 

22.1 ± 5.7* 23.3 ± 5.2 
23.2 ± 8.1* 
23.5 ± 5.1C 

25 ± 4 28 ± 8 

32 ± 2 

2.7 ± 1.0 1.9 ± 0.6 

2.1 ± 0.3 

2.0 ± 0.2 

2.0 ± 0.7 

1.7 ± 0.2 

1.62 ± 0.18 1.55 ± 0.18 

a Euthyroid. 
b Hypothyroid. 
c Hyperthyroid. 

the results obtained by more recent studies performed with monoclonal 
antibodies to surface antigens of suppressor/cytotoxic Τ lymphocytes . As 
shown in Table VI , some investigators have reported that pat ients with 
au to immune thyroiditis have a significant decrease of O K T 8 + (suppres
sor/cytotoxic) cells in their peripheral blood (Theilemans et al., 1981; 
Sridama et al., 1982; Misaki et al., 1983), but numerous others have failed 
to confirm these findings (Canonica et al., 1982; Bonnyns et al., 1983; 
Jansson et al., 1983; McLach lan et al., 1983b; Wall et al., 1983). 

Studies aimed at an evaluation of suppressor T-cell function ra ther than 
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numbers have also produced contradictory results . Some investigators 
have repor ted a deficiency of such function in patients with au to immune 
thyroiditis ( O k i t a ^ a/., 1981; N o m a et al, 1982; Pacini etal, 1982), while 
others have found no significant difference from normal controls (Beall 
and Kruger , 1980b; M a c L e a n et al, 1981; Wall and Chart ier , 1981). 

Finally, there are only a few published studies of Τ suppressor cells 
within the infiltrated thyroid gland of Hash imoto ' s pat ients . One group of 
investigators (Baur et al., 1983; Jansson et al., 1983) reported a relative 
decrease in O K T 8 + cells (13 ± 6%), a higher ratio of O K T 4 + to O K T 8 + 
cells (4.7 ± 1.7) and an increase in Β cells (27 ± 6%). Another group 
(MacLachlan et al., 1983b) found no decrease in O K T 8 + cells (22%), with 
normal O K T 4 + : O K T 8 + (1.8), while Β cells were increased (28%). 

The contrast ing results obtained in studies enumerat ing Τ lymphocytes 
and their subsets or evaluating suppressor function may be due to numer
ous variables , such as the methods employed to count lymphocyte popu
lations (usually rosett ing or fluorescence microscopy on a relatively small 
number of cells), the monoclonal antibodies used to detect T-cell subsets 
and differences in pa t ien ts ' populat ions . Investigations of thyroid lym
phocytes are also biased by the lack of appropriate controls , such as the 
use of lymphocytes from lymph nodes adjacent to the thyroid ra ther than 
peripheral blood lymphocytes as is commonly done . Obviously , ethical 
considerat ions render the use of such controls practically impossible. In 
any case , at p resent it seems reasonable to conclude that investigations of 
Τ suppressor cells have failed to clarify the role of these cells in autoim
mune thyroidit is . However , in spite of the lack of conclusive confirmatory 
evidence , All ison 's at t ract ive hypothesis keeps being resurrected , like an 
immunological phoenix . As an example , Iwatani et al. (1983) recently 
found, by microfluorimetry, no significant difference in absolute counts 
and percentages of L e u 2 a + (suppressor/cytotoxic) lymphocytes in the 
peripheral blood of Hash imoto ' s pat ients versus normal controls . When 
they examined the peak position of fluorescence intensity of each T-cell 
subset , they found that patients with hypothyroid or thyrotoxic Hashi
moto ' s disease had a decrease in the peak of fluorescence intensity of 
L e u 2 a + cells, while pat ients with euthyroid disease had normal values . 
Assuming that antigen density of Leu2a (represented by the peak posit ion 
of fluorescence intensity) is correlated with suppressor T-cell function, 
these investigators have suggested that generalized Τ suppressor-cell 
function is decreased in hypothyroid or hyperthyroid Hash imoto ' s dis
ease . Obviously, even if their assumption were correct , the normal values 
observed in euthyroid pat ients with au to immune thyroiditis would still 
raise some doubts about the role of Τ suppressor cells. In this respect , the 
observat ions by Bonnyns et al. (1983) may be of some relevance and 
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suggest al ternative possibilities. These investigators found a negative cor
relation be tween levels of free thyroxine in the serum and percentage of 
suppressor /cytotoxic Τ cells in the peripheral blood, so that hyper-
thyroid patients or patients t reated with thyroxine have lower levels of 
O K T 8 + . 

Other investigations of lymphocyte function in auto immune thyroiditis 
have been less controversial . There is general agreement that antigen-
binding lymphocytes reacting with thyroid antigens are increased in pa
tients with Hash imoto ' s disease (reviewed by Bigazzi, 1979). In addition, 
it has been shown that both PBM and thyroid lymphocytes are capable of 
producing autoant ibodies to thyroid antigens. Beall and Kruger (1980a,b) 
first demons t ra ted that cultures of PBM from patients with auto immune 
thyroiditis p roduce A H T after stimulation with pokeweed mitogen 
(PWM). In this culture sys tem, no deficiencies of T-cell suppression or 
excesses of T-helper activity were noted. These observat ions have been 
confirmed and expanded by other investigators, who have also reported 
significant numbers of plaque-forming cells against human thyroglobulin 
in ΡWM-st imulated cultures of PBM from patients with auto immune thy
roiditis (McLachlan et al, 1981; Wee tman et al, 1982; Weiss et al, 1982; 
Weiss and Davies , 1982; McLachlan et al, 1983a). Lymphocy tes bearing 
receptors for human thyroglobulin have been purified from PBM of 
Hash imoto ' s pat ients and were found to synthesize A H T of the IgM class 
after activation with Eps t e in -Ba r r virus (McLachlan et al, 1983c). When 
similar studies have been performed on thyroid lymphocytes from infil
trated thyroids of Hash imoto ' s pat ients , it has been noted that such cells 
synthesize large amounts of A H T and/or A T M without the need of stimu
lation with mitogens (Weetman et al, 1982; McLachlan et al, 1983c). 
Thus , thyroid lymphocytes are activated sites of autoant ibody synthesis , 
while peripheral blood lymphocytes are not. 

3. Mechanisms of Damage 

In spite of 27 years of research, it is not clear whether thyroid damage is 
caused by autoant ibodies , sensitized lymphocytes , or both mechanisms 
combined. 

Circulating autoant ibodies to thyroid antigens are present in most pa
tients with au to immune thyroiditis and may cause cell death and inflam
matory infiltration. Autoant ibodies to surface antigens of thyroid cells 
(possibly including " m i c r o s o m a l " antibodies) may directly damage the 
epithelial cells of the thyroid gland by their cytotoxic activity. However , 
the presence and titers of circulating ATM and A H T do not seem to 
correlate well with the severity of thyroiditis. Still, autoantibodies to 
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thyroid antigens might cause damage indirectly through the in situ forma
tion of immune complexes in the thyroid. 

Initial s tudies performed by immunofluorescence on thyroids from pa
tients with Hash imo to ' s disease showed that immunoglobulins and com
plement componen t s were bound to colloid material within the thyroid 
follicles and were also present in the interstitial spaces (reviewed by 
Bigazzi, 1979). La te r investigations demonst ra ted heavy granular de
posits of IgG, IgM, IgA, and C3 as well as thyroglobulin at the level of the 
follicular basement membrane and in the interfollicular spaces (Werner et 
ai, 1972; Kalderon and Bogaars , 1977; Koh et aly 1983). The major 
objection against a pathogenic role of such deposits is based on the well-
known finding that immune complexes composed of thyroglobulin and 
autoant ibodies to human thyroglobulin do not bind complement in signifi
cant amoun t s , possibly because of the spatial ar rangement of the few 
autoantigenic determinants on the thyroglobulin molecule. However , 
fragments of thyroglobulin containing the appropriate epi topes might be 
involved in in situ immune complex formation within the thyroid, generat
ing deposi ts capable of binding complement . 

Autoant ibodies may also cause damage when associated with lympho
cytes , as is the case in ant ibody-dependent cell-mediated cytotoxici ty. 
This is another at t ract ive possibility, but the evidence available is very 
scarce . In any case , the inflammatory infiltrates observed in au to immune 
thyroiditis contain both Τ and Β lymphocytes , as well as thyroglobulin-
binding cells and lymphocytes containing antibodies to thyroglobulin (re
viewed by Bigazzi, 1979). Thus , a pathogenet ic role of cell-mediated im
munity seems quite possible. 

Sensit ized lymphocytes might mediate thyroid damage directly or 
through the release of lymphokines . A number of these media tors , from 
migration inhibitory factor (MIF) or leukocyte inhibitory factor (LIF) to 
lymphotoxin , have been demonst ra ted in autoimmune thyroidit is . Ei ther 
M I F or L I F might cause thyroid infiltration and damage by the stimula
tion and immobilization of macrophages within the thyroid, while lym
photoxin might have a direct toxic effect on the thyroid epithelial cells 
themselves . Howeve r , as in the case of thyroid autoant ibodies , no corre
lation has been established be tween lymphokines and the course and 
severity of the disease . 

Over the years , the cell necrosis and the inflammatory infiltration ob
served in au to immune thyroiditis have been explained on the basis of 
either a humoral or a cell-mediated mechanism. However , because of the 
lack of decisive evidence , it seems more reasonable to assume that both 
humoral and cellular mechanisms may be responsible for the t issue dam
age, acting concurrent ly or in a s tepwise sequence . 
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Until recent ly , the mechanisms underlying another important manifes
tation of au to immune thyroiditis, the goiter, had not been well under
stood. Doniach et al. (1979) suggested that growth-stimulating autoanti
bodies might be responsible for thyroid cell hyperplasia. These 
autoant ibodies would act on T S H receptors through other mechanisms 
than A M P stimulation. Evidence in favor of this hypothesis has been 
recently presented by two research groups (Drexhage et al., 1980; Va-
lente et al., 1983). 

4. Immunogenetics 

Initial studies of the immunogenet ics of auto immune thyroiditis have 
given contradictory and inconclusive results (reviewed by Bigazzi, 1979). 
More recent ly, an associat ion be tween HLA-DR5 and goitrous thyroiditis 
has been repor ted (Weissel et al., 1980; Farid et al., 1981; Thomsen et al., 
1983). On the o ther hand, pat ients with atrophic thyroiditis have a high 
frequency of DR3 and a low frequency of DR5 (Farid et al., 1981). Pre
vious observat ions had shown that pr imary atrophic hypothyroidism (but 
not Hash imoto ' s goiter) is associated with HLA-B8. 

On the basis of these resul ts , it seems likely that atrophic and hyper
trophic thyroiditis are two different entities and not different stages of the 
same disease . It is possible that the early immunogenetic studies of 
au to immune thyroiditis obtained contradictory results because they did 
not differentiate be tween various clinical manifestations. More precise 
investigations may actually suggest different pathogenetic and etiological 
mechanisms of thyroidit is . 

5. Laboratory Diagnosis 

As ment ioned previously, the immunological diagnosis of au to immune 
thyroiditis is based on the determinat ion of circulating A H T and A T M by 
passive hemagglutination. Doniach et al. (1979) noted that " c l a s s i ca l " 
Hash imoto ' s goiters present ing with hypothyroidism almost a lways have 
high titers of both autoant ibodies . However , the majority of today ' s pa
tients are euthyroid with small goiters and usually have only A T M in their 
serum. E L I S A s for bo th autoantibodies are now available, and it is likely 
that in the future they will be routinely employed. 

F . CONCLUDING REMARKS: FUTURE PROSPECTS 

In the 28 years since Witebsky and Rose first reported on the induction 
of experimental au to immune thyroidit is , enormous progress has been 
made in our unders tanding of autoant igens, humoral and cell-mediated 
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auto immune responses , and the pathogenesis and etiology of au to immune 
thyroidit is . Howeve r , it is only fair to point out that there are still numer
ous and crucial a reas of uncer ta inty . 

As far as autoant igens are concerned , it is hoped that future studies will 
reveal whe ther thyroglobulin, microsomal , or perhaps some other still 
unidentified antigen is the one primarily responsible for the initiation of 
thyroidit is . Alternatively, the various autoantigens may be found to be 
involved in different variants of this condit ion. Fur ther research on the 
mechanisms of thyroiditis may identify which one of the numerous possi
bilities is involved in the initial thyroid damage. Conversely , the patho
genesis may vary according to the different forms. It is obvious that well-
focused immunogenet ic studies will be of great importance in the solution 
of these issues , and will be expected to shed some light on the heterogene
ity of au to immune thyroidit is . 

Another a rea requiring additional study relates to the control of autoim
mune responses to thyroid ant igens. One can hope that future research 
will reveal whe ther suppressor Τ cells, id iotype-ant i id iotype ne twork , 
both mechan i sms , or some other yet unidentified regulation system is 
involved in the maintenance of self-tolerance (or nondestruct ive levels of 
self-recognition). Recent developments of basic immunology, such as 
monoclonal ant ibody product ion, T- and B-cell cloning, and nucleic acid 
probes will undoubtedly help in the solution of these problems. 

II . G R A V E S ' D I S E A S E 

A . INTRODUCTION: HISTORICAL BACKGROUND 

Graves (1835) and von Basedow (1840) independently recognized the 
disease that came to be called after the former investigator in English-
speaking countr ies and after the latter on the continent of Eu rope . Its 
major features are tachycardia , nervousness , t remor , enlargement of the 
thyroid, and in some cases , exophtha lmus . Based on the similarity of this 
syndrome to the effects of over t rea tment of myxoedema with desiccated 
thyroid, Mobius (1887) suggested that overactivi ty of the thyroid gland 
was the basis of the disease . Histological studies showed that the thyroid 
gland was hyperplast ic in G r a v e s ' d isease . Moreover , extracts of thyroid 
tissue adminis tered to animals elicited the essential features of Graves ' 
disease. Significantly, extracts of glands from patients with Graves ' dis
ease were no more potent in eliciting these symptoms than were ext rac ts 
of normal thyroids , indicating that the thyroids of pat ients with Graves ' 
disease did not contain any unique agent absent from normal glands. 
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The pioneering investigations of Marine and Lenhar t (1909) showed 
that a deficiency in iodine caused thyroid hyperplasia and that administra
tion of iodine corrected this effect. In the face of iodine deficiency, the 
thyroid stored iodine in an effort to maintain function at a normal ra te . In 
contras t , the hyperplast ic thyroid of Graves ' disease took up extra iodine 
and cont inued to pour out its hormones at an increased ra te , an effect that 
could somet imes be remedied by iodine t rea tment . 

The role of the anter ior pituitary in regulating thyroid activity was 
demonst ra ted by Rumph and Smith (1926), who described the action of 
thyroid-stimulating hormone (TSH) or thyrotropin in hypophysectomized 
ra ts . These studies led to the logical suggestion that some cases of hyper
thyroidism may be at tr ibutable to overactivity of the anterior pituitary. 
Other evidence , however , pointed to primary defects in the thyroid gland 
itself. One group of cases , first identified by Plummer (1913) as hyperfunc
tioning adenomas , p roduced symptoms of hyperthyroidism. However , 
the most important s tep in discovering the etiology of Graves ' disease was 
taken by Adams and Purves (1956) when they demonst ra ted the presence 
of long-acting thyroid stimulator (LATS) in the serum of a patient with 
recurrent thyrotoxicosis and exophtha lmus . 

The discovery of L A T S depended on the earlier demonstra t ion that 
thyroid function can be assayed in vivo by measuring uptake of 1 3 1 I . Injec
tion of thyrotropin into guinea pigs produces as much as a 500-fold in
crease in 1 3 1 I up take by the thyroid within 3 to 6 h. Adams and Purves 
(1956) noticed that the serum of some patients had only a modes t effect at 
3 h, but cont inued to produce elevated 1 3 1 I uptakes as long as 24 h after 
injection. They were thereby able to develop a bioassay that distinguished 
be tween the effects of thyrotropin at 3 h and L A T S at 16 h. By adapting 
the p rocedure to the mouse , McKenz ie (1958) developed a practical bio
assay for L A T S . 

The nature of L A T S remained a mystery for many years . However , 
Kriss et al. (1964) showed the presence of L A T S activity in highly purified 
7S gamma globulin from Graves ' serum. Ant iserum to human IgG neutral
ized the L A T S bioassay. Moreover , Kriss et al. (1964) demonst ra ted that 
L A T S activity could be absorbed by the insoluble sediment of human 
thyroid t issue. L A T S is not neutralized by ant iserum to T S H , showing 
that the IgG is not serving simply as a carrier protein for thyrotropin. 
Meek et al. (1964) split immunoglobulin-containing L A T S activity into its 
const i tuent heavy and light chains by reduction and alkylation, and found 
that biological activity was present in isolated heavy chains but not in 
light chains . Activity was localized in the F a b , but not F c , por t ions . These 
studies clearly showed that L A T S is an antibody and led to the introduc-
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tion of the te rm "thyroid-st imulat ing an t i body" (TSAb) as a more apt 
designation for L A T S . 

The early investigations of L A T S depended upon the mouse bioassay. 
Unfortunately, only about half of the cases of Graves ' disease were found 
to have L A T S activity. This inability to demonst ra te L A T S was first 
at t r ibuted to a lack of sensitivity of the bioassay. In the course of further 
investigations of this apparent insensitivity of the assay, Adams and Ken
nedy (1967) absorbed L A T S with human thyroid homogenates , repeating 
the earlier exper iments of Kriss et al. (1964). They found, unexpectedly , 
that the sera of certain LATS-negat ive Graves ' patients interfered with 
the absorbing capacity of thyroid homogenates . This blocking agent was 
shown to be an immunoglobulin, and was named " L A T S p r o t e c t o r . " 
When both L A T S and L A T S protec tor were measured , posit ive react ions 
were found in almost all cases of G r a v e s ' disease. L A T S seems to be a 
TSAb that reacts with both mouse and human thyroids , whereas L A T S 
protec tor is restr icted to human thyroid antigen. 

B . GENERAL DESCRIPTION 

Graves ' d isease , also called toxic diffuse goiter, is a triad of hyper thy
roidism, infiltrative ophtha lmopathy , and infiltrative dermopathy . These 
manifestations do not necessarily appear together , and often run courses 
independent of each other . Although Graves ' disease is the most common 
cause of hyper thyroidism, the same clinical features can be produced by 
any condit ion producing an excess of thyroid hormones . Thyroid function 
tests designed to assess the homeosta t ic control of thyroid functions, such 
as the thyroid suppression test , are therefore of little use in the differential 
diagnosis of G r a v e s ' disease. The most specific indicator of Graves ' dis
ease is the p resence of T S A b , which is found in 9 3 % of Graves ' pat ients 
and in —20% of pat ients with Hash imoto ' s thyroiditis, especially those 
with some evidence of Graves ' disease such as ophthalmopathy (Rapo-
port et al., 1984). T S A b are not found in normal subjects or in euthyroid 
relatives of G r a v e s ' pa t ients , even those with antibody to thyroid micro
somes or thyreoglobulins (Banovac et al., 1981). 

In some respec ts , the clinical manifestations of TSAb mimic the actions 
of thyrotropin . Thyrot ropin reacts with a specific glycoprotein receptor 
located on the p lasma membrane of thyroid cells, and act ivates receptor-
linked adenyl cyclase , which produces c A M P and cAMP-media ted acti
vation of cellular metabol ism to produce increased amounts of the thyroid 
hormones T 4 and T 3 . Normal ly , these thyroid hormones reduce the syn
thesis of thyrotropin through feedback inhibition of the adenohypophysia l 



PIERLUIGI Ε. BIGAZZI AND NOEL R. ROSE 

thyrotropin-releasing hormone (TRH). Produced by the hypotha lamus , 
T R H reaches the anterior pituitary through the blood vessels of the hypo
thalamic pituitary portal system. This complex interplay of hormones 
results in the normal homeostas is of thyroid function. However , if an 
abnormal factor acts on the thyroid as if it were T S H and continues to be 
produced independent ly of the circulating levels of T 4 and T 3 , the hor
mone-producing thyroid cells will hyper t rophy; the patient will become 
profoundly hyper thyroid , and thyroid suppression tests will be abnormal ; 
that is, T S H concentra t ion in the serum will be low in the face of in
creased iodide uptake and thyroid product ion. This situation is character
istic of G r a v e s ' d isease . 

C. HlSTOPATHOLOGY 

In Graves ' d isease, lymphocyt ic infiltration with germinal center forma
tion is a regular feature, but is generally less in incidence and intensity 
than that seen in Hash imoto ' s thyroiditis. Tot terman (1978) studied the 
distribution of Τ and Β lymphocytes in needle aspirates from the thyroid 
glands of seven pat ients with Graves ' disease, including four who were 
euthyroid due to medicat ion, and found an approximately equal propor
tion of Τ and Β lymphocytes . In four pat ients , Τ lymphocytes were in 
excess . Aanderud et al. (1982) also reported a preponderance of Τ cells in 
the thyroid glands, even though the levels of Τ cells in circulating blood 
were below normal in Graves ' pat ients . They attributed the reduct ion in 
circulating Τ cells to drug therapy. Skoldstam et al. (1978) examined the 
glands of six Graves ' pat ients and found that the proport ions of Β and Τ 
lymphocytes were comparable to their venous blood levels. 

Analysis of Τ cells using monoclonal antisera demonst ra ted that there 
was a significant decrease in total Τ cells ( O K T 3 + ) and helper Τ cells 
( O K T 4 + ) in thyroid tissue compared with peripheral blood, but the ratio 
of helper to suppressor cells ( O K T 4 + : O K T 8 + ) was not different from 
the values obtained from peripheral blood (McLachlan et al.f 1983b). 
Thyroid lymphocyte suspensions synthesized relatively large amounts of 
antibody to thyroid microsomes or thyroglobulin in culture without the 
need for mitogenic stimulation. In contrast , peripheral blood lymphocytes 
secreted ant ibody only after addition of mitogen or antigen to the cul
tures , as descr ibed later. These findings emphasize the importance of the 
thyroid gland as the major site of autoantibody synthesis . 

Kalderon and Bogaars (1977) observed electron-dense deposits in the 
follicular basal laminae of the basement membrane associated with lym
phocyt ic and plasma cell infiltration of thyroids from patients with 
Graves ' d isease . By immunofluorescence, these deposits were found to 
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correspond with the distribution of immunoglobulins and thyroglobulin, 
suggesting that they represented locally produced immune complexes . 

D . IMMUNOLOGY 

1. Immunological Features 

Although much evidence shows that TSAb is an antibody to the thyro
tropin receptor , Fenzi et al. (1980) were able to remove thyrotropin 
receptors by affinity chromatography and find that T S A b , but not T S H , 
still bound to thyroid membranes . In addition, Solomon and Chopra 
(1980) found that T S H did not prevent absorpt ion of L A T S protector into 
thyroid membranes . These exper iments have thrown doubt on the view 
that T S A b reacts directly with the T S H receptor . In an a t tempt to resolve 
this point , T S A b and T S H were mixed with solubilized thyroid mem
branes . T S H receptor and T S A b receptor complexes could be found, but 
there were no T S H - T S A b receptor complexes . These data suggest that 
T S A b and T S H compete with each other for the neighboring binding sites 
on the TSH-recep to r molecule. E n d o et al. (1981) showed that T S A b from 
Graves ' disease pat ients will bind to T S H receptor in t issues other than 
thyroid; for example , on fat cells. Finally, Wenzel et al. (1981) demon
strated that the peripheral blood of Graves ' patients contained increased 
numbers of Β lymphocytes that bound partially purified thyrotropin re
ceptor . 

H u m a n monoclonal antibodies were produced from heterohybr idomas 
obtained by fusing mouse myeloma cells with peripheral lymphocytes 
from pat ients with Graves ' disease (Valente et al., 1982). T w o of these 
antibodies st imulated thyroid function in the mouse bioassay. These stim
ulating ant ibodies reacted strongly with galactoside preparat ions from 
human thyroids . Other monoclonals did not produce stimulation, but they 
were capable of inhibiting or blocking TSAb from Graves ' disease sera. 
These two antibodies did not react with human thyroid glalactosides, but 
were s trong inhibitors of thyrotropin binding to l iposomes, which con
tained a glycoprotein with high affinity for T S H . Thus , all four mono
clonal antibodies reacted with the determinants on or closely neighboring 
the functional T S H receptor on the thyroid cell. 

In pat ients with hyper thyroidism, it is possible to show a close correla
tion be tween the levels of L A T S protector and 1 3 1 1 uptake by the thyroid. 
The da ta provide strong evidence that L A T S protector is the direct cause 
of the hyper thyroidism of Graves ' d isease . L A T S itself shows no signifi
cant correlat ion with thyroid up take . On the o ther hand, L A T S has a 
powerful effect in raising the blood iodide level of rhesus monkeys , 
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whereas potent sera with L A T S protector were inactive. Adams et al. 
(1974) performed exper iments using L A T S protec tor sera in human vol
unteers . They found that an infusion of plasma with L A T S protector 
produced a highly significant and prolonged increase in the recipients ' 
blood iodine levels, giving direct evidence that L A T S protector has a 
st imulatory effect on the human thyroid. 

Thyroid-st imulating ant ibody is detectable by bioassay in most but not 
all pat ients who have been diagnosed as having Graves ' disease. One 
problem is that the disease is difficult to diagnose. Graves ' disease is not 
the only cause of hyper thyroidism; for example , toxic adenomas or dif
fuse mult inodular goiters can produce hyperthyroidism not associated 
with ophtha lmopathy or other immunological dis turbances . In addit ion, 
the bioassay is difficult to carry out and may not be sufficiently sensitive 
to demonst ra te a stimulating factor in the serum of all patients with 
Graves ' disease. 

Shishiba et al. (1973) were the first to show an in vitro effect of L A T S 
protector . Applied to slices of human thyroid t issue, Graves ' sera caused 
an increase in the number of intracellular colloid droplets . Onaya et al. 
(1973) later repor ted that sera from thyrotoxic patients caused the accu
mulation of cyclic A M P when applied to human thyroid slices. This 
method was s tandardized by Rapopor t et al. (1984). Tests that measure 
blocking of T S H binding to thyroid membrane preparat ions have also 
been used to measure T S A b (Tao and Kriss , 1982; Kishihara et al., 1978). 

Conflicting results have been reported for T-cell transformation when 
lymphocytes from Graves ' pat ients are cultured with phytohemagglutinin 
(Calder and Irvine, 1975). Yet , suppressor T-cell function is decreased in 
peripheral lymphocytes from Graves ' disease patients (Pacini et al., 
1982). Moreover , it has been shown that Β lymphocytes cultured with 
either phytohemagglutinin or crude human thyroid antigen will secrete 
TSAb into the medium (Knox et al., 1976a,b). These findings support the 
view that Β cells capable of responding to normal thyroid antigens are 
permit ted to respond by a lowered level of suppressor Τ cells. 

Recent ly , Drexhage and his colleagues (1980) found that patients with 
goitrous G r a v e s ' disease or goitrous Hash imoto ' s thyroiditis have an anti
body in their serum that promotes thyroid growth, but does not increase 
iodine uptake . In some respects , these thyroid growth-promoting antibod
ies mimic the growth-promoting effects of thyrotropin. 

Tao and Kriss (1982) described high levels of membrane-binding anti
bodies in pat ients with G r a v e s ' disease. This binding antibody did not 
correspond with the presence of T S A b or o ther thyrotropin-binding activ
ity. Fur the rmore , the binding activity was present in a variety of o ther 
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auto immune diseases , such as Hash imoto ' s thyroiditis, systemic lupus 
e ry thematosus , mixed connect ive t issue disease , and rheumatoid ar
thritis. 

Although optha lmopathy is frequently associated with the hyper thy
roidism of Graves ' d isease, it is probably a distinct pathological p rocess ; 
TSAb correlate with hyper thyroidism, but not with eye disease. Winand 
and K o h n (1979) demonst ra ted an interaction be tween eye muscle mem
branes , thyrotropin subfragments, and an antibody in the sera of Graves ' 
pat ients . On the other hand, Kriss et al. (1967) postulated that there is a 
pr imary binding of thyroglobulin to eye muscle membranes followed by 
the formation of thyroglobul in-ant i thyroglobul in immune complexes . Fi
nally, K o d a m a et al. (1982) demonst ra ted circulating organ-specific auto
antibody against a soluble eye muscle antigen in Graves ' ophthalmo
pathy. 

2. lmmunogenetics 

A significant associat ion be tween HLA-B8 and Graves ' disease has 
been descr ibed in several studies of Caucasian populat ions (Farid et al., 
1975; Grumet et al., 1975). An even closer association was recorded 
be tween G r a v e s ' disease and HLA-Dw3 (Thorsby et al., 1975). In the 
Japanese , G r a v e s ' disease has been found to be associated with HLA-
Bw35 (Grumet et al., 1975). Farid et al. (1976) found that HLA-B8 
homozygosi ty increased the relative risk of disease severalfold over het
erozygosi ty. This finding was interpreted to mean that the disease-suscep
tibility gene for Graves ' disease is recessive. 

More recent ly, Farid (1981) reported an association of the IgG heavy 
chain marker Gmfb haplotype and Graves ' disease. These studies show 
that two distinct genetic sys tems have a major effect on susceptibility to 
Graves ' d isease , one associated with HLA and the other with Gm. Since 
they sort independent ly , a combinat ion of these two variables may be 
highly predict ive of genetic predisposit ion to develop Graves ' d isease . 

3. Laboratory Diagnosis 

At present , there is no satisfactory method for measuring TSAb for 
clinical purposes . The McKenz ie mouse bioassay (McKenzie , 1958) (to
gether with the test for L A T S protector) is performed with concent ra tes 
of serum immunoglobulins and seems to be the most sensitive and de
pendable method , but it is laborious and expensive and requires a rela
tively large volume of serum. The in vitro assays are less tedious, but do 
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not yet provide dependable diagnostic information in the doubtful cases 
where they are most needed. The best hope for the future seems to reside 
in developing bet ter binding immunoassays with the isolated thyrotropin 
receptor . 

Interestingly, Banovac et al. (1981) found that euthyroid relatives of 
patients with G r a v e s ' disease did not have L A T S in their serum, nor was 
thyroid-stimulating ant ibody demonstrable using the c A M P stimulation 
test on human thyroid slices. Only a few sera were weakly positive in the 
TSH-binding inhibition assay. On the other hand, many of the sera of 
asymptomat ic relatives of Graves ' patients contained antibodies to thy
roid microsomes or to thyroglobulin (see Table I). Thus , although euthy
roid relatives have evidence of a basic immunological defect leading to 
thyroid autoimmunity , thyroid-stimulating antibody is not present . 

E. TREATMENT 

Graves ' disease tends to follow either a relapsing or a remitting course . 
The natural progression of the disease may be interrupted by ablation of 
the thyroid through subtotal thyroidectomy or the use of radioiodine, but 
the most usual t rea tment is effected by antithyroid drugs. Irvine et al. 
(1977) repor ted that the rate of relapse of Graves ' pat ients after with
drawal of anti thyroid drugs was much higher in patients with the HLA-B8 
haplotype than in 2?S-negative pat ients . The persis tence of thyroid micro
somal antibodies after withdrawal of therapy correlated significantly with 
the presence of HLA-B8. The association was more pronounced in pa
tients who remained in remission. In view of these findings, Irvine et al. 
(1977) suggested that Graves ' pat ients be typed for HLA and those who 
are B8 positive be given longer term treatment with antithyroid drugs. 

The influence of thyroidectomy on thyroid-stimulating antibodies in 
Graves ' disease was studied by Werner et al. (1967), who found that 
L A T S decreased during the months after operat ion. Smith et al. (1976) 
found a dramat ic fall in T S A b to undetectable levels within 1 to 5 days 
after subtotal thyroidectomy in most patients with Graves ' disease. 
Within 8 h after surgery, TSAb increased in Graves ' patients (Bech et al., 
1982), suggesting that removal of the thyroid gland released antibody into 
the circulation. Interestingly, there was a parallel increase in serum levels 
of free thyroglobulin and a decline in A H T . These changes probably indi
cated a shower of thyroglobulin from the gland and subsequent formation 
of immune complexes . A secondary rise in TSAb correlated with an in
crease in A H T , probably attr ibutable to stimulation of peripheral lympho
cytes by antigens liberated from the thyroid (Knox et al., 1976a). 
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F . CONCLUDING REMARKS 

The pr imary cause of Graves ' disease is still unknown, but there is good 
reason to believe that autoimmunity is responsible for the pathogenesis of 
this disorder . In addition to their endocrinological symptoms , Graves ' 
pat ients have a variety of immunological abnormali t ies , including general
ized lymphoid hyperplasia , lymphocyt ic infiltration of the thyroid and 
retroorbital t i ssues , and autoant ibodies to thyroid and other endocr ine 
organs . There is a familial associat ion of Graves ' disease with other 
au to immune endocr inopathies . Fur the rmore , lymphocytes isolated from 
the thyroid glands of Graves ' pat ients as well as their peripheral blood 
lymphocytes can be st imulated to produce T S A b by culturing with ei ther 
a nonspecific mitogen or a specific antigen. There is also evidence that 
cell-mediated immunity may play a role in Graves ' disease. However , the 
major pathogenet ic agent is certainly ant ibody to the thyrotropin recep
tor. These antibodies appear to be heterogeneous and associated with a 
number of biological activit ies, including binding, blocking, and stimulat
ing of the receptor . Perhaps in the future the general term " thyro t rop in 
receptor a n t i b o d y " will replace the o ther operational te rms for this anti
body. 

Thyrot ropin receptor antibodies are not the only autoant ibodies to thy
roid found in this d isease . High ti ters of thyroglobulin antibodies occur in 
—25% of G r a v e s ' pat ients (Table I) and —50% of Graves ' pat ients have 
antibodies to thyroid microsomes (Table III) . The reason why the thyroid 
should be subjected to several distinct auto immune aggressions is un
clear, but it is plausible that an initial immunological injury to the thyroid 
stimulates secondary or even tert iary auto immune responses in geneti
cally susceptible individuals. 

All thyroidologists agree that the demonstra t ion of thyroid-stimulating 
antibodies has contr ibuted important ly to our understanding of Graves ' 
disease. Howeve r , considerable cont roversy surrounds the practical ap
plication of these assays . Most clinicans feel the assays are of little assis
tance in diagnosis and management of patients and are too t ime consum
ing and expens ive . We suggest that the technical improvement of these 
assays will add significantly to the earlier detect ion, more accura te diag
nosis , and more effective t rea tment of Graves ' disease. 
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I. INTRODUCTION 

Auto immune endocr inopathies coexist in single patients or in in indi
vidual pedigrees , and thus are often component entities of an au to immune 
polyglandular syndrome. This fact has been appreciated most readily 
among patients with au to immune Addison ' s disease, accounting for the 
considerable interest shown in this relatively rare disease. Whereas the 
frequency of au to immune involvement of many endocrine t issues at the 
same time suggests an underlying defect in the hos t ' s immunoregulatory 
network responsible for maintaining tolerance to self antigens, it also is 
clear that o ther putat ive auto immune diseases such as the collagenoses or 
multiple sclerosis are not more common in patients with endocrine 
autoimmunit ies . These findings suggest that endocrine glands may share 
common antigenic determinants and that autoimmunity against one of 
them frequently is associated with involvement of other glands. 

In common with all diseases considered to be of autoimmune origin, the 
au to immune endocr inopathies are thought to be polygenic, with one or 
more genes linked to the B-D region of the HLA gene complex on the 
short a rm of ch romosome VI. Incomplete penet rance is often seen, and 
the role of environmental factors is believed to be of importance in trig
gering express ion of the disease. Viral agents often are suspected in the 
latter regard. 

In this chapter , we will present the knowledge that is currently avail
able pertaining to autoimmunity of the adrenal gland, including the histor
ical and etiological considerat ions . Emphas is will be placed upon the 
associat ions of Addison ' s disease with other auto immune diseases . Such 
associat ions comprise the polyglandular auto immune syndromes . 

II. HISTORICAL ASPECTS 

In 1849, Thomas Addison, a physician at G u y ' s Hospi tal , London , 
described a group of pat ients with severe anemia. In three patients upon 
whom he performed autopsies , disease of the suprarenal capsules was 
identified, suggesting to Addison a state of cause and effect. In this initial 
paper (Addison, 1849), there is no mention of increased dermal pigmenta
tion but ra ther descript ions of waxy pallor of the skin. It is plausible that 
Addison descr ibed pernicious anemia that coincidentally occurred in pa
tients with coexis tent adrenalit is and/or adrenal a t rophy. Six years later in 
1855, Addison published his classical observat ions of clinical adrenocort i 
cal failure. Of the 11 cases repor ted , 7 were men and 4 were women . F o u r 
had tuberculosis , 4 had malignancies, and the origin of disease of the 
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adrenal glands was unexplained in 3. Interestingly because of the associa
tion, one of the lat ter had vitiligo (Addison, 1855). 

In 1862, Wilks proposed to name the suprarenal syndrome " A d d i s o n ' s 
d i s e a s e " (Wilks, 1862). Sixty years later, Brenner noted that Addison ' s 
disease was clinically apparent only when most of the adrenal cor tex had 
been des t royed , and symptoms were present even if the medullary por
tions of the gland remained intact (Brenner , 1928). Shortly afterward, 
Swingle and Pfiffner demons t ra ted that suprarenal cortical extracts could 
maintain the lives of adrenalectomized cats (Swingle and Pfiffner, 1930). 
These ext rac ts eventually proved to be beneficial when used on pat ients 
by Rount ree at the Mayo Clinic (Rountree and Snell, 1931). The cycle of 
cause ( i .e . , adrenal a t rophy or destruct ion) and effect (i .e. , clinical Addi
son ' s d isease ; which was reversible by adrenocort ical hormones) had 
been closed. 

Over the decades of the twentieth century , tuberculosis as a significant 
cause of adrenal failure was to fade in Western countr ies . Howeve r , 
pat ients with Addison ' s disease cont inued to be seen. In 1926, Schmidt 
descr ibed the s imultaneous lymphocyt ic infiltration of both the thyroid 
gland and the adrenal cort ices in two patients with Addison ' s disease 
(Schmidt , 1926). An au to immune polyglandular syndrome had thus been 
descr ibed. The observat ion of Schmidt provided a foundation for an im
munological explanat ion for both Hash imoto ' s and Addison ' s d iseases . In 
1964, Carpenter was to add significantly to Schmidt ' s syndrome by con
firming that insulin-dependent diabetes was more common than normal in 
pat ients with " S c h m i d t ' s s y n d r o m e " (Carpenter et al., 1964), a situation 
repor ted earlier (Wehrmacher , 1961). 

Ev idence for an au to immune pathogenesis of any of these entities was 
first provided by Doniach and Roitt in 1957, in their initial descript ions of 
the first organ-specific autoant ibody. The disease was Hash imoto ' s dis
ease and the autoant ibody was a circulating precipitin reacting to thyro
globulin (Doniach and Roitt , 1957). Shortly afterward, autoant ibodies re
acting to adrenocort ical cells were discovered (Anderson et al., 1957; 
Blizzard and Kyle , 1963) in the sera of patients with nontuberculous , 
" i d i o p a t h i c " Add i son ' s disease . Many studies confirming the immunolog
ical nature of " i d i o p a t h i c " Addison ' s disease followed, and the complex
ity of the polyglandular syndromes associated with adrenal autoimmunity 
grew rapidly. In 1981, Neufeld, Blizzard, and Maclaren proposed that 
these syndrome complexes were divisible into two enti t ies, provisionally 
named types I and II au to immune polyglandular syndromes (Neufeld et 
al., 1981). This division has enhanced our unders tanding of polyglandular 
au to immune disease . 
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III. A D D I S O N ' S D I S E A S E A N D A U T O I M M U N E 

P O L Y G L A N D U L A R S Y N D R O M E S ( A P S ) 

As outlined above , Addison ' s original cases included several that may 
have had combined idiopathic adrenal a t rophy with pernicious anemia 
and at least one with vitiligo (Addison, 1849, 1855). In addition to the 
reports of Schmidt (1926) and Carpenter et al. (1964), there have been 
multiple repor ts of polyglandular failures (Dunlap, 1963; Turkington and 
Lebovi tz , 1967; Appel and Holub , 1976; Irvine, 1978; Irvine and Barnes , 
1975; Neufeld et al., 1981) (see Table I) . Beaven expanded on the associa
tion be tween Addison ' s disease and diabetes mellitus (Beaven et al., 
1959), as did others (Nerup and Binder, 1973; Bot tazzo et al., 1974; N e r u p 
1974c; Riley et al., 1980). Other investigators noted increased frequencies 
of Graves ' disease (Irvine, 1978; Males etal., 1971), of pernicious anemia/ 
atrophic gastritis (Addison, 1849; Irvine, 1978; Doniach et al., 1963; 
Strickland, 1969; Forcier et al., 1972; Meecham and Jones , 1967), of 
goiter/thyroiditis (Schmidt , 1926; Carpenter et al., 1964; Neufeld et al., 
1981; Irvine and Barnes , 1975; Beaven et al., 1959; Ne rup and Biner, 
1973; N e r u p , 1974c; Riley et al, 1980; Cunliffe et al, 1968b; McHardy-
Young et al, 1972; Kiaer and N0rgaard , 1969; Christy et al, 1962; Ed
monds et al, 1973; Gast ineau et al, 1964; Gharib et al, 1972; Karlish and 
McGregor , 1970; N e r u p , 1974a; Solomon et al, 1965), of hypopara thy
roidism and/or chronic mucocutaneous moniliasis (Neufeld et al, 1981; 
Thorpe and Handley , 1929; Blizzard et al, 1966; Blizzard and Gibbs , 
1968; Block et al, 1971; Castells et al, 1971; Craig et al, 1955; Hung et 
al, 1963; Irvine and Barnes , 1975; Kenny and Holliday, 1964; Morse et 
al, 1961; Myllarniemi and Perheentupa , 1978; Perheentupa and Hickkala , 
1973; Pear lman, 1961; Spinner et al, 1968; Stankler and Bensher , 1972; 
Tomar et al, 1979; Vazquez and Kenny , 1973; Weinberg et al, 1976; 
Wells et al, 1972; Whitaker et al, 1956; Wuepper and Fudenberg , 1967; 
Bronsky et al, 1958; Drury et al, 1970; Golonka and Goodman , 1968; 
Spinner et al, 1969; Arulanantham et al, 1979; Neufeld et al, 1981, as 
reviewed in Eisenbar th et al, 1979), vitiligo and/or alopecia (Addison, 
1855; Neufeld et al, 1981; Irvine and Barnes , 1975; Cunliffe et al, 1968b; 
Blizzard and Gibbs , 1968; Perheentupa and Hickkala, 1973; Eisenbar th et 
al, 1979; Betterle et al, 1979; Bor et al, 1969; Brostoff et al, 1969; 
Collen et al, 1979; Cunliffe et al, 1968a; Dawber , 1970; Frey et al, 1973; 
Grunnet et al, 1970; H a r m a n s et al, 1969; Her tz et al, 1977; Howi tz and 
Schwar tz , 1971; Kern et al, 1973; McGregor et al, 1972; Muller and 
Winkleman, 1963), of myas thenia gravis (Kane and Weed, 1950; Eisen
barth et al, 1978; Fr i tze et al, 1976), of hypogonadism/inferti l i ty/amenor-
rhea (Neufeld et al, 1981; Blizzard and Kyle , 1963; Turkington and Le-
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TABLE I 
The Autoimmune Entities That Occurred in 295 Patients (183 Females and 
112 Males) Who Had Addison's Disease as Part of a PGA Syndrome* 

Female 
Associated to male 

entity Number % Females Males Ratio 

Autoimmune thyroid 162 55 112 50 2.2 
disease 

Insulin-requiring 118 40 66 52 1.3 
diabetes 

Hypoparathyroidism 54 18 33 21 1.6 
Mucocutaneous 52 15 29 23 1.3 

candidiasis 
Alopecia 24 8 14 10 1.4 
Gonadal failure 20 7 15 5 3.0 
Vitiligo 16 5 8 8 1.0 
Malabsorption 5 5 6 10 0.6 
Pernicious anemia 10 3 5 6 0.8 
Chronic active 9 3 6 3 2.0 

hepatitis 

a From Neufeld et al. (1981). Reproduced with permission of the editor of 
Medicine (Baltimore). 

bovi tz , 1967; E l d e r s al, 1981; Christy et al, 1962; E d m o n d s et al, 1973; 
Irvine and Barnes , 1975; Perheen tupa and Hickkala, 1973; Vazquez and 
Kenny , 1973; Weinberg et al, 1976; Golanka and Goodman , 1968; Collen 
et al, 1979; Crispell and Parson, 1952; Irvine and Barnes , 1974; Irvine et 
al, 1968; Matz and Tucker , 1969; Ruehsen etal, 1972; Ayala et al, 1979; 
Irvine et al, 1967), of coeliac disease (Neufeld et al, 1980a; Cooper et 
al, 1978), of hypopitui tar ism/hypophysi t is (Kiaer and N0rgaard , 1969; 
Castells et al, 1971; Bot tazzo and Doniach, 1978; Gleason et al, 1978; 
Ludwig and Schernthaner , 1978; Bot tazzo et al, 1975; Goudie et al, 
1968; Rupp et al, 1953), and of chronic active hepatitis and malabsorpt ion 
syndromes (Neufeld et al, 1981; Perheentupa and Hickkala , 1973; Van 
Thiel et al, 1977) among patients with nontuberculous ( " a u t o i m m u n e " ) 
Addison ' s d isease and other pat ients with au to immune polyglandular syn
dromes . F r o m these repor ts in the l i terature and from a series of pat ients 
that we were able to assemble ourselves with the help of colleagues from 
the L a w s o n Wilkins Pediatric Endocr ine Society, we were able to divide 
pat ients with au to immune Addison ' s disease into two types as based 
principally on disease associat ions and ages of onsets (Neufeld et al, 
1979, 1980a, 1981) as adapted by Eisenbar th and Jackson (1981) (see Table 
Π) . 
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TABLE II 
Addison's Disease in Polyglandular Autoimmune Disease: Type I and 
Type IP 

Entity Type I (%) Type II (%) 

Addison's disease 71/71 (100) 224/224 (100) 
Hypoparathyroidism 54/71 (76) 
Chronic mucocutaneous 52/71 (73) 

candidiasis 
Autoimmune thyroid 8/71 (Π) 154/224 (69) 

disease 
Insulin-requiring diabetes 3/71 (4) 117/224 (52) 
Chronic active hepatitis 9/71 (13) 
Malabsorption syndromes 16/71 (22) 
Alopecia 23/71 (32) 1/224 (0.5) 
Pernicious anemia 9/71 (13) 1/224 (0.5) 
Gonadal failure 12/71 (17) 8/224 (3.6) 
Vitiligo 6/71 (8) 10/224 (4.5) 
Female/male 43/28 145/79 

ratio 1.5 1/8 
HLA Associations No constant findings B8 (Al) 

° From Neufeld et al. (1981). Reproduced with permission of the 
editor of Medicine (Baltimore). 

A . TYPE I AUTOIMMUNE POLYGLANDULAR SYNDROME 

(BLIZZARD'S SYNDROME) 

This complicated and relatively rare syndrome complex is seen almost 
exclusively in children. It is defined by the occurrence of at least two of 
the three d iseases—chronic mucocutaneous moniliasis, acquired hypo
parathyroidism, and au to immune (autoantibody-posit ive) Addison ' s dis
ease . 

These principal diseases usually make their onset in a uniform order ; 
that is, moniliasis first, hypoparathyroidism second, and Addison ' s dis
ease last, albeit one of these components may not appear (Neufeld et al., 
1981). Fur ther , o ther complicat ions such as pernicious anemia and hypo
gonadism tend to occur last, characteristically during the teenage years or 
later. At t imes, the hypocalcemia of hypoparathyroidism may be masked 
in the presence of concomitant Addison ' s disease, only to declare itself 
after steroid replacement therapy has been initiated. Alopecia and vitiligo 
may be seen, and often the degree of these skin lesions is striking; alope
cia totalis with virtual absence of body hair, and vitiligo that extends to 
the head causing large areas of completely depigmented white hair. 

Difficulties with malabsorpt ion are common, and these are due to a 
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variety of causes . Achlorhydr ia due to gastric a t rophy, which is associ
ated with autoant ibodies against gastric parietal cells, is common. Defi
ciency of IgA immunoglobulin has been repor ted. Perhaps because of the 
latter two prob lems , overgrowth of bacteria in the upper intestine (jejunal-
duodenum) is not uncommon , as is invasive giardiasis (J. Andres , N . 
Maclaren , and D . Barret t , pers . obs . ) . Fur ther , some of the pat ients may 
be heavily afflicted with o ra l -eosophagea l -eus tach ia l moniliasis, often 
with concomitant enlargement of the parotid glands resembling that seen 
with the sicca syndrome, which may indeed coexist . Chronic active hepa
titis (HA.Ag-negat ive type) is distressingly common among such pat ients , 
and all pat ients should be screened routinely for this problem whenever 
type I A P S has been diagnosed. Pernicious anemia is also seen, especially 
among older pat ients . The pernicious anemia is of the classical type al
though it p resents at an unusually young age, while bacterial overgrowth 
of the intest ine and chronic active hepatic disease are compounding vari
ables that contr ibute to vitamin B j 2 deficiency seen. Hypogonadism in 
associat ion with autoant ibodies against steroid hormone-producing cells 
is also fairly common , as discussed below. 

In many ins tances , elevations of pituitary gonadotrophins may be less 
than expected for pr imary hypogonadism, suggesting a more complex 
explanation for the hypogonadism manifesting as lack of sexual develop
ment or amenor rhea than solely that of destruct ive lymphocytic gonadal 
inflammation. In addit ion, many patients are malnourished and chroni
cally ill from chronic hepatit is and malabsorpt ion, e tc . , and may have a 
secondary hypogonadotrophic hypogonadism on this basis . Others may 
have involvement of the anterior pituitary gland as ment ioned above . In 
contras t to the associated features of type I APS mentioned above , Hashi
mo to ' s d isease and insulin-requiring diabetes are unusual . Notwi ths tand
ing, the lat ter diseases are described in patients with type I A P S , which 
suggests to us that such instances may represent interactions of separate 
au to immune genotypes . 

W e have been following a 15-year-old boy with full express ion of the 
type I A P S pheno type for > 5 years . In all that t ime, he has exhibited 
strongly posit ive pancreat ic islet-cell autoant ibodies , including the com
plement-fixing type , without insulin-dependent diabetes becoming appar
ent . Other pat ients with type I APS and no diabetes whom we have 
studied have lacked islet-cell autoant ibodies . One additional pat ient , how
ever , had autoant ibodies to pancreat ic a cells, al though there was a nor
mal reserve of glucagon. 

Several recent repor ts suggest that pat ients with type I APS may have 
an underlying defect in Τ lymphocytes . To our knowledge, the numbers of 
circulating lymphocytes have not been repor ted to be deficient; however , 
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the inability to eradicate monilia, which is characterist ic of this disorder , 
strongly suggests the presence of a T-cell defect (Ehligen, 1969). This may 
be partially correctable with the use of transfer factor (Kirkpatrick, 1979). 
One group has suggested that such patients may have defective T-cell 
suppressor functions (Arulanantham et al, 1979), which seems a reason
able explanat ion; however , in several patients whom we studied using the 
O K series of monoclonal ant ibodies , we found an increase ra ther than a 
deficiency of the O K T 8 + cytotoxic/suppressor T-cell subset . Noting the 
aggregation of these several immunological defects, including possible 
polyclonal B-cell expansion with proliferation of multiple autoant ibodies , 
defective functioning T-cell immunosuppress ion, and defective cell-medi
ated immunity, we speculated that defective T- to B-cell suppression in 
these pat ients may be present without similar T- to T-cell suppressive 
defects. Depressed T-cell immunity could therefore result. Obviously fur
ther studies are required on this group of patients to validate this specula
tion. 

There are some similarities be tween type I APS and the BB rat model 
(Naknooda et al, 1977), in that widespread autoimmunit ies are associated 
with severe defects in Τ lymphocytes . In this strain of rat , these defects 
appear to result from defective T-lymphocyte maturat ion, which results in 
Τ lymphopenia and markedly defective T-cell functions (Elder and Ma-
claren, 1983; Maclaren and Elder , 1983; Elder et al, 1982). 

B . TYPE II AUTOIMMUNE POLYGLANDULAR SYNDROME 

(SCHMIDT-CARPENTER'S SYNDROME) 

This considerably more common form of A P S occurs at all t imes of life, 
especially in middle-aged Caucasoid women . It is defined by the occur
rence of Addison ' s disease in association with thyroid auto immune dis
ease and/or insulin-dependent diabetes . If a sibling of a patient with type 
II polyglandular au to immune disease has only auto immune thyroid dis
ease and diabetes mellitus, that patient also can be classified as having 
type II polyglandular au to immune disease. Pernicious anemia occurs 
more frequently in mid-life or later; pernicious anemia of early onset as in 
type I APS is not found. Although a few individuals with type II A P S have 
been repor ted to have gonadal failure, which is associated with high levels 
of circulating pituitary gonadotrophins (Neufeld et al, 1981; Irvine and 
Barnes , 1974, 1975; Christy et al, 1962; Edmonds et al, 1973; Crispell 
and Parson, 1952; Irvine et al, 1968; Matz and Tucker , 1969; Ruehsen et 
al, 1972; Neufeld et al, 1980a), its occurrence is at least considerably 
less frequent than in type I A P S . Indeed, Elder and Maclaren could not 
find any of > 5 0 0 insulin-dependent diabetic patients to have clinical hy-
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pergonadotrophic hypogonadism or associated gonadal autoant ibodies 
(Elder et al, 1981). 

The occur rence of chronic active hepatit is in type II APS is rare in 
relationship to its high frequency in type I A P S . Gonadal failure and/or 
chronic active hepatit is are seen, however , in type II A P S , which may 
also reflect the posit ive interaction of separate au to immune genotypes . 

I V . A U T O A N T I B O D I E S A N D A U T O I M M U N E 

A D D I S O N ' S D I S E A S E 

A . ADRENOCORTICAL-SPECIFIC AUTOANTIBODIES 

In 1957, Anderson repor ted the presence of complement-fixing autoan
tibodies to saline ext rac ts of human adrenal and thyroid glands in 2 of 10 
pat ients with Add i son ' s disease (Anderson et al, 1957), and later several 
groups using similar methods or indirect immunofluorescence repor ted 
> 5 0 % of Addisonian pat ients to be posit ive for adrenocort ical autoant ibo
dies (Blizzard and Kyle , 1963; I rvine, 1978; Irvine and Barnes , 1974, 
1975; N e r u p and Binder , 1973; N e r u p , 1974c; Riley et al, 1980; Blizzard 
et al, 1966; Spinner et al, 1969; Irvine et al, 1968; Ruehsen et al, 1972; 
Elder et al, 1981; Goudie et al, 1966, 1968; Satsion et al, 1980). The 
antigen or antigens responsible are present in human, monkey , bovine , 
rabbit , and guinea pig adrenal glands, but not in rodent adrenals or in (at 
least some) human adrenocort ical neoplasms (Blizzard and Kyle , 1963; 
N e r u p , 1974b; Anderson et al, 1968; Andrada et al, 1968). Normal hu
man glands or those with adrenal hyperplasia are preferred as the source 
of antigen when testing for adrenal autoantibodies (Elder et al, 1981). 
Fixat ion of the t issue prior to use renders it unacceptable to demons t ra te 
adrenocort ical autoant ibodies (Elder et al, 1981), which coincides with 
the suggestions of Blizzard and of Goudie and colleagues that the antigen 
is probably a l ipoprotein predominant ly of microsomal origin (Blizzard 
and Kyle , 1963; Goudie et al, 1968; Anderson et al, 1968). 

Adrenocort ical autoant ibodies usually react with all layers of the adre
nal cor tex ; however , instances of weak react ions , best demonst ra ted 
against the zona glomerulosa layer, have been noted in pat ients with 
insulin-dependent diabetes (Riley et al, 1980). Adrenocort ical autoanti
bodies have not been identified in tuberculous Addison ' s d isease , suggest
ing that they do not arise secondari ly as a consequence of destruct ion of 
the adrenal cor tex (Irvine and Barnes , 1975; Neufeld et al, 1981). The 
high specificity of adrenocort ical autoant ibodies for " a u t o i m m u n e " Addi
son ' s disease can also be surmised because of the low frequency of these 
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autoant ibodies in the general populat ion. Nerup found only 0 . 1 % posi t ive, 
while Goudie in his s tudy of 702 normal control patients found only 4 to be 
posit ive, a rate of 0.6%. Riley et al. (1980) had identical findings, but in a 
more recent s tudy of >2000 normal control individuals, we found that the 
frequencies of adrenal autoant ibodies increase somewhat with age, while 
the autoant ibody was more frequent in women than in men at all ages (N. 
Maclaren and W. Riley, 1985). 

Adrenal autoant ibodies generally occur at low titers in the serum simi
lar to those seen for pancreat ic islet cell autoantibodies in insulin-depen
dent diabetes (Irvine and Barnes , 1975). However , the natural history of 
the autoant ibody in respect to the appearance of adrenocort ical insuffi
ciency is not yet clear. By analogy to insulin-dependent diabetes (Gor-
such et al., 1981), they would be expected to appear long before Addi
son ' s disease becomes apparent and to disappear coincident with the loss 
of the immunizing adrenal autoantigen in adrenal a t rophy. C. Ke tchum, 
W. Riley, and N . Maclaren (1984) recently investigated 15 patients with 
positive adrenocort ical autoant ibodies (half had insulin-dependent diabe
tes) but without over t Addison ' s disease for evidence of adrenocort ical 
insufficiency. The results indicated that more than half of the pat ients 
with adrenal autoant ibodies had chemical evidence of adrenal hormone 
deficiencies, which was made most obvious by finding elevations of 
A C T H levels in the mid- and late afternoon and renin levels in the early 
morning when the patients were recumbent . These adrenotrophic hor
mones were elevated in more than half of all patients with adrenocort ical 
autoant ibodies , in contrast to the normal levels, which were found in both 
diabetic and normal controls without adrenal antibodies (see Section VII) . 
This situation is similar to the elevations of plasma T S H levels seen with 
incipient hypothyroidism in Hash imoto ' s disease (Riley et al., 1981). 

B. AUTOANTIBODIES TO STEROID HORMONE-PRODUCING 

CELLS 

In 1968, Anderson descr ibed autoantibodies reacting with theca interna 
and corpus luteal cells of the ovary , interstitial (Leydig) cells of test is , 
placental t rophoblas ts , and cells of the adrenal cortex in two patients with 
gonadal insufficiency and Addison ' s disease (Anderson et al., 1968). Ir
vine and colleagues found strong correlations be tween such autoant ibo
dies and the presence of hypogonadism in patients with Addison ' s disease 
(Irvine and Barnes , 1975; Andrada et al., 1968). The immediate problem 
to be resolved was the nature of the relationships be tween autoantibodies 
reacting to adrenal and/or o ther steroid hormone-producing cells. 



8. ADRENAL AUTOIMMUNITY AND POLYGLANDULAR SYNDROMES 211 

Irvine argued that there were a variety of different autoant ibodies react
ing to several const i tuent antigens of steroid hormone producing cells in 
the gonads and placenta , but that not all of these autoant ibodies cross-
reacted with adrenocort ical antigens (Irvine and Barnes , 1975; Andrada et 
al., 1968; Irvine et al., 1969). Ruehsen and colleagues agreed (1972), but 
wondered whe ther staining of the corpus luteum reported by Irvine was 
not merely a function of titer. In the more recent studies of Elder et al. 
(1981), a number of potential problems were identified. Using ovaries 
from rabbits as subst ra te , a sizable number of normal sera reacted in a 
c lumped pat tern by indirect immunofluorescence that could be consid
ered nonspecific with respect to presence of adrenal autoimmunity . Simi
larly, nonspecific staining of a connect ive tissue antigen in the theca in-
terna-granulosa layer of Graafian follicles of rabbit ovary , and around 
Leydig cells of the human tes tes , was fairly frequent and could presum
ably be removed by prior absorpt ions with rabbit t issue powders and 
e ry throcytes . Twelve sera that unequivocally contained autoant ibodies 
against gonadal t issues were found among 325 controls , 21 pat ients with 
Tu rne r ' s syndrome , 505 insulin-dependent diabet ics , and 37 pat ients with 
Addison ' s d isease . All 12 sera also reacted to adrenal cor tex and to other 
s teroid-producing cells in varying degrees . 

The best nonadrenal t issue in this s tudy to identify steroid-producing 
cell autoant ibodies was human testes from a patient with testicular femini
zation (Fig. 1). Adrenal-specific autoant ibodies could not be absorbed out 
by repeated contac t with placenta , ovary , or tes tes . However , t i ters of 
autoant ibodies to steroid-producing cells, as determined against adrenal 
slices, were clearly diminished by a similar p rocedure , indicating the 
latter sera had a mixture of bo th adrenal-specific and adrenal-nonspecific 
(or s teroid-producing cell) autoant ibodies . Fur ther , the frequencies of 
autoant ibodies to steroid-producing cells were much greater and at higher 
titers in type I A P S pat ients than in type II APS pat ients . These findings 
coincided with those descr ibed by Satsion and colleagues (1980). More 
recent ly, we found unusual sera that had autoant ibodies that were posi
tive only for s teroid-producing cells of the gonad and not for those of the 
adrenal cor tex , but this specificity has not yet been confirmed by absorp
tion s tudies . In one pedigree in which three individuals in two generat ions 
had p remature menopause , we also identified a common A7-, B8-, DR3-
bearing HLA haplo type , steroidal autoant ibodies , and absence of follicles 
on ovarian biopsies . Fur the r studies are indicated for similar groups of 
pat ients . 

In summary , adrenocort ical autoant ibodies usually react only to adre
nal cortical cells, whereas steroid cell autoant ibodies react ubiquitously 
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V . C E L L - M E D I A T E D I M M U N I T Y T O A D R E N A L 

G L A N D S I N A D D I S O N ' S D I S E A S E 

Adrenal autoant ibodies are immunoglobulins that react to cytoplasmic 
antigens of adrenocort ical cells. They cannot , therefore, be involved in 
the pathogenic process unless the same antigens also are exposed on the 
surface of adrenal cells. Whereas such antibodies are of the IgG im
munoglobulin class and readily cross the placenta, no confirmed instance 
of " c o n g e n i t a l " au to immune adrenal failure in a newborn who was ex
posed to maternal adrenocort ical autoant ibodies in utero has been de
scribed. Notwi ths tanding, McNa t ty has demonst ra ted complement-fixing 
steroid cell autoant ibodies that p roved to be cytotoxic to human granu
losa cells growing in t issue culture in vitro. Sera showing clumped staining 
within the corpus luteal cells appeared to be the most toxic (Irvine et al., 
1969; McNa t ty et al., 1975). 

In 1969, N e r u p and Bendixen found evidence for delayed hypersensi
tivity to adrenal cor tex in pat ients with " id iopa th i c " Addison ' s disease . 
These workers used in their methods human fetal adrenal ext racts as the 
exciting antigen with in vitro leucocyte migration inhibition and in intracu
taneous skin testing (Nerup and Bendixen, 1969). Blast t ransformation 
with pa t ien t s ' leukocytes in culture in the presence of adrenal ext racts 
could not be identified. Howeve r , mitochondria from human fetal adrenal , 
but not from human fetal liver, elicited leukocyte migration inhibition 
while some pat ients had posit ive skin tests to this antigen (Nerup et al., 
1970). 

Like o ther organ-specific autoimmunit ies , definite studies to prove a 
cell-mediated mechanism for loss of adrenocort ical cells in pat ients with 
au to immune Addi son ' s disease are difficult to perform because of limited 
availability of suitable fresh t issues and perhaps requirements such as 
HLA compatibili t ies be tween Τ cells (patients ' ) and target adrenal cells in 
cul ture. The T-cell defect of type I APS has been discussed in Section I I I . 

with all such cell types in placenta , gonads , and adrenals , albeit such sera 
usually contain adrenal-specific autoant ibodies as well. 

As indicated by Satsion et al. (1980), human or monkey t issues are 
preferred subst ra tes to minimize false-positive react ions when using the 
indirect immunofluorescent test to detect steroid cell autoant ibodies , and 
blood group Ο human t issues may be the safest to use routinely if avail
able. These investigators also indicated that autoant ibodies reacting with 
ova may coexist with steroid hormone cell autoant ibodies , al though they 
do not cross-react to related autoant igens. 
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V I . G E N E T I C S O F A U T O I M M U N E A D D I S O N ' S 

D I S E A S E 

A TYPE I A P S (BLIZZARD'S SYNDROME) 

This syndrome is relatively rare , and most reports in the l i terature 
concern small numbers of pat ients . In assembling available data , how
ever, Neufeld et al. (1981) could identify no clear HLA associations with 
type I A P S . This lack of association with HLA-B8 in particular was also 
found by Eisenbar th , being present in only 3 of 21 patients with candidia
sis and hypopara thyroidism (Arulanantham et al., 1979; Eisenbar th et al.f 

1979; Eisenbar th and Jackson , 1981). Fur thermore , in the few informative 
pedigrees studied to da te , there were no associations be tween affected 
family members and their HLA haplotypes (Arulanantham et al., 1979; 
Eisenbar th et al., 1979; Brueton et al., 1980). Spinner et al. (1969) previ
ously had shown the disease to be inherited as a recessive character is t ic; 
however , single sporadic cases are often encountered . 

Thus , au to immune Addison ' s disease in type I APS seems distinctive in 
its disease and serological associat ions, as well as in its lack of associa
tions with HLA genes . These findings are in contrast to those in Addison ' s 
disease associated with type II A P S . We conclude that two separate 
genetic sys tems involving different pathogenic mechanism probably are 
responsible for au to immune adrenocort ical insufficiency. 

B. TYPE II A P S (SCHMIDT-CARPENTER'S SYNDROME) 

Most of the component diseases of this syndrome complex are strongly 
and primarily associated with HLA-DR3/Dw3 and secondarily with HLA-
B8 through linkage disequilibrium. These diseases are Addison ' s disease 
(Riley et al., 1980; Thomsen et al., 1975), insulin-dependent diabetes 
(Riley et al., 1980; Thomsen et al., 1975; also review by Cudwor th and 
Wolff, 1982), Grave ' s disease (Farid, 1981), myasthenia gravis (Naeim et 
al., 1978), and atrophic thyroidit is/hypothyroidism (Moens et al., 1979). 
In contras t , pernicious anemia and goitrous thyroidit is/hypothyroidism 
are only weakly associated with HLA-DR3, and weakly if at all with HLA-
B8, and only then in the presence of other associated autoimmunit ies that 
are themselves associated with HLA-B8 and -DR3 (Eisenbarth and Jack
son, 1981). In an important s tudy, Gorsuch and colleagues found that 
thyrogastric autoant ibodies and thyrogastr ic auto immune diseases that 
occurred in pedigrees with insulin-dependent diabetes did not segregate 
with HLA haplotypes as was the case for diabetes itself, suggesting that 
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the diabetes and the thyrogastr ic autoimmunity have different genetic 
de terminants (Gorsuch et al, 1980). Riley et al. (1982a) reported similar 
findings. Assuming then that thyroid and gastric autoimmunity (in associ
ation) is inherited by non- i /LA-associa ted genes , which are separate from 
those for insulin-dependent d iabetes , we need to explain their increased 
frequencies in pat ients with insulin-dependent diabetes or au to immune 
Addison ' s d isease . We hypothesize that there are positive and separate 
genetic interact ions taking place be tween these separate au to immune sys
t ems . It also seems probably that there are multiple genetic influences 
impacting on the disease spectra and the clinical outcomes seen. Thus , to 
speculate that the pat tern of inheri tance in type II APS is dominant or 
recessive appears to be too simplistic an exercise . The occurrence of 
multiple autoant ibodies within pedigrees with type II A P S , however , is 
seen in each vertical generat ion as a dominant trait, while in many multi
plex pedigrees , / /LA-assoc ia ted genes occurring singly or in double doses 
may be operat ive (Maclaren et al, 1981) in the outcome of insulin-depen
dent d iabetes . 

V I I . A D R E N A L A N D O T H E R E X T R A P A N C R E A T I C 

A U T O I M M U N I T I E S I N I N S U L I N - D E P E N D E N T 

D I A B E T E S 

Insul in-dependent diabetes often occurs as part of an au to immune po
lyglandular syndrome. Thyroid microsomal , gastric parietal cell, and 
adrenocort ical autoant ibodies occur at increased frequencies with similar 
increases in the diseases associated with these autoantibodies (Neufeld et 
al., 1980b) at some 4 to 8 times the normal background rates (see Table 
II) . These autoant ibodies occur more commonly in females, and with 
respect to pancreat ic islet cell and thyroid microsomal autoant ibodies , 
more commonly in the Caucasian populat ion than among Blacks. The 
frequencies of autoant ibodies seen in pat ients with insulin-dependent dia
betic pat ients , in fact, resemble those seen in the geriatric general popula
tion (N. Maclaren and W. Riley, 1985). Fur the rmore , there are increased 
frequencies of thyrogastr ic autoant ibodies among the family members of a 
diabetic p roband w h o also has such antibodies (Riley et al., 1980; Neufeld 
et al., 1980b; Nissley et al, 1973). 

These observa t ions , coupled with the probable disassociat ion of HLA-
related diabetetogenic genes from those for thyrogastr ic autoimmunit ies 
(Gorsuch et al, 1980; Riley et al, 1982a) imply that these genetic sys tems 
interact when they coincide in individual pat ients . Riley was able to dem
onst ra te , in cross-sect ional and longitudinal studies, that thyrogastr ic au-
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TABLE III 
Adrenocortical Autoantibodies and Addison's Disease in 
Children and Young Adults with Insulin-Dependent Diabetes 
(IDD)** 

Adrenocortical Addison's 
η autoantibodies (%) disease (%) 

Controls 200 (1) 0.5 
IDD + ICA 466 (7) 1.5 (2) 0.4 
IDD + PCA 38 (1) 2.6 (1) 2.6 
IDD + TMA 77 (5) 6.5 (2) 2.6 

a After Riley et al (1980). The table shows the value of 
screening patients with thyroid antibodies for adrenal anti
bodies. 

b Abbreviations: ICA, islet cell autoantibody; PCA, gastric 
(parietal) cell autoantibody; TMA, thyroid microsomal au
toantibody. 

toantibodies appeared in patients with insulin-dependent diabetes in the 
great majority of instances by the t ime of onset of clinical diabetes , albeit 
the resulting clinical diseases occurred with different natural histories 
(Riley et al, in p ress , 1983). This situation is also seen in the BB rat 
(Elder and Maclaren , 1983; Maclaren and Elder , 1983; Elder et al., 1981, 
1982). 

Thus Graves ' d isease tended to appear near the time of onset of diabe
tes , while hypothyroidism occurred progressively after diagnosis of dia
betes (Riley et al., 1981), as did gastric achlorhydria in those with gastric 
parietal autoant ibodies . Pernicious anemia, however , only appeared in 
mid- to late life (Riley et al., 1982c), often years after gastric a t rophy had 
occurred. We have strongly argued, on the bases of these results , that all 
pat ients with insulin-dependent diabetes should be screened at least once 
for thyroid microsomal autoant ibodies . Fo r those individuals with posi
tive tes ts , thyroid monitoring should follow, with yearly plasma T S H and 
perhaps free T 4 (Riley et al, 1981, 1982b). 

In our previous s tudies, we demonst ra ted that the incidence of adreno
cortical autoant ibodies was —2% in Caucasian children with insulin-de
pendent diabetes and that overt Addison ' s disease occurred in ~ 1 of 250 
pat ients , albeit many patients with adrenal antibodies who do not have 
overt adrenal insufficiency will have biochemical evidence for hypoa-
drenocort ical ism, that is , raised basal levels of plasma A C T H and renin 
(C. Ke tchum, W. Riley, and N . Maclaren, 1984). Although the occur
rence of Addison ' s disease in a patient with insulin-dependent diabetes is 
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a life-threatening situation and one that easily can be clinically misdiag
nosed, the cost effectiveness of screening all insulin-dependent diabetic 
pat ients for adrenal antibodies is less convincing than is the case for 
screening pat ients with coincident thyroid au to immune disease . In our 
exper ience , mos t (80%) diabetic pat ients with adrenal autoimmunit ies will 
have coincident thyroid autoimmunity (positive microsomal autoant ibo
dies). We therefore r ecommend testing the patients with both insulin-
dependent diabetes and thyroid au to immune disease for adrenal autoanti
bodies . W e also have found remarkably high frequencies of HLA-B8IDR3 
among diabetic pat ients with adrenal autoantibodies (Riley et al., 1980). 
This was substant ia ted by Eisenbar th (Eisenbarth and Jackson , 1981). 

V I I I . C O N C L U S I O N 

The impor tance of au to immune Addison ' s disease to the physician may 
not be in its occur rence as a common disease, but in the dramatic and yet 
t reatable na ture of the clinical illness and in its frequent associat ions with 
other organ-specific autoimmunit ies . We proposed that the au to immune 
polyendocr ine syndromes that include Addison ' s disease are divisible 
into two types , with different genet ics , unique serological findings, and 
distinct associated diseases . Recognit ion of the latter two polyglandular 
autoimmunit ies , which include Add i son ' s d isease , has proved useful in 
anticipating additional problems that affected patients may incur. The 
early identification of " i d iopa th i c " Addison ' s disease as a mult isystem 
disorder has p rompted widespread recognition that all au to immune endo
crinopathies are potential componen t s of auto immune polyglandular syn
dromes . This recognition has allowed for associated entities to be identi
fied and t reated in both the patient and his family by use of autoant ibody 
screening. This is t rue despite the basic ignorance about the pathogenic 
mechanisms of these disorders . Increased awareness of the possibility of 
au to immune adrenal insufficiency in association with other diseases is 
important to obviate needless consequences of these processes . 

Dr. Addison ' s s ta tement in 1855, regarding adrenocort ical insufficiency 
alone, is equally important regarding polyglandular disease in 1983. Addi
son states: 

My experience, though necessarily limited, leads to a belief that the disease is 
by no means of rare occurrence, and that were we better acquainted with its 
symptoms and progress, we should probably succeed in detecting many cases, 
which in the present state of our knowledge, may be entirely overlooked or 
misunderstood; and, I think, I may with some confidence affirm, that although 
partial disease of the capsules may give rise to symptoms, and to a condition of the 
general system, extremely equivocal and inconclusive, yet that a more extensive 
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lesion will be found to produce a state, which may not only create a suspicion, but 
be pronounced with some confidence to arise from the lesion in question. When 
the lesion is acute and rapid, I believe the anemia, prostration, and peculiar 
condition of the skin will present a corresponding character, and that whether 
acute or chronic, provided the lesion involve the entire structure of both organs, 
death will inevitably be the consequence [Addison, 1855]. 
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I. INTRODUCTION 

Ideas on the role of autoimmunity in the causat ion of diabetes are in a 
state of flux, mainly because of prospect ive immunological studies and 
new cloning techniques . Invest igators are also becoming aware of the 

THE A U T O I M M U N E DISEASES 227 Copyright © 1985 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 



228 DEBORAH DONIACH ET AL 

possible part icipation of other endocrine glands in the final metabolic 
s ta tus , and new animal models resembling the human disease are helping 
to define pathogenet ic mechanisms . A few years ago the division into type 
I or insulin-dependent ( IDDM) and type II or non-insulin-dependent dia
betes (NIDDM) helped to overcome the problem of age at onset , when it 
was realized that I D D M could occur at any age and that at least two 
genetic subspecies of N I D D M existed in young people (maturity-onset 
diabetes of the young, M O D Y ) . 

In considering I D D M itself, it was thought for some time that polyendo-
crine or au to immune I D D M could be clearly distinguished from the more 
common juveni le onset cases (Bottazzo et al., 1981). The prospect ive 
studies in unselected families of diabetic children revealed that many of 
the characteris t ics of endocrine patients with I D D M , especially the pro
longed latency period, also applied to the relatives of these children. 
Observat ions in these predisposed individuals and in adult endocrine pa
tients found to have islet-cell antibodies by systematic au to immune 
screening now seem to indicate that within these groups with serological 
markers of au to immune insulitis, a proport ion of individuals might not 
necessarily become insulin-dependent within a lifetime. It is now realized 
that even when the insulin-secreting cells are destroyed by chemical poi
sons (Karam et al., 1980; Helgason and Jonasson, 1981) similar in their 
action to s t reptozotocin used for experimental diabetes or by well-defined 
virus infections (Rayfield and Yoon, 1981), autoimmunity still plays an 
important accessory role. Finally, new concepts related to idiotype net
works may affect the t rea tment of IDDM patients in future generat ions. 

II. HUMORAL IMMUNITY IN DIABETICS A N D 
PREDISPOSED INDIVIDUALS 

Islet-cell antibodies are organ specific for endocrine pancreas ; they 
cross-react with o ther species , and they are of IgG class. Several antigens 
including some that are only present in β cells are now envisaged in what 
is basically a polyclonal au to immune response with subclass restrictions 
(Dean et al., 1983). The antibodies may be complement fixing (CF-ICA), 
and this is a separate variant (Bottazzo et al., 1980). The more common 
islet-cell antibodies are not able to fix complement . As the islet-cell anti
gens have not yet been isolated and are at present only partially character
ized (Baekkeskov et al., 1982), cytoplasmic ICA are normally detected by 
standard immunofluorescence ( IFL) . Unfixed group Ο human pancreas is 
still the substrate of choice (Bottazzo et al., 1974). Fixed pancreas sub
strates give controversial readings, especially in complement-fixation im-
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munofluorescence tests with anti-C3 conjugates used to detect CF- ICA 
(Dean et al, 1982). 

In the screening test with anti-IgG, ICA reacts with all four endocrine 
cells (Bot tazzo and Doniach, 1978). This shared autoantigen is not repre
sented on the cell surface and therefore cannot be in direct contact with 
sensitized lymphocytes in the living gland. Since circulating antibodies 
exert cytotoxic effects through complement-dependent mechanisms , ex
tensive parallel tests for ICA and CF- ICA revealed that in all diabetic 
groups tes ted, only half the islet-cell antibodies fixed complement (Bot
tazzo et al, 1980). Most significantly, this was also found in genetically 
predisposed first-degree relatives and in endocrine patients who later be
came diabetic. This led to the conclusion that CF-ICA react ions include 
the β-cell-specific autoant ibodies that are the most relevant markers for 
ongoing insulitis. We now know that some CF-ICA selectively stain β 
cells (Bot tazzo et al., 1982). We also found some sera containing comple
ment-fixing variants specific for glucagon or somatostat in cells. These 
single-cell ant ibodies were known to exist in some diabetic sera (Bot tazzo 
and Lend rum, 1976). 

Islet-cell surface antibodies (ICSA) are detected on viable cultured hu
man fetal cells (Pujol-Borrell et al., 1982) or adult animal islet cells (Papa-
dopoulos and Le rnmark , 1983); here also separate specificities exist for a 
and β cells, respectively (Van de Winkel et al., 1982). These authors used 
the cell sorter to separate ICSA-posi t ive cells, and identified a small num
ber of sera that contained surface-reacting antibodies to pancreat ic poly
pept ide (PP) cells. Antibodies to these cells have not so far been detected 
on cryosta t sect ions , probably because it is necessary to employ PP lobe, 
that is , the dorsal port ion of the head of the pancreas known to be rich in 
PP cells (Orci, 1982). By analogy with the surface expression of o ther 
organ-specific microsomal sys tems such as the thyroid, gastric, or adre
nal, in which the cytoplasmic autoant igens are also expressed on the cell 
surface (Doniach et al., 1982), it is probable that some selective CF- ICA 
represent the cytoplasmic port ion of those ICSAs that react with β cells 
and are therefore cytotoxic to cultured animal islets, or interfere with 
glucose-st imulated insulin secretion in these cultures (Sai et al., 1981). 
However , surface islet-cell staining is obtained in —30% of diabetic sera 
that give negative results on sections (Freedman et al., 1980). This 
strongly suggests the involvement of an additional antigen that is ex
pressed entirely on the p lasma membrane of β cells. These data support 
the exis tence of multiple antibodies specific to different islet ant igens, and 
it is only when the antigens are isolated and character ized that we will be 
in a posit ion to s tudy their effects separately. Monoclonal antibodies 
make it possible to analyze human polyclonal ant ibody mixtures in recep-
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tor diseases such as myasthenia gravis and thyrotoxicosis (Kohn et al., 
1983). At tempts to p roduce monoclonal ICA have not yet yielded specific
ities found in diabetic pat ients . 

HUMORAL IMMUNITY IN PREDISPOSED INDIVIDUALS 

Because I D D M often starts as an abrupt illness, it was a surprise to 
discover, by regular testing of unaffected relatives of diabetic children, 
that au to immune phenomena exist for years in those who inherit the 
diabetogenic genes , as identified by selecting sibs who are HLA identical 
or haploidentical with the proband and who possess CF- ICA during the 
latency period (Gorsuch et al., 1981). These sibs proved to be the most 
vulnerable for future diabetes . 

Data from two British prospect ive family studies (Bart; Windsor and 
Oxford) have been pooled. The cohort contains 283 probands and 1040 
first-degree relat ives. During the follow-up, IDDM developed in 13 sib
lings (2.7%) and 4 parents (0.7%). Ten were followed up for ICA; all were 
positive for 6 to 76 months (median 48 months) before diagnosis. CF- ICA 
were present in 8 of these 10 cases . A panel of viral antibodies measured 
in 5 of them showed no significant rising t i ters. H L A typing was done on 
12 siblings, 7 of w h o m were haploidentical and 5 of whom were H L A 
identical with the proband . All carried DR3 and/or DR4. 

There are still a number of sibs who have the same features and are 
euglycemic. In five unaffected sibs CF- ICA became negative. A further 4 
sibs had these antibodies on and off for many months , while one unaf
fected brother has shown this reactivity for over 56 months without devel
oping evidence of glucose intolerance. One sib and 1 parent who were 
constantly negative for convent ional ICA as well as for CF- ICA became 
positive after 24 and 39 months of follow-up, respectively, and the anti
bodies have so far persis ted in their sera. 

In the diabetic families, fluctuations of ICA reactions are often seen, 
and somet imes these fluctuations appear simultaneously in more than one 
member , including the I D D M proband. Overall , ICA reappeared in 27% 
of diabetic children who had given many negative results for up to 5 years 
and had been diabetic for up to 20 years . This was somewhat unexpected 
in view of previous studies on large groups of juvenile diabetics showing 
disappearance of ICA between 6 months and 3 years after onset of the 
disease in the great majority of cases (Lendrum et al . , 1976). The fluctua
tions observed in the islet-cell antibodies perhaps reflect silent intermit
tent infections with insulotropic viruses. We are looking at viral ant ibody 
pat terns in these individuals. A retrospect ive study on a set of identical 
diabetic triplets revealed the first appearance of ICA-IgG in a discordant 
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case 5 years before he became diabetic, and the total period of discor
dance was 39 years (Srikanta et al., 1983). Identical twins are known to 
remain discordant for I D D M in at least 50% of cases (Barnet et al., 1981). 
Prospect ive tes ts for islet-cell antibodies over a period of 7 years in 46 
discordant co-twins showed that only 2 had CF- ICA, and 1 of these be
came diabetic 5 years later (Colin Johns ton , personal communicat ion) . 

III. C E L L U L A R I M M U N I T Y I N D I A B E T I C S 

Cell-mediated immune (CMI) mechanisms are as important for the initi
ation of insulitis as are the humoral responses . Leukocyte migration inhi
bition and lymphocyte transformation tests have been shown to be posi
tive using islet-enriched pancreat ic antigens (Nerup et al., 1974). Lym
phocyte adherence tests have also been employed with islet cells in 
culture (Huang and MacLaren , 1976). Peripheral lymphocytes from 
I D D M pat ients p roduced cytotoxic effects on insulinoma cells in suspen
sion. This was thought to represent both ant ibody-dependent cell-medi
ated (ADCC) and direct T-cell cytotoxici ty. Cell separat ions with mono
clonal reagents will no doubt identify more precisely the T-cell subsets 
responsible for /3-cell recognition in the islets of Langerhans . Funct ional 
inhibition of insulin secretion in suspensions of viable mouse islets by 
lymphocytes from I D D M cases has also been reported (Boitard et al., 
1981). It is felt that this work requires confirmation to determine to what 
extent the immune at tack produced functional β-cell impairment without 
damaging these cells irreversibly as in the other cytotoxicity studies. 

In pat ients with newly diagnosed diabetes , several abnormali t ies of 
lymphocyte subsets have been repor ted , including raised K-cell levels 
(Pozzilli et al., 1979), impaired suppressor-cell function (Buschard et al., 
1982; Fairchild et al., 1982), and increased natural killer activity over 
xenogeneic islet cells (Charles et al., 1983). The occurrence of circulating 
act ivated Τ cells has also been described (Jackson et al., 1982; Pozzilli et 
al., 1983). Ev idence of an organ-specific suppressor T-cell defect in diabe
tes and other endocr ine au to immune diseases has been obtained using the 
direct leukocyte migration inhibition test (LMI) (Topliss et al., 1983). 
Leukocy tes from pat ients with type I d iabetes , previously shown to re
spond to an insul inoma extract , lost their M I F specificity when co-cul
tured with normal lymphocytes , and more significantly, with lymphocytes 
from pat ients with au to immune thyroid disease. Conversely , Τ lympho
cytes from diabetic pat ients sensitized to islet-cell antigen, but not to 
thyroid antigen, ameliorated the migration inhibition of Τ lymphocytes 
from au to immune thyroid disease in response to thyroid antigens. Inter-
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pretat ion of these results relied on the assumption that the addition of a 
small number of normally functioning T-suppressor cells is sufficient to 
compensa te for a selective suppressor T-cell defect in response to islet 
and other endocr ine cell antigens. Even though these experiments are 
technically complicated and interpretat ion is controversial , it is of interest 
that similar results have been obtained in auto immune liver disease 
(Vento et al, 1984). 

IV. CELL-MEDIATED IMMUNITY IN PREDISPOSED 
INDIVIDUALS 

Cell-mediated immune (CMI) phenomena are also of interest in the 
unaffected members of diabetic families. We previously showed a raised 
K-cell number and increased K-cell function in a small proport ion of IC A-
posit ive heal thy sibs (Pozzilli et al, 1979). These also showed abnormal 
leukocyte migration inhibition tests in the presence of human pancreat ic 
ext racts (Pozzilli et al, 1980). All these individuals shared at least one 
H L A haplotype with the diabetic proband, but CMI usually did not paral
lel the circulating ant ibody resul ts . Suppressor-cell function was found 
abnormal in some I D D M probands and their healthy relatives, and this 
defect was more often linked to H L A - D R 3 and appeared to run in families 
i rrespective of the age of onset or the duration and severity of the diabetes 
(Jarowski et al, 1983). 

Prospect ive investigations of T-cell subsets in our family study indi
cated that helper cells are increased when CF-ICA are present in the 
serum. However , the ratio be tween T-helper cells and cytotoxic/suppres-
sor Τ cells did not differ from that observed in first-degree relatives w h o 
did not have ICA in their serum. Only two relatives showed increased 
activated Τ cells. These two siblings constant ly had positive CF- ICA, and 
they shared two HLA haplotypes with the respect ive diabetic proband. In 
addit ion, they had high levels of killer/norma/killer (K/NK) cells (Pozzilli 
etal, 1984). 

It appears , therefore, that abnormalit ies in the cell-mediated immune 
response can be present in some genetically susceptible individuals who 
are still disease free. In particular, this finding further supports the con
cept that express ion of regulatory cell surface molecules on act ivated Τ 
cells could be related to an early stage of /3-cell damage. The follow-up of 
CMI in susceptible individuals can therefore give important information 
on the ult imate cellular events associated with and/or leading to the devel
opment of type 1 diabetes . 
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V . R E E X A M I N A T I O N O F T H E I N S U L I T I S P R O C E S S 

The lesions characteris t ic of au to immune insulitis, especially the mono
nuclear cell infiltrate, can be seen only in pancreat ic t issues of newly 
diagnosed diabet ics . Lymphocy tes surrounding and infiltrating individual 
islets have been descr ibed mainly in young children, but occasional re
por ts have indicated similar appearances in elderly female patients with 
polyendocr ine au to immune disorders (Gepts , 1981). Previous histopathol
ogy studies on insulitis were carried out on Formalin-fixed pancreases , 
which do not permit evaluation of lymphocyte subsets by the presently 
available monoclonal reagents that specifically define the phenotypes of 
these cells. Fu r the rmore , there are no previous histological reports at
tempting to demons t ra te immunoglobulin deposit ion in relationship to 
islets of Langerhans . 

A direct demonst ra t ion and a bet ter definition of various immune phe
nomena occurr ing in vivo have recently been achieved by examining fresh 
frozen blocks of pancreas obtained from a newly diagnosed diabetic child 
w h o accidentally died 24 h after diagnosis (Bottazzo et al.y 1985). Act ive 
insulitis was seen in this pancreas as anticipated. Immunohistological 
studies confirmed the presence of pseudoat rophic islets. These were in
terspersed irregularly with islets showing milder lesions and a fairly well-
organized archi tec ture . The majority of the islets were devoid of insulin 
cells, whereas those secreting glucagon or somatostat in were well-pre
served. The inflammatory process was scat tered in foci throughout the 
gland and was more obvious in the tail and body of the pancreas . In these 
a reas , multiple blocks had to be sectioned to find the cellular infiltrates of 
the insulitis. Never the less , when such inflammatory foci were identified, 
the mononuclear cells were abundant and tended to surround or embrace 
individual islets or small groups of these . When various monoclonal re
agents were applied by immunofluorescence with single or double 
fluorochrome techniques , the majority of mononuclear cells were found 
to be Τ lymphocytes . Cytotoxic /suppressor lymphocytes appeared to 
const i tute the main bulk of the infiltrate, but the other known lymphocyte 
subpopulat ions were also represented . Ninety percent of autoreact ive Τ 
lymphocytes expressed HLA-DR ant igens. This indicated that they were 
act ivated Τ cells, suggesting a specific immune response directed against 
islet ant igens. 

When anti-IgG reagents were applied, several interesting phenomena 
could be observed . Preplasma cells synthesizing IgG, as shown by their 
bright intracytoplasmic fluorescence, were seen emerging from pancreat ic 
vessels . They appeared to be streaming in the interstit ium be tween exo-
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crine lobules, ultimately to converge toward islets. In other fields, these 
IgG-positive immunocytes were seen stationed around individual islets. It 
is of interest that mature plasma cells are apparently rarely seen in dia
betic insulitis by convent ional histology. Perhaps the most intriguing find
ing was the presence of IgG within some of the islets. In certain fields, 
endocrine cells varying from a few isolated cells to large groups consti tut
ing up to two-thirds of the islet appeared to be coated with a smooth layer 
of IgG on their outer membrane . Granular Ig deposits indicative of im
mune complexes were not seen in the pancreas . The most striking picture , 
however , was the presence of IgG inside the cytoplasm of islet cells. This 
suggests penetra t ion of antibodies following injury to the cell membrane . 
Similar appearances have been observed affecting thyrocytes in autoim
mune thyroiditis and in renal tubular cells in lupus nephrit is . 

V I . C O U L D A B E R R A N T HLA-DR E X P R E S S I O N O N Β 

C E L L S B E R E L E V A N T T O A U T O I M M U N E 

I N S U L I T I S ? 

The class II major histocompatibili ty antigens encoded by genes in the 
HLA-D region play a key role in the presentat ion of antigens and regula
tion of the immune response . The expression of these cell-surface glyco
protein molecules is normally restricted to B-lymphocytes , macrophages , 
dendrit ic and other antigen-presenting cells, and capillary endothel ium 
(Barclay and Mason , 1983). Modulat ion of HLA-DR expression has been 
observed only exceptionally outside the immune system; guinea pig mam
mary gland/duct/epithelium becomes la positive during pregnancy and 
lactation (Klareskog et al., 1980). Ia antigen expression can be induced 
during graft-versus-host disease (Barclay and Mason , 1982) and in some 
cancers (Lloyd et al., 1981). 

HLA-DR molecules are not expressed on resting endocrine cells under 
physiological condi t ions , although the class I M H C products HLA-A, -B, 
and -C, can be demons t ra ted on the membrane and in the cytoplasm of 
some endocr ine organs , including the thyroid gland (Pujol-Borrell et al., 
1983). Normal thyroid cells in culture can be stimulated by mitogens, and 
under these c i rcumstances they actively synthesize and express HLA-DR 
molecules on their p lasma membranes (Pujol-Borrell et al., 1983). Per
haps more relevant to human auto immune disease is the finding that thy
rocytes isolated from glands affected by Graves ' disease do not require 
any mitogenic stimulus and spontaneously showed DR molecules when 
cultured in monolayers . This was demonst ra ted by immunofluorescence 
with monoclonal antibodies to the nonpolymorphic region of these sur-
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face markers . On cryosta t sections from glands removed at partial thy
ro idectomy, the same phenomenon was more clearly seen and could be 
analyzed in relation to the o ther histological and immunological features 
of the goiters . The brightest DR staining was seen in Hash imoto ' s thyroid
itis, and in G r a v e s ' d isease it appeared to be a very early index of focal 
lymphocyt ic thyroiditis (Hanafusa et al., 1983). 

In the human diabetic pancreas examined in detail by immunofluores
cence (Bot tazzo et al., 1985), exper iments suggest that some endocr ine 
cells in diseased islets could be stained with the monoclonal anti-D/? 
antibodies used in the thyroid work . After many sections from different 
port ions of the gland were scanned, it was found that in some islets the 
few remaining insulin-producing cells were also expressing H L A - D R mol
ecules . Glucagon and somatostat in cells, known to be spared in the insul
itis p rocess , were consistently negative for DR staining. The precise iden
tification of D R - p o s i t i v e insulin cells and differential staining of o ther 
pancreat ic endocr ine cells was made possible by using several combina
tions of monoclonal reagents , including those to pancreat ic ho rmones , 
and observing these with different fluorochromes. In this context , it is 
also wor th mentioning that diseased bile duct cells in liver biopsies from 
pat ients with pr imary biliary cirrhosis also expressed H L A - D R molecules 
inappropriately, so this may be a general phenomenon in autoimmunity 
(Ballardini et al., 1984). 

Immune responses are initiated by //LA-ZXft-positive cells present ing 
antigen to Τ lymphocytes . Based on the thyroid exper iments and on the 
finding that DR molecules are found on thyrocytes in au to immune thyroid 
diseases and possibly also in the islet cells in diabetic insulitis, a new 
hypothesis was put forward for the mechanism of induction of autoim
munity in endocr ine organs (Bot tazzo et al., 1983). It is known that inter
feron is the best inducer of DR antigen expression. It was postulated that 
its product ion could be st imulated by viruses or other environmental 
agents that might be present in the relevant endocrine gland of genetically 
predisposed individuals without causing signs of infection. The series of 
events that would follow is that of aberrant DR express ion, presentat ion 
of surface autoant igens , and subsequent induction of autoreact ive Τ cells. 
These Τ cells would in turn act ivate effector Β and Τ lymphocytes . 

Whether the initial induction of au to immune Τ cells led to au to immune 
disease would depend on a variety of other factors such as abnormali t ies 
of the suppressor T-cell pa thway . This mechanism of au to immune disease 
induction explains vague associat ions with viral infections and long la
tency per iods before disease becomes manifest, and gives a simple expla
nation for the wel l -documented H L A - D R association of au to immune dis
eases in man . 
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V I I . H O W D O O T H E R E N D O C R I N E G L A N D S 

C O N T R I B U T E T O D I A B E T E S ? 

Diabetologists have noticed for some years that prepubertal boys were 
too tall for their age when they presented with diabetes (Edelsten et al., 
1981). This prompted a search for evidence of pituitary involvement . 
Previous studies showed anterior pituitary antibodies in —7% of type I 
adult diabetics who also suffered from polyendocrine autoimmunity, and 
most of these appeared to react with prolactin cells. In the family s tudies, 
predisposed relatives having CF- ICA proved to have in addition antibod
ies reacting with several pituitary cell types (Mirakian et al., 1982). The 
highest prevalence was in those who became diabetic during the follow-
up , 4 of 7. In the prediabetic latency period, 36% of IC Α-positive relatives 
had these ant ibodies; in newly diagnosed D M , 16% were positive by I F L 
on pituitary, and in long-standing D M , only 2% were posit ive. 

This suggests ei ther that similar viruses may infect pituicytes and β 
cells (Onodera et al., 1981) or that the antibodies detected are markers of 
some as yet unknown stimulating immunoglobulins, akin to those found in 
thyrotoxicosis but acting on the pituitary receptors either directly or 
through increased secretion of as yet uncharacter ized hypothalamic (Bob-
bioni and Jeanrenaud , 1982) or pituitary (Beloff-Chain et al., 1983) hor
mones that affect insulin secret ion. In this context it is of interest that 
some / /LA-ident ical relatives in other prospect ive studies have increased 
insulin responses to arginine (Hollander et al., 1982) suggesting that 
something stimulates the pancreas to regenerate its β cells, which, as we 
know from the presence of CF- ICA, are gradually being damaged. In 
polyendocrine pat ients , who have similar long latency per iods , there is 
usually a decreased insulin product ion (Irvine et al., 1980). 

Because some diabetics showed diminished responses of gastric inhibi
tory pept ide (GIP) to protein test meals , the I F L tests were carried out on 
human duodenum. A small proport ion of N I D D M proved to have anti
bodies to the GIP-secret ing cells, and, when IDDM sera were applied to 
gut sect ions, —20% of the sera were positive on GIP and/or secretin cells 
(Mirakian et al., 1981). The significance of these unexpected organ-spe
cific react ions either indicates further heterogeneity in this complex syn
drome or suggests that in some cases the enteroinsular axis is also in
volved in the final development of the diabetic syndromes . 

Another interesting development is the report of human hybr idomas 
raised with lymphocytes taken from young diabetics whose sera were 
positive by immunofluorescence on pancreas , thyroid, s tomach, or pitui
tary gland (Satoh et al., 1983). The monoclonal antibodies secreted by 
some of these clones reacted with several endocrine glands, suggesting 
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the exis tence of cross-react ive antigens in these organs . In human sera, 
each of the microsomal autoant ibodies is strictly organ specific; it is possi
ble, for ins tance , to absorb out all the thyroid cytoplasmic I F L without 
affecting the titer of gastric parietal cell antibodies coexisting in the same 
serum. Also , the human organ-specific antibodies are mainly of IgG class , 
whereas the multiple organ monoclonals were all IgM. Another important 
difference was that some clones cross-reacted with cytoskeletal e lements , 
which was not seen in human organ-specific autoimmunity. 

V I I I . A R E W E R E A D Y T O T R E A T D I A B E T I C S W I T H 

I M M U N O S U P P R E S S I V E D R U G S ? 

Partial success was obtained with massive immunosuppress ive therapy 
in a few newly diagnosed diabetics (Leslie and Pyke , 1980; Spencer et al., 
1982), and more selective results were obtained with cyclosporin-A 
(Stiller et al, 1983; Assan et al, 1985). In the BB rat model , it proved 
possible to prevent the onset of diabetes by a variety of convent ional 
immunosuppress ive agents (Marliss et al., 1982). Whole blood transfusion 
from nonpredisposed control rats to young BB animals also prevented 
clinical express ion of the disease and diminished the frequency of insulitis 
seen on histology (Rossini et al., 1983). N o w that we can identify predis
posed individuals in human diabetic families, the quest ion remains: Is it 
justifiable to immunosuppress them in order to slow down the insulitis 
damage and possibly to prevent I D D M ? We fully agree with Rossini 
(1983) that the available immunosuppress ive regimens do not select the 
right subsets of islet-reactive immunocytes and are therefore too drast ic . 
At the same time it is probable that blockage of the auto immune response 
to insulin-secreting cells would effectively prevent the disease, i rrespec
tive of whe ther the insulitis is a primary auto immune phenomenon or a 
secondary event initiated by environmental agents . The fact that —50% of 
CF-ICA-posi t ive relatives in our study escaped the clinical express ion of 
the disease shows that we are not yet ready. 

It is impossible to envisage giving any of the available forms of nonse
lective immunosuppress ion to symptom-free individuals. There is an ur
gent need to dissect further the autoreact ive immune networks in order to 
identify future diabetics with a 100% certainty. We hope to approach this 
goal by cloning act ivated Τ cells isolated from the blood of newly diag
nosed diabet ics . Some of the circulating Z>/?-positive Τ cells are likely to 
be specifically involved in recognizing relevant autoantigens in the islets. 
It is now possible to establish self-replicating clones of organ-specific 
act ivated Τ cells as shown in thyroiditis (Londei et al., 1985). Specific 
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monoclonal antibodies to surface markers on these cells might then be 
beneficially used to inhibit a selected subset of helper or suppressor regu
latory Τ cells and to prevent triggering or expansion of organ-specific 
effector/cytotoxic lymphocytes . 

IX. F U T U R E P R O S P E C T S F O R D I A B E T E S R E S E A R C H 

A prolonged au to immune process underlies certain endocrine diseases 
such as myxedema and Addison ' s disease, and the thyroid or adrenal 
antibodies are usually present for many years before organ failure super
venes (Doniach and Bot tazzo , 1983). A similar slow time course has been 
demonst ra ted in nondiabetic adults in whom islet-cell antibodies are 
found when they come to hospital for thyrotoxicosis or one of the other 
au to immune endocr ine condit ions. We have found the same prolonged 
prediabetic stage in selected sibs of diabetic children. The quest ion now 
remains as to whether or not the pathogenic mechanisms operating in the 
polyendocr ine cases are similar to those in the early-onset disease. Al
though the most vulnerable sibs of diabetic children (those 2 % of all 
relatives w h o had CF- ICA in their sera) belong to auto immune families, 
the diabetic p robands themselves showed only a slightly increased preva
lence of thyroid antibodies in the absence of other endocrine insufficien
cies. There was the usual excess of males , and the probands were very 
young pat ients . 

It appears that several sets of genes predispose certain families to type I 
IDDM. In our family s tudies, the distribution of thyroid, gastric, pitui
tary, and ICA-IgG react ions did not correspond to that of the diabeto
genic HLA haplotypes inherited by the sibs from both parents . Only the 
CF- ICA seemed to occur more often in i /LA-identical sibs. Epidemiologi
cal studies tell us that 10-20% of such sibs can be expected to get diabe
tes . Howeve r , when two markers were employed, half of those who had 
CF-ICA became diabetic; hence the genes connected with autoimmunity 
are heavily skewed toward the pancreas , jus t as in thyroiditis families the 
autoimmunity is biased towards the thyroid gland and pernicious anemia 
relatives have an excess of gastric autoimmunity. 

In type I d iabetes , only the β cells are des t royed. Some of the CF- ICA 
detected on unfixed pancreat ic sections and some of the cell surface-
reactive antibodies (ICSA) are now known to be β-cell specific. 

A detailed analysis of HLA-DR molecules by D N A probing techniques 
(Owerbach et al., 1983) underl ies the polymorphism of the DR region and 
reinforces the concept of heterogeneity in the family makeup of diabetic 
pat ients . N e w monoclonal reagents to the other molecules of the HLA-D 
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region will soon be more generally available (Guy and Van Heyningen, 
1983), and when applied to populat ion studies they are certain to disclose 
further differences be tween diabetics and nondiabetics (Cudworth and 
Wolf, 1982). 

Another interesting development in the study of I D D M was the unex
pected finding of insulin-receptor antibodies of the IgM class in untreated 
juveni le diabetics (Maron et al., 1983). There are also spontaneous anti
bodies to insulin that appear before any insulin injections (Palmer et al., 
1983). Findings in recent juveni le diabetics have been confirmed and ex
tended to unaffected identical twins of I D D M cases (Wilkin et al., 1985). 
The insulin ant ibodies in the twins were not related to the presence of ICA 
or to H L A - D R 3 or 4 haplotypes . Since the unaffected twins of long
standing diabetics are very unlikely to develop the disease, these observa
tions suggest that insulin autoant ibodies do not presage future diabetes 
but ra ther reflect an inherited diathesis for pancreat ic autoimmunity . 

The presence of these two types of au to immune reactions may suggest 
that insulin or proinsulin acts as powerful immunogens , especially if an 
inappropriate secret ion of immature hormone molecules is envisaged dur
ing the slow process of the au to immune β-cell damage, as suggested by 
Rimoin and Rot ter (1983). HLA-DR4 individuals are more liable to pro
duce insulin ant ibodies to both animal and human preparat ions (Schern-
thaner et al., 1983), and these pat ients may be the right candidates for 
spontaneous autoimmunizat ion to their own insulin or proinsulin (Rotter 
and Rimoin, 1983). The operat ion of antiidiotype pe tworks can then ex
plain the apparent insulin-receptor ant ibodies as internal image antiidio
types made in response to the original antiinsulin idiotypic epi tope 
(Cohen et al., 1983; Roitt , 1984). 
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I. I N T R O D U C T I O N : H I S T O R I C A L B A C K G R O U N D 

Thomas Addison, at a meeting of the South London Medical Society in 
1849, descr ibed the clinical features of a disease identifiable as pernicious 
anemia al though he did not give it that name . However , he recognized 
that this " v e r y remarkable form of general a n e m i a " was a disease that 
was different from other forms of anemia. According to Castle (1953), it 
was Aust in Flint w h o intuitively remarked , 

I suspect that in these cases there exists degenerative disease of the glandular 
tubuli of the stomach . . . . Fatal anemia must follow an amount of degenerative 
disease reducing the amount of gastric juice so far that assimilation of food is 
rendered wholly inadequate to the wants of the body. I shall be ready to claim the 
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merit of this idea when the difficult and laborious researches of someone have 
shown it to be correct. 

This requisite histological evidence for gastric a t rophy was provided by 
Fenwick (1870), and a year later the anemia was called pernicious anemia 
by Biermer (1872). 

Trea tment also played a role in the eventual understanding of the devel
opment of pernicious anemia (PA). At first the causal connect ion be tween 
the anemia and gastritis was incomprehensible , although a ret iculocyte 
response was observed after pat ients had been fed large meals of cooked 
liver (Minot and Murphy , 1926). The reason for the response was ex
plained by the exper iments of Castle (1953), which showed that a combi
nation of "ext r ins ic fac to r" subsequently identified as vitamin B 1 2 (Les
ter-Smith, 1948; Rickes et al., 1948), and "intr insic fac tor" in gastric ju ice 
(Highley et al., 1967) led to a ret iculocyte response . 

Oral t rea tment with c rude extracts of hog s tomach had first been given 
in the late 1920s (Sharp, 1929; Sturgis and Isaacs , 1929), and with such 
t rea tment remission was achieved for several years (Wilkinson, 1949). 
However , in the course of t ime, it was observed that relapses tended to 
occur and some cases became refractory to increasing amounts of the 
extract (Berlin et al., 1958). The reason for this state was shown to be the 
development of an inhibitory factor in serum; serum from such patients 
mixed with intrinsic factor inhibited its effectiveness (Schwartz , 1958). 
Moreover , it was observed that the serum of rabbits injected with intrinsic 
factor developed similar inhibitory propert ies that were attr ibuted to anti
bodies (Taylor and Mor ton , 1958). Next , sera from patients with PA who 
had not been treated with intrinsic factor were shown to contain antibod
ies (Schwartz , 1960; Taylor , 1959), and various studies were developed to 
demons t ra te and examine these antibodies (Abels et al., 1963; Ardeman 
and Chanar in , 1963; Gottl ieb et al, 1965; Jeffries et al, 1962; Ungar , 
1967). In addition to antibodies to the binding site for vitamin B | 2 , o ther 
antibodies were shown to restrict mobility of the intrinsic fac tor -v i tamin 
Β η complex on gel e lectrophoresis . Thus the notion emerged that there 
were two ant ibodies , one reactive with the binding site for vitamin B j 2 

(type 1 antibody) and a second reactive with another site on intrinsic 
factor (type 2 antibody) (Bardhan et al, 1968; Jacob and Schilling, 1966; 
Jeffries etal., 1962). 

Besides these studies on antibodies to gastric intrinsic factor, o ther 
studies repor ted the finding of complement-fixing antibodies to gastric 
parietal cells (Irvine et al, 1962; Markson and Moore , 1962; Taylor et al, 
1962), which are now universally demonst ra ted by immunofluorescence. 
Little progress was made in the understanding of the gastric lesion until a 
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gastric biopsy tube w&s designed that would permit the study of the histo
logical appearance of the mucosa (Wood et al., 1949). 

Pernicious anemia was observed to cluster in families (Mclntyre et al., 
1959) and coexist with au to immune thyroid diseases (Tudhope and 
Wilson, 1960), suggesting there was a genetic component to the disorder . 
The recognit ion that PA fulfilled the markers of au to immune disease 
promulgated by Mackay and Burnet (1963) led to its acceptance as an 
au to immune disease of the s tomach and to the question that is still plagu
ing immunologists today: H o w does the immune system recognize self? 

II. GENERAL DESCRIPTION: ANIMAL MODELS 

Pernicious anemia (PA) is the end stage of an auto immune disease that 
results in the dest ruct ion of gastric mucosa . It is the gastric equivalent of 
myxedema , which follows functional failure of the thyroid gland due to 
au to immune thyroiditis of the Hash imoto type . The auto immune process 
is limited to the body of the s tomach with sparing of the an t rum, and it 
culminates in gastric a t rophy associated with which is a varying degree of 
infiltration of mononuclear cells including plasma cells. 

The striking histological lesion, often unsuspected clinically, appears to 
begin early in adult life and may span a lifetime before the onset of the 
functional failure, which is expressed hematologically as a deficiency of 
vitamin BX2 associated with megaloblastic anemia. Although " s i l e n t " un
til the end stage, the gastric lesion is readily diagnosed and can be pre
dicted years before the clinical presentat ion by immunological and genetic 
markers specific for gastric autoimmuni ty . 

Until recent ly there was no informative animal model of naturally oc
curring au to immune gastrit is, which precluded precise analysis of the 
contr ibution of lmmunogenet ics to the development of gastric a t rophy. 
An experimental animal model that was developed in the rhesus monkey 
by immunizat ion with extracts of gastric mucosa in F r e u n d ' s complete 
adjuvant (Andrada et al., 1969) resulted in the development of an autoim
mune gastrit is, gastric parietal cell ant ibodies, and positive cu taneous 
delayed-type hypersensi t ivi ty react ions to gastric antigens. Exper imenta l 
immunizat ion of dogs with gastric ju ice and extracts of gastric mucosa 
also resulted in the development of gastritis and equivalent humoral and 
cellular react ions to gastric ant igens, but in this model , unlike the human 
disease, the inflammatory response in the gastric mucosa was minimal 
although a t rophy was severe (Hennes et al., 1962; Fixa et al., 1964, 1972; 
Krohn and Findlayson, 1973). The cellular response is thought to be the 
more important in the product ion of gastritis in dogs (Krohn and Findlay-



246 SENGA WHITTINGHAM AND IAN R. MACKAY 

son, 1973), al though a combined humoral and cellular response to immu
nization has been demonst ra ted . However , in ra ts , hypochlorhydria and 
a t rophy of gastric parietal cells were induced by infusion of an im
munoglobulin G (IgG) fraction of human serum containing gastric parietal 
cell ant ibodies (Tanaka and Glass , 1970); this suggested that ant ibody is 
predominant ly or even exclusively involved in the induction of the gastric 
lesion. 

There is also evidence that clustering of autoimmunity occurs in the 
animal models of human diseases associated with auto immune gastrit is. 
Gastric parietal cell antibodies reactive with rat s tomach were demon
strated in 6 8 % of BBAV rats with insulin-dependent diabetes mellitus of 
spontaneous onset (Elder et al., 1982). These antibodies were associated 
with histological evidence of mild to modera te gastritis and loss of special
ized cells, fibrosis, and squamous metaplasia, although no significant re
duction in acid secret ion or fall in the serum level of vitamin Bn was 
detected in the 90- to 300-day-old rats studied. Also, antibodies to gastric 
parietal cells were shown to coexist serologically with thyroid antibodies 
in obese strain chickens with the avian counterpar t of human Hashimo
to ' s throiditis (Khoury et al., 1982). Sera from 9 of 47 of these chickens 
gave a pat tern of reactivity comparable with that of human serum contain
ing gastric parietal cell antibodies when tested against the proventr iculus 
of the chicken. 

The animal models suggested that the gastric a t rophy of PA is initiated 
and sustained by an au to immune process . However , there have been no 
meaningful studies on how genetic effects influence the lesion, what effec
tor mechanisms act on the gastric mucosa , and what effects minor extrin
sic damage may have on the initiation and persis tence of the lesion. If the 
contr ibutory factors are comparable with those involved in the " s i s t e r " 
au to immune disease , au to immune thyroiditis, then two "suscept ib i l i ty" 
genetic effects would require to be expressed concurrent ly, one express
ing a primary defect in the gastric mucosal cell and another expressing a 
defect in the thymus resulting in immunoregulatory dysfunction (Maron 
and Cohen , 1980; Penhale et al., 1975; Tomazic et al., 1974). 

III. CLINICAL PRESENTATION 

Classically, the patient with PA due to autoimmune gastritis is a gray-
haired, middle-aged woman of nor thern European origin with signs and 
symptoms of anemia and possibly of associated neuropathy. There may 
be relatives with pernicious anemia and/or a coexisting or family history 
of other au to immune diseases in the thyrogastric cluster (Table I). 
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TABLE I 
Diseases Associated with PA That Cluster in "PA Families" 

Diseases Citations 

Thyrotoxicosis, Hashimoto's thyroiditis 
Primary hypothyroidism 

Ardeman et al. (1966b) 
Irvine et al. (1965) 
Irvine (1975) 
Schiller et al. (1968) 
Tudhope and Wilson (1960) 
Irvine et al. (1970) 
Whittingham et al. (1971) 
Blizzard et al. (1967) 
Irvine (1978) 
Irvine and Barnes (1974) 
Blizzard et al. (1966) 
Whittingham et al. (1969) 
Bor et al. (1969) 
Mackay (1971) 
Guttmann et al. (1972) 

Insulin-dependent diabetes mellitus 

Primary Addison's disease 

Primary ovarian failure 
Primary hypoparathyroidism 
Premature graying of hair 
Vitiligo 
Myasthenia gravis 
Lambert-Eaton syndrome 

The clinical features of PA are well known. Usually the patient presents 
in late middle age, is female more often than male, and is usually of 
nor thern European origin. The patient will appear pale, physically tired, 
mentally depressed , and may complain of abdominal discomfort . The 
anemia is megaloblast ic , due to deficiency of vitamin B i 2 , and may in later 
stages be accompanied by peripheral neuropathy. 

The laboratory tests are diagnostic. The blood film and bone mar row 
show features of megaloblastic anemia, the gastric aspirate shows achlor-
hydria, and the gastric mucosal biopsy shows gastritis and varying de
grees of gastric a t rophy (Fig. 1). Almost invariably (>90%) there are 
serum autoant ibodies to gastric parietal cells (Fig. 2), and frequently 
(60%) there are ant ibodies to gastric intrinsic factor. There is a low level 
(<200 pg/ml) of serum vitamin B i 2 in serum, and a low level (<20 ng/ml) 
of serum pepsinogen I and a high (>100 pmol/liter) level of serum gastrin. 
The Schilling test result is < 5 % (Chanarin, 1979), suggesting that there is 
gross impairment of absorpt ion of vitamin B i 2 . 

It is important to appreciate that the immunological processes that 
finally result in vitamin B i 2 deficiency are operat ive for many years before 
there is any functional evidence of exhaust ion of the gastric parietal cells. 
T w o points can be made to which we will return in later sect ions. One is 
that the chief cells of the s tomach, which secrete pepsin, are also affected, 
al though there is no evidence that these are a target for immune-mediated 
damage. The other is that , for historical reasons , we are burdened by 
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FIG. 1. Macroscopic appearance of the gastric mucosa in pernicious anemia showing the 
extreme thinning of the body (right) because of gastric atrophy with loss of specialized cells 
and replacement by mucous glands in contrast to the healthy mucosal folds of the antrum 
(left). Inset is the microscopic appearance when a mucicarmine stain is used to detect 
mucus-secreting cells. 

problems in terminology. Since the eventual clinical expression of the 
disease is a blood disorder , our chapter heading includes "pern ic ious 
a n e m i a , " but the disease process with which we are concerned patho-
genetically is a chronic autoimmune gastritis, and this is the process that 
terminates in gastric a t rophy and is the cause of the megaloblastic or 
" p e r n i c i o u s " anemia. 

Pernicious anemia associates with a number of diseases , but predomi
nantly with endocr inopathies and diseases in which autoantibodies to 
important cell receptors account for the immunopathogenesis of the disor
der. The associated au to immune diseases include thyrotoxicosis , Hashi
mo to ' s thyroidit is , insulin-dependent diabetes mellitus, primary Addi
son ' s disease of the adrenal gland, primary ovarian failure, pr imary 
hypoparathyroidism, premature greying of the hair, vitiligo, myasthenia 
gravis, and the L a m b e r t - E a t o n syndrome which is a more recently ob
served associat ion (Table I) . These " thy rogas t r i c " autoimmune diseases 
not only occur together in the same patient with PA but aggregate in " P A 
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FIG. 2. Indirect immunofluorescence preparation showing gastric parietal cell antibody 
detected using a serum of patient with pernicious anemia applied to a frozen air-dried section 
of mouse stomach. There is reactivity with the parietal cells of the tubular glands (x50). 

famil ies" (Ardeman et al., 1966a; Wangel et al., 1968a,b; Whit t ingham et 
al., 1969). One common link be tween these disorders is autoimmunity . 

IV . H I S T O P A T H O L O G Y 

A . EVOLUTION O F GASTRIC ATROPHY 

The evolut ion of gastric a t rophy (Fig. 3, A - C ) in most cases of PA 
probably spans 20 to 30 years , but this is difficult to assess in individual 
cases . Near ly all pat ients with gastric parietal cell ant ibody whose gastric 
mucosae have been examined histologically have shown some evidence 
of gastritis (Serafini et al., 1970). Thus , the presence of gastric parietal cell 
ant ibody in the serum is predict ive of au to immune type gastritis (Irvine et 
al., 1965). Converse ly , gastric parietal cell ant ibody is not observed when 
gastritis is due to diseases affecting the body of the s tomach which are not 
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TABLE II 
Frequency of Gastric Autoantibodies in Diseases in the Autoimmune Cluster Compared with 
Control Populations 

Frequency (%) of 
autoantibodies to 

Gastric Gastric 
parietal intrinsic 

cells factor Citation 

Disease group (number tested) 
Thyrotoxicosis (302) 24 3.0 Irvine (1965) 
Hashimoto's thyroiditis (120) NT a 5.0 Irvine (1975) 
Primary hypothyroidism (297) NT 6.7 Irvine (1975) 
Insulin-dependent diabetes 

mellitus 
Aged <30 years (771) 9.0 NT Riley et al. (1982) 
Aged 10-90 years (200) 28.0 4.0 Ungar et al. (1968) 

Primary Addison's disease (261) 31.0 8.4 Irvine and Barnes (1975) 
Primary ovarian failure (5) 40.0 40.0 Irvine et al. (1968) 
Primary hypoparathyroidism (68) 22.0 NT Blizzard et al. (1966) 
Vitiligo (80) 21.0 NT Brostoff*/ al. (1969) 
Lambert-Eaton syndrome (46) 26.0 11.4 Lennon et al. (1982) 

Control (number tested) 
Chronic atrophic gastritis, Type 0 0 Whittingham et al. (1969) 

Β (non-PA) (13) 
Duodenal ulcer (200) 5.0 0 Ungar et al. (1976) 
Australian population (3492) 4.8 0 Hooper et al. (1972) 

Aged 21-30 years (551) 2.2 NT 
Aged 61-65 years (317) 6.3 NT 

Australian blood donors (500) NT 0 Ungar et al. (1968) 
Scottish blood donors, 9.0 0 Irvine (1965) 

females aged 40-60 years (141) 

a NT, not tested. 

au to immune (Table II) . Why some patients with auto immune gastritis 
progress to PA while o thers maintain sufficient vitamin B i 2 absorpt ion for 
long periods is not known. H o w e v e r this point is unimportant , because 
PA is merely the terminal stage of the process . The youngest person we 
have studied with gastric parietal cell ant ibody was aged 13 years , and her 
gastric mucosa biopsied at the age of 17 years showed mild gastrit is. 
Whether and when she will develop PA cannot be predicted. 
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B. THE TYPE Α - T Y P E Β CLASSIFICATION 

Gastric a t rophy is readily recognized macroscopically and microscopi
cally. The wall of the body of the s tomach becomes paper thin because the 
gastric glands are markedly reduced or absent (Fig. 1). There may be 
intestinal metaplasia and residues of an earlier and denser infiltration of 
mononuclear cells (Fig. 3,B). 

Strickland and Mackay (1973) proposed a classification of gastritis on 
the basis of histological findings of the mucosa of the body of the s tomach 
and an t rum, the presence of gastric parietal cell ant ibody, and serum 
levels of gastrin. Type A gastrit is, the " P A t y p e , " involves only the body 
of the s tomach, is associated with antibodies to gastric parietal cells, 
achlorhydria , and high levels of serum gastrin secreted by the intact antral 
glands. Type Β gastrit is, the non-PA or simple type , involves both the 
body and antral mucosa , is not associated with gastric parietal cell anti
body , and shows incomplete failure of acid secretion and low levels of 
serum gastrin because the ant rum is affected by the gastritic process . Of 
30 pat ients with type A gastritis and able to absorb vitamin B i 2 normally, 
Strickland and Mackay observed that 5 (16%) developed overt or latent 
PA during a follow-up period of 3-24 years . Type A gastritis has also been 
shown to be the gastritis characterist ic of families in which PA predomi
nates (Kekki et al, 1983; Varis , 1981). This classification suggests that 
since the histological findings in PA are restricted to the body of the 
s tomach and autoant ibodies are directed against components of the gas
tric parietal cell, this cell must be the target of the auto immune process . 
However , gastric a t rophy with PA is character ized by complete loss of 
both parietal cells and chief cells, and it is difficult to explain why chief 
cells are involved unless they are environmentally implicated in the de
structive process affecting the parietal cells. 

It is of interest that PA in patients with the common variable type of 
immunodeficiency associated with low levels of serum immunoglobulins 
can be distinguished from classical PA on this classification. This former 
type of PA usually occurs in a younger age group, is histologically type B , 
is associated with a negative test for antibodies to gastric parietal cells and 
intrinsic factor, and shows a low level of serum gastrin (Cowling et al., 
1974; Hughes et al, 1972; Twomey et al, 1969, 1970). 

C . REVERSIBILITY O F THE LESION 

There are many reports of regeneration of gastric parietal cells, im
provement in gastric function, and hematological remission after cort ico
steroid drugs (Ardeman and Chanarin, 1965; Baggett and Welsh, 1970; 
Doig et al, 1957'; Gordin , 1959; Jeffries et al, 1966; Kris tensen and Friis , 
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1962; R0dbro et al, 1967; Strickland et al, 1969; Wall et al, 1968) or 
azathioprine (Jorge and Sanchez , 1973). This suggests that the gastric 
mucosa is the direct target of an au to immune process that can be checked 
by the immunomodulat ing effect of these drugs. 

V . I M M U N O L O G Y 

A . IMMUNOLOGICAL FEATURES 

The cell implicated in the au to immune process in PA is the gastric 
parietal cell. Autoant ibodies develop against various components of this 
cell; the membrane , the cytoplasm, and a secreted product , intrinsic fac
tor, which normally binds avidly to dietary vitamin B i 2 (Glass, 1963) and 
promotes its t ranspor t to the ileum for absorpt ion (Donaldson et al, 1967; 
Kapadia et al, 1983). Like most autoant ibodies , gastric autoant ibodies 
are polyvalent but are predominant ly of the immunoglobulin G (IgG) iso-
type (Serafini et al, 1970). IgA antibodies to gastric intrinsic factor have 
been demons t ra ted in gastric ju ice (Goldberg and Bluestone, 1970). 

Antibodies to gastric parietal cells are reactive with a cell-surface mem
brane antigen (De Aizpurua et al, 1983a; Masala et al, 1980) and a 
l ipoprotein on membranes of the canalicular microvilli in the cytoplasm 
(Hoedemaeker and I to , 1970; Ward and Nairn , 1972). There are opposing 
views as to whe ther these antibodies are the same or distinct (De Aizapu-
rua et al, 1983a; Masala et al, 1980). Both are demonstrable by immunof
luorescence , but as the test for ant ibody to surface membranes requires 
living cells, the test for ant ibody to cytoplasm using frozen sections of 
mucosa is simpler to perform (Fig. 2). The substrate recommended for the 
latter is an unfixed, air-dried, frozen section of human s tomach, but if this 
is not available, rodent s tomach may be used. Mouse s tomach is prefera
ble to rat s tomach because with mouse s tomach there is a lower frequency 
of heterophile react ions (Muller et al, 1971) that could be misinterpreted 
as ant ibody specific for parietal cells. 

Since complement binds the ant ibody to the cell cytoplasm, and au
toantibodies to gastric parietal cells have been shown to be cytotoxic to 
these cells in vitro (De Aizpurua et al, 1983b), both antibodies are poten
tially cytolytic in vivo. Howeve r , the rapid turnover of gastric parietal 
cells normally provides a reserve of cells far in excess of the number 
required for adequate function. Gastr ic parietal cell antibodies may also 
have an inhibitory effect on the secretion of acid by binding to the cell 
receptors for gastrin (Loveridge et al, 1980). The cited frequency for 
which gastric ant ibodies in PA are detected serologically by immuno-
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fluorescence is —90%. Explanat ions for the residual 10% of seronegative 
cases could include faulty diagnosis, a "burn ing-ou t " of the au to immune 
response as the autoantigen becomes exhausted, or dependence exclu
sively of the damaging process on cellular ra ther than humoral immunity. 
The problem of a frequency of positivity < 1 0 0 % for the relevant autoanti
body is not confined to PA. 

H u m a n intrinsic factor is a glycoprotein with a molecular weight of 
—44,000. Each molecule of intrinsic factor has the capacity to bind to one 
molecule of vitamin B i 2 (Chanarin, 1979). Two distinct antibodies are 
detected by radio immunoassay; one reacts with the binding site for vita
min Β π and blocks subsequent binding of intrinsic factor with the free 
vitamin, and the o ther reacts with an antigenic determinant remote from 
this site (Rothenberg et al, 1971; Samloff et al, 1968; Samloff and 
Turner , 1968). Antibodies to the vitamin Β ϊ 2 binding site are demonst rable 
in serum of —70% of pat ients with PA and to the other site in —50%. 
These frequencies are greater if gastric ju ice is assayed. 

Cell-mediated immune react ions in PA have been demonst ra ted in vitro 
by transformation of peripheral blood lymphocytes in the presence of 
human intrinsic factor, gastric ju ice , or an homogenate of gastric mucosa 
(Tai and McGuigan, 1969), and by inhibition of the migration of peripheral 
blood leucocytes in the presence of human gastric ju ice or intrinsic factor 
(Finlayson et al, 1972; Fixa et al, 1972; Goldstone et al, 1973; Rose et 
al., 1970). Glass (1977) also reported positive cutaneous delayed-type 
hypersensit ivi ty react ions to gastric intrinsic factor and extracts of gastric 
mucosa . Some of the results are difficult to interpret , since the number of 
reactors was low (38%) in tests for lymphocyte transformation, and inhi
bition of leucocyte migration was as effective with liver mitochondria as it 
was with the gastric antigens (Goldstone et al, 1973). However , Irvine et 
al. (1965) have shown very clearly and elegantly by electron microscopy 
that lymphocytes line up against the membranes of gastric parietal cells 
and chief cells, suggesting that these cells are actually responsible for the 
death of gastric mucosal cells. 

B. IMMUNOLOGICAL DERANGEMENTS 

The detect ion in pat ients with PA of a high frequency of thyroid autoan
tibodies and a lower but clearly increased frequency of autoantibodies to 
pancreat ic islet β cells, adrenal cortical cells, and ovary (Table III) is in 
keeping with the clinical associat ion PA has with the auto immune dis
eases which these autoant ibodies specify. Also in accord with this special 
clustering of diseases is the increased frequency of gastric parietal cell 
and intrinsic factor antibodies observed in these diseases (Table II) . Of 



10. PERNICIOUS ANEMIA AND GASTRIC ATROPHY 255 

TABLE III 
Frequency of Coexisting Autoantibodies in 90 
Patients with Pernicious Anemia 

Autoantibodies to Number positive (%) 

Thyroid microsomes 41 (46) 
Thyroglobulin 9(10) 
Pancreatic islet cells 5 (6) 
Adrenal cortical cells 4 (4) 
Ovarian cells 2 (2) 

interest is the most recent member to jo in the cluster, the L a m b e r t - E a t o n 
syndrome (Lang et al, 1981; Lennon et al, 1982). The high frequency of 
thyroid ant ibodies present in this syndrome, myasthenia gravis, and PA is 
illustrated in Fig. 4. 

C . MECHANISMS O F DAMAGE 

There a re two processes , both immunologically mediated, which lead 
to malabsorpt ion of vitamin B 1 2 , the determinant of pernicious anemia. 
The first is deplet ion of gastric parietal cells, which secrete gastric intrin
sic factor, and the second is the b lockade of intrinsic factor by autoanti
body to it. Normal ly , intrinsic factor is secreted in volumes far in excess 
of that required to maintain absorpt ion of vitamin Bi 2 , , but as immunologi
cal destruct ion of gastric parietal cells proceeds to gastric a t rophy, the 
level of secret ion falls below that required for complexing with dietary 
vitamin B J 2 and subsequent absorpt ion of the complex. Over and above 
this effect, there are autoant ibodies react ive with the receptor site for 
vitamin B i 2 on intrinsic factor. These are demonstrable in serum and 
gastric ju ice (Fisher et al., 1966; Schade et al., 1966), and interfere with 
the formation of the stable complex required for the t ransport of vitamin 
B n from the s tomach to the absorpt ion site on epithelial cells in the distal 
ileum (Donaldson et al., 1967; Kapad ia et al., 1983). This complex may be 
present exclusively with no free intrinsic factor detectable (Goldberg and 
Blues tone, 1970; Rose and Chanar in , 1969). Megaloblastic anemia and 
neuropathy are the direct effects of the ensuing deficiency of vitamin B ] 2 

(Chanarin et al, 1981). 
Following the exciting findings of earlier t imes on the role of vitamin B i 2 

in development of anemia and the effect of autoimmunity on the gastric 
parietal cell and intrinsic factor, research on the pathogenesis of gastric 
a t rophy has slowed in recent years . Explanat ions for the initiation and 
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FIG. 4. There is increased frequency of autoantibodies to thyroid antigens in several 
diseases that cluster with pernicious anemia (PA). Results of tests for autoantibodies to 
thyroid microsomes in patients with the neuromuscular disorders Lambert-Eaton syndrome 
(LES) and myasthenia gravis (MG) are shown to illustrate the clustering of these diseases 
with pernicious anemia as compared with patients with other neurological diseases (predom
inantly amyotrophic lateral sclerosis in this study) and control patients with various nonim-
munologically mediated diseases. The study illustrates that LES and MG overlap serologi
cally with PA. 

progression of the gastric lesion appear to lie in the understanding of two 
major effects, immunological and genetic . 

To explain the lesion, we put forward two alternative (although not 
mutually exclusive hypotheses) that are based on the immunological 
mechanisms believed to be involved in the two autoimmune diseases most 
closely associated with PA; G r a v e s ' disease, in which an autoant ibody to 
a cell-surface receptor (TSH receptor) is operat ive, and Hash imoto ' s thy
roiditis, in which an immunoinflammatory and t issue-destructive process 
is operat ive (Fig. 5). 

The first hypothes is , the antireceptor antibody concept (see Chapter 
23), p roposes that autoant ibody to a receptor on gastric parietal cells is a 
major determinant of gastric a t rophy. The idea that antibody to a cell 
receptor may account for the clinical expression of disease was first sug
gested by Simpson (1960) as an explanation for the features of myasthenia 
gravis. This hypothesis lay dormant for a decade until it was reintroduced 
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FIG. 5. A portrayal of the evolution of autoimmune gastritis and the mechanisms that 
may be operative in the cases in which there is evolution to the end stage of gastric atrophy. 

by Lennon and Carnegie (1971) as a concept for explaining " immunophar -
macological d i s e a s e s . " Thereafter , various clinical observat ions and ex
perimental studies established that immunological react ions with cell re
ceptors were implicated in a number of disease states (Carnegie and 
Mackay , 1975). Such processes could account for a number of findings in 
gastric parietal cell dysfunction. 

In an experimental preparat ion it was shown that gastric parietal cell 
ant ibodies inhibited the response of the parietal cell to gastrin, pointing to 
b lockade by ant ibody react ive with the cell-surface receptor for gastrin 
(Loveridge et al., 1980). This inhibitory effect on the receptor may pre
vent proliferation and maturat ion of gastric parietal cells so leading to 
mucosal a t rophy. One reason for the greater susceptibility of females to 
gastric a t rophy could be the lower number in females of gastrin receptors 
on parietal cells (Johnson et al., 1982) and therefore fewer binding sites 
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for gastrin. Since the inflammatory process in PA spares the antrum and 
the ant rum is the site of product ion of gastrin (McGuigan and Trudeau , 
1972), high levels of gastrin should be demonstrable in the serum of pa
tients PA. In fact, raised levels of gastrin in serum were found in 7 5 - 8 0 % 
of cases , even in pat ients in whom there is a considerable reserve of 
parietal cells (Ganguli et al., 1971). 

The increased level of serum gastrin in PA is a mat ter of much interest . 
One reason for this is the lack of hydrochloric acid in the s tomach, since 
acid inhibits the secret ion of gastrin. However , in a more general sense , 
the situation is analogous to certain other diseases marked either by inter
ference with binding of the ligand at the receptor site, or by disappearance 
of cells bearing the receptor (Carnegie and Mackay , 1982): There is a 
compensa tory increase in serum levels of the natural ligand, or otherwise 
stated, failure of " feedback inhibi t ion." The mechanism is similar to that 
which occurs in the syndrome of insulin resistance associated with acan
thosis nigricans, wherein the main effect of the antibody on the receptor 
for insulin is inhibitory (Kahn et al., 1976), leading to profound resis tance 
to insulin. 

The al ternative hypothes is , the multiple gene concept, p roposes that 
gastric a t rophy is the result of genetic defects involving the body mucosa 
and the immune sys tem. This would be similar to that proposed for an 
avian model of spontaneous human autoimmune thyroiditis that occurs in 
a strain of chicken known as the obese strain (OS). Studies on this OS 
chicken suggest that three main gene effects are operat ive in the develop
ment of a disease that is a close analog of human Hash imoto ' s thyroiditis 
and may bear some resemblances to human thyrogastric au to immune 
disease (see Chapter 1). The first genetic effect is operat ive on the thyroid 
gland; the second genetic effect is mediated through the major his tocom
patibility complex (MCH) (the Β locus of the chicken), and the third 
p romotes immunological hyperreact ivi ty (Wick et al., 1982). 

Considering such effects in humans , there is no definite evidence for a 
primary defect in the parietal cell system in the s tomach of patients pre
disposed to developing PA, although we can cite biopsy studies of the 
gastric mucosa of relatives of p robands with PA showing an increased 
frequency of type A gastritis (Varis et al., 1979) that has been at tr ibuted to 
an inherited defect (Varis, 1981). The apparent absence of PA in pat ients 
with duodenal ulcer with gastric parietal cell antibodies may be due to a 
structurally and functionally sound gastric mucosaHUngar et al., 1976). 
Considering the second gene effect, there is evidence in PA for increased 
frequencies of part icular HLA antigens (Ungar et al., 1981; Van den Berg-
Loonen et al, 1982). With respect to the third gene effect, there is height-
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ened reactivity of the immune response to part icular autoant igens. Pre
suming that the two main gene effects promoting the development of 
gastric a t rophy of the PA type are a defect in the mucosa and a defect in 
the immune sys tem, then both would be required to act in concer t for 
express ion of PA and gastric a t rophy. 

While ant i receptor antibodies are possible part icipants in immuno-
pathogensis , o ther effector mechanisms may contr ibute singly or in con
cert to the progressive inflammatory lesion. These are complement-de
pendent cytotoxic ant ibodies , cytotoxic damage by Τ lymphocytes , and 
ant ibody-dependent cellular cytotoxici ty (ADCC) by killer (K) cells. 

Whether gastric a t rophy occurs alone or in association with other 
au to immune diseases in the cluster would appear to be genetically deter
mined. At least this is suggested by the reported high frequency of HLA-
DR2 in P A not associated with o ther au to immune diseases , and of HLA-
DR3 in P A associated with other au to immune diseases (Ungar et al., 
1981). 

D . IMMUNOGENETICS 

Heredi ty is thought to affect the development of PA and gastric atro
phy , al though the mode of inheri tance is not unders tood. Evidence for 
genetic factors influencing the express ion of PA includes clustering of PA 
in families, clustering of PA with o ther auto immune diseases (Table I) , 
racial predilection for subjects of nor thern European origin, and an in
creased frequency of part icular genetic markers in patients with PA. 

A number of Caucasian families have been reported in which there has 
been a high frequency of PA over several generat ions (Ardeman et al., 
1966b; Callender and Denborough, 1957; Doniach et al., 1965; Mcln ty re 
et al, 1959; Te Velde et al, 1964; Wangel et al., 1968a,b; Whit t ingham et 
al., 1969), and there are also repor ts of concordance of PA in monozy
gotic twins (Delva et al., 1965; Irvine et al., 1965). However , d iscordance 
of PA has also been observed in monozygot ic twins (Balcerzak et al., 
1968), suggesting that some unknown environmental factor has influenced 
the development of the disease . 

Pernicious anemia is rare among southern Europeans and almost non
existent among blacks and Asians (Irvine et al., 1969; Jayara tnam et al., 
1967), and in keeping with racial differences, PA is claimed to be associ
ated with phenotypic markers that are absent or occur with low frequency 
in the above racial groups . These markers include blue eyes , fair skin, 
blood group A (Callender and Denborough, 1957), and certain HLA mark
ers . HLA-B7 and B\2 are increased in frequency in patients with severely 
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impaired vitamin B ! 2 absorpt ion, and HLA-B8, -B18, and -Bwl5 are in
creased in frequency in pat ients with au to immune endocrinopathies (Un-
gar et al., 1977). HLA-DR4 is increased in frequency in all pat ients , but 
interestingly this increase is associated with increased frequencies of DR2 
in pat ients with PA alone and of DR3 in patients with PA and auto immune 
endocr inopathies . The increased frequency of HLA-DR2 in PA has been 
independently cor robora ted (Van den Berg-Loonen et al., 1982). The data 
of Ungar et al. (1981) suggested that DR2 may protect against the devel
opment of au to immune endocrinopathies in pat ients with PA. 

E. LABORATORY DIAGNOSIS 

The anemia can be demonst ra ted to be of the megaloblastic type by 
examinat ion of blood and bone marrow (Chanarin, 1979). Of pat ients , 
90% will have a posit ive immunofluorescence test for gastric parietal cell 
ant ibody and —60% will have serum antibodies to gastric intrinsic factor. 
There may be coexisting autoant ibodies specific for the various other 
au to immune diseases in the thyrogastr ic cluster (Table II). At the stage of 
pernicious anemia, all pat ients will have a serum vitamin B J 2 level of <200 
pg/ml (Ungar et al., 1968); > 9 5 % will have a level of serum pepsinogen I 
< 2 0 ng/ml (Samloff et al., 1982), and 7 5 - 8 0 % will have a serum gastrin 
level >100 pmol/liter (Varis et al., 1979). In keeping with the sparing of 
the ant rum from the inflammatory process , the level of pepsinogen II is 
normal and the low ratio (<1 .0 ; normal 6.2) of pepsinogen I to pepsinogen 
II is predict ive of the histological s tatus of the gastric mucosa (Samloff et 
al., 1982). At earlier stages of au to immune chronic gastritis when the 
destruct ive lesion is " s i l e n t , " there may be alterations in levels of these 
various laboratory indices suggestive of the disease process that can 
eventually lead to PA (Irvine et al., 1974). 

A biopsy of the body of the s tomach stained by hematoxylin and eosin 
shows marked reduct ion of the secretory glands of the s tomach or frank 
gastric a t rophy (Figs. 1 and 3C), varying degrees of intestinalization (me
taplasia) of the gastric glands (Strickland and Mackay , 1973) (Fig. 3C), 
and in the earlier lesions (Fig. 3B), prominence of lymphocytes and 
plasma cells in the inflammatory infiltrate in the lamina propria. 

Acidity of gastric ju ice is lost due to functional impairment of gastric 
parietal cells. Absence of HC1 from the gastric ju ice is an essential prereq
uisite for the diagnosis of PA (Chanarin, 1979). Confirmation of the diag
nosis is by the Schilling test , in which it can be shown after a loading dose 
of vitamin B ! 2 given intravenously that the excretion of orally adminis
tered vitamin B i 2 into the urine is < 5 % of the dose given (it is usually 
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< 1 % ) , and that following the giving of intrinsic factor with vitamin B i 2 the 
absorpt ion of vitamin Β ϊ 2 is res tored, as is shown by a urinary excret ion 
10 -25% of the dose given. 

VI. TREATMENT AND OUTCOME 

The s tandard t rea tment is that of correct ion of deficiency of vitamin B 1 2 

and maintenance of an adequate level by parenteral administrat ion of 
vitamin B 1 2 . This corrects the anemia and may, particularly if given in 
high doses , correct the neuropathy . There is no necessity to give cort ico
steroid or immunosuppress ive drugs , although in research studies these 
have been shown to ameliorate the gastric lesion. 

There is historical evidence for a link be tween type A atrophic gastritis 
and its sequel , gastric a t rophy, and adenocarc inoma of the s tomach, but 
the associat ion may not be strong. Only 2% of all gastric cancers were 
associated with PA in a large autopsy survey in Malmo, Sweden (Erick-
sson et al.t 1981), even when PA had been present > 1 5 years . In a study 
by Walker et al. (1971) of cases of type A and type Β gastritis, gastric 
cancer supervened only in pat ients with type Β gastrit is. N o n e was ob
served among patients with type A gastrit is. These findings were corrobo
rated by Irvine et al. (1974). The studies of earlier years , which reported 
an increased risk (Kaplan and Riglar, 1945; Mosbech and Videbach, 1950; 
Elsborg and Mosbech , 1979), would not have taken account of the hetero
geneity that exists among patients with atrophic gastritis. 

VII. CONCLUDING REMARKS 

Pernicious anemia and gastric a t rophy are terminal events in a pro
t racted chronic au to immune atrophic gastritis that affects the body of the 
s tomach and is usually expressed clinically in late middle age. The disease 
express ion is the result of functional failure at the terminal phase of an 
organ-specific au to immune disease ra ther than the disease process itself, 
and in that sense the names used are misleading. Moreover , these names 
pernicious anemia and gastric atrophy do not capture all the patients with 
au to immune gastri t is . 

Immunologically, au to immune atrophic gastritis is well defined. It ful
fills the criteria for an organ-specific au to immune disease: predominance 
in women , autoant ibodies to gastric ant igens, infiltration of mononuclear 
cells into the target organ with evidence of destruct ion, a regenerat ive 
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response of the affected t issue to cort icosteroid and immunosuppress ive 
drugs, familial predisposi t ion, and association with other au to immune 
diseases , which in this setting are mostly the auto immune endocrinopa-
thies. Quest ions as to whether a primary defect in the body mucosa as 
well as autoant ibody blockade of the receptors for gastrin and intrinsic 
factor contr ibutes to the development of the auto immune process , and 
about the role of genes of the major histocompatibility complex on the 
inheri tance of au to immune gastrit is, still remain to be answered. 

VIII. SUMMARY 

Pernicious anemia (PA) was first described in 1849 and named as such 
in 1872; it was later defined as a disease resulting from gastric secretory 
failure, then at tr ibuted to a deficiency state resulting in bone mar row 
failure, and finally shown to be due to an auto immune gastritis. T w o 
autoantibodies are demonst rable , one present in almost all cases react ive 
with gastric parietal cells, and the other present in some 60% of cases 
reactive with gastric intrinsic factor. The parietal cell autoant ibody de
tected by immunofluorescence, or a parietal cell surface-reactive anti
body , may interfere with the binding of gastrin to the receptor for gastrin 
on the parietal cell, or may result in cell lysis. Why chief cells also disap
pear from the gastric mucosa in the disease process is puzzling, since 
there is no demonst rable autoant ibody to these cells. Cell-mediated im
mune processes in PA have not been convincingly delineated as a cause of 
cell damage . The BB/W rat and the obese chicken represent spontaneous 
animal models of au to immune gastrit is; induced animal models have been 
scarce and neither type of model has contr ibuted substantially to the 
unders tanding of the disease. 

The au to immune type of gastrit is, type A, has the following features 
which distinguish it from the other type , simple or type Β gastritis, which 
presumably results from extrinsically induced damage; it clusters with 
other thyrogastr ic au to immune diseases , affects the body of the s tomach 
but not the an t rum, and progresses to total glandular a t rophy with achy-
lia. This is accompanied by high levels of serum gastrin due to sparing of 
the an t rum, failure of secret ion of intrinsic factor, and gastric parietal cell 
autoant ibodies . Quest ions to be answered include the modus operandi of 
the strong genetic influence, whether there is antibody blockade of the 
gastrin receptor , what causes the fault in maintenance of self-tolerance (a 
recurring quest ion in autoimmunity) , and how the autoimmune reaction(s) 
damage the target t issue. 
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I. INTRODUCTION 

Ulcerat ive colitis and C r o h n ' s disease are acute and chronic inflamma
tory bowel disorders of unknown etiology that must be excluded from 
enterocoli t ides that are due to specific infections, ischemia, irradiation, or 
toxins. Whereas ulcerat ive colitis is limited to the colon and usually oc
curs in a cont inuous distribution extending proximally from the rec tum, 
Crohn ' s disease may involve any port ion of the al imentary canal from the 
lips to the anus , often in a discont inuous or segmental distribution (Kirsner 
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and Shorter , 1982). Both disorders often are accompanied by similar ex
traintestinal lesions and respond favorably to identical medical therapies . 
Many of the clinical manifestations of these inflammatory bowel diseases 
suggest the participation of primary or secondary immunological mecha
nisms (Kraft and Kirsner , 1971; Greenstein et al., 1976). 

Ulcerat ive colitis involves the superficial colonic mucosa in a diffuse 
fashion. When acu te , the patient may be seriously ill with 20 or more 
loose and often bloody stools per day; frequent complications include 
dehydrat ion, anemia, hypoprote inemia, and fever. The illness often fol
lows a chronic course with intermittent exacerbat ions , but there is great 
individual variability as regards the duration of remissions. Proctosig-
moidoscopic abnormali t ies include edema, hyperemia, granularity, pete
chial hemorrhages , pinpoint ulcerations that may become confluent, fria
bility on cot ton wiping, and, in more severe cases , a mucopurulent , 
sanguineous exudate . The disease may be limited to the distal rec tum 
(proctitis) or involve the entire colon (pancolitis). Except for occasional 
radiographic evidence of a few cent imeters of clinically insignificant 
" b a c k w a s h i le i t i s ," easily differentiable from Crohn ' s disease of the il
eum, ulcerative colitis never leads to small intestinal disease. It is thus 
surgically curable by total proctocolectomy. Medical management in
cludes such agents as sedat ives , antidiarrheal drugs, sulfasalazine, and 
topical or systemic cort icosteroids (Kirsner and Shorter , 1982). 

Crohn ' s disease is a persistent or relapsing, t ransmural , granulomatous 
inflammatory process resulting in str ictures, fissured ulcers, s inuses, and 
fistulas. The inflammatory process occurs in a discontinuous distribution, 
the focal nature of the process discriminating Crohn ' s colitis from ulcera
tive colitis in —85% of cases . Clinical symptoms and signs include abdom
inal pain, d iarrhea, malnutri t ion, inflammatory masses , intestinal obst ruc
tion, and severe anal disease. Although the inflammatory process may be 
confined to the small intestine and most frequently involves the terminal 
ileum, any combinat ion of colonic and more proximal involvement may 
occur . The rec tum frequently is spared but may demonst ra te pa tchy, fine, 
or coarse granularity or shallow aphthoid ulcers. Proctoscopic or colono
scopic biopsies may reveal a focal inflammatory infiltrate, whereas in ul
cerative colitis the microscopic changes are diffuse. Noncaseat ing, acid 
fast-negative, sarcoid-type granulomas are detectable in up to 50% of 
cases , represent ing pathognomonic evidence of Crohn ' s disease (Schach-
ter and Kirsner , 1980; Kirsner and Shorter , 1982). 

Hypotheses at tempting to explain the etiology of inflammatory bowel 
disease have implicated infectious agents , toxins, destruct ive enzymes , 
deficiency s ta tes , motility changes , vascular dis turbances , autonomic ner
vous system imbalance, psychogenic mechanisms, metabolic defects , 
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connect ive t issue disorders , abnormal mucosal regenerat ion, and immu
nological phenomena (Kraft, 1979; Kirsner and Shorter , 1982). The length 
of this list correla tes well with the frustration that investigators have had 
in at tempting to dissect the nature of these condit ions. 

Indirect evidence implicating immunological mechanisms in the etiol
ogy of inflammatory bowel disease includes the frequency of personal and 
family histories of known allergic disorders , the increasing family cluster
ing of cases , the occasional associat ion with other disorders often linked 
with immunological mechanisms , the frequency of the disease among 
young people , and the favorable response to antiinflammatory or im
munosuppress ive agents (Kraft, 1979). Antigenic responses to intestinal 
p roducts and contents certainly may generate some of the enteric and 
extraintest inal features of inflammatory bowel disease, as has been impli
cated following jejunoileal bypass surgery (Thayer and Kirsner , 1980). 
Whereas the granulomatous inflammation in Crohn ' s disease suggests the 
possibility of t issue hyperreact ivi ty to luminal antigens, hyposplenism 
and o ther causes of a decreased ability to handle immune stimuli may 
limit host defenses and increase septic complications in some cases 
(Palmer et al, 1981). 

While impressive progress has been made over the past two decades in 
describing the immunological features of inflammatory bowel disease , 
there is no unifying hypothesis that incorporates all of the available infor
mation, and the broad overlap of immunological features does not exclude 
the possibility that ulcerative colitis and Crohn ' s disease each may consist 
of etiologically he terogeneous subgroups (Kirsner and Shorter , 1982). 
This chapter highlights the major studies of humoral and cellular immune 
phenomena in these inflammatory bowel diseases . 

II. HUMORAL IMMUNE PHENOMENA 

The presence of lymphocytes , p lasma cells, eosinophils, and mast cells 
in colonic t issues from patients with ulcerative colitis is consistent with 
the part icipation of humoral immunological mechanisms (Kraft, 1979). 
The additional p resence of macrophages , which are known to play an 
important role in the sequence of events leading to humoral antibody 
product ion, sets the stage for the potential induction, perpetuat ion, and 
termination of local an t igen-an t ibody react ions (Sommers and Korel i tz , 
1975). In C rohn ' s d isease , the early t issue changes also include increased 
proport ions of lymphocytes and plasma cells in the lamina propria , in 
close proximity to macrophages and often degranulated tissue mast cells 
(Hanauer and Kraft , 1983). 
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Although ulcerat ive colitislike syndromes and Crohn ' s disease have 
been descr ibed in rare pat ients with major defects of the humoral immune 
system, which perhaps argues against an important pathogenic role for 
humoral- type immune processes in the product ion of these intestinal le
sions, nei ther ulcerat ive colitis nor Crohn ' s disease is a frequent compo
nent of the recognized immunodeficiency syndromes . Indeed, the integ
rity of the humoral immune system in most patients with inflammatory 
bowel disease would appear evidenced by normal or elevated serum 
gamma globulin concentra t ions and apparently normal ant ibody re
sponses to s tandard bacterial ant igens, common upper-respiratory viral 
agents , and enteric pathogens (Kraft, 1979). 

It is well known that the intestine plays important homeostat ic roles in 
regulating levels of albumin and other plasma proteins , and that deple
tions of some of these components occur in patients with inflammatory 
bowel d isease . Unfortunately, the fact that these changes often are 
merely secondary to the intestinal lesion has not always been given ade
quate considerat ion. Deplet ion of the "building b l o c k s " of both the hu
moral and cell-mediated immune systems occurs in a variety of exudat ive 
enteropathies , resulting in immunological observat ions that are essen
tially ep iphenomena; in addit ion, some are related to the associated mal
nutrition (Hanauer and Kraft, 1983). In reviewing the results of such 
studies of the immune system, one also must consider that he terogeneous 
populat ions of pat ients have been reported, highly variable laboratory 
methods have been used, and that immunological concepts are constant ly 
being updated . 

A . SERUM IMMUNOGLOBULINS 

Serum concentra t ions of the major immunoglobulin isotypes follow no 
predictable pat tern in ulcerative colitis, bearing no consistent relationship 
to the state of activity, extent , or severity of the disease (Kraft, 1979). 
Serial studies in individual pat ients may be more revealing than an assess
ment at a single point in t ime. While the serum IgA concentrat ion may be 
elevated when symptoms of ulcerative colitis have been present for > 1 0 
years , this value may increase further in some patients following total 
proctocolec tomy (Hardy Smith and Macphee , 1971). Although serum IgG 
and IgM levels also may be increased, a few patients with active ulcera
tive colitis have had elevated fractional catabolic rates for these two 
immunoglobulins on the basis of isotope turnover studies (Bendixen et 
al, 1970). 

Aside from rare instances of associated selective IgA deficiency, serum 
IgA levels in pat ients with Crohn ' s disease usually are normal ; they tend 
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to increase with extensive involvement of the small bowel , the colon, or 
both (Hodgson and Jewell , 1978). The levels of IgG in the serum often are 
normal (Hodgson and Jewell , 1978), but may be increased (e.g. , with 
extensive colonic disease or liver involvement) or decreased (perhaps as a 
result of increased catabol ism, due in part to intestinal protein loss) (Ben
dixen et al., 1968). Circulating concentra t ions of IgM also may be ele
vated in pat ients with marked colonic involvement , with cort icosteroid 
usage, or in the p resence of extraintest inal manifestations (Hodgson and 
Jewell , 1978), while normal or low levels of IgM have been associated 
with disease chronici ty (Weeke and Ja rnum, 1971). The demonst ra t ion 
that pat ients with clinically inactive Crohn ' s disease may possess " c o v 
e r t " suppressor Τ cells in the peripheral blood raises the possibility that 
additional ins tances of incipient or actual humoral immune deficiency will 
surface when new methods become available for characterizing the regu
latory T-cell sys tem (Elson et al, 1981; MacDermot t et al, 1981). 

B . CIRCULATING Β CELLS 

Patients with ulcerative colitis have been reported to have increased 
propor t ions and absolute numbers of peripheral-blood Β lymphocytes , 
especially those posit ive for surface IgA and IgM (Strickland et al., 1974). 
Of course , such B-cell da ta may be quite unrelated to circulating and 
secretory immunoglobulin measurements in the same individuals. 

Initial studies in C rohn ' s disease demonst ra ted increased peripheral-
blood Β cells bearing surface-membrane IgA and IgM; these observat ions 
were unrelated to the activity, site, and durat ion of disease and to the 
mode of t rea tment . In more recent work (Auer et al., 1978b), the propor
tion of circulating Β cells was shown to be significantly above normal in 
both acute C r o h n ' s disease without prior therapy and chronic drug-
treated cases . In the first g roup, the absolute numbers of Β cells also were 
considerably increased, diminishing with disease chronicity and treat
ment . These findings were extended to demonst ra te that the proport ion of 
Β cells bearing IgM was significantly higher in short-durat ion, unt rea ted 
Crohn ' s disease than in chronically t reated pat ients (Auer et al., 1979). 
Obviously, concomitant studies of Β cells in the circulation and in the 
affected t issues of carefully defined subgroups of pat ients with inflamma
tory bowel disease are indicated. It also must be kept in mind that tech
niques for determining B-cell numbers by staining for surface-membrane 
immunoglobulins may give falsely elevated values due to the in situ non
specific binding of cytophilic ant ibody or the a t tachment of immune com
plexes to surface F c receptors . 
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C TISSUE IMMUNOGLOBULINS 

In analyzing the humoral immune components of intestinal t issues, 
considerat ion again must be given to the techniques used to quanti tate 
immunoglobulin-producing cells (Brandtzaeg and Baklien, 1976), assess 
B-cell surface-membrane characterist ics (Rosekrans et al., 1980), or iso
late and culture viable lymphoid cells for measurement of immunoglobu
lin synthesis (Bland et al., 1979). It also is important to be able to corre
late such data with the anatomical location and degree of t issue 
inflammation (Brandtzaeg and Baklien, 1979). 

In compar ison to control subjects without overt inflammation, colonic 
t issue specimens from patients with active ulcerative colitis have shown 
increased numbers of IgA-, IgM-, and IgG-containing plasma cells. The 
IgG cells were especially prominent in the submucosa , and serial follow-
up studies suggested that these cells tend to persist during the inactive 
stage of the disease (Baklien and Brandtzaeg, 1975). Yet , o thers have 
found no significant differences be tween the numbers of IgA, IgG, and 
IgM cells in colonic t issues from patients with inactive ulcerative colitis 
and control subjects (Skinner and Whitehead, 1974). 

Early studies of patients with terminal ileal Crohn ' s disease demon
strated increased numbers of immunoglobulin-containing cells and larger 
local concentra t ions of the corresponding immunoglobulins compared to 
control ileal t issues (Persson and Danielsson, 1973; Persson, 1974). In 
later work , the total numbers of lymphoid cells containing IgA, IgM, and 
IgG in Crohn ' s disease t issues were found to be increased by 2- to 60-fold 
the numbers detected per mucosal t issue unit in normal specimens. The 
greater propor t ions of IgG cells were most striking at sites of pronounced 
inflammation, in areas of fissure formation, and especially surrounding 
lymphoid nodules and granulomas (Brandtzaeg and Baklien, 1976, 1979). 
Others also have described increased numbers of IgM cells in nonulcera-
ted but affected areas of bowel from patients with Crohn ' s disease (Rose
krans et al., 1980). 

The distribution of IgE cells in the colonic mucosa in ulcerative colitis 
requires additional correlat ion with disease activity, since findings of 
large numbers of such cells in some patients have not been noted by other 
workers (O 'Donoghue and Kumar , 1979). Similar controversies revolve 
around the presence of IgE cells in the intestinal mucosa in Crohn ' s 
disease (Baklien and Brandtzaeg, 1975). While concentrat ions of both IgE 
and IgA have been normal in the intestinal fluids obtained from pat ients 
with Crohn ' s disease (Jones et al., 1976), quantitative differences may be 
less important than are the structural and functional characterist ics of 
these secretory immunoglobulins. 
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In vitro kinetic studies of t issue immunoglobulin secretion have demon
strated increased IgA and IgG synthesis in rectal mucosal biopsies from 
untreated pat ients with ulcerat ive colitis, in compar ison with normal con
trols and pat ients with bacterial enterocolit is (Fiorilli et al., 1975). Mono
nuclear cells separa ted from resected Crohn ' s disease specimens synthe
sized IgG at a ra te increased 10-fold over that of intestinal mucosal 
lymphoid cells isolated from control t issues (Bookman and Bull, 1979); 
however , o thers found a decreased secretion of IgG and IgM by Crohn ' s 
disease and ulcerat ive colitis intestinal mononuclear cells (MacDermot t et 
al., 1981). Synthesis of IgA was normal in both studies. 

D. CIRCULATING AND TISSUE ANTIBODIES 

1. Anticolon Antibodies 

N u m e r o u s antibodies that react against host or foreign antigens have 
been detected in sera from patients with inflammatory bowel disease. The 
specificity, i sotype, prevalence , and other characterist ics of these anti
bodies clearly are of interest and potential importance. Yet , any discus
sion of the immunology of inflammatory bowel disease is handicapped by 
uncertainty regarding the nature of the antigen(s) involved. In all disor
ders involving an immunological pathogenesis , antibodies are necessary 
but not alone sufficient to bring about the untoward physiological re
sponse and t issue react ion; a proper understanding of any type of immu
nological t issue damage requires adequate antigenic identification (Farr , 
1963). 

The original serological finding of an increased frequency of hemagglut-
inating antibodies against colon mucosa in patients with ulcerative colitis 
st imulated much effort to implicate specific colon antigens and antibodies 
in this d isease . It is not surprising that there has been much heterogeneity 
among the various anticolon ant ibody populat ions described to da te ; the 
many colonic antigens that have been identified possess varying degrees 
of digestive t ract , organ, and species specificity (Kraft, 1979). Early stud
ies suggested that the colonic antigenic determinants were carbohydra te 
in na ture , probably involving a gastrointestinal mucopolysacchar ide as 
found in mucin (Broberger and Per lmann, 1959). The search for a more 
available source of antigen led to the finding that extracts of germ-free rat 
colon and feces also reacted with sera from certain patients with ulcera
tive colitis (Perlmann et al., 1965). The involved antigen appeared to be 
immunologically related to the human colonic antigen and additionally 
shared determinants with a l ipopolysaccharide extractable from Escheri-
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chia coli 014, a heterogenet ic const i tuent of most Enterobacter iaceae 
strains that is called the common antigen of Kunin (Kraft, 1979). Although 
immunofluorescent staining initially had not detected circulating anti-
colon antibodies in pat ients with Crohn ' s disease, subsequent work dem
onstrated serum antibodies to germ-free rat colon/feces and E. coli, 014 as 
frequently as in pat ients with ulcerative colitis (Lagercrantz et al., 1966; 
Thayer et al, 1969). 

The significance of anticolon antibodies in the pathogenesis of inflam
matory bowel disease remains unclear. Although capable of inhibiting 
D N A synthesis by colonic mucosal epithelial cells in guinea pigs and ra ts , 
sera containing anticolon antibodies are not cytotoxic in cultures of hu
man fetal colon cells. Fur the rmore , specific anticolon antibodies have not 
been demonst ra ted in the affected tissue in inflammatory bowel disease , 
and their presence in the circulation has not correlated with the extent , 
severi ty, durat ion, and course of disease, the presence of extraintestinal 
complicat ions, or with cort icosteroid t reatment (Kraft, 1979). The demon
stration of anti t issue antibodies does not necessarily indicate an immuno
logical basis for any disease , but may reflect an epiphenomenon second
ary to t issue damage—similar to the detect ion of circulating antibodies to 
heart antigens after an uncomplicated myocardial infarction. The possibil
ity also exists that antibodies to t issue elements may assist in healing by 
facilitating the removal of debris , perhaps involving interactions with 
complement and leukocytes . By using an ant ibody-dependent cell-medi
ated cytotoxici ty assay , sera from some patients with ulcerative colitis 
were shown to contain an ant ibody with lytic activity against a colonic 
cancer cell line (Nagai and Das , 1981). 

2. Antibacterial Antibodies 

There appears to be no paucity of serum antibodies against microbial 
antigens in pat ients with inflammatory bowel disease. In addition to the 
possible consequences of their sharing antigenic determinants , bacter ia 
could affect the intestinal epithelium by directly damaging mucosal cells, 
by altering the configuration of the indigenous colonic antigens, or by 
attaching as in a hapten combinat ion. Circulating antibodies to various E. 
coli Ο antigens, to cell wall-deficient Pseudomonas variants , and to o ther 
microorganisms have been demonst ra ted in both ulcerative colitis and 
Crohn ' s disease (Kraft, 1979; Hanauer and Kraft, 1983). Additionally, 
serum agglutinins to Eubacterium and Peptostreptococcus species in pa
tients with Crohn ' s disease have been correlated with localization of the 
disease to the colon, the presence of fistulas, and serum levels of im-
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munoglobulins, but not with the degree of disease activity (van de Merwe 
et al, 1982). 

3. Antiviral Antibodies 

The possibility of a viral etiology for inflammatory bowel disease has 
been under intermittent investigation for > 3 0 years and continues to be 
considered. A serological survey for antibodies against a spec t rum of viral 
antigens demons t ra ted that only antibodies to cytomegalovirus were 
present more frequently and in significantly higher titers in pat ients with 
ulcerative colitis than in matched control subjects (Farmer et al., 1973). 
Yet , subsequent studies have failed to support a role for this virus in the 
pathogenesis of the disorder , and circulating antibodies to E p s t e i n - B a r r 
virus , ro tavi rus , or Norwalk agent have not been more prevalent in pa
tients with inflammatory bowel disease (Greenberg et al., 1979). Never 
theless , indirect evidence for viral involvement comes from studies show
ing that sera obtained from pat ients with ulcerative colitis and Crohn ' s 
d isease , as well as from their relat ives, contain antibodies that bind to 
single- and double-s t rand R N A , but not to D N A , more often than do sera 
from control subjects and their families. Fur the rmore , patients with either 
ulcerative colitis or Crohn ' s disease and their spouses appear to possess 
circulating cold-reactive lymphocytotoxic ant ibody (similar to findings in 
several liver disorders and in diseases of known viral etiology) more 
frequently than do matched control groups (Strickland et al., 1977; De-
Horat ius et al., 1978). Although this heterogeneous antibody is predomi
nantly of the IgM isotype, is not thought to be directed against conven
tional H L A antigenic de terminants , and is especially reactive with B-cell 
ant igens, it seems unlikely that it causes in vivo t issue destruct ion or even 
represents a marker of a viral agent (Kuiper et al., 1981). 

4. Miscellaneous Antibodies 

Dietary antigens remain of theoretical etiological significance in inflam
matory bowel d isease , but immunizat ion to ingested proteins must be 
recognized as a naturally occurring phenomenon . Therefore, it has been 
difficult to define and separate the possible contr ibutory roles of immuno
logical and nonimmunological factors in a wide variety of alleged food-
induced condi t ions . Certainly, nonimmunological mechanisms involving 
chemical , metabol ic , or mechanical phenomena are capable of producing 
symptoms after the ingestion of milk and other foods. Although both 
groups of pat ients may show an enhanced humoral ant ibody response to 
certain dietary ant igens, it is not possible to differentiate pat ients with 
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Crohn ' s disease from those with ulcerative colitis on the basis of the 
incidence or amounts of ant ibody detectable against skimmed milk anti
gens , bovine serum albumin, casein, β lactoglobulin, a lactalbumin, or 
maize (Hanauer and Kraft, 1983). In at tempting to demonst ra te reaginic 
mechanisms in inflammatory bowel disease, intradermal tests and mea
surements of IgE-specific antibodies to a bat tery of food antigens failed to 
differentiate pat ients with inflammatory bowel disease from healthy sub
jec t s (Mee et al, 1979a; Jones et al., 1981). The list of other circulating 
reactants that have been inconsistently or occasionally detected in sera 
from patients with ulcerative colitis and Crohn ' s disease is extensive but 
as yet of no pathogenet ic significance (Kraft, 1979). 

E. ANTIGEN-ANTIBODY COMPLEXES 

Repor ts of circulating immune complexes in about one-third of pat ients 
with ulcerative colitis or Crohn ' s disease have been based on methods 
demonstrat ing ant icomplementary activity in the serum, precipitin reac
tions with Clq inhibition of ant ibody-dependent cell-mediated cytotoxic
ity, demonst ra t ion of complement-dependent roset te formation, inhibi
tion of latex agglutination by Clq or rheumatoid factor, or [ I 2 5 I ]Clq binding 
(Hodgson et al, 1977; Kemler and Alpert , 1980a; Richens et al, 1982). 
Such data must be interpreted with caution, since heat inactivation or 
storage at 4°C may create aggregates of immunoglobulins that are indistin
guishable from true an t igen-an t ibody complexes using many of the above 
assays . Fur the rmore , ant i lymphocyte antibodies and altered albumin/glo
bulin ratios facilitate in vivo IgG aggregation and may also interfere with 
some of these assays (Soltis et al, 1979). When such phenomena have 
been controlled for, sera from patients with inflammatory bowel disease 
have not demonst ra ted immune complexes nearly as frequently (Einstein 
etal, 1979). 

Clearly, the extraintestinal manifestations such as skin lesions, arthri
tis, pericholangitis , and iritis are suggestive of immune complex-mediated 
processes . Complement stimulation/activation induced by ant igen-ant i 
body complexes could potent iate a localized immune response . The local 
product ion of antibodies may contr ibute to the chronicity and recurrences 
seen in inflammatory bowel disease directly or in cooperat ion with lym
phocytes and modulat ion of lymphocyte responses may provide a feed
back control loop be tween cellular and humoral immunity. Never the less , 
the deposit ion of immune complexes in the affected t issues has not been 
demonst ra ted , perhaps because they are degraded after participating in 
the early stages of the pathologic process (Kirsner and Shorter , 1982). 
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F . COMPLEMENT SYSTEM 

In a b roader context , the complement system merits cont inued study in 
pat ients with inflammatory bowel disease . For example , Clq has been 
observed to undergo both increased synthesis and catabolism during ac
tive phases of Crohn ' s disease with normal synthesis in remission, sug
gesting the possibility of complement activation via the classical pa thway 
(Potter et al, 1979; Ross et al, 1979). Both C3 and factor Β appear to 
behave as acute phase reactants and are elevated during the active disease 
(Jewell et al, 1981); however , serum levels of C4 do not rise and are 
actually reduced in the presence of hepatic disease. A report of decreased 
concentra t ions of serum properdin and properdin conver tase in associa
tion with a variety of such extraintestinal complications of inflammatory 
bowel disease suggested activation of the alternate complement pa thway 
(Lake et al, 1979). Complement inhibitors also may be elevated in the 
serum in pat ients with inflammatory bowel disease, again consistent with 
an acute-phase phenomenon (Potter et al, 1980). 

III. C E L L U L A R I M M U N E P H E N O M E N A 

The apparent ly limited role of the above humoral- type mechanisms in 
inflammatory bowel disease has intensified efforts to demonst ra te cell-
mediated immunological react ions , especially the possible involvement of 
microorganisms. Fur the rmore , the rare association of inflammatory 
bowel disease with severely impaired immunoglobulin synthesis but intact 
cellular immunity (Soltoft et al, 1972), coupled with reports of altered 
cellular immune function in certain pat ients , has heightened interest in the 
possible role of the cell-mediated immune system in the bowel process . 

A . SKIN RESPONSIVENESS 

Convent ional skin reactivity has been variously reported to be normal 
or depressed in pat ients with inflammatory bowel disease in compar ison 
to healthy controls (Kraft, 1979). Studies of skin sensitization to 2,4-
dini t rochlorobenzene in pat ients with inflammatory bowel disease have 
shown normal initial responsiveness with failure in certain pat ients to 
react on rechallenge (Thayer et al, 1978). This suggested defect in recall 
function could not be correlated with disease activity, the absolute num
bers of Τ cells, or in vitro lymphocyte responses to phythohemagglutinin 
(PHA), but conceivably may relate to differences in the extent of disease, 
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inclusion of postoperat ive pat ients , the effects of antiinflammatory/im
munosuppress ive drugs , and malnutri t ion. 

B. CIRCULATING Τ CELLS 

Although initial repor ts of the proport ions and absolute numbers of 
circulating Τ cells in pat ients with inflammatory bowel disease were con
flicting, additional evidence has pointed to a reduction of these parame
te r s—perhaps directly related to disease duration and activity or to the 
use of immunosuppress ive agents (Auer et al., 1978a, 1979; Lyanga et al., 
1979). Preliminary studies to evaluate subpopulat ions of peripheral-blood 
Τ cells that bear F c receptors for IgG or IgM suggested reduced numbers 
of both (Victorino and Hodgson , 1980). However , enumerat ion of circu
lating T-lymphocyte subsets using monoclonal antibodies reactive against 
surface phenotypic markers has not elicited consistent differences be
tween patients with inflammatory bowel disease and control groups (Ha-
nauer et al., 1982; Selby and Jewell , 1983; Yuan et al., 1983b). 

C . Τ CELLS IN INTESTINAL TISSUES 

Techniques developed to assess the characterist ics of separated human 
intestinal lymphoid cells are now being applied to inflammatory bowel 
disease t issues, but the isolation method may influence at least the func
tional propert ies of these cells. One also must consider how a particular 
method may enrich for intraepithelial (mainly Τ suppressor cells) versus 
lamina proprial lymphocytes (proportionately more Τ helper cells). Re
sected intestinal t issues from patients with Crohn ' s disease contain abun
dant Τ cells, especially in the deeper layer of the inflamed areas where 
they may surround granulomas and be near larger numbers of Β cells 
(Strickland et al., 1975; Meuwissen et al., 1976; Meijer et al., 1979). 
Preliminary monoclonal ant ibody studies of Τ cells enzymatically sepa
rated from the intestinal lamina propria point to increased proport ions and 
absolute numbers of the suppressor/cytotoxic phenotype in Crohn ' s dis
ease , but not ulcerat ive colitis, in contrast to histologically normal control 
specimens (Yuan et al., 1983a). 

D . REACTIVITY O F LYMPHOCYTES 

1. Lymphocyte Transformation 

Tritiated thymidine incorporat ion into unstimulated peripheral-blood 
lymphocytes has been normal or decreased in patients with inflammatory 
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bowel disease in compar ison to healthy controls ; however , it may not 
differ from subjects having other diseases (Auer et al., 1978a). Responses 
to allogeneic lymphocytes have been depressed , often in direct relation to 
the activity of the bowel disease . Fur the rmore , one group detected a 
defect in the autologous mixed- lymphocyte reaction in patients with in
flammatory bowel disease that coincided with an abnormali ty in the gen
erat ion of suppressor Τ cells and did not appear to relate to cort icosteroid 
t rea tment (Ginsburg and Falchuk, 1982). The mean in vitro responses of 
circulating lymphocytes to P H A and concanavalin A in inflammatory 
bowel disease have been impaired in some studies and normal in many 
others (Kraft, 1979). While the significance of such data remains uncer
tain, T-cell mitogenic responses are impaired in some pat ients , perhaps 
related to disease activity and possibly affected by helper /suppressor cell 
imbalances . Whe the r these abnormali t ies are of pr imary significance or 
secondarily relate to therapy , enteric lymphocyte losses , malnutri t ion, or 
o ther aspects of the bowel lesion needs further elucidation (Hanauer and 
Kraft, 1983). 

Initial studies of gut mucosal lymphocytes isolated from surgical speci
mens in inflammatory bowel disease have shown no evidence of defective 
proliferation to bacterial antigens (Fiocchi and Parent , 1981). 

2. Cytotoxic Action of Lymphocytes 

Preliminary studies of lymphocyte activities in inflammatory bowel dis
ease demons t ra te diminished ant ibody-dependent cell-mediated cytotox
icity that is comparable to disease controls (Auer and Ziemer, 1981). 
Peripheral-blood mononuclear cells from patients with either ulcerat ive 
colitis or Crohn ' s disease can be cytotoxic to human colonic epithelial 
cells in t issue cul ture . Null cells appear to account for this phenomenon , 
and the cytotoxic potential seems to be transmissible to normal control 
lymphocytes by preexposure to serum from patients with either ulcerat ive 
colitis or Crohn ' s disease (Watson et al., 1980). 

Isolation techniques for extract ing t issue mononuclear cells may influ
ence some of their in vitro cytotoxic activities (Bland et al., 1979; Chiba et 
al., 1981). Fo r example , resected mesenter ic lymph nodes in C rohn ' s 
disease initially were reported to show depressed responses to P H A . 
Using improved cell-separation methods , however , subsequent studies 
have shown the normal or even increased responsiveness of Crohn ' s 
disease lymph node lymphocytes , perhaps related to the degree of the 
tissue abnormali ty (Bird and Bri t ton, 1974; Machado and Falchuk, 1978; 
Fiocchi et al., 1979a). Since evidence is accumulat ing that both mesen
teric lymph node and intestinal mucosal lymphocytes are capable of ex-
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erting cytotoxic react ions by A D C C and SCMC mechanisms, these types 
of studies of isolated gut-associated lymphoid cells merit continued appli
cation in pat ients with inflammatory bowel disease (Bland et al., 1979; 
MacDermot t et al., 1980; Chiba et al., 1981). 

E. SUPPRESSOR T-CELL ACTIVITY 

Concanaval in A induction of suppressor T-cell activity has been found 
to be reduced in some patients with ulcerative colitis or Crohn ' s d isease , 
and inhibition of suppressor-cell activity has correlated with the Crohn ' s 
disease activity (Hodgson et al., 1978b; Kemler and Alpert , 1980b). Al
though pat ients with clinically mild or inactive Crohn ' s disease have 
shown no deficiency of the capacity of suppressor Τ cells to regulate 
ant ibody synthesis , many of the patients possessed circulating " c o v e r t " 
suppressor Τ cells that could be act ivated in vitro (Elson et al., 1981). The 
occasional patient with inflammatory bowel disease and overt hypogam
maglobulinemia may represent the loss or failure of development of op
posing " c o n t r a s u p p r e s s o r " Τ cells. 

Suppressor-cell activity in lamina proprial lymphocytes from patients 
with inflammatory bowel disease has been said to be normal or reduced 
(Bookman and Bull, 1979; Fiocchi et al., 1979b). On the other hand, many 
of the intraepithelial lymphocytes appear to be suppressor Τ cells (Bartnik 
et al., 1980). While the exact genealogy of a population of granulated 
epithelial lymphocytes remains uncertain, they may represent either a 
subset of Τ cells or a unique type of mast cell that helps determine to what 
extent the suppressor Τ cells react to various tissue stimuli (Schrader et 
al., 1983). Additionally, prostanoid synthesis in relation to mononuclear 
cells in inflammatory bowel disease is currently being studied in several 
laboratories (Rachmilewitz et al., 1982). 

IV . M A C R O P H A G E S , M O N O C Y T E S , N E U T R O P H I L S , 

E O S I N O P H I L S , A N D M A S T C E L L S 

Current concepts of the regulation of the immune response include a 
central role for macrophages , the exudate variety of which are derived 
from circulating monocy tes . Activated monocytes have been identified in 
the blood of pat ients with inflammatory bowel disease, and circulating 
monocytes appear to be increased in number , apparently related to en
hanced bone mar row monocytopoiet ic activity (Auer et al., 1978b; Mee et 
al., 1980). Fu r the rmore , concentra t ions of lysozyme, t ranscobalamin I I , 
lysosomal enzymes , and o ther monocyte /macrophage products are in-
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creased both in the serum and in circulating monocytes from patients with 
inflammatory bowel disease , potentially participating in mucosal defense 
and t issue damage (Hanauer and Kraft, 1983). M o n o c y t e - l y m p h o c y t e 
interactions are involved in the in vitro migration-inhibition phenomenon 
that occurs when inflammatory bowel disease lymphoid cells are exposed 
to sterile fetal colon homogenates , crude extracts of feces, preparat ions of 
diseased intestinal mucosa , and the enterobacterial common antigen 
(Kraft, 1979). Recent ly , blood monocytes have been implicated in in vitro 
S C M C react ions in pat ients with untreated Crohn ' s disease (Beeken et 
al, 1980). 

The potential role of macrophages in the pathological process in 
Crohn ' s disease is especially germane since the epithelioid cell granuloma 
is a prominent feature of the inflammatory response . Under normal condi
t ions, lamina proprial macrophages may ingest foreign material and 
present processed antigen(s) to lymphocytes as an early event in the 
mucosal immune response . In Crohn ' s disease, mucosal macrophages are 
plentiful and prominent ly part icipate in granuloma formation (Sommers 
and Korel i tz , 1975; Ward , 1979). Indeed, Ward (1977) postulated that the 
macrophages in pat ients with Crohn ' s disease may be defective, having a 
limited capaci ty to degrade ingested material . The secretion of plasmino
gen act ivator by macrophages suggests still another contributing factor to 
t issue injury in ulcerative colitis and Crohn ' s disease (Doe and Dorsman , 
1982). 

Circulating neutrophils often are increased in number in ulcerative coli
tis and Crohn ' s disease (Auer et al., 1978b; Sategna-Guidetti and Rutig-
liano, 1979), having increased metabolic activity that correlates with the 
bowel activity (Wandall and Binder, 1982a,b). Abnormal neutrophil che-
motaxis in both ulcerative colitis and Crohn ' s disease appears to be aug
mented by cort icosteroids and is possibly related to the inhibiting effects 
of such serum factors as immune complexes or aggregated immunoglobu
lins (Rhodes et al., 1982; Kirk et al., 1983). The activity of leukocyte 
endogenous mediator , a small polypeptide hormone released by granulo
cytes , may be increased in pat ients with active Crohn ' s disease; this 
substance also has been implicated in the abnormalit ies of zinc distribu
tion observed in such pat ients (Solomons et al., 1978). In addit ion, neu
trophils are capable of migrating into the intestinal lumen in response to 
specific ant igens, even in the absence of mucosal damage (Bellamy and 
Nielsen, 1974). 

Mucosal mast cells may have different morphological and functional 
propert ies than o ther t issue mast cells. These cells are recognized as a 
component of the t issue reaction in all layers of the intestinal wall in 
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patients with ulcerative colitis (Hiatt and Ka tz , 1962); in Crohn ' s d isease , 
intestinal mast cells have been associated with the presence of granulo
mas (Rao, 1973). Several early studies reported increased mast cell counts 
in inflammatory bowel disease t issues; but when mast cells have not been 
detected or seemed reduced in numbers on routine microscopic sect ions, 
the presence of many IgE-containing cells in the same tissues has sug
gested the occur rence of mast cell degranulation (Dvorak et al., 1978; 
Matsueda et al., 1981). In addition to the indigenous chemical media tors , 
the release of which may foster t issue inflammation, mast cell degranula
tion also may trigger the release of eosinophilic basic protein (Dvorak, 
1980). Eosinophils have been well documented in the affected t issues in 
both ulcerative colitis and Crohn ' s disease, although the precise role of 
these cells has yet to be discovered (Willoughby et al., 1979; Dvorak et 
al., 1980). 

V . N U T R I T I O N A N D T H E I M M U N E R E S P O N S E 

Both macro- and micronutr ient deficiencies may be associated with 
altered humoral and cellular immune responses and are frequent compli
cations of inflammatory bowel disease. This malnutrit ion-induced im
mune dysfunction in inflammatory bowel disease is difficult to separate 
from the immunological abnormali t ies previously described in such pa
t ients , prior to the onset of detectable protein and calorie depletion (Mur
phy et al., 1980). Lymphocy topen ia is frequent in patients with severe 
malnutri t ion, and circulating immunoglobulin concentrat ions and humoral 
ant ibody responses often are decreased. Complement components may 
be diminished, while neutrophil and monocyte functions also may be 
adversely affected by nutritional deficiencies (Beisel et al., 1981). 

In pat ients with severe protein and calorie malnutrit ion, lymphatic 
s tructures such as the thymus and tonsils are reduced in size, and intra
dermal responses are diminished, proport ionately to decreased circulat
ing concentra t ions of albumin, hemoglobin, carotene , and vitamin C 
(Neumann et al., 1975). Cutaneous testing may be a more sensitive indica
tor of protein-calorie malnutrit ion than are in vitro lymphocyte responses 
to nonspecific mitogens, although both parameters often are reduced 
(Chandra and Scr imshaw, 1980). Reduced numbers of Τ cells and in
creased proport ions of null cells occur in the peripheral blood of maras-
mic children, perhaps due to an impaired differentiation and maturat ion of 
Τ cells (Chandra , 1980). Similar phenomena may well explain some of the 
functional immunological abnormali t ies noted in malnourished pat ients 
with inflammatory bowel disease. 
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V I . A N I M A L M O D E L S 

Repor ts of immune-mediated animal models of human inflammatory 
bowel disease have been less than convincing (Cave and Kirsner , 1979). 
Rabbits intravenously injected with complexes of human serum albumin 
and its specific ant ibody after receiving dilute formalin per rec tum [a 
modification of the original Auer react ion (Kraft et al, 1963)] developed 
severe inflammation in the area of the nonspecific colonic irritation 
(Hodgson et al., 1978a). A persis tent colonic inflammation was produced 
in previously immunized rabbits by a similar injection with the enterobac
terial c o m m o n antigen of Kunin (Mee et al., 1979b). When 2, 4-dinitroch-
lorobenzene (DNCB) was used as a sensitizing agent to elicit cell-medi
ated immune responses in the rabbit colon, animals that had previously 
received cu taneous applications of the chemical developed a " c o l i t i s " 
within 3 days after its rectal administrat ion (Rabin and Rogers , 1978). 
Howeve r , the lesions that followed repeated DNCB-containing enemas 
healed at the same rate as those occurring after a single rectal challenge. 
In the guinea pig, multiple instillations of D N C B incorporated in an adher
ent pas te c i rcumvented the necessi ty for an initial skin sensitization and 
produced colonic inflammation (Askenase et al., 1978). Fur the rmore , Τ 
cells isolated from the colonic lamina propria of guinea pigs t reated with 
either D N C B or carrageenan had enhanced in vitro mitogen-induced cyto
toxic activity (Glick and Falchuk, 1981; Braden et al, 1980). This finding 
supported the possibility that changes in the surface epithelium of the 
colon due to exposure to chemical or microbiological agents may induce 
the product ion of cytotoxic lymphocytes . 

Such observat ions merit cont inued study in order to provide testable 
hypotheses of the possible role of effector Τ cells in the local t issue 
react ions in inflammatory bowel disease . However , the absence of a con
vincing animal model remains a major impediment in achieving a bet ter 
unders tanding of the pathogenesis of the acute and chronic t issue lesions 
in ulcerat ive colitis and Crohn ' s disease . 

V I I . I M M U N E H Y P O T H E S E S : C O N C L U D I N G 

R E M A R K S 

The many clinical, epidemiological, familial, and immunological simi
larities be tween ulcerat ive colitis and Crohn ' s disease make a clear-cut 
separat ion be tween the two condit ions difficult. However , disparate fea
tures in Crohn ' s d isease , including the anatomical distribution of involve
ment , the histological appearance , a high recurrence rate after resect ion, 
and a less predictable response to therapy, suggest the possibility of dif-
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ferent underlying pathogenet ic mechanisms. The frequent clustering of 
both types of inflammatory bowel disease within families implies an un
derlying genetic susceptibility to variable immunopathological events 
(Kirsner and Shorter , 1982). 

Although recognition of a linkage be tween histocompatibility antigens 
and immune response genes has led to studies of patients and families 
with ulcerative colitis and Crohn ' s disease, common HLA haplotypes 
seem to account for only a small port ion of affected individuals. The only 
consistent correlat ions have been the presence of HLA-B27 in pat ients 
also having ankylosing spondylitis or iritis. Never the less , speculation per
sists that the presence of specific cell-surface antigens could genetically 
predispose a person to an intestinal disease by virtue of sharing antigenic 
determinants with microbial agents , foods, or o ther exogenous factors. 
This could then enhance the mucosal penetrat ion of these environmental 
antigens by providing receptor sites or preventing protect ive responses , 
perhaps as a result of a form of immunological tolerance. The possibility 
also exists that HLA antigens could lead to a disorder by interfering with 
interactions be tween nonimmunological ligands such as hormones and 
their cell-surface receptors (Svejgaard and Ryder , 1976). 

One working hypothesis regarding the pathogenesis of inflammatory 
bowel disease is based on a concept of hypersensit ivity to microbial anti
gens that normally are present in the lumen of the lower gastrointestinal 
t ract . The demonst ra t ion of determinants that are shared by the heteroge-
netic enterobacter ial antigen of Kunin and human colonic mucosal epithe
lial cells has suggested a possible mechanism for the tissue destruct ion in 
inflammatory bowel disease. It is speculated that ulcerative colitis and 
Crohn ' s disease represent parts of a spectrum of a pathogenetic process 
involving a mucosal " b l o c k " and prevention of the free penetrat ion of 
enteric bacter ia that normally colonize the intestine. This block is theo
rized to develop after bacterial antigens come into contact with gut-asso
ciated lymphoid t issues during neonatal life, causing the host to become 
sensitized to these commensal gut inhabitants . Subsequent disruption of 
the mucosal barrier by t rauma, viral enteri t is , bacillary dysentery , amebi
asis , or intestinal ischemia, for example , is then theorized to set the stage 
for bacterial rechallenge and the induction of humoral and cell-mediated 
immunological react ions involving the determinants shared with bowel 
wall ant igens. The interactions of various immunoregulatory factors could 
conceivably modulate the exacerbat ions and remissions of inflammatory 
bowel disease and account for the recurring extraintestinal manifestations 
(Watson et al, 1980). 

A bet ter unders tanding of the possible in vivo relationships be tween 
bacteria and colon antigens is needed, and further efforts also should be 
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directed towards the identification of specific antigens and antibodies 
within the involved t issues of pat ients with inflammatory bowel disease . If 
immune complexes are indeed present in the serum, they provide a valu
able opportuni ty for antigen isolation and characterizat ion. Although the 
normal or enhanced general activity of the humoral immune system 
makes it appear unlikely that a B-cell dysfunction is the pr imary event in 
Crohn ' s d isease , local deficiencies of IgA that are induced by altered 
suppressor/helper T-cell ratios in the intestinal wall could account in part 
for the local granulomatous tissue reaction (de Sousa, 1980). Evidence of 
viral-induced cytopathic changes in various cultured cells after exposure 
to extracts of inflammatory bowel disease t issues also could relate to the 
presence of interferon, a macrophage product that is capable of activating 
natural killer cells (McLaren and Gitnick, 1982). 

Knowledge of the mechanisms of action of useful therapeut ic agents on 
the various cellular components of the immunological appara tus of the gut 
offers future promise for more rational approaches to immune modulat ion 
in inflammatory bowel disease. The effect of cort icosteroids on different 
lymphocyte subsets and the resultant change in the delicate balance of 
suppressor and effector activities needs to be elucidated. Also, the pre
cise mechanism of action of sulfasalazine has yet to be defined and may 
include ant i lymphocyte effects, perhaps involving an antifolate mecha
nism (Klotz et al, 1980; Baum et al., 1981). 

The differential susceptibilities of subpopulat ions of immunocompeten t 
cells may account for some of the unexplained actions of azathioprine on 
cell-mediated immunity (Gyte and Willoughby, 1977). Since cimetidine 
recently has been reported to reverse anergy in some patients with 
Crohn ' s disease (Bicks and Rosenberg , 1980), the known presence of 
h is tamine 2 receptors on suppressor Τ cells suggests another reasonable 
area of investigation in this condit ion. Most of the therapeut ic modalities 
utilized in inflammatory bowel disease have multiple mechanisms of 
action (cort icosteroids, antibacterials , nutr ients); therefore, these ill
nesses are best viewed as a blend of both immunological and nonimmuno-
logical phenomena . It remains to be established whether the immunologi
cal observat ions that have been reviewed are of et iopathogenetic 
impor tance , and if some of these phenomena are merely secondary or 
ep iphenomena . 
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This chapter on autoimmunity and liver will cover two diseases , 
chronic active hepati t is (CAH) and pr imary biliary cirrhosis (PBC). Fo r 
both diseases , recognit ion and clinical interest developed from around 
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1950, and features of autoimmunity were first recognized several years 
later. Although there are striking expressions of immunological derange
ment for both d iseases , yet for neither has there been discovered organ-
specific immune reactivities that could account for the tissue damage 
observed to hepat ic parenchymal cells (in CAH) and to intrahepatic chol-
angioles (in PBC) . Despi te occasional examples of over lap, the two dis
eases are sufficiently distinct to justify separate considerat ion in this 
chapter . 

I. C H R O N I C A C T I V E H E P A T I T I S 

A . INTRODUCTION: HISTORICAL BACKGROUND 

The term chronic active hepatit is (CAH) describes a form of chronic 
inflammatory liver disease that p recedes , coexists with, and finally termi
nates in a cirrhosis of the liver. The historical background (see Mackay , 
1975) includes descript ions in the 1940s of " subacu t e hepa t i t i s " and 
"chron ic viral hepa t i t i s , " with the recognition in the 1950s of the proto
type disease in young females and its designation as "ac t ive chronic 
hepa t i t i s . " Chronic active hepatit is became bet ter character ized in the 
1960s with the clinical application of serum electrophoresis , which de
fined hypergammaglobul inemia; liver biopsy, which showed the persist
ing inflammatory activity and necrosis ; measurement of t ransaminase en
zymes in serum, which allowed monitoring of the activity of the disease 
and response to t rea tment ; and tests for serum autoant ibodies , which 
pointed to immunopathogenet ic mechanisms. 

The concept of autoimmunity as the cause of C A H was introduced 
when Joske and King (1955) described a positive test for lupus erythema
tosus (LE) cells in two patients with "ac t ive chronic viral hepa t i t i s " ; with 
the recognition of five further cases , the disease was called " lupoid hepa
t i t i s " (Mackay et al., 1956). La ter , the serum of patients with lupoid 
hepati t is , pr imary biliary cirrhosis (PBC), and systemic lupus ery themato
sus (SLE) was found to react by complement fixation (CF) with saline 
extracts of human t issues, particularly liver and kidney (Mackay and 
Gajdusek, 1958). After 1960, immunofluorescence procedures for antinu
clear autoant ibodies gave further impetus to the concept of autoimmun
ity, and subsequently the characterist ic autoantibody to smooth muscle 
was recognized. 

During 1955-1965, much at tention was given to the histopathology of 
C A H . Early on, the term "plasma-cel l hepa t i t i s" described the heavy 
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accumulat ion of p lasma cells in portal and periportal a reas (Page and 
Good , 1960), and the te rm "p iecemea l nec ro s i s " described the character
istic periportal des t ruct ion of hepatocytes and the inflammatory response 
at the limiting plate of liver lobules (Paronet to et al, 1962). In 1968, 
pathologists agreed on a histological definition of chronic hepatit is and 
defined two distinct groups: chronic persistent hepati t is , which was clini
cally and histologically benign and nonprogress ive; and chronic aggres
sive hepati t is , which was the histological counterpar t of clinically recog
nized C A H (De Groote et al, 1968). 

In 1967, a serum particle called Australia (Au) antigen was shown to be 
associated with cases of acute hepatit is (Blumberg et al, 1967), and sera 
containing this particle were found to be infectious. This particle was 
found to be a marker for infection with the hepatitis Β virus, and it 
eventually became known as hepatitis Β surface antigen (HBsAg) . After 
1970, cases of C A H were found to be associated with the p resence in 
serum of H B s A g , indicative of pers is tence in the liver of H B V and of a 
viral causat ion of the disease . However , the type of chronic hepatit is 
associated with HBsAg differed from the classic type: It predominant ly 
affected males and was more indolent in its course but in most respects 
was indistinguishable histologically. Also, serologists segregated the au-
toant ibody-posi t ive type of C A H and the HBsAg-posi t ive type . Hypo the 
ses were framed to provide for an etiological role of the hepatitis Β virus 
in all cases of C A H , whether H B s A g positive or HBsAg negative, but 
these failed to become substant iated. By 1972 it was evident (Mackay, 
1972) that C A H could be due to several causes , each with an independent 
pathogenesis and ou tcome. 

B. GENERAL DESCRIPTION, CLASSIFICATION, AND ANIMAL 

MODELS 

1. General Description 

Chronic act ive hepatit is has been defined by the I A S L nomencla ture 
group of the Internat ional Associat ion for the Study of the Liver ( IASL) 
(Leevy et al, 1976) and separated histologically from chronic persistent 
hepatit is (Fig. 1). The I A S L definition of C A H described the classic type 
of disease with immunoserological abnormali t ies , but did not present a 
subclassification or differentiate the auto immune from other types . A 
disease-specific autoant ibody in serum is a desirable marker for specify
ing any condit ion including C A H as au to immune , and, ideally, such auto
ant ibody should be organ- or t issue specific; unfortunately, these criteria 
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FIG. I. Diagrammatic representations of histological appearances in ( A ) chronic persist
ent hepatitis showing portal cellular infiltrate and (B) chronic active (aggressive) hepatitis 
showing periportal lymphocytic infiltration with necrosis of liver cells. 

are not fully met by the autoant ibody markers , antinuclear and/or anti-
smooth-muscle , that are presently used to identify auto immune C A H ; the 
identification of a specific antiliver autoant ibody and the development of a 
clinically applicable assay for this are awaited. Hence , au to immune C A H 
is recognized by a profile of features that include female sex, character is
tic liver histology, hypergammaglobulinemia, non-tissue-specific autoan
t ibodies, the H L A phenotype B8, D R 3 , and responsiveness to t rea tment 
with prednisolone (see Section I ,F) . The prevalence of au to immune C A H 
among populat ions of European origin would be of the order of 5 to 8 per 
100,000 (Mackay, 1981; Bjarnason et al, 1982). 

2. Classification 

The major types of C A H include the auto immune type, the HBsAg-
positive type , and the cryptogenic type in which autoant ibody markers , 
HBsAg, and other evidence for a specific etiology are lacking. In addit ion, 
there are miscellaneous types in which there may be expression of the 
histological features of C A H but without resemblance to C A H clinically; 
these include hepatit ic react ions to medicinal drugs, ethanol abuse , non-
A, non-B virus infection, Wilson 's disease, and ax anti-trypsin deficiency. 
As the differentiation of au to immune from other types of C A H depends 
mostly on autoant ibody markers , which may vary in titer with disease 
activity, a "g r ay e d g e " is inevitable; however , such markers are lacking 
in the miscellaneous types of C A H , particularly C A H associated with 
ethanol abuse (Crapper et ai, 1983), non-A, non-B viral infection 
(Mackay et ai, 1985) and ax anti trypsin deficiency (Hodges et al.y 1981). 
The one except ion is a type of C A H usually seen in middle-aged women 
and associated with an adverse reaction to drugs, notably oxyphenisat in 
(Reynolds et ai, 1971) and α-methyl dopa (Eliastim and Holmes , 1971); 



12. A U T O I M M U N E DISEASES O F THE LIVER 295 

this resembles spontaneous au to immune C A H in the autoant ibody mark
ers expressed , but there is regression when the offending drug is with
drawn. 

The relative frequencies of the entities in the spectrum of C A H were 
surveyed for southern England by Hodges et al. (1982), who recognized 
that da ta would differ substantially according to geographic area and re
ferral pa t t e rns , as cited by Mackay (1984). Differing frequences of autoim
mune C A H (autoantibody-posi t ive, HbsAg-negative) , HBV-associa ted 
C A H (autoant ibody-negat ive, HBsAg-posi t ive) , and cryptogenic C A H 
for three different geographic areas (Australia, Germany , and Hong 
Kong) are shown in Fig. 2, based on data of the author (unpublished), 
Meyer zum Buschenfelde and Hut te ro th (1979), and Lam et al. (1980). 
Cryptogenic C A H accounted for about one-third of all cases of C A H in 
each area ; this is often aligned with auto immune C A H into a general 
HBsAg-negat ive category, but there are reasons to implicate antecedent 
H B V infection (Pedersen et al., 1982). It is also of note that the 106 cases 
from West Germany included 6% positive for autoant ibody markers and 
HBsAg . 

3. Animal Models 

The exis tence of a spontaneous or induced model in animals is an 
important at tr ibute for ascribing any given human disease to autoimmun
ity, but this at tr ibute has proven difficult to fulfil in the case of chronic 
hepati t is . The various a t tempts to induce a model of au to immune C A H 
have included some that are quite artificial (see Mackay , 1978). A fre
quently cited model is that described by Meyer zum Buschenfelde and 
Hopf (1974), w h o repetit ively immunized rabbits with proteins extracted 
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FIG. 2. Differences in frequency of major types of CAH (percent distribution by re
gion), exemplified by data (see discussion in text) from Australia, Europe, and Hong Kong. 
A, Autoimmune; B, HBV-associated; C, cryptogenic; D, miscellaneous. 
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from human liver in F r e u n d ' s complete adjuvant for periods > 1 year; the 
eventual hepatit is resembled human chronic hepatitis histologically, 
showing portal lymphocyte infiltrates and periportal necrosis , but it was 
not described as self-perpetuating. The injected rabbits developed autoan
tibodies to liver-specific protein (LSP; see Section I ,E , l , g ) , and also to a 
membrane determinant of liver cells. This model has not been adequately 
confirmed in rabbits by other workers , and rats and mice are quite resist
ant , al though mice readily develop ant ibody to L S P after immunizat ion 
(Bartholomaeus et al., 1981). 

The liver-specific F antigen (FAg) is a cytoplasmic component of liver 
that is of interest by reason of its existence in mice as two allotypic 
var iants , type I and type II . Immunizat ion of responder strains of mice 
with the allotypic form of FAg induces an antiliver antibody that is auto
react ive , indicating that the allotypic variant can break tolerance to self 
(Fravi and L indenmann , 1968); this is explained by the allotypic variant 
being part of the carrier port ion of the molecule, the antibody-react ive 
determinant being the hapten. This immune response is the best example 
of the T-cell bypass theory of induction of autoimmunity (Allison et al., 
1971; Weigle, 1977), but autoant ibody to FAg is never associated with any 
evidence of liver disease. 

C . CLINICAL PRESENTATIONS 

Autoimmune C A H is a persisting and progressive disease, which de
velops insidiously without any definable onset in some 7 5 % of cases 
acutely, and in some 2 5 % , resembling acute viral hepatit is . Whether the 
initiating event is a hepatit is of known cause , viral or toxic , or whether 
au to immune hepatit is begins de novo, is unresolved (Crapper et al., 
1984). Auto immune C A H usually presents in an acute relapse, but it may 
remain silent until manifested clinically as an advanced cirrhosis with 
hepatic decompensa t ion or variceal bleeding. A duration of hepatitis for 
at least 3 months is required to define chronicity. Classically, the disease 
is one of young w o m e n in whom the symptoms are either those of (a) liver 
inflammation, expressed as j aundice , anorexia, and right upper abdominal 
pain, (b) mult isystem disease expressed as fever and arthralgia, or (c) 
endocrine disorder expressed as amenorrhea , acne , striae, and spider 
nevi. Liver enlargement is present only in the early stages, since the liver 
progressively shrinks as macronodular cirrhosis develops. Splenomegaly 
is frequent, and the size of the spleen fluctuates with activity of the 
disease; in the early stages at least, splenomegaly is at tr ibutable more to 
lymphoid hyperplasia than to portal hyper tension. In the later stages the 
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physical findings in au to immune C A H come to include those associated 
with liver cirrhosis from any cause . 

T h e biochemical laboratory indices include raised levels of serum as
par ta te and alanine t ransaminases (AST, ALT) (100-2000 units) , ex t reme 
hypergammaglobul inemia (30-80 g/liter), hyperbil irubinemia, and im
paired pro thrombin efficiency during relapses . Moderate ly raised levels of 
serum alkaline phospha tase may be observed, particularly in later stages 
of the disease w h e n these specify bile duct damage that is observable 
histologically. 

D. HlSTOPATHOLOGY 

The following definition of C A H , provided by an Internat ional Group of 
Pathologists (1977), specifies several features common to all untreated 
examples of the disease and includes the following, (a) Piecemeal necro
sis, which is defined as the destruct ion of liver cells at the interface 
be tween pa renchyma and connect ive t issue with a predominant ly lym
phocyt ic infiltrate (Fig. 3). (b) At the advancing edge of piecemeal necro
sis, hepa tocytes show hydropic swelling and may be arranged in abnormal 
ductular configurations known as roset tes , (c) Bands of piecemeal necro
sis link portal t racts to give the appearance of bridging hepat ic necrosis , 
formerly regarded as a forerunner and determinant of progression of hep
atitis to cirrhosis but now less emphas ized; other pat terns include conflu
ent and submass ive necrosis , (d) In acute relapses , there may be foci of 
intralobular necrosis in associat ion with infiltrating lymphocytes and plas-
macytoid cells, (e) A distinct feature is the appearance of eosinophilic 
necrot ic liver cells or apoptot ic bodies ; apoptosis (falling away) refers to 
noninflammatory cellular necrosis , perhaps a reflection of injury by cyto
kines released by act ivated Τ cells, (f) A long-accepted feature of the 
cellular infiltrate seen in portal t racts and areas of piecemeal necrosis in 
the liver is the p redominance of p lasma cells, giving rise to the term 
" p l a s m a cell hepa t i t i s " ; surprisingly, application of monoclonal ant ibody 
markers to frozen sections of liver in cases of au to immune hepatitis (see 
below) reveals a marked preponderance of Τ cells. 

The acute phase of au to immune hepatit is evolves , seemingly inevitably 
and within per iods of several months to a few years , to a macronodular 
cirrhosis (Fig. 4). Although the cellular infiltrates persist to some degree 
indefinitely, the intensity of cellular necrosis and lymphocytic infiltration 
is greatly modified by regimens of t rea tment with cort icosteroid drugs ; in 
early cases , resti tution to almost normal histological appearances , or re
version to changes of chronic persis tent hepati t is , can be anticipated. 
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FIG. 4. Macroscopic appearance of liver from patient with autoimmune C A H showing 
coarse macronodular cirrhosis. 

E . IMMUNOLOGY 

1. Immunological Features 

a. Hypergammaglobulinemia. This was first recognized in the 1940s 
when electrophoresis was applied to the study of human sera, and it 
featured prominent ly in early descript ions of C A H . The increase is poly
clonal and is more marked in the au to immune than in o ther types of C A H . 
Different isotypes of immunoglobulin (Ig) are expressed predominant ly in 
different chronic liver d iseases , IgG in C A H , IgM in P B C , and IgA in 
alcoholic cirrhosis; studies on subclasses of IgG, the isotype in autoim
mune C A H , are lacking. The degree of hypergammaglobul inemia de
creases markedly after t rea tment with prednisolone (Mackay, 1968). Ex
planations for the hypergammaglobul inemia include the contr ibution 
made by autoant ibodies , the bypassing of the Kupffer cell sys tem by 
enteric ant igens, which thus gain access to systemic sites of immunoglo
bulin synthesis , and the formation of anti immunoglobulins, ei ther to F c 
sites as rheumatoid factors or to F(ab) sites as anti idiotypes. 

b. Antinuclear Antibodies (ANA). These were first recognized in C A H 
by positivity to the lupus e ry thematosus (LE) cell test and specified " lu-
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poid hepa t i t i s , " al though in comparison with systemic lupus e ry themato
sus (SLE) , the degree of LE-cell positivity is less and positive react ions 
tend to occur only during exacerbat ions . React ions of A N A in C A H are 
now recognized by immunofluorescence. Conventional nuclear substrates 
for detect ion of A N A are those provided by frozen sections of rat liver or 
cells of the H E p 2 cell line, which provide for bet ter assessment of pat
terns of ant inuclear reactivity. H u m a n blood smears provide nuclei of 
granulocytes and allow recognition of granulocyte-specific A N A (gsANA) 
characterist ic of au to immune C A H (Smalley et al., 1968); this g sANA is a 
late-appearing differentiation antigen of the granulocyte nucleus (Whit
t ingham et ai, 1981b). The pat tern of A N A reactivity is usually homoge
neous, signifying reactivity with D N A - h i s t o n e ; a rim or peripheral pat
tern is a variant of this , and much less frequently the pat tern is speckled, 
denoting reactivity with saline-extractable r ibonuclear ant igens, or nucle
olar (Kenneally et ai, 1984). It may well be that the nucleoprotein antigen 
recognized in C A H differs from that recognized in S L E , but this quest ion 
has not yet been engaged. 

Cut-off titers for specifying A N A positively have not been agreed upon 
but appear to vary from 1:10 to 1:80 according to individual laboratories . 
Thus , there will be a degree of variability in the reported frequency of 
A N A positivity from laboratory to laboratory in C A H , as in other autoim
mune diseases , at tr ibutable to (a) the particular titer taken to represent a 
posit ive react ion, (b) whether single or repeated tests are done during the 
course of the disease and the phase of the disease at which the serum is 
tes ted, (c) the source and nature of the substrate nuclear antigen chosen , 
and (d) the chosen criteria for diagnosis and subgrouping of cases . 

Antibodies to native double-strand D N A detected by radioimmunoas
say occur in au to immune C A H (Davis and Read, 1975; Jain et al., 1976; 
Smeenk et al., 1982); the reported frequencies vary, presumably because 
the strength of an t i -DNA react ions varies with the activity of the disease. 
There is a high incidence of reactivity to denatured single-strand D N A 
(Koffler et al., 1969). 

c. Anticytoplasmic Antibodies. Anticytoplasmic antibodies in liver dis
ease detected by complement fixation (CF) were described as early as 
1908, and have been reported sporadically since then (Mackay, 1975). 
However , it was the detect ion in 1957-1958, in cases of C A H and PBC, of 
high-titer C F react ions with various tissue extracts that initially promoted 
the concept of autoimmunity in these diseases ; the antigenic const i tuents 
for this au to immune complement fixation (AICF) reaction were found to 
consist of mitochondria , microsomes , and a soluble cytoplasmic compo
nent (Asherson, 1959). The frequency of such reactivity in C A H (titer > 8 ) 
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was of the order of 30%, according to reports from various centers 
(Mackay and Lark in , 1958). 

d. Anti-Smooth-Muscle Antibody (ASMA). This was first demonst ra ted in 
1965 in C A H by immunofluorescence (Johnson et al., 1965). Anti-smooth-
muscle ant ibody is not entirely specific for C A H , being given (to low titer) 
by sera from pat ients with various o ther forms of liver disease , including 
diseases such as alcoholic hepati t is , rheumatoid arthrit is, multiple sclero
sis, cancer , and particularly acute viral diseases . The reaction for A S M A 
is lacking in S L E , perhaps because major hepatic involvement does not 
seem to occur in this disease , although there are opinions to the contrary 
(Runyon et al., 1980). A posit ive serological reaction for A S M A will be 
given by some 70% of cases of au to immune C A H , particularly if tests are 
performed in phases of activity, in contrast to the reported low incidence 
for normal populat ions (3 to 14%). Smooth muscle from any source in the 
body and from all species down to Amphibia is reactive with A S M A , and 
posit ive sera react with smooth muscle of autologous origin. The reaction 
is not readily demonst rable by complement fixation or by immunodiffu
sion when smooth muscle extracts are used as antigen. 

Actin was recognized as one important determinant for reactivity when 
A S M A was reacted with cells from fetal liver and lung that were grown as 
monolayers in cul ture; the filamentous immunofluorescence reaction sug
gested that the reactant was a ubiquitous contracti le protein resembling 
ac tomyosin in the membrane of various cells (Holborow, 1972). Also, 
rabbit ant isera raised to human platelets that are rich in actin reacted with 
smooth muscle in a variety of sites (Becker and N a c h m a n , 1973); the 
immunogenic component of platelets is thrombasthenin , which contains 
actin (Gabbiani et al., 1973). Another site where membrane contracti le 
protein is demons t rab le , using A S M A as reactant , is the lymphocyte sur
face (Fagraeus et al., 191 A). Sera with A S M A activity were shown to 
react with renal glomeruli (Whitt ingham et al., 1966), at tr ibutable to con
tractile e lements containing actin in glomerular mesangial cells (Andrews 
and Coffey, 1983). Since the liver cell is rich in actin, its release in states 
of liver damage may serve as a source for the stimulation of A S M A . 

Immunofluorescent react ions have been reported in C A H with bile can-
aliculi (Diederichsen, 1969) or with a s tructure at the per imeter of liver 
cells giving a polyglonal pat tern of staining; certain of these pat terns can 
be at t r ibuted to A S M A that is react ive with cell-surface ac tomyosin 
(Kurki et al., 1980). The antiactin reactivity of the A S M A that occurs in 
au to immune C A H has been confirmed by several studies (reviewed by 
Toh , 1979) and can be summarized as follows: A S M A is reactive with 
actin-rich I-bands of skeletal muscle myofibrils and can be completely 
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absorbed by F-actin from smooth or skeletal muscle; eluates derived from 
A S M A passed through act in- immunoabsorbant columns give the same 
staining react ions as the original sera. Finally, specific antibodies raised in 
rabbits to purified skeletal muscle actin give the same staining react ions as 
the human autoant ibody. 

Recognit ion that A S M A comprises a family of autoantibodies with a 
spectrum of t issue reactivity followed the description of three different 
immunofluorescent staining pat terns for A S M A on frozen sections of rat 
kidney, namely SMA-T (tubules), SMA-G (glomeruli), and SMA-V (ves
sels) (Botazzo et al., 1976). The autoant ibody SMA-T reacted with renal 
tubules and glomeruli as well as with actin-containing s tructures in o ther 
t issues, SMA-G reacted with renal glomeruli, and SMA-V reacted with 
walls of blood vessels ; the reactivity of most SMA-T and some SMA-G 
was neutral ized by actin, but that of SMA-V was not , pointing to A S M A 
having actin or nonact in specificity. Fur ther definition of the specificity of 
A S M A came from studies on acetone-fixed cultured fibroblasts, which 
indicated that A S M A could be react ive with different components of the 
cellular cytoskele ton, including three types of ubiquitous cytofilaments 
recognized ultrastructurally on the basis of filament diameter as microfila
ments (6 nm) , intermediate filaments (10 nm), and microtubules (25 nm); 
the main protein subunits for these a re , respectively, actin, vimentin (in 
the case of fibroblasts), and tubulin. Immunofluorescence studies using 
antibodies raised in rabbits to pure proteins suggested the presence of 
various proteins among each of these cytoplasmic filaments (Toh, 1979). 

Actin has been identified as the cytoskeletal reactant in au to immune 
C A H (Lidman et al., 1976). Actin is present in the cytoplasm in three 
distinct forms: monomel ic G-actin, polymeric F-actin filaments, and 
higher orders of filament complexes including longitudinal stress fibers; 
the dynamic relationship be tween these is dependent on a complex group 
of actin-associated proteins (Weeds , 1982). The antiactin reactivity of 
sera from cases of au to immune C A H is demonstrable by immunofluores
cence using acetone-fixed cultured rat or human fibroblasts, which allow 
detect ion of reactivity with stress fibers (F-actin) (Pedersen et al., 1982) 
(Fig. 5), or by an E L I S A using monomel ic G-actin as substrate (Brether-
ton et al., 1983). Reactivity with F-actin appears to have the greater 
specificity for au to immune C A H (Cunningham et al., 1985) 

Anticytoskeletal antibodies occur in hepatic diseases other than C A H , 
as well as in certain o ther nonhepat ic diseases (Kurki and Vir tanen, 1984). 
Some of these react ions are at tr ibutable to antibodies to intermediate 
filaments, demonst rable by the use of cultured fibroblasts, which allow 
specification of the reactivity as antivimentin. Antibody to vimentin ap
pears to occur as a response to viral infection, including hepatitis Β virus , 
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possibly because of shared determinants be tween viruses and intermedi
ate filaments, as shown at least for measles virus (Fijihami et al., 1983). 

e. Antimitochonorial Antibody (ΑΜΑ). The several types of Α Μ Α are 
discussed in Section II . One type , known as M4, occurs in a variant form 
of C A H in which there are overlapping features of C A H and PBC. 

f. Antimicrosomal Antibody. Antibody to cell microsomes with a lim
ited tissue distribution occurs in association with a rare subset of autoim
mune C A H , as yet not well character ized, occurring in young pat ients 
(Odievre et al., 1983). The ant ibody is demonstrable by immunofluores
cence and is complement fixing; it reacts with cells in the third port ion of 
renal proximal tubules and with hepatocytes (Rizzetto et al., 1973) and 
hence is called l iver -k idney microsomal (LKM) ant ibody, but it may 
react also with cells in bronchial , esophageal , and duodenal epithelium. 
Interestingly, L K M antibody is not associated with the presence of other 
autoant ibodies , A N A and A S M A , which are characterist ic of the usual 
type of au to immune C A H . The antigen, which can be absorbed with a 
microsomal prepara t ion, is a l ipoprotein. 

g. Liver-Specific Protein The expectat ion that liver tissue would contain 
organ-specific ant igens, presumably associated with the cell membrane , 
led to a search (as yet unsuccessful) for a membrane antigen for liver-
specific ant ibodies; this could be revealed by immunizing animals or could 
occur spontaneously in liver disease. Such a reactant could provide the 
immunogenic stimulus for initiation and/or perpetuat ion of C A H and 
present target s t ructures for an immune at tack. 

Historically, studies extend back some 20 years , when Meyer zum 
Buschenfelde and Schrank (1966) extracted soluble proteins from liver; 
heterologous ant isera were prepared , and, after appropriate absorpt ions , 
these ant isera reacted specifically with the liver protein preparat ion. Sub
sequently liver-specific react ions were obtained with two chromatograph-
ically derived fractions; L P - 1 , present on the surface of hepatocytes and 
LP-2, present in the cytoplasm (Meyer zum Buschenfelde and Miescher , 
1972). Attent ion was directed particularly to L P - 1 , and in earlier studies 
(1972-1974), cellular immune react ions measured by leucocyte migration-
inhibition assays were repor ted in cases of C A H (Meyer zum Buschen
felde et al., 1974): however , interest in such assays waned, perhaps be
cause of their tedious nature and the capricious results obtained. 
McFar lane et al. (1977) further purified the membrane preparat ion de
scribed as LP-1 and found by using Tris buffer containing E D T A that the 
material remained stable; it was then named liver-specific protein (LSP) . 
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Liver-specific protein is now recognized as a crude high molecular weight 
(4-20 x 106) prepara t ion with non-organ-specific and non-species-specific 
moiet ies . A point recently made by Meyer zum Biischenfelde and Manns 
(1984) is that " L S P — t h e p repa ra t ion" should refer to the material de
rived by Sepharose 6-B chromatography, whereas " L S P — t h e mo lecu l e " 
should refer to the organ-specific non-species-specific determinant(s) 
originally identified by heterologous antisera. However , it may not be 
legitimate to refer to L S P as a molecule in view of the demonst ra t ion that 
an L S P preparat ion contained material react ive with antisera to various 
liver cell const i tuents , mitochondria , smooth muscle , reticular t issue, and 
so on (Riisom and Dieder ichsen, 1983). 

In laboratory animals (mice and rabbits) , cellular and humoral immune 
responsiveness to determinants of L S P is demonstrable after immuniza
tion with L S P in complete F r e u n d ' s adjuvant (CFA); humoral ant ibody to 
xenogeneic L S P was readily measurable by various techniques and cell-
mediated immunity by blast t ransformation of lymphocytes (see Fraze r 
and Mackay , 1984a). The humoral immune response to L S P in animals is 
primarily directed, at least initially, against species-nonspecific antigens 
in L S P , al though, in both mice and rabbi ts , species-specific autoant ibody 
can be p roduced by repeated immunizat ion. In the mouse , the induction 
of autoant ibody is not accompanied by the development of liver disease , 
whereas in the rabbit , repor ts are conflicting (Mackay and Frazer , 1984). 

In man , serum ant ibody to allogeneic human L S P can be measured by 
rad io immunoassays based on precipitation of complexes of L S P and anti
body to it by radioiodine-labeled staphylococcal protein A (Jensen et al., 
1978) or anti immunoglobulin ant iserum (Kakumu et al., 1979). Sera from 
pat ients with the au to immune and HBV-associa ted types of C A H give 
comparable degrees of reactivity, and lesser degrees of reactivity are 
demonst rable in liver diseases o ther than C A H ; in Jensen ' s s tudy, serum 
titers correlated best with the degree of periportal piecemeal necrosis 
assessed histologically. Overall , serum titers of antibody to allogeneic 
L S P in C A H fall well short of titers to xenogeneic L S P developed after 
deliberate immunizat ion of animals . The occurrence of ant ibody to L S P 
as an apparent consequence of liver damage in various diseases leaves the 
quest ion open as to whether ant ibody to L S P is any indication that an 
au to immune process is operat ive in pathogenesis . 

h Liver Membrane Antigen A liver membrane antigen that differs from 
L S P became recognized when it was found that sera from rabbits injected 
with preparat ions of liver proteins reacted by immunofluorescence with 
the membranes of isolated hepatocytes (Hopf and Meyer zum Buschen-
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felde, 1974). Thereafter it was shown by immunofluorescence that sera 
from certain types of chronic hepatit is would bind to rabbit hepa tocytes , 
and that hepatocytes from patients had bound antibody on their surface: 
The pat tern of binding differed according to whether the hepatocytes 
were from auto immune C A H (linear binding) or HBV-associa ted C A H 
(granular binding) (Hopf, et al., 1976). The reactive liver membrane anti
gen (LMAg) is species nonspecific and has been partly separated and 
purified by affinity chromatography using reactive sera from patients with 
C A H . Liver membrane antigen differs from L S P as judged by precipita
tion pat terns and counter immunoelect rophores is (Meyer zum Buschen-
felde et al., 1979). 

Since immunofluorescence reactions are difficult to quantify, we devel
oped an immunoassay for ant ibody to L M A g based on a two-step proce
dure in which serum was exposed to isolated hepatocytes ; binding was 
revealed by the use of 1 2 5 I- labeled staphylococcal protein A (Frazer et al., 
1983). Monkeys were selected for the source of hepatocytes by reason of 
the closeness of this species to man and availability of liver t issue. Hepa
tocytes were t reated with glutaraldehyde to fix antigens on the surface 
and to preserve cells for repetit ive assays . Serum binding to hepatocyte 
membrane had some degree of specificity for auto immune C A H , although 
binding could be demonst ra ted with most normal sera up to dilutions of 
1:2048, and there was a clear gradation in the degree of serum binding 
activity from normal , miscellaneous liver diseases including acute viral 
hepati t is , HBV-associa ted C A H , and cryptogenic C A H , to au to immune 
C A H in which the highest degrees of binding activity were present . The 
L M A g that reacted in this immunoassay was found not to be inhibitable 
by L S P or F-actin, but reactivity decreased after t reatment of hepatocytes 
with agents that degraded protein or glycoproteins; of interest , F (ab) 2 

fragments from react ive sera used in competi t ive inhibition exper iments 
indicated that the react ive determinant(s) of LMAg for sera from cases of 
au to immune and HBV-associa ted C A H were the same (Frazer and 
Mackay , 1984b). In further s tudies, using the Western immunoblott ing 
procedure on liver membrane components separated by polyacrylamide 
gel e lect rophoresis , reactivity of sera with several or more bands on the 
nitrocellulose transfer was detectable with 1 2 5 I -protein A; however , none 
of these reactivities seemed specific for autoimmune C A H (Mackay et al., 
1984). 

2. Immunological Derangements 

The immunological derangement(s) that determines the development 
and progression of au to immune C A H is unknown, and many of the ob-
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served derangements could be a resulf ra ther than a cause of the disease. 

a. B-Cell Hyperfunction. This is clearly exemplified by polyclonal hy
pergammaglobulinemia (Section I , E , l , a ) and non-tissue-specific autoanti
bodies . It is likely that Β cells are in a state of release from nonspecific 
suppressor influences. There have been consistent reports of abnormally 
high ant ibody titers to viral ant igens, rubella, and measles , but not to 
bacterial ant igens. There are increased numbers of immunoglobulin-pro-
ducing cells in blood, as judged by hemolytic plaque assays , and this may 
reflect decreased suppressor activity by ei ther Τ cells or monocy tes , 
which can influence the behavior of Β cells (Holdstock et al, 1982; Burns 
etal., 1982). 

b. Serum Complement Levels of serum complement in the precir-
rhotic stage of au to immune C A H are not abnormal , but low levels may 
occur in advanced stages due to decreased synthesis (Finlayson et al., 
1972). 

c. T-Lymphocyte Hypofunction. There is a depressed level of reactivity 
of Τ lymphocytes in various assays for T-cell activity (Mackay, 1982). For 
example , there is decreased responsiveness to challenge with panels of 
antigens that elicit delayed-type hypersensi t ivi ty, decreased inducibility 
of cu taneous reactivity to D N C B , and a decreased mitogenic response of 
blood mononuclear cells to phytohemagglutinin. Such changes are seen in 
various chronic diseases and may be secondary . 

d. Suppressor T-Lymphocyte (Ts) Hypofunction. A decreased function of 
suppressor Τ cells in blood is demonst rable in C A H , according to func
tional assays in vitro. A below-normal recrui tment of T s cells by con-
canavalin A (Con A) was shown in two studies, as judged by an impaired 
capaci ty of Con Α-recruited cells to inhibit the proliferation of lympho
cytes in response to this mitogen (Hodgson et al., 1978; Coovadia et al., 
1981). The re levance of these non-antigen-specific assays is uncer ta in , 
and, moreover , a t tent ion can be drawn here to the poor correlat ion be
tween numerical and functional assays of Τ suppressor cells (Alexander et 
al, 1983). 

e. Lymphocyte Counts in Blood. Counts in blood of surface immuno-
globulin-positive Β lymphocytes are normal . Counts of E-roset te-
forming Τ cells have been repor ted to be decreased (Mackay, 1982), but 
this has not been substant iated by studies using monoclonal ant ibodies . 
Counts of cells with Fc receptors for IgM (T^ cells, helper Τ cells) or for 
IgG (Τ γ ) are not substantially altered (Coovadia et al, 1981). Results are 
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now available from several studies on T-lymphocyte subsets in blood 
using monoclonal ant ibodies , and as pertains in many auto immune dis
eases , the propor t ions of T 4 + (helper) cells and T 8 + (suppressor) cells 
are not markedly al tered. Analyses in C A H of blood lymphocyte popula
tions using monoclonal markers for helper (OKT4, Leu 3) Τ cells and 
suppressor (OKT8, Leu 2) Τ cells give added confirmation of regulatory 
disorder, since the helper subset is overrepresented in HBsAg-negat ive 
C A H and the suppressor subset is overrepresented in HBsAg-posi t ive 
C A H (Mackay, 1983). Exposure of blood lymphocytes from cases of 
au to immune C A H to prednisolone in vitro was shown to increase de
pressed T s function, explained by prednisolone facilitating a differentia
tion step for the T s subset (Nouri-Aria et ai, 1982). 

f. Lymphocyte Counts in Liver. Application to frozen sections of liver of 
a panel of monoclonal antibodies identifies infiltrating lymphoid cells after 
appropriate staining procedures , ei ther immunofluorescence or immuno-
peroxidase . In the pas t , routine histology indicated that the predominant 
cell type among the portal and periportal infiltrates in C A H was the 
plasma cell, but this now comes into quest ion. Several of the recent 
publications based on application of monoclonal antibodies to sections of 
liver in different types of C A H have been summarized by Alexander and 
Williams (1984). In all types of C A H there is a predominance of cells 
bearing Τ cell markers , T 3 , T4, and T8 , and relatively few cells bearing 
markers for monocy tes , Κ cells, or N K cells. In general , in all types of 
C A H , cells of T s phenotype predominate in areas of piecemeal necrosis 
and those of Th phenotype in portal t racts . The majority of the Τ cells 
visualized are " a c t i v a t e d , " as judged by HLA-DR positivity; a proport ion 
(some 30%) of cells bear the T10 marker (Frazer et al., 1985). 

3. Mechanisms of Damage 

The character is t ic periportal lymphocyte-plasma cell infiltrate with its 
provocat ively close associat ion with necrot ic or " b a l l o o n e d " hepatocytes 
in chronic hepatit is (piecemeal necrosis) brings up the as yet unanswered 
quest ions of what evokes this response and how the infiltrating cells might 
be harming the liver: Almost all possible mechanisms known to immuno-
pathology have been invoked, as is illustrated in Fig. 6. 

In the liver, there is a clear predominance in areas of periportal piece
meal necrosis of cells with features of activated Τ lymphocytes , and in 
ultrastructural s tudies , a close apposit ion be tween infiltrating lympho-
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ANTIBODY- DEPENDENT CELL-MEDIATED 
MHC 

Lymphokine- Mediated 
Inflammation 

FIG. 6. Postulated cytotoxic mechanisms in CAH. Surface structures relevant to cyto
toxicity in autoimmune or viral CAH include liver membrane autoantigens (A), MHC anti
gens (HLA-B8, DR3) ( · ) , and HBV antigens ( • ) (s, surface; c, core). Possible effector 
agents are shown around the margin of the cell. The Th effector cell is a cell of the T-helper 
lineage which may release lymphokines that activate other cytotoxic cells such as macro
phages (Μφ). The requirement for Τ cells to engage both an MHC antigen and a cell-surface 
antigen is indicated. None of these postulated mechanisms is yet established. 

cytes and hepatocytes is evident , consistent with a direct cytotoxic effect 
of these lymphocytes (Bernuau et al.y 1982). Monoclonal markers suggest 
that the cytotoxic populat ion consists of T 8 + lymphocytes . 

It is difficult to derive information on mediators of cytotoxicity in the 
liver, because of nonrepresenta t ion of relevant cell populat ion in periph
eral blood and the problem of deriving autologous hepa tocytes , which are 
rather fragile, as targets in reliable cytotoxicity assays . Earlier studies 
were reviewed by Mackay (1982). Work from Kings College Hospi ta l , 
reviewed by Mondelli et al. (1984), suggested that cytotoxicity is anti
body dependent in au to immune C A H and is mediated by T 8 + lympho
cytes in HBV-associa ted C A H . One possibility, not yet explored, is that 
the periportal cellular infiltrates contain cells known as act ivated lympho-
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cyte killer (ALK) cells; under in vitro condit ions, these originate either 
from N K cells o r from Τ cells under the influence of lymphokines , includ
ing interleukin (IL)-2, but the role of such cells in vivo is unknown. It 
would be necessary for an initial immunological stimulus to generate re
lease of IL-2 and at tract and activate A L K cells. 

4. lmmunogenetics 

These are strong genetic determinants of autoimmune C A H . The dis
ease has long been known to occur most frequently among populat ions of 
nor thern European extract ion. The female to male incidence ratio is 
— 8 : 1 . Mackay and Morris (1972) described a high frequency (70%) of 
HLA-B8 among pat ients with C A H , mostly of auto immune type , and this 
was subsequent ly confirmed in several European and Nor th American 
studies (Mackay, 1977, 1984). Selection of cases of C A H according to 
more precise diagnostic markers for the autoimmune type of disease ap
peared to result in an even higher association of HLA-B8 (85%) with a 
relative risk of 15 (Freudenberg et ai, 1977). Subsequently there was 
established an associat ion with au to immune C A H of HLA-Dw3 (Opelz et 
al.y 1977) and -DR3; moreover it was found among cases of au to immune 
C A H that HLA-B8 and HLA-DR3 were in high linkage disequilibrium due 
to the presence of genes existing as a haplotype on the one ch romosome , 
as judged by family studies (Mackay and Tait , 1980). It is curious that 
HLA-B8, -DR3 is strongly associated with various other immunopatholo
gical d iseases , but there is little overlap be tween these and au to immune 
C A H . There are two explanations for the HLA-B8, -DR3 association with 
immunopathological disease . One is that a gene product (la molecule) 
expressed on the surface of antigen-presenting cells becomes readily as
sociated with the disease-provoking antigen (or autoantigen) so as to stim
ulate a response by Τ cells. The other explanation is that the HLA-B8, -
DR3 specificities are phenotypic markers for weak immunoregulatory 
activity (Eddleston and Williams, 1978; Ambinder et al., 1982), and that 
o ther genetic or environmental factors determine the organ or t issue sus
ceptibility among the HLA-B8- or -D/?5-associated immune-mediated dis
eases . In addition there may be modifying effects of other HLA alleles 
such as HLA-B12, the presence of which may be prejudicial to survival 
(Eddleston and Williams, 1978). Studies relevant to associations be tween 
HLA and G m and immunopathological diseases including C A H have been 
reviewed (Mackay, 1984; Whit t ingham et al., 1984a); some arguments on 
the genetic associat ions are listed in Table I. 

In addition to HLA-B8, -DR3, there is another weak although interest-
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TABLE I 
Summary of Arguments on HIA-B8, -DR3, -Dw3 Haplotype* 

Observation 

A number of different immunopathological 
disorders are associated with HLA-B8, 
-DR3, and -Dw3 

Celiac disease and other disorders tend to 
"breed t rue" in families and segregate 
with HLA-B8, -DR3, -Dw3 

Diabetes mellitus of juvenile onset (type 
1) is most concordant in HLA-identical 
siblings with HLA-DR3, -DR4 

Autoimmune chronic active hepatitis 
shows 

HLA-B8, -DR3 association 
Effects related to Β12 

Effects related to Gm 

Little familial aggregation 

a From Mackay et al. (1980). 

Inference 

One (or more) immunoregulatory alleles 
are in linkage disequilibrium with 
HLA-B8, -DR3, -Dw3 

At least one modifying allele may be 
linked to -B8, -DR3, -Dw3 haplotype 

At least one modifying allele can be linked 
to -DR4 haplotype 

See above 
Suggests modifying genes on HLA-B12 

haplotypes 
Suggests modifying genes on Gm 

haplotypes 
Suggests that there are several modifying 

loci 

ing genetic associat ion with au to immune C A H , the Gm allotypic marker 
G l m (1,2), with a relative risk of ~ 2 (Whitt ingham et al., 1981a); however 
the presence of both HLA-B8 and G l m (1,2) in the one patient appears to 
confer a 40-fold added risk for d isease , suggesting that the associat ion of 
HLA-B8 and G l m (1,2) is interactive (synergistic) ra ther than addit ive 
(Whitt ingham et al., 1981a). The explanation may be that genes for HLA 
and G m are each associated with genes that specify antigen recognition by 
immunocytes : HLA is associated with the product of Ir genes , or accord
ing to Klein (1982), in fact may itself be this product , and genes for G m 
allotypes are in linkage with V genes (Whitt ingham et al., 1984a). 

Given this immunogenet ic predisposi t ion to au to immune C A H , it is 
curious that there is a pauci ty of published reports on coexis tences within 
families of au to immune C A H , or C A H with other i /LA- i^ -a s soc i a t ed 
diseases ; the few examples include pedigrees in which family members 
had ei ther C A H or var ious o ther nonhepat ic immune-mediated diseases 
(Joske and Lau rence , 1970; Whit t ingham et al., 1970). On the o ther hand, 
a high frequency of A N A react ions among relatives of cases of lupoid 
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hepatitis (MacLachlan et al., 1965) and a high frequency of hyperglobulin-
emia among relatives in a single pedigree (Cavell and Leonhard t , 1965) 
and among relatives of patients with cirrhosis possibly consequential to 
chronic hepatit is (Elling et al., 1966), were reported. Finally, of relevance 
are the results of two family studies based in England (Galbraith et al., 
1974) and in Finland (Salaspuro et al., 1976) in which the occurrence of 
disease and a range of autoant ibodies were examined in first-degree rela
tives of cases of C A H or PBC: While in both studies there was an in
creased frequency of certain autoant ibody specificities in the relat ives, 
there was not a close agreement in the two studies on the specificities 
involved (Mackay, 1984). The most that can be said is that all of the 
above-cited da ta point to an inheri tance of a rather weakly expressed 
defect in self-tolerance, perhaps based on a genetic defect in suppressor-
cell function as has been reported for cases of S L E (Miller and Schwar tz , 
1979). 

5. Laboratory Diagnosis 

The issues to be considered under this heading are first, the diagnosis of 
the disease C A H , and second, the differentiation of auto immune C A H 
from other types , of re levance to the delivery of appropriate therapy (see 
below). 

The diagnosis of C A H depends predominantly on experienced interpre
tation of biochemical tests of liver function, including raised levels of 
t ransaminase enzymes , a decreased level (in later stages) of serum albu
min, and a raised level of serum globulin, exclusively of IgG class . Skilled 
histological examinat ion of a liver biopsy specimen is essential . The diag
nosis is based on the characterist ic pat tern of periportal necrosis and 
accumulat ion of lymphoid cells, including many pyroninophilic cells in 
portal and periportal a reas , and almost invariably the histopathological 
pat tern is that of chronic active rather than chronic persistent hepati t is , 
al though the latter may be seen after successful t reatment with predniso
lone. Clear specification of the auto immune versus o ther subtypes is usu
ally, but not invariably, possible by use of serological tes ts . The most 
useful markers are hypergammaglobul inemia at levels of at least 20 g/liter, 
and autoant ibodies . 

It mus t be apprecia ted that serum autoantibodies are present as contin
uous variables that can be measured over a quantitative range and with (at 
present) a regrettable lack of s tandardizat ion of procedures for their de
tection and ti tration. Moreover , disease-relevant autoantibodies (and this 
applies particularly to liver disease) tested for by immunofluorescence 
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may be quite he terogeneous in regard to antigenic specificities. The diag-
nostically relevant autoant ibodies for au to immune C A H are A N A and 
A S M A , but there are variant types of C A H marked by positive react ions 
for ant imitochondrial ant ibody and antimicrosomal ant ibody of the type 
react ive with liver and kidney microsomes and known as L K M . Results 
should be calibrated against accepted reference s tandards: S tandards for 
A N A exist , and A S M A has been " submi t t ed pending W H O r e v i e w " as a 
reference prepara t ion. It is essential that titration is performed, al though 
there is no consensus on diagnostically positive results: Cut-off t i ters 
cited for positivity range from 1:20 to 1:80. A useful although not widely 
used A N A react ion is that with specificity for the granulocyte nucleus ; 
granulocyte-specific A N A to high titer is with few except ions confined to 
au to immune C A H and rheumatoid arthrit is . 

Assays for liver-specific autoant ibodies remain cumbersome and have 
not yet obtained any degree of diagnostic precision or usefulness. Anti
body to L S P does not specify au to immune types of C A H , and ant ibody to 
L M A g has diagnostic specificity for au to immune C A H , but measurement 
is not routinely applicable; a simplified dot-blot assay for ant i -LMAg 
could prove useful (Mackay et al., 1984). There are few diseases in which 
diagnostic H L A typing is cost effective, but some weight can be a t tached 
to the detect ion of HLA-B8 (and -DR3) in C A H . 

6. Relationship of Autoimmune Hepatitis to Other Types 
of CAH 

In this chapter , considerat ion has been limited to that type of C A H with 
au to immune features . Of numerically greater significance in global te rms 
is the type associated with infection with H B V in the liver. The HBV-
associated type of C A H (CAH-B) is similar to au to immune C A H in many 
respec ts , clinically and histologically, but differs according to (a) the ab
sence of serological markers of autoimmunity , (b) the genetic back
ground, since HLA-B8 is not increased in C A H - B , (c) geography and 
ethnic s t ructure of populat ions affected, and (d) the low responsiveness to 
t rea tment with cort icosteroid drugs . The degree to which the pathogene
sis differs awaits bet ter unders tanding of determinants of immune damage 
in the liver. It is assumed that in CAH-B there is expression in the liver 
cell membrane of antigens specified by the genome of the hepatitis Β 
virus, H B s A g or H B c A g , but which predominates and which is the more 
provocat ive of immunological a t tack is at present uncertain. 

There exist o ther types of C A H , defined histologically, but the only one 
that bears any clinical resemblance to au to immune C A H is that induced 
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by certain drugs . In all o ther types the serological and genetic features of 
au to immune C A H are lacking, suggesting that the histological character
istic of periportal piecemeal necrosis does not have any etiological speci
ficity. 

F . TREATMENT AND O U T C O M E 

Historically, a clear indication that t reatment with cort icosteroid drugs 
was effective in au to immune hepatitis was given in 1959 by the immediate 
effect on raised levels of t ransaminase enzymes , together with o ther evi
dence of hepat ic functional improvement including reduction in serum 
bilirubin (O'Br ien et al., 1958). Although most writers in the early 1960s 
considered that prednisolone ameliorated the clinical expression of the 
disease, the exper ience was based on limited case numbers and uncon
trolled observat ions or relatively short- term follow-up. A widely held 
view was that cort icosteroid drugs, despite conferring short-term benefit, 
might not influence the ou tcome of the disease, and long-term randomized 
t rea tment trials were required. In view of a conviction that cort icosteroids 
were of benefit at least in the early stages of the disease, we considered it 
unjustifiable to initiate an untreated control series to assess the long-term 
effect (Mackay and Wood , 1961, 1962); however , in a long-term t reatment 
study (Mackay, 1968) in which the pre t reatment state of the patient was 
the control index, it was shown that , after institution of long-term predni
solone or of prednisolone in lower dosage with azathioprine, there was 
freedom from relapses , t ransaminase levels remained at or near normal 
levels, and all indices of liver function synchronously improved within 3 
months and remained significantly improved compared with pre t rea tment 
values. In this s tudy azathioprine alone also appeared to exert control 
over re lapses . 

However , randomized paired t reatment versus nontrea tment trials 
were still required to assess survival, and three were completed around 
1970 (Copenhagen Study group, 1969; Cook et al., 1971; Soloway et al., 
1972): All testified to a greatly improved survival of prednisolone-treated 
cases . The trial of 49 pat ients by Cook et al. (1971) was convincing in that 
deaths among the 27 nontreated patients during the period of observat ion 
numbered 15 (56%) and three of the remaining 12 had relapses , in marked 
contrast to ou tcome in the 22 t reated cases . Although prednisolone be
came a well-accepted therapy for C A H after 1970, problems still remain. 
These include (a) the identification of prednisolone-responsive cases , (b) 
withdrawal strategies, and (c) the use of azathioprine as adjunctive treat
ment . Azathioprine in combinat ion with prednisolone has the advantage 
of allowing lower doses of prednisolone in addition to having a possible 
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independent ly suppress ive activity (Mackay, 1968; Schalm, 1982); the 
long-term oncogenic risk of azathioprine is yet to be fully evaluated. 

In regard to selection of cases for t rea tment , only those pat ients meet
ing diagnostic criteria for au to immune C A H , including hypergammaglo
bulinemia and serological markers , will give an unequivocal r esponse ; 
indeed, such pat ients are steroid dependent , since, within 2 - 8 weeks after 
prednisolone has been reduced or wi thdrawn, a rise in serum tran
saminase levels usually occurs , followed by clinical relapse. Indicators of 
a weak or marginal response to prednisolone include positively for sero
logical markers of H B V infection or advanced end-stage cirrhosis; for 
further comment on selection for t rea tment of C A H , the reviews of Czaja 
(1984) and Schalm (1982) may be consul ted. In regard to t rea tment with
drawal , a suggested policy is to maintain t reatment for an initial period of 
3 years , at levels that maintain normality of t ransaminase enzymes ; then , 
if a trial wi thdrawal of t rea tment is unsuccessful , t rea tment should be 
maintained for a further 3-year period. Only some 10% of pat ients will fail 
to enter remission after 3 years of t rea tment , but some 6 0 - 9 0 % relapse 
after t rea tment withdrawal (Hegarty et al., 1983; Czaja, 1984). Survival 
after 10 years for adequately t reated pat ients is about 70% (Steven et al., 
1979; Czaja, 1984), as indicated in Fig. 7. Of note in terms of survival, 
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FIG. 7. Survival experience up to 30 years of 37 patients with autoimmune CAH com
pared with that of the age- and sex-matched normal population: the capacity to become 
pregnant in women was associated with better survival. (From Steven et al., 1979.) 



316 IAN R. MACKAY 

development of cirrhosis seems to be of lesser importance than persisting 
activity of disease (Davis et al., 1984). 

G . CONCLUDING REMARKS: FUTURE PROSPECTS 

Auto immune C A H has been under immunological scrutiny for some 
30-35 years . However , despite the marked serological abnormalit ies and 
the striking histological evidence of immunopathology, explanat ions for 
the mode of origin and apparent self-perpetuation of this disease are still 
lacking. One reason is the lateness of the clinical expression of the dis
ease , as evident from the name adopted, chronic active hepati t is . There 
are few clues to the initiating process of events on day 1 in the history of 
the disease , nor can it be stated whether the onset of auto immune C A H is 
bet ter at tr ibutable to a sequel of liver cell damage or a fault arising de 
novo in immune recognition or regulation. The autoantibodies character
istic of au to immune C A H , including antibody to L S P and LMAg, can be 
detected in cases of chronic liver damage from various causes and so may 
be a consequence of this ; yet , on the other hand, au to immune C A H has 
not been repor ted to occur after liver damage due to acute virus hepatitis 
A. 

Once established, au to immune C A H is remarkably tenacious , with pre
disposition to recurrence even after prolonged drug-induced suppression. 
Evidence for disordered immune regulation is provided by functional indi
ces showing impaired T-cell-suppressor activity and numerical indices 
using counts of T-cell subsets in blood, although there are discrepancies 
be tween these . Also , despite a number of studies in C A H showing a 
p reponderance of Τ lymphocytes adjacent to damaged liver cells, the 
mediators of hepatocyte destruct ion are unknown: the lack of a good 
animal model is a decided handicap. Cytolsis may be effected by T 8 + 
cytotoxic lymphocytes , by injurious lymphokines released by activated 
T 4 + lymphocytes or by the newly recognized class of activated lympho
cyte killer cells: Whichever cell may opera te , its activity could be potenti
ated by induction of l a antigen expression by lymphokines including inter
feron a ; application of more comprehensive panels of monoclonal 
antibodies to t issue sections may prove informative here . 

A plea must be made for rigorous specification in research studies of 
subtypes of C A H , since there are now sufficient histological, serological, 
and genetic markers to do this. Thus , pathogenetic mechanisms applica
ble to au to immune C A H may or may not be applicable to HBV-associa ted 
or other types of disease . Moreover identification of the type of C A H is of 
major importance in selecting cases for long-term treatment , since only 
those with au to immune C A H appear to derive benefit. There remains in 
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most case studies a substantial group of cases designated as cryptogenic 
C A H , of which some may be related to antecedent infection with H B V or 
N A N B viruses and others to an antecedent au to immune p rocess ; there 
will be o ther causes also. The development of more sensitive serological 
markers , or the applications of molecular biology technics to identify 
host- integrated H B V , should be of assis tance here . 

H . SUMMARY 

Auto immune C A H became recognized as a disease around 1950, was 
associated with st igmata of autoimmunity in 1960, and was distinguished 
from other types of C A H in 1970. It is identifiable by clinical and histolog
ical features , disease-specific serological markers , the H L A - B 8 , -DR3 
pheno type , and responsiveness to cort icosteroid drugs. There is no close 
animal model . The serological markers used for diagnosis include autoan
tibody to nuclei and smooth muscle , but the actual specificity for the latter 
reactivity is the cytoskeletal filament, actin; autoantibodies to micro
somes and mitochondr ia are present in variant forms of the disease . Au
toantibodies to liver-specific protein and liver membrane antigen remain 
undefined: There are multiple reactants in hepatocytes for each of these 
specificities, and their pathogenet ic significance is uncertain. There are 
various immunoregulatory abnormali t ies in C A H , but their role is still 
unclear . The periportal cellular infiltrate in the liver has been defined by 
monoclonal antibodies as predominant ly Τ cellular, but cell counts do not 
strongly implicate either the helper or the cytotoxic subset of Τ lympho
cytes . Trea tment with prednisolone and azathioprine is highly effective in 
C A H ; initially, t rea tment should be given for 3 years and may be needed 
indefinitely; survival after 10 years for adequately t reated pat ients is 
- 7 0 % . 

II. P R I M A R Y B I L I A R Y C I R R H O S I S 

A . INTRODUCTION.- HISTORICAL BACKGROUND 

The relat ionship be tween biliary obstruct ion and hepatic damage has 
been recognized since the mid-eighteenth century; it was Hano t , a " s a d , 
but considerable figure" according to Mann (1974), who in 1875 defined 
our present concept of P B C , then described as hyper t rophic biliary cir
rhosis . Thereafter , a variety of te rms were applied to this disease , but it 
was the superb clinical study of Ahrens and colleagues (1951) that led to 
the clear differentiation of liver damage due to intrahepatic and extrahe-
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patic obstruct ion of bile ducts and to the definitive naming of the disease 
as pr imary biliary cirrhosis (PBC), but with no cause specified. In the 
early descr ipt ions, much emphasis was placed on the lipid dis turbances 
resulting from prolonged biliary obstruct ion, which is expressed clinically 
as cu taneous xan thomata (hence " x a n t h o m a t o u s " biliary cirrhosis), but 
this characteris t ic feature has become diluted out due to the recognition, 
by biochemical and serological tes ts , of milder expressions of the disease . 

The first hint of immunological disorder in PBC came with the recogni
tion that the serum of pat ients with the disease gave a high-titer reaction 
in the A I C F test , using cytoplasmic homogenate as antigen (Mackay, 
1958). The introduction of immunofluorescence allowed mitochondria to 
be identified as the source of antigen (Walker et al., 1965), and it was soon 
recognized that antimitochondrial reactivity was highly specific for the 
disease. Subsequent ly , evidence accumulated for a multiplicity of immu
nological disorders in PBC (see Section I I ,E) , and for the likelihood that 
the disease had a mult isystem expression but with the intrahepatic biliary 
system as the main target. Yet the origin of the disease still remains an 
enigma, as does the serological reactivity for mitochondria in all t issues of 
the body yet with the singling out of the biliary system for immunological 
a t tack. 

B. GENERAL DESCRIPTION, CLASSIFICATION, AND ANIMAL MODELS 

Primary biliary cirrhosis can be defined as a chronic progressive liver 
disease due to inflammatory damage to intrahepatic bile ducts , with inter
ference with bile secret ion, that results in periportal hepati t is , fibrosis, 
and eventual cirrhosis . The underlying histopathological process is de
scribed as a "ch ron ic nonsuppurat ive destruct ive cholangi t is" : either this 
term or "p r imary au to immune cholangi t is" would be more appropr ia te , 
since " c i r r h o s i s " is a relatively late feature of the disease, but "p r imary 
biliary c i r rhos i s" is too ent renched a term to be supplanted. It is stated 
that PBC can be recognized in all population groups, and that no racial 
predilection exists . In a study from northeast England (Hamlyn et al., 
1983), the diagnosis rate was 1.0 per 100,000 (1.8 per 100,000 for females 
aged 15 or older) , and the est imated prevalences for rural and industrial 
urban areas were 3.7 and 14.4 per 100,000, respectively, but this differ
ence could be due to more asymptomat ic cases being recognized in urban 
areas . In recent years there has been recognition that PBC may have a 
very wide disease expression in terms of severity and tempo, and distinct 
clinical stages are described (see Section II ,D), but there appear to be no 
grounds on which to subclassify the disease, at least in relation to immu-
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nological aspec ts . There is, however , awareness that mild asymptomat ic 
disease is more frequent than hi therto believed, and that such disease is 
associated with a survival little different from that of the normal popula
tion (James et al., 1981; Roll et al., 1983). 

The constellat ion of events necessary to set PBC on course , while still a 
mystery , appears to contain at least three components : genetic predispo
sition, an environmental trigger, and an immunoregulatory dis turbance 
(James, 1983): Evidence relating to these components is presented in 
following sect ions. N o disease that st imulates PBC occurs naturally, and 
an experimental model of PBC has not been induced by immunizing pro
cedures . 

C . CLINICAL PRESENTATIONS 

1. Features of PBC 

Primary biliary cirrhosis has a marked predilection for women , the sex 
ratio being —9 to 1, and the age of onset is usually 35-75 years , with a 
mean —50 years . Age-specific onset rates were shown to rise linearly 
be tween ages 35 and 65 (Hamlyn et al., 1983). The clinical features are 
almost entirely at tr ibutable to biliary obstruct ion; the earliest symptom is 
prur i tus , which is followed by mild but progressive and unremitt ing jaun
dice. Hyperl ipidemia is a classic feature and is expressed by lipid deposi ts 
(xanthelasmata) in eyelids, palmar c reases , and other cu taneous sites. 
Clinical features in the later stages are those consequent on intestinal 
malabsorpt ion and the development of cirrhosis with portal hyper tension 
and hepatocel lular failure. Clinicians and pathologists have found it use
ful, for prognosis and assessment of t rea tment , to assign four stages (see 
Section I I ,D , His topathology) . The biochemical features include the char
acteristically highly elevated levels of serum alkaline phospha tase , usu
ally >500 IU/liter, hyperbil irubinemia, and modera te increases in hepatic 
t ransaminase enzymes , in addition to the immunological features (see 
Section Ι Ι ,Ε) . 

2. Associated Diseases 

It is stated that 84% of cases with PBC have one associated autoim
mune disease , and that 40% have two or more (Culp et al., 1982). One of 
the most frequently cited diseases associated with PBC is Sjogren 's syn
drome (Alarcon-Segovia et al., 1973; Golding et al., 1973; Culp et al., 
1982) of secondary type , since the ant i -La (SS-B) ant ibody characterist ic 
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of primary Sjogren's syndrome is lacking (Bernstein et al., 1984). Other 
associat ions include arthritis (Crowe et ai, 1980b), autoimmune hypothy
roidism (Crowe et ai, 1980a; El ta et al., 1983), scleroderma (Reynolds et 
al., 1971), polymyosit is (Benoist et al., 1977), or S L E (Hall et al., 1984); 
mult isystem pathology may be expressed by lymphocyt ic accumulat ions 
in extrahepat ic si tes, kidney, and s tomach (Mackay, 1960). A proposed 
similarity be tween the lesions of graft-versus-host (GVH) disease and 
those of PBC (Epstein et al., 1980) led to the idea that PBC may be 
determined by a reaction against M H C antigens, but this idea has not 
gained populari ty. 

Of part icular interest is the mixed form or overlap disease with coexist
ing features of PBC and C A H . This is seen in middle-aged to elderly 
women , and may represent some 10% of all cases diagnosed either as 
PBC or C A H . This syndrome is associated with mult isystem features, 
particularly those associated with rheumatoid arthritis, Sjogren's syn
drome, or sc leroderma. Biochemically there are increased levels of both 
alkaline phospha tase and t ransaminase enzymes , and histologically there 
is bile duct injury and granulomata as in PBC and periportal necrosis as in 
C A H . Serologically, the overlap is sustained by the presence of antimito-
chondrial antibodies (see Section I I , E , l , b ) and the antibodies character is
tic of C A H . Howeve r , there is no increase in H L A - B 8 , -DR3, as seen in 
au to immune C A H . 

D . HISTOPATHOLOGY 

The essential lesion of PBC involves the interlobular and septal bile 
duc ts , which are —100 μπι in diameter , and four stages are recognized 
(Rubin et ai, 1965). In early lesions, in stage I, the ductular cells are 
damaged, the ducts are disorganized, and there are periductular accumu
lations of mononuclear cells, often accompanied by typical granulomas 
with mult inucleate giant cells. With progression, stage II , biliary ductules 
are des t royed and their number becomes reduced, and, presumably as a 
regenerat ive activity, there is proliferation of small aberrant ductules , the 
portal t racts are expanded with mononuclear cells, and fibrosis is evident 
(Fig. 8); there are secondary changes affecting hepatic parenchymal cells, 
particularly areas of necrosis—feathery degeneration and bile infarcts— 
in regions of cholestasis where bile ducts are undergoing destruct ion. In 
stage HI , there are invasive fibrosis of the hepatic lobule from portal 
t rac ts , p ronounced disappearance of bile ductules , and accumulat ion of 
copper in periportal hepa tocytes . The terminal stage IV is marked by the 
above features together with a macronodular cirrhosis. 
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E. IMMUNOLOGY 

I. Immunological Features 

a. Hypergammaglobulinemia. There is a moderately elevated level of 
gamma globulin, 15-30 g/liter with IgG and IgM represented (Feizi, 1968). 
There are unusual aspects to serum IgM in PBC, since IgM monomers 
may be present (Fakunle et al, 1979), and the IgM has increased precipta-
bility and capacity for fixation of complement without demonstrable anti
gen-binding activity (Lindgren et al., 1981). Some of the antimitochon-
drial ant ibody is represented by the IgM isotype. 

b. Antimitochondrial Antibody. This characterist ic reactivity is against 
mitochondria from all mammalian cells, and also against mitochondria 
from lower organisms. In the standard immunofluorescence test system 
using unfixed cryosta t sections in a composi te t issue block (human kid
ney, thyroid, and s tomach) , the mitochondrial reactivity appears as a 
coarse granular cytoplasmic fluorescence; the H E p 2 cell line is also a 
suitable substrate (Fig. 9). Screening tests should be performed at 1:10 
dilutions of serum because some undiluted sera may give nonspecific 
fluorescence, and strongly positive sera may show a prozone effect (Berg 
and Baum, 1980). The frequency of Α Μ Α reactions in PBC is at least 90% 
(Walker et al, 1965; Klatskin and Kantor , 1972; Chris tensen et al, 1980), 
and Α Μ Α reactivity occurs in few other diseases , so that sensitivity and 
specificity for the diagnosis of PBC is extremely high. Antimitochondrial 
antibody reactivities may have several different specificities (Berg and 
Baum, 1980; Berg et al, 1982), and each is associated with a particular 
clinical condit ion (Table II) . These specificities are known as M l to M6, 
but only the M2 and M4 antibodies are associated with liver disease: M2 
which reacts with a trypsin-sensit ive antigen is the true Α Μ Α of PBC, and 
M4 which reacts with a trypsin-insensitive antigen character izes the 
CAH-PBC overlap syndrome. 

Polyacrylamide gel electrophoresis of human and other mitochondrial 
preparat ions and immunoblot t ing onto nitrocellulose, followed by probing 
with PBC sera, were used to identify reactive mitochondrial antigens by 
Frazer and colleagues (1985). All ΑΜΑ-posi t ive sera reacted with two 
trypsin-sensit ive human mitochondrial polypept ides, with apparent M W s 
of 70 and 45 kD . There were counterpar ts of the 70 kD antigen in mito
chondrial preparat ions from rat and mouse with MWs of 65 to 70 k D , and 
in yeast and E. coli with M W of —55 kD. There were counterpar ts of the 
45-kD antigen in all mitochondrial preparat ions tested except for E. coll 
The reactive polypept ide autoantigens identified by immunoblott ing did 
not cor respond, by M W at least, with other proposed mitochondrial anti-
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TABLE II 
The Antimitochondrial Antibodies 

Ml Anticardiolipin, predominantly on inner mitochondrial membrane: 
*' Was serman-type'' antibody 

M2 Antibody to antigen on inner membranes of mitochondria, trypsin-sensitive: 
specifies PBC 

M3 Antibody to antigen on outer mitochondrial membranes of mitochondria, 
trypsin-insensitive; provoked by a multiple-drug preparation "Venocuran" 
that contains phenopyrazone; associated with "pseudolupus" syndrome 

M4 Antibody to antigen on outer membranes of mitochondria; trypsin-insensitive: 
detected (with M2) in the CAH-PBC "mixed form" overlap disease 

M5 Antibody to antigen on mitochondrial membranes, reactive predominantly with 
proximal renal tubules: detected in "collagenlike" disorders including SLE 

M6 Antibody to mitochondria associated with iproniazid-induced hepatitis 

gens, that is, the subunit of ATPase of the adenine nucleotide transloca-
tor. The identification of the react ive mitochondrial polypeptide autoanti
gens identified by immunoblott ing should provide much needed insight 
into the pathogenesis of P B C . 

c Other Antibodies There is some disagreement as to whether PBC is 
marked by a frequency beyond normal of autoantibodies other than Α Μ Α 
(e.g. , A N A and ASMA) and autoantibodies of the thyrogastric group. 
Those reporting an increase include Doniach et al. (1966) and Chris tensen 
et al. (1980); those finding no increase or only low-titer reactivity include 
Kaplowitz et al. (1973), Berg and Baum (1980), and my laboratory (un
published). According to Berg and Baum (1980), the true M2-associated 
PBC is not associated with other autoant ibodies , whereas in the mixed 
form, M4-associated, A S M A (antiactin) and A N A are demonstrable . Use 
of the H E p 2 nuclear subst ra te , which is very suitable for speckled pat
terns of staining, has disclosed a diverse range of nonhomogeneous nu
clear pa t te rns , including ant icentromere in cases of PBC with sclero
derma (Bernstein et al., 1984). 

Anti-LSP Antibodies reacting with human L S P by radioimmunoassay 
were detected in 19 (51%) of 37 patients with PBC, but only in the ad
vanced stages, III and IV, in which their incidence was high, and there 
was close correlat ion be tween the degree of reactivity and the extent of 
piecemeal necrosis (Tsantoulas et al., 1980). This reactivity is presumably 
secondary to hepatocellular damage , although a contribution to pathogen
esis is possible . 

d. Bile Duct-Specific Antigens. Earlier indications were that there might 
be a serum antibody reacting specifically with bile ducts (Paronet to et 
al., 1967) or bile canaliculi (MacSween et al., 1973), and a leucocyte 
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migration-inhibition assay was used to show cell-mediated reactivity by 
peripheral blood lymphocytes with a biliary protein in cases of PBC and 
also sclerosing cholangitis (McFar lane et al., 1979). Although specific 
reactivity with a biliary antigen would satisfactorily explain the pathogen
esis of P B C , it is not yet established that this is in fact demonst rable . 

e. Complement Abnormalities. Levels of total serum complement are 
normal in P B C , but there is a marked alteration in complement turnover , 
as judged by the increase in p lasma of complement activation products 
(C3b) and increased Clq and C3 catabolism (Potter et al., 1976; Wands et 
ah, 1978). The explanat ion for these changes may be the fixation of com
plement p roduc ts on immune complexes (see Section I I ,E , l , f ) . It is s tated 
that there may be activation of the classical pa thway (Thomas et al., 1977) 
or the al ternate pa thway (Wands et al., 1978). A detailed descript ion of 
complement metabol ism in PBC is given by Thomas and Epste in (1980) 
and James (1983). 

f Immune Complexes The recognition of complement activation in 
PBC led to the notion that immune complexes may be implicated in the 
disease process (Thomas et al., 1977). The presence of immune com
plexes in serum in large amounts was shown by various procedures [e.g. , 
Clq binding, by Thomas et al. (1978), or Raji cell binding, by Wands et al. 
(1978)]. These complexes were of large size, contained substantial 
amounts of IgM, appeared to act ivate C3 in vitro, and also were highly 
susceptible to cryoprecipi tat ion. There are reports that the immune com
plexes in PBC contain antigens derived from bile or mitochondria (cited 
by J ames , 1983), but these have not been confirmed. Thomas and Epstein 
(1980) suggested that the complexes were the result of associat ions of 
globulin-antiglobulin, C3b-an t i -C3b , or id iotype-ant i id iotype. It is curi
ous that there is usually no systemic expression of immune complex 
disease in P B C , al though Clq binding was correlated with complaints of 
arthritis (Crowe et al., 1980b), and that there is no evidence for the he
patic lesions being due to formation or deposit ion of immune complexes 
in the liver (Krogsgaard et al., 1981). Finally, there is a report in which 
five assays for immune complexes were used; few patients with PBC were 
posit ive in all five (Goldberg et al., 1982). 

g. Depressed Cellular Immunity. There is a general depression of T-
lymphocyte function in P B C , illustrated by cutaneous anergy and failure 
to develop delayed-type hypersensi t ivi ty after immunizat ion (Fox et al., 
1973); o ther abnormali t ies including inhibitory serum factors were re
viewed by T h o m a s and Epste in (1980). Impaired CMI is further exempli
fied by a deficiency of peripheral blood Τ cells to proliferate in response to 
autologous Β cells in the autologous mixed-lymphocyte reaction (AMLR) 
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(James et al, 1977); the responsive subpopulation of Τ cells for the 
A M L R are precursors of suppressor Τ lymphocytes . 

2. Immunological Derangements 

Several studies published on numbers of lymphocyte subsets in PBC 
(James, 1983) suggested a decrease in the helper (T4) subpopulat ion. 
More recent ly, Miller et al. (1984) considered whether changes present 
were a cause or effect by studying subsets at the four stages of PBC, using 
normal controls and pat ients with other types of advanced liver d isease; 
patients with early (stage I) PBC had significantly increased counts of 
suppressor (Leu 2 a + ) cells, but normal counts for pan-T lymphocytes and 
helper (Leu 3 a + ) cells, whereas in advanced disease counts for all subsets 
were lower than normal and at levels comparable with those in o ther 
types of cirrhosis . On the o ther hand, functional assays have yielded solid 
evidence for decreased function of suppressor Τ cells, perhaps at variance 
with increase in the putat ive suppressor subset (above). One of the assays 
used (James et al., 1980; J ames , 1983) depended on the ability of Τ lym
phocytes from pat ients with PBC to help or suppress pokeweed- induced 
immunoglobulin synthesis , with at tention to ratios of Τ and Β cells in the 
system; normally, with increasing T/B ratios > 1 . 0 , suppressor effects 
predominate , whereas in PBC this effect was not evident, pointing to 
relative hypofunction of the suppressor subset . It is uncertain whether 
this would be due to an excess of helper influences, decreased suppressor 
cell numbers (e.g. , in advanced disease and perhaps related to deficiency 
in the A M L R ) , or to o ther types of failure in induction of suppressor cells. 

The other major derangement is the diversion of the immune response 
to self antigens of the mitochondrial membrane . It has been speculated 
that the origin of cell mitochondria was from bacterial cells, and it has 
been noted that the PBC-specific antigen is present in all mitochondria so 
far tes ted, including mitochondria of microorganisms (Berg and Baum, 
1980; Thomas and Epste in , 1980; Frazer et al, 1985). Accordingly, PBC 
might be explained by the occur rence , in subjects with a congenital or 
acquired defect of immune regulation, of autoimmune induction by cross-
reactivity with mitochondria-l ike antigens or microorganisms, or conceiv
ably, food antigens. 

3. Mechanisms of Damage 

There is virtually no information on mechanisms of damage to biliary 
ductules in P B C . Candidate mechanisms would include intrahepatic im
mune complexes [although this has been negated (see Section I I ,E , l , f ) 
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and cytotoxic effects of Τ cells among the portal ilfiltrates. Antibody-
dependent cellular cytotoxici ty (ADCC) of peripheral blood cells was 
found not to differ from normal (Vierling et al., 1977). However , a dis
criminatory assay would require specific antibodies and target cells of 
biliary origin, and such would be difficult to establish; moreover , since 
there is little evidence for a bile duct-specific antibody in P B C , there 
would be no specific direction of A D C C mechanisms toward biliary epi
thelium. 

4. lmmunogenetics 

Female sex is one unequivocal component to genetic predisposit ion to 
P B C , since the sex ratio is ~ 9 : 1 in all case series reported. While hormo
nal influences are called on to explain female predisposit ion in many of 
the au to immune diseases that occur in early life, such would not appear to 
pertain in P B C , which usually presents in females after the menopause 
and virtually never in young females. Although published case series 
usually do not contain examples of intrafamilial P B C , and nei ther do 
populat ion surveys (Triger, 1980), an impressive number of familial cases 
have been repor ted involving siblings (eight examples) and paren t -ch i ld 
(three examples) , and other familial clusterings have been cited (Mackay, 
1984). Cales et al. (1983) repor ted a family study based on two brothers 
with PBC and a sister with granulomatous hepati t is; of the nine subjects 
examined in two generat ions of this family, immune abnormali t ies were 
observed in six, but HLA haplotype-associated transmission of PBC was 
not observed . 

In addit ion to coincident cases of PBC in families, there is evidence in 
relatives of a high frequency of Α Μ Α (Feizi et al., 1972) or o ther immune-
mediated diseases including thyroidit is , rheumatoid arthri t is , Sjogren 's 
d isease , and o thers (Galbraith et al., 1974). These findings could be due to 
various genetic influences, including (a) predisposit ion to a specific immu
nological abnormali ty that is basic to P B C , (b) predisposit ion to develop
ment of chronic liver damage with cirrhosis , and (c) a general weakness of 
immunological regulation. The latter possibility is raised by two studies 
that showed that relatives of cases of PBC had a higher frequency than did 
controls of certain autoant ibodies (cited by Mackay , 1984). Fur ther , a 
s tudy of suppressor-cel l function based on recrui tment of suppressor cells 
by Con-Α showed significant impairment of IgG suppression in 13 of 16 
pat ients with P B C , and in 6 of 23 healthy female relat ives, but not in 
pat ients with o ther types of cirrhosis or in healthy controls (Miller et al., 
1983). 

If there were immunogenet ic abnormali t ies critical to the development 
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of PBC, a strong associat ion with H L A types might be expected , but 
reports are variable and in general negative (Mackay, 1984). Thus studies 
on HLA-A and -B locus frequencies in PBC have not shown differences 
from controls . There is one report of an increase in HLA-DR3, an abstract 
claiming an increase in -DR4 [50% versus 2 1 % in controls , relative risk 
(RR) 3.7], and a report on Japanese with PBC showing a higher frequency 
of HLA-DR2 than in controls (68 versus 30%, RR 5.0), but the number of 
cases in each of these reports was low. 

5. Laboratory Diagnosis 

The diagnosis of PBC is strongly supported by demonstrat ion of the M2 
type of Α Μ Α , and this , together with other procedures (liver biopsy, 
cholangiography), now obviates the need for confirmatory laparotomy. 
Since the sensitivity and specificity of the Α Μ Α reaction is almost but not 
entirely absolute , the problems of negative reactions in confirmed cases 
and posit ive react ions in the absence of PBC require considerat ion. Given 
that the usually cited figure for positivity of Α Μ Α in PBC is 90%, can the 
apparent 10% of repor ted false-negative Α Μ Α reactions be accounted 
for? Some may have been due to an er roneous clinical diagnosis and 
others to laboratory error (e.g. , p rozone effect if a serum titration had not 
been done) ; it would be of interest to review a series of AMA-negat ive 
cases of PBC for ascertainable clinical differences from seroposi tve 
cases . 

The converse situation, Α Μ Α positivity in the absence of PBC, is re
ceiving much at tent ion as clinical immunology laboratories now routinely 
screen large numbers of sera for multiple auto immune react ions. For 
example , Triger et al. (1982) detected Α Μ Α in 69 (1.47%) of 4200 sera 
referred for serological test ing; 9 had unequivocal P B C , 6 had C A H (or 
possibly the overlap syndrome) , 10 had abnormal liver tests not sugges
tive of P B C , and 44 had no evidence of liver disease. The conclusion was 
that , in the absence of clinical liver disease, the Α Μ Α test lacked specific
ity for the diagnosis of P B C . There are several problems to consider here 
in relationship to posit ive Α Μ Α tests and the diagnosis of PBC. (i) The 
use of rat t issue can give a misleading positive test due to the presence of 
heteroant ibody, and hence a posit ive test if rat t issue is used should be 
confirmed using a human tissue substrate , (ii) Since only the M2 and M4 
types of Α Μ Α are specific for liver disease, Α Μ Α reactions due to M l , 
M 3 , M5 , and M6 type antibodies must be excluded, (iii) The M4 type of 
Α Μ Α has a specificity for a separate type of cholestatic liver disease , 
described above , (iv) Given the current recognition of the frequency of 
mild or early types of PBC (see Section Ι Ι ,Β) , it may be impossible to 
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exclude a clinically featureless example of PBC without a liver biopsy, yet 
this would seem unjustified in an otherwise healthy person. 

To conclude , a t tent ion is directed to the study of Berg et al. (1982), 
which can be taken as the current benchmark . Serum from 91 (97%) of 94 
pat ients with PBC reacted with M2 Α Μ Α , and when submembranous 
particles from mitochondria were added to the est sys tem, reactivity 
reached 100%. Converse ly , 417 pat ients with other hepatic and nonhe-
patic disorders were tested and only 4 had M2 Α Μ Α , the diseases being 
S L E (1), systemic sclerosis (2), and Sjogren 's syndrome (1); of these , 
there was histological evidence of PBC in 2. 

The nature of the relationship be tween PBC and the mixed C A H - P B C 
over lap syndrome remains uncer ta in , but could be clarified as antimito-
chondrial reactivi tes become bet ter defined. (Frazer et ai, 1985). 

F . TREATMENT AND O U T C O M E 

Therapy in PBC has three a ims, the first two being irrelevant to immu
nological aspec ts : (a) to prevent or treat complications of cholestasis , (b) 
to alleviate manifestat ions of hepat ic decompensat ion , and (c) to arrest 
the pathological process in the liver, aiming either at the pr imary immuno
pathological p rocess or at secondary effects such as copper overload in 
the liver. 

The viewpoint taken here is that no t reatment yet is of sufficiently 
established effectiveness to justify probable adverse effects when admin
istered on a long-term basis . The background to this opinion is the sum
marized review by Jones (1983). The case against prednisolone is the 
mediocre response and the likely exacerbat ion of bone disease. Azathio
prine has been evaluated against p lacebo in two randomized trials, and, 
al though clear effects on various indices were not discernible, survival 
data slightly favored the azathioprine-treated groups (Heathcote et al. 
1976; Chris tensen et al.y 1984). Da ta for combined prednisolone and 
azathioprine from the setting of a controlled trial are not available. Other 
regimens reviewed by Jones (1983) included cyclophosphamide , chloram
bucil, and cyclosporin, but da ta favoring long-term benefit are not to 
hand. 

There have been extensive studies on D-penicillamine, a copper-chelat-
ing agent , because of the recognition of extensive deposi ts of copper in 
hepa tocy tes . This is presumably secondary to biliary obstruct ion, but the 
excess copper could itself potent ia te the primary injury. Penicillamine, in 
addition to copper chelat ion, might favorably affect various immunologi
cal abnormali t ies associated with PBC (Jones, 1983). In the event , the 
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results of trials have proved equivocal and side effects are too frequent for 
this therapy to be r ecommended . 

Opinion on the ou tcome of PBC has undergone considerable revision 
with the recognition that mild asymptomat ic cases consti tute a substantial 
proport ion of the spect rum of PBC (James et al., 1981; Roll et ai, 1983). 
Although an average survival t ime can be put at 10 years , the range will be 
wide due to great differences among patients in the inherent t empo of the 
disease. Whethe r immunological factors can be related to such differ
ences in t empo has not yet been ascertained. 

G . CONCLUDING REMARKS.- FUTURE PROSPECTS 

As with many au to immune diseases , PBC gives much promise of pro
viding important leads to the basis of autoimmunity, yet displays many 
anomalous and some possibly irrelevant features. The identification of 
known mitochondrial enzymes as targets of the characterist ic autoanti
body specificity, and the knowledge that structurally similar enzymes are 
const i tuents of almost all mitochondrial sys tems, seem attractive hints 
that the disease may be initiated by an immunological exposure to micro
organisms (cross-reactivity) under condit ions in which tolerance breakage 
can occur ; this is evidently more likely to occur in females, and, given the 
age incidence of the disease , hormonal factors may be less important than 
in S L E , for example . The paradox of generalized antimitochondrial activ
ity with biliary epithelium as a predominant target is tantalizing. 

The idea has been proposed , based on similarities be tween PBC and 
G V H disease , than an immune response to M H C specificities could be 
implicated in P B C , but direct evidence for this is lacking. The peculiar 
complement abnormali t ies might contr ibute to part of the pathology, but 
do not seem to be par t of the pr imary pathology. The range of diseases 
coexisting with P B C , and the clinical settings of these associat ions, are 
wor thy of much further considerat ion. The genetic predisposit ion to PBC 
is provocat ive , but determinants of this need further exploration from the 
standpoint of family studies and predictive markers . Finally, regimens of 
t rea tment that may arrest the disease, at least in some of its phases , need 
investigation, keeping in mind the possibility (Berg and Baum, 1980) that 
PBC might consist of a group of etiologically different diseases , as per
tains in C A H . 

H . SUMMARY 

Primary biliary cirrhosis , like C A H , became recognized as a disease 
after 1950, and an au to immune basis was established —10 years later. 
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There are four stages identifiable in the 5- to 10-year evolution of P B C , 
from the initial nonsuppura t ive destruct ive cholangitis to the terminal 
cirrhosis; however , with more mild asymptomat ic cases now being recog
nized, the survival t ime for PBC can be extended. The histological hall
mark is an inflammatory obliterative destruct ion of biliary ductules in the 
liver with accompanying lymphoid aggregates and granulomata. There is 
no valid animal model . Serologically, there is a characterist ic react ion 
with an antigen on the inner membrane of mitochondria and the target 
s t ructure is likely to be a mitochondrial enzyme. The mitochondrial anti
gen with which PBC sera are specifically reactive is known as M2; diag-
nostically, the M2 type of antimitochondrial ant ibody has very high speci
ficity and sensitivity for P B C . Other mitochondrial ant igens, M l and 
M3-6, exist ; ant ibody to M4 specifies the mixed P B C - C A H overlap syn
drome and antibodies to the remainder are irrelevant to liver disease . 
There are profound complement dis turbances associated with the pres
ence in serum of large immune complexes . Nei ther the nature of the 
postulated immunoregulatory defect in PBC nor the mechanism of dam
age to bile ducts is known. Although there is familial predisposi t ion, no 
clear genetic markers including H L A have been identified. N o therapy 
clearly ameliorates the course of the disease. 
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I. I N T R O D U C T I O N 

Techniques of immunocytochemis t ry , immunofluorescence, and elec
tron microscopy have been invaluable for the analysis and evaluation of 
the contr ibut ion of immunological processes to the pathogenesis of kid
ney disease . The application of those techniques to the study of human 
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biopsy specimens has made it possible to trace the course of immuno-
pathogenet ic events in many human nephropathies of au to immune origin. 
In addit ion, animal models of immunologically mediated kidney disease 
have been essential for the development of current concepts of kidney 
immunopathology. In a number of instances , the recognition of immuno
logical processes in human auto immune kidney diseases has been pre
ceded by observat ions made in the laboratory with appropriate animal 
models . Therefore , this chapter will review salient features of the most 
important examples of au to immune kidney disease in laboratory animals 
as well as in man . F o r reasons of convenience and tradition, glomeru-
lonephrit ides and tubulointerstit ial nephrit ides will be described sepa
rately, al though that division is often somewhat artificial. 

It will become apparent that there is extensive and convincing docu
mentat ion implicating mechanisms of humoral immunity in the pathogen
esis of au to immune kidney diseases . In contras t , relatively little evidence 
has been provided to show that the effectors of cellular immunity contr ib
ute significantly to kidney damage either in animals or in man. While it 
seems that ant ibody-mediated injury is the more important mode of im
munological a t tack on the kidney, it is also possible that our dispropor
t ionate appreciat ion of the role of humoral factors in kidney pathology 
may reflect biases imposed by the available analytical methods . In any 
event , the relative impor tance of mechanisms of delayed hypersensit ivity 
in kidney disease remains to be assessed. 

II. A N T I B O D I E S A N D A U T O I M M U N E K I D N E Y 

D I S E A S E S 

There are two mechanisms by which antibodies may accumulate in 
t issues. An ant ibody may have specificity for antigens located and fixed 
within a part icular t issue. In that case , the antibody will be retained at the 
site of the antigen as the result of a unique reaction of immunological 
recognition. Alternatively, antibodies may be directed against soluble an
tigens that are present in body fluids. The immunologically specific reac
tion will occur in a fluid compar tment of the body; the products of the 
reaction may deposit or lodge in body t issues. In the latter case , the site of 
accumulat ion of an ant ibody molecule is unrelated to its immunological 
specificity. 

F o r many years it was believed that these two mechanisms could be 
unequivocally distinguished by direct immunofluorescence tests that re
veal the pat tern of distribution of immune reactants within a t issue. Bind
ing of antibodies to structural ant igens, especially basement membranes , 
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was recognized by a cont inuous , uniform, finely linear staining pat tern 
that cont ras ted with the discrete granular distribution of antibodies attrib
uted to the deposi t ion of immune complexes from the circulation. In the 
animal model , H e y m a n n nephri t is , it has recently been shown that reac
tion of ant ibodies with structural antigens of the glomerular capillary wall 
may also p roduce an irregular, uneven distribution (Van D a m m e et ai, 
1978; Couser et ai, 1978; Makker and Moor thy , 1981; Neale and Wilson, 
1982). T h u s , the react ion in situ of an antibody with a structural antigen 
could lead to an immunofluorescence pat tern that is discretely granular , 
resembling the pa t tern observed with deposi ted circulating immune com
plexes . Al though it has not yet been demonst ra ted that a similar event 
occurs in human kidney disease , it is clear that identification of mecha
nisms of ant ibody-mediated injury can no longer depend only on the 
observable pa t tern of distribution of immunoglobulin molecules . 

A . DISEASES MEDIATED BY ANTIBODIES REACTING WITH 

STRUCTURAL ANTIGENS O F THE KIDNEY 

1. Glomerulonephritides 

a. Animal Models 
Antiglomerular Basement Membrane (GBM) Nephritis. The classic 

example of au to immune disease produced by antibodies to structural anti
gens of the kidney is ant i -GBM glomerulonephri t is . Autologous antibod
ies to antigens of the G B M were elicited first in sheep by immunizat ion 
with heterologous or homologous G B M administered in F r e u n d ' s adju
vant (Steblay, 1962). Antibodies formed against the foreign G B M cross-
react with autologous antigens to p roduce nephrit is . The course of 
au to immune nephrit is in sheep is rapidly progressive, leading to renal 
failure and dea th . Clinical symptoms of the disease appear 1-3 months 
after the first immunizat ion, although immune reactants may actually be 
present in the kidney for several weeks before the manifestation of clini
cal signs of d isease . Direct immunofluorescence tests on kidney t issue 
from affected animals show immunoglobulin and complement to be dis
tr ibuted in a linear pat tern along the G B M . Antibodies in the eluates of 
diseased kidneys also bind in vitro to normal G B M in a linear pat tern 
(Rudofsky and Steblay, 1968). Severe proliferative lesions are observed in 
glomeruli of animals with ant i -GBM nephri t is ; epithelial crescents occur 
with high frequency and thus are the histological hallmark of the disease . 
Neutrophi ls , macrophages , and fibrin deposi ts may also be found in glo
meruli . 
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The impor tance of circulating ant i -GBM antibodies to the pathogenesis 
of this form of au to immune nephrit is has been rigorously demonst ra ted by 
passive transfer exper iments (Steblay, 1964; Lerner and Dixon, 1966). 
Normal recipients of serum containing ant i -GBM antibodies develop a 
glomerulonephri t is that is indistinguishable from the disease of the ac
tively immunized serum donor . 

Sheep autoant ibodies that bind to basement membranes of glomeruli 
will also react in vitro with basement membranes in the lung (Rudofsky 
and Steblay, 1968). Fur the rmore , immunizat ion of sheep with prepara
tions of alveolar basement membranes produces ant i-GBM nephrit is 
(Steblay and Rudofsky, 1968). As ant i -basement-membrane antibodies in 
kidney eluates can be removed by absorpt ion with basement membrane 
antigens that have been purified from either lung or kidney, it appears that 
the autoant ibodies recognize determinants common to lung and kidney. 
However , despi te the presence of circulating antibodies that react in vitro 
with alveolar basement membranes , sheep immunized with basement 
membrane antigens do not exhibit signs of lung disease. Other factors in 
addition to the autoant ibodies are probably essential for the clinical ex
pression of au to immune lung disease. Evidence to support that idea has 
been provided by passive transfer exper iments in which anti-basement-
membrane pneumoni t is was detected only in recipients exposed earlier to 
sublethal doses of pure oxygen (Jennings et al., 1981). In that case , 
an increased permeabil i ty of the alveolar capillary, mediated by 
oxygen, permit ted accessibility of antibodies to the alveolar basement 
membrane . 

Immunizat ion of S w i s s - W e b s t e r mice with human G B M leads to a 
glomerulonephri t is that is character ized, in an early stage, by linear de
posits along the G B M and tubular basement membrane (TBM) of antibod
ies of all IgG subclasses (Bolton et al., 1978). With progression of the 
disease , the distribution of many IgG subclasses assumes a granular pat
tern, al though the pat tern of binding of IgGj remains linear (Fig. 1). 
Eluates of the kidneys of mice with this form of nephritis contain IgG of 
all subclasses . Howeve r , antibodies staining normal G B M in vitro are of 
the IgGj class a lone. Examinat ion of diseased kidneys by electron micros-

FIG. 1. Direct immunofluorescence test on a frozen section of kidney taken from a 
Swiss-Webster mouse 5 months after immunization with whole human glomeruli. The sec
tion has been stained for mouse IgG. Deposits of IgG in a finely granular-to-ribbonlike 
pattern are seen along the glomerular capillary wall and in a linear pattern along the base
ment membrane of tubules. Cells of some proximal tubules contain droplets of IgG (250x). 
Inset: At a higher magnification, IgG can be seen to be present in the GBM and in subepithe
lial protrusions emanating from the GBM (800x). 
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copy reveals a unique lesion of the G B M that is characterized by an 
expansion of the lamina rara externa in a " b e a d e d " pat tern. 

Guinea pigs may also develop au to immune ant i -GBM nephritis after 
immunizat ion with human G B M (Couser et al., 1973). Immunopathology 
and pathophysiology of glomeruli occur by a mechanism that is indepen
dent of complement activation. The role of complement has not been 
evaluated in o ther models of au to immune anti-GBM nephrit is . Fac tors 
influencing the accumulat ion and/or proliferation of cells in glomeruli also 
have not been analyzed in ant i -GBM nephrit is . 

Mercuric Choloride Nephropathy. Regular frequent injections of 
small doses of HgCl 2 induce a biphasic autoimmune kidney disease in 
rabbits and in Brown-Norway rats (Roman-Franco et al., 1976; Sapin et 
al., 1977). In the early weeks after the start of injections of HgCl 2 , deposi
tion of IgG in a linear pat tern can be seen along basement membranes in 
the kidney, muscles , and vessels . La ter in the course of the disease, the 
distribution of immunoglobulins in the kidney and in other organs as
sumes a discrete granular pat tern (Roman-Franco et al., 1978; Druet et 
al., 1978). Ant i -GBM antibodies may be recovered from the kidneys of 
animals with HgCl 2 nephropathy by acid elution. These observat ions are 
consistent with the hypothesis that , in the first phase of the disease, HgCl 2 

induces the formation of autoant ibodies to basement membranes . The 
second phase of d isease , character ized by a granular pat tern of fluores
cence , may be mediated by immune complexes , although the relevant 
antigen(s) has not been identified. It has been suggested that basement 
membrane ant igens, altered during the early phase , are involved in the 
formation of the granular immune deposits that are characterist ic of the 
second phase . 

It is not known whether both phases of HgCl 2 nephropathy are actually 
separate diseases or different express ions of the same underlying process . 
Susceptibility to the first phase of HgCl 2 nephropathy (anti-GBM antibody 
product ion) is a dominant trait linked to the major histocompatibili ty 
complex. A possible genetic basis of susceptibility to the second phase 
appears to be more complex (Sapin et al., 1982). 

Heymann Nephritis. It was first reported by Heymann and co-work
ers (1959) that nephrot ic syndrome could be produced in rats by immuni
zation with an extract of rat kidney. A crude extract of rat kidney tubules , 
designated F x l A , is adequate to produce Heymann nephritis in rats of 
susceptible inbred strains and has been used in most studies (Edgington et 
al., 1968). The nephri togenic antigen in the F x l A extract has been identi
fied as a p lasma membrane glycoprotein that is present in large amounts 
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on the brush border of proximal tubules (Miettinen et al., 1980; Kerjas-
chki and Farquhar , 1982). The antigen can also be found in the glomerular 
capillary wall , al though the demonstra t ion of its p resence in glomerular 
sites is much more difficult (Van D a m m e et al., 1978; Couser et al., 1978; 
Makker and Moor thy , 1981; Neale and Wilson, 1982; Kerjaschki and 
Farquhar , 1983). 

Nephro t ic syndrome develops ~ 2 months after the first immunizat ion 
with F x l A . Examinat ion of kidney tissue from rats with H e y m a n n nephri
tis reveals the classic picture of membranous nephropathy . By immuno
fluorescence microscopy, discrete granular deposi ts of immunoglobulin 
and complement are observable ; corresponding dense deposi ts , detected 
with the electron microscope , are located at subepithelial sites in glo
meruli (Grupe and Kaplan , 1969; Schneeberger and Grupe , 1976). Loss of 
epithelial cell foot processes and thickening of the G B M are the most 
prominent al terat ions of the ul t ras t ructure of glomeruli in H e y m a n n ne
phrit is . Sera from rats with H e y m a n n nephritis stain the brush border of 
proximal tubules in indirect immunofluorescence tes ts ; antibodies with a 
similar specificity can be eluted from the glomeruli of affected animals 
(Grupe and Kaplan , 1969). The granular deposits in glomeruli appear to be 
composed of the brush border antigen(s), antibodies to the brush border 
antigen(s), and complement (Edgington et al., 1967; Glassock et al., 
1968). 

As it was long considered an axiom of immunopathology that a granular 
distribution of immune reactants could result only from the deposit ion, in 
t issues , of immune complexes formed in circulation, the earliest hypothe
ses to explain the immunopathogenesis of Heymann nephritis invoked the 
formation of brush border -an t i -b rush-border complexes outside the kid
ney. It was proposed that the accumulat ion in glomeruli of those com
plexes , containing a kidney-specific antigen, was fortuitous and occurred 
as a consequence of the filtration function of the glomerular capillary wall. 
The weight of recent evidence suggests that a different mechanism may 
account for the accumulat ion of immune deposits in glomeruli in Hey
mann nephri t is . It has been shown that perfusion of isolated rat kidneys 
with heterologous or autologous an t i -Fx lA antibodies produces a fine 
granular pat tern of distribution of immunoglobulin along the glomerular 
capillary wall , with formation of small e lectron-dense deposits at subepi
thelial sites (Van D a m m e et al., 1978; Couser et al., 1978; Makker and 
Moor thy , 1981; Neale and Wilson, 1982). These observat ions have led to 
the formulation of a proposal that immune deposits in glomeruli may form 
by a react ion in situ of circulating autoantibodies with a structural glo
merular antigen. 

Monoclonal ant ibodies raised against a highly purified preparat ion of 
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the nephri togenic antigen of H e y m a n n nephritis have been employed to 
determine the precise location of that antigen within the glomerular capil
lary wall (Kerjaschki and Farquhar , 1983). The antigen is associated with 
epithelial cells; it can be demonst ra ted in the endoplasmic ret iculum, 
Golgi appara tus , and multivesicular bodies , and at the cell surface. The 
accumulat ion of large immune deposits at subepithelial sites could be 
explained by a mechanism in which complexes formed at the plasma 
membrane are subsequent ly " s h e d " be tween the G B M and the base of 
visceral epithelial cells, where they become trapped at the site of highest 
fluid flow, namely in the filtration slits. 

Susceptibility of different rat strains to Heymann nephritis has been 
shown to be influenced by many genes , of which at least one is linked to 
the major histocompatibili ty locus (Stenglein et ai, 1978). Other genetic 
and environmental factors probably have an additional influence on the 
expression of nephri t is . The involvement of complement in antibody-
mediated injury has traditionally been thought to be associated with the 
accumulat ion of inflammatory cells within the lesion. In Heymann nephri
tis, the development of proteinuria depends on the deposition of comple
ment in the capillary wall, even though inflammatory cells are entirely 
absent from glomeruli (Edgington et ai, 1968; Salant et al., 1980; Noble et 
al.f 1983). Rats that fail to develop proteinuria after immunization with 
F x l A may have deposi ts of immunoglobulin in glomeruli that are indistin
guishable in distribution and amount from those found in rats with pro-
teinura. It is the presence of complement in the immune deposits that 
differentiates rats with kidney disease from those with normal protein 
excret ion. 

Despite the pers is tence of proteinuria, active immunological injury 
does not cont inue throughout the life of a rat with Heymann nephritis 
(Noble et al.f 1982b). Injury occurs only during a rather limited period in 
the course of disease when antibodies to brush border are present in 
circulation. However , restimulation of the antibody response to brush 
border antigens in rats with Heymann nephritis is accompanied by a 
significant exacerbat ion of functional and structural lesions in the kidney. 
After re immunizat ion, new immune deposits are formed in glomeruli. 
Those deposi ts appear only at the subepithelial aspect of the very thick
ened G B M , a site of accumulat ion that favors the idea of their formation 
by a react ion occurring in situ. 

Rats that fail to develop Heymann nephritis after primary immunization 
with F x l A have an abnormal susceptibility t& develop clinically signifi
cant au to immune kidney disease on reexposure to the nephritogenic anti
gen later in life (Noble et al., 1983). In those animals, an autoant ibody 
response inadequate to produce disease leads to subclinical immuno-
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pathology and specific immunological memory , which can predispose the 
animal to an unusually rapid expression of au to immune kidney disease. 

b. Human Diseases 
Anti-GBM Nephritis. Less than 2% of patients suffering from glo

merulonephri t is have a disease that results from autoant ibodies with spe
cificity for basement membrane const i tuents (Lerner et al., 1967). The 
majority of those patients suffer from Goodpas tu re ' s d isease , in which 
glomerular nephrit is and hemorrhagic pneumonit is occur together . In 
those pat ients , l inear deposi ts of ant ibody are found along both granular 
and alveolar basement membranes (Wilson and Dixon, 1973). In the re
maining cases , pathology seems to be limited to the kidney. Ant i -GBM 
nephritis may have a sudden onset and is usually character ized by rapid 
deteriorat ion of kidney function, although milder forms of the disease can 
also occur . The lesion in glomeruli is one of severe proliferation; exten
sive crescent formation is common. In affected lungs, intraalveolar hem
orrhages , infiltration of the pulmonary interstitium with leukocytes , and 
accumulat ion of iron-containing macrophages in alveoli may be observed. 

In this disease ra ther rigorous proof has been provided of the pathoge
nicity of autoant ibodies to G B M (Wilson, 1981). First , it has been shown 
that pat ients p roduce antibodies that stain basement membranes in vitro. 
Those autoant ibodies are usually not specific for basement membranes of 
the kidney, but often cross-react in vitro with basement membranes of 
many organs . In some patients the autoantibodies may not be detectable 
in circulation during an acute phase of illness, but they may be recovered 
from serum after bilateral nephrec tomy. Second, immunoglobulins eluted 
from diseased kidneys , which also stain G B M in vitro, will elicit a compa
rable glomerulonephri t is when passively transferred to monkeys . Third, 
glomerulonephrit is may recur in a kidney graft if t ransplantat ion surgery 
is performed when autoant ibodies are present in the circulation of the 
recipient. 

It seems likely that the same pathogenet ic mechanism accounts for both 
lung and kidney damage in Goodpas tu re ' s syndrome (Wilson, 1981). 
However , lung disease may be absent in many patients with ant i -GBM 
nephrit is , despite the presence of circulating antibodies that stain alveolar 
basement membranes in vitro. Fu r the rmore , there is little correlation of 
the severity of lung histopathology with the serum titer of ant i -basement 
membrane autoant ibodies . These discrepancies have led to the hypothe
sis that factors besides autoant ibodies alone are required to initiate dam
age in the lung. These factors, which supposedly increase the permeabil
ity of the alveolar capillary wall, include viral or bacterial infections, fluid 
overload, uremia, and toxic fumes. 
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Anti-GBM antibodies appear to react predominantly with the suben
dothelial aspect of the G B M (Fish et al, 1979). The G B M is a mixture of 
collagenous and noncollagenous prote ins; nephritogenicity is associated 
with noncol lagenous componen t s , but multiple determinants may be in
volved. 

Membranous Nephropathy. Antigens of the brush border of proxi
mal tubules similar to those responsible for Heymann nephritis have been 
identified in glomerular immune deposi ts in a few patients with membra
nous nephropa thy (Naruse et al., 1973; Douglas et al., 1981). However , 
most o ther a t tempts to identify that particular an t igen-ant ibody system in 
the pathogenesis of human membranous nephropathy have met with fail
ure . It seems likely that brush border antigens are only rarely the cause of 
human glomerulonephri t is . 

Because glomerular damage in H e y m a n n nephri t is , the animal model 
most often compared to human idiopathic membranous glomeru
lonephrit is , has been shown to result from autoantibodies directed against 
a structural component of the glomerular capillary wall, it must now be 
considered that many cases of idiopathic membranous nephropathy in 
humans could have a similar immunopathogenesis (Fig. 2). 

2. Tubulointerstitial Nephritides 

a. Animal Models 
Anti-TBM Nephritis. Active immunization of laboratory animals 

with antigens of the T B M produces a severe and often fatal tubulointersti
tial nephrit is (Steblay and Rudofsky, 1971). This form of experimental 
nephritis was first described in guinea pigs, but it has also been produced 
in mice, ra t s , and goats . The guinea pig model has been studied in great 
detail in a number of laboratories and is one of the best analyzed of the 
experimental au to immune kidney diseases . 

Several weeks after immunizat ion of guinea pigs with T B M antigens 
and adjuvant, clinical manifestations of the disease, such as glucosuria 
and uremia, are detectable . By the indirect immunofluorescence tech
nique, the sera of immunized animals are seen to contain autoant ibodies 
against T B M . The autoant ibodies are able to react in vivo to form linear 
deposi ts of IgG along the basement membrane of proximal tubules . Depo
sition of the antibodies along T B M precedes the development of histologi
cal lesions (Fig. 3). 

In an early stage of ant i -TBM nephrit is , the kidney cortex is diffusely 
infiltrated with mononuclear cells, principally monocytes and macro
phages (Andres et ai, 1979). In addition, small numbers of epithelioid 
cells appear to be engaged in active pinocytosis and phagocytosis . In the 
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FIG. 2. Direct immunofluorescence test showing granular deposits of IgG along the 
glomerular capillary wall in a glomerulus from a patient with idiopathic membranous ne
phropathy. Mesangial areas are free of deposits (600x). 

severe and final stage of the disease , which develops 1 to 2 months after 
the first immunizat ion, the T B M becomes thin and fragmented. The T B M 
may be missing from the base of many tubules . Multinucleated giant cells, 
formed by fusion of adjacent epithelioid cells, are distributed throughout 
the cor tex and are often in direct contact with the TBM. Nea r the point of 
contact the cytoplasm of the giant cell is homogenous , containing bundles 
of microfilaments but not cytoplasmic organelles. Direct contact of giant 
cells with the T B M , ra ther than secretory activity, is probably a prerequi
site for T B M destruct ion. It is interesting to note that the peri tubular giant 
cells that appear to be important in the destruct ion of the T B M in guinea 
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FIG. 3. Direct immunofluorescence test showing the distribution of IgG in the kidney of 
a guinea pig with severe anti-TBM nephritis. Although some tubules exhibit heavy linear 
deposits of IgG along the basement membrane, in many others those deposits have disap
peared because of dissolution and destruction of the basement membrane. A minimal accu
mulation of IgG in an interrupted, linear pattern is visible along the GBM in a glomerulus (G) 
that is contained within an enlarged Bowman's space (250x). 

pigs are not a conspicuous feature of the histopathology of the interstitial 
inflammation that develops in rats immunized with TBM antigens (Sug-
isaki et ai, 1973; L e h m a n et al, 1974b). Species differences in the histo
pathology of interstitial lesions associated with T B M deposits of im
munoglobulin may reflect differences in underlying pathogenet ic 
mechanisms . On the o ther hand, it is also possible that , although having 
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similar mechan i sms , pa t terns of mediator product ion and inflammatory 
cell accumulat ion may vary from species to species. 

Conclusive evidence of the important pathogenet ic role of the anti-
T B M autoant ibodies in ant i-TBM nephritis has been provided by the suc
cessful pass ive transfer of disease to normal animals with sera or kidney 
eluates from animals actively immunized with T B M antigens (Steblay and 
Rudofsky, 1973). Howeve r , al though ant i-TBM antibodies are essential 
for the development of tubulointerstit ial nephrit is , antibodies alone are 
not sufficient effectors of the disease . Activation of complement by either 
the classical or al ternative pa thway is required to achieve full express ion 
of the most severe form of nephrit is (Rudofsky et al., 1974, 1975). 

Despi te strong evidence that autoant ibodies play a central role in the 
pathogenesis of ant i -TBM nephrit is , it cannot be denied that the histologi
cal appearance of the interstitial infiltration is consistent with a cell-medi
ated react ion. F o r that reason there has been considerable effort ex
pended to assess the contribution of specific cellular effector mechanisms 
to the pathogenesis of the disease. It has been shown that Τ cells from 
guinea pigs with ant i -TBM nephritis respond in vitro to the crude rabbit 
T B M preparat ion with which they have been immunized (Neilson and 
Phillips, 1979). Fur the rmore , radiosensi t ive, bone marrow-derived cells 
must be present in the recipient for successful transfer of ant i-TBM ne
phritis with serum (Rudofsky and Pollara, 1975). However , t rea tment of 
donors with nir idazole, a compound that suppresses delayed hypersensi
tivity, does not prevent the transfer of disease with serum (Rudofsky and 
Pollara, 1977). 

To explain these somewhat confusing and contradictory observat ions , 
it has been proposed that an ant ibody-dependent cell-mediated reaction 
could be the important mode of t issue damage (Andres et al., 1979). The 
requirement for radiosensi t ive, bone marrow-der ived cells as well as spe
cific ant ibody would be explained by such a mechanism. In addit ion, 
analogy has been noted be tween histological features of the interstitial 
lesions in ant i -TBM nephri t is , including the apparent direct lytic action of 
giant cells on the T B M , and the react ions of ant ibody-dependent lympho-
cytotoxici ty studied in vitro. 

Other aspects of humoral immunity are involved in the expression and 
regulation of ant i -TBM responses . The phenomenon of " au to immune am
plification" that was first described in au to immune hemolytic anemia may 
be relevant in the progressive course of ant i -TBM nephrit is . Active immu
nization of guinea pigs with rabbit T B M elicits product ion of ant i -TBM 
antibodies of both IgGi and IgG 2 i sotypes . The separate transfer of either 
isotype induces nephri t is , but also st imulates the synthesis by the recipi-
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ent of ant i-TBM autoant ibodies of both immunoglobulin subclasses (Hall 
et al., 1977). The mechanism by which transferred antibody might stimu
late the synthesis of autoant ibody of the same reactivity is not under
stood. One possibility is that the injected antibodies cause sufficient modi
fication and/or release of TBM antigens to initiate an auto immune 
response by the recipient. 

It has been reported that significant inhibition of tubulointerstitial ne
phritis in the guinea pig can be achieved by the intraperitoneal administra
tion of small amounts of an antiidiotypic ant iserum at the time of active 
immunizat ion with T B M antigens. The antiidiotypic antibodies obtained 
from rabbits are directed against guinea pig autoantibodies to T B M 
(Brown et al., 1979). Although the mechanism of suppression of nephritis 
in these c i rcumstances has not been explained, comparable effects in 
other sys tems have been ascribed to the clonal deletion of Β cells or the 
stimulation of Τ suppressor cells. 

In several s tudies, the nature of the nephritogenic TBM antigen(s) has 
been analyzed. Because T B M shares antigens with the G B M , immuniza
tion of certain strains of mice or rats with heterologous GBM antigens 
results in both ant i -GBM and ant i-TBM nephritis (Robertson et al., 1977; 
Bolton et al., 1978). Guinea pigs immunized with a bovine TBM prepara
tion form antibodies against G B M as well as T B M . The larger portion of 
antibodies eluted from diseased kidneys of these animals appears to be 
directed against noncollagenous antigens of the T B M ; a smaller fraction 
reacts with collagenous antigens of the G B M and TBM (Lehman et al., 
1974a). There is some indication that the nephritogenic antigens are non
collagenous prote ins , which explains why the disease is accompanied 
only by minimal glomerular abnormali t ies . Despite the great similarity 
be tween T B M and G B M , there are antigenic as well as chemical differ
ences (Wakashin et al., 1981). By a combination of immunochemical and 
physicochemical p rocedures , a soluble nephritogenic TBM antigen with a 
molecular weight of 30,000 has been isolated from human kidney. This 
antigen appears to be unique for the T B M . Animals immunized with the 
antigen form antibodies against T B M but not G B M , and they develop 
only lesions of the tubules and interstit ium. 

In mice and in guinea pigs the susceptibility to develop anti-TBM ne
phritis appears to be linked, as a dominant trait, to the major histocom
patibility complex . Responder and nonresponder strains of mice have 
similar ant ibody responses to T B M antigens (Rudofsky et al., 1980). 
Therefore, factors influencing the expression of disease have not yet been 
identified in the mouse model of ant i-TBM nephrit is . In ra ts , the ant ibody 
response to T B M antigens is strain dependent . In addit ion, some rat 
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strains lack the nephri togenic antigen and are resistant to the disease 
(Sugisaki et al, 1973; Lehman et al., 1974b; Har t and Fabre , 1980). 

Heymann Nephritis. H e y m a n n nephritis is produced by immuniza
tion with antigens of the proximal tubule brush border (see Section 
Ι Ι ,Α, 1,a). As a consequence of the increased permeabili ty that - resul ts 
from the membranous lesion in glomeruli, anti-brush border antibodies 
gain access to the proximal tubule lumen. Shortly after the onset of pro
teinuria in an early phase of H e y m a n n nephrit is , deposits of immunoglo
bulin and complement may be found along the luminal membrane of prox
imal tubules as well as in glomeruli. Examinat ion by light and electron 
microscopy of kidney t issue, fixed by perfusion in situ to ensure optimal 
preservat ion of tubule archi tecture , reveals that ant ibody deposit ion 
results in an extensive pathology of proximal tubules (Mendrick et al., 
1980). Aspec ts of tubule injury seen in the early proteinuric stage of 
H e y m a n n nephrit is include extensive loss of microvilli, flattening of epi
thelial cells, increased mitotic activity of the tubule epithelium, accumula
tion of cells within tubule lumina, and reduction in the number of pinocy-
totic vesicles. Focal sites of mononuclear cell infiltration of interstitium 
may also be recognized. 

In rats with active H e y m a n n nephri t is , the proximal tubule epithelium 
is exposed chronically to specific ant ibody. With chronic exposure , lumi
nal deposi ts of immunoglobulin in proximal tubules become focal, weak , 
or absent , at testing to the loss of antigen from the plasma membrane . 
Indirect immunofluorescence tests with anti-brush border ant iserum con
firm that the antigen has disappeared. Faint , finely granular deposi ts de
tectable at the basal port ion of many proximal cells in an early, prepro-
teinuric stage of H e y m a n n nephritis become prominent heavy granular 
accumulat ions of immunoglobulin. By electron microscopy those de
posits can be seen to lie be tween the basement membrane and the basal 
membrane of the cells. Their presence is associated with wrinkling and 
thickening of the T B M , flattening of the epithelium, and loss of basal 
infoldings. The subepithelial location of those immune deposits and their 
strict limitation to proximal tubules suggest strongly that a specific im
mune react ion accounts for their formation (Mendrick et al., 1980). If the 
nephri togenic antigen were present in small amounts on the basolateral 
membrane of proximal tubule cells, subepithelial deposits along the TBM 
might form by a mechanism similar to that proposed to account for the 
subepithelial accumulat ion of deposi ts along the G B M in Heymann ne
phrit is . The an t igen-an t ibody complexes could accumulate after forma
tion on the p lasma membrane by a process analogous to the " c a p p i n g " 
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and " s h e d d i n g " of immunoglobul in-ant i immunoglobul in complexes from 
suspensions of Β cells in vitro. 

In the natural course of H e y m a n n nephrit is , anti-brush border antibod
ies eventually fall to undetectable or insignificant concentrat ions in se
rum. Despi te persis tent proteinuria, in the final, chronic stage of the dis
ease , proximal tubules are no longer exposed to ant ibody. Although 
immunoglobulin deposi ts are present in the kidney they are limited to 
glomeruli; proximal tubules are completely free of those deposi ts . As a 
result , a partial recovery of the normal archi tecture of the proximal tubule 
epithelium occurs . The cell height becomes normal; brush border is 
present , if sparse and short , on many epithelial cells. The active inflam
matory infiltration of the interstit ium is replaced by fibrosis. A new T B M 
forms below the basal membrane of the epithelial cells, to which charac
teristic infoldings are res tored. An accumulat ion of electron-dense debris 
remains be tween the new T B M and the original, thickened, and damaged 
T B M . Thus , in a late stage of Heymann nephrit is , there may be no evi
dence in the form of immune deposi ts at the brush border or the basement 
membrane to suggest the pathogenesis of tubulointerstitial damage (Men-
drick et al., 1980; Noble et al., 1982a). 

In this model of ant ibody-mediated injury to the kidney, as in many 
o thers , direct evidence of the pathogenicity of autoantibodies has been 
obtained from passive transfer exper iments (Noble et al., 1981a). Passive 
transfer of rat anti-brush border ant iserum from actively immunized ani
mals to recipients with increased glomerular permeability produces depo
sition of large amounts of rat immunoglobulin along the luminal border of 
proximal tubules . The pathology produced in previously normal proximal 
tubules by transferred antibodies is similar to that seen in active Heymann 
nephrit is . Prominent features of the damage include loss of microvilli and 
proliferation of epithelial cells. F rom passive transfer exper iments it has 
become clear that the majority of cells seen within the tubule lumen in 
Heymann nephritis are not blood borne . These cells are derived instead 
from the tubule epithelium as a consequence of the dramatic proliferation 
that follows ant ibody deposit ion on the brush border . 

It should be s tressed that , although Heymann nephritis has long been 
considered a valuable model of idiopathic membranous nephropathy in 
man, the close and inevitable association in Heymann nephritis of tubu
lointerstitial damage with membranous lesions of the glomerular capillary 
wall is quite different from the human disease. 

Interstitial Nephritis in Rabbits. Rabbits immunized with nonglo-
merular components of rabbit kidney develop an interstitial nephritis that 
is character ized by focal lymphocytic infiltration, tubule degenerat ion, 
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and extensive fibrosis of the intersti t ium (Klassen et al., 1971, 1977). The 
immunizat ion elicits product ion of autoant ibodies that stain the cyto
plasm of normal proximal tubule cells in indirect immunofluorescence 
tes ts . In the kidneys of affected rabbi ts , immune deposi ts are found in a 
granular pa t te rn along the T B M of proximal tubules . Passive transfer of 
serum from rabbits with interstitial nephrit is to normal rabbits results in 
focal deposi t ion of immunoglobulin along T B M in a pat tern identical to 
that seen in the donors . Eluates of the kidneys of immunized rabbits stain 
antigens located primarily in proximal tubules of normal kidneys . In addi
tion, the eluates contain antibodies that stain antigens present in the gran
ular T B M deposi ts . Observat ions with this animal model led to the origi
nal formulation of the hypothesis that granular immune deposits in t issues 
may form by the local react ion of circulating antibodies with antigen(s) 
present on or " l e a k i n g " from cells of a specific t issue. 

Tubulointerstitial Nephritis Elicited by Immunization with Tamm-
Horsfall Protein. Tamm-Horsfal l protein is an antigen present in the 
membrane of cells of the thick ascending limb of Henle ' s loop. An infiltra
tion of leukocytes around the thick ascending limb can be found in rats 
that have been immunized with Tamm-Horsfal l protein (Hoyer , 1980). 
Granular immune deposi ts containing immunoglobulin, complement , and 
Tamm-Horsfal l protein are also located at the base of the epithelium of 
the thick ascending limb. Those deposi ts are believed to arise by the 
reaction in situ of circulating antibodies with molecules whose distribu
tion is restr icted to Hen le ' s loop. 

b. Human diseases 
Anti-TBM Nephritis. Antibodies to TBM are a rare cause of human 

disease (Andres and McCluskey , 1975). The observat ion of antibodies to 
T B M as an isolated phenomenon comparable to the animal models is very 
unusual . Antibodies to T B M are detected most frequently in patients with 
concomitant ant i -GBM glomerulonephrit is and occur in 50 to 70% of 
these pat ients (Lehman et al., 1975). The reactivity of circulating or elu
ted ant i -TBM antibodies in ant i -GBM/anti-TBM disease is not a lways 
restr icted to the basement membrane of proximal tubules . In some cases 
the antibodies only react with the basement membrane of more distal 
segments of the nephron (Noble et al., 1982a). This may explain why 
extensive binding in vivo of ant i -TBM antibodies is observed in some 
pat ients , whereas in o thers the binding is confined to jus t a few tubules . 

In an early stage infiltration of the kidney interstit ium with polymorpho
nuclear leukocytes may be seen. As the disease progresses , the tubules 
become heavily damaged. Large numbers of lymphocytes , monocy tes , 
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macrophages , and plasma cells accumulate in the interstitium. Inflamma
tory cells penet ra te be tween epithelial cells, and focal or diffuse destruc
tion of T B M is frequently observed. Proliferation of tubule cells is also 
seen. The tubulointerstit ial lesions in kidneys of patients with ant i-GBM/ 
anti-TBM nephrit is are more frequent and severe than those in kidneys of 
patients with isolated ant i -GBM disease or other forms of crescentic ne
phritis. It is likely, therefore, that those lesions are mediated, at least 
partially, by ant i-TBM antibodies. 

In a few pat ients , mostly children, ant i-TBM antibodies, interstitial 
nephrit is , and severe tubular dysfunction have been observed to accom
pany immune complex glomerulonephri t is . In one instance, formation of 
ant i-TBM antibodies followed acute posts t reptococcal glomerulonephrit is 
(Morel-Maroger et al., 1974). The development of interstitial lesions in 
that patient was correlated with the appearance of anti-TBM antibodies in 
circulation and with their deposit ion along TBM. In other repor ts , ne
phrotic syndrome associated with granular deposits along G B M and T B M 
was accompanied by anti-TBM antibodies in the kidney and/or circula
tion, as well as with Fancon i ' s syndrome (Tung and Black, 1975; Levy et 
al., 1978). It has been proposed that immune complex-mediated injury to 
the tubules may stimulate an auto immune anti-TBM response . One pa
tient with linear and granular immune deposits along TBM developed 
pulmonary symptoms ; antibodies reacting with alveolar basement mem
brane were found in circulation. This finding suggests that anti-TBM anti
bodies cross-reacting with alveolar basement membrane may occasionally 
cause pulmonary lesions in man. Anti-TBM antibodies may occur in asso
ciation with systemic immune complex disease. They have been noted in 
mice with a lupuslike syndrome, as well as in a patient with systemic 
lupus e ry thematosus (Makker , 1980; Rudofsky, 1980). 

Ant i -TBM antibodies have been found in a few cases of drug-related 
interstitial nephritis (Baldwin et ai, 1968; Border et al.y 1974). It has been 
proposed that drugs, when bound to the TBM as a hap ten-pro te in conju
gate, stimulate the product ion of antibodies that subsequently deposit on 
the T B M . However , the pathogenetic role of these antibodies is doubtful. 
Titers of ant i -TBM antibodies in the serum may not correlate with disease 
activity. Circulating antibodies may fail to bind in vivo to the T B M (Ooi et 
al.y 1978; Grussendorf et al.y 1981). In the majority of patients with tubu
lointerstitial nephritis caused by drug hypersensit ivity, anti-TBM antibod
ies are not detectable (Ooi et al.y 1975; Galpen et al., 1978; Linton et al., 
1980). In those cases the pathogenesis of the nephritis is is still entirely a 
mat ter of speculat ion. 

Antibodies to Brush Border Antigens. Granular deposits of im
munoglobulin along the basement membrane of proximal tubules have 
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been described in one patient with a membranous glomerulopathy that 
appeared to be analogous to H e y m a n n nephritis (Douglas et al., 1981). It 
is possible, therefore, that the tubule deposits seen in the biopsy from 
those pat ients were also comparable to those found in Heymann nephri
tis. 

The transient nature of the tubule deposi ts of immunoglobulin and com
plement seen in several animal models may explain the failure to identify 
immune mechanisms in human tubule pathology with great frequency. If 
clues to immunopathogenet ic events in the tubules and interstit ium in the 
form of deposi ts detectable by immunofluorescence are present for only 
short per iods in the natural course of a disease, they could be over looked 
or entirely absent in t issue samples obtained from patients with advanced 
kidney disease . It is hoped that careful study of the available animal 
models will provide other clues of his topathology, function, or serology to 
enhance our ability to recognize immunologically mediated lesions of 
kidney tubules and intersti t ium in man. 

B. DISEASES MEDIATED BY THE DEPOSITION O F IMMUNE 

COMPLEXES 

1. Glomerulonephritides 

a. Animal Models 
Experimental Serum Sickness. Serum sickness, resulting from an 

immune response against foreign serum proteins , is the classic example of 
t issue injury induced by immune complexes . Although the antigens used 
to elicit exper imental serum sickness in laboratory animals are heterolo
gous prote ins , our present appreciat ion of the contribution of circulating 
immune complexes to the pathogenesis of certain au to immune kidney 
diseases , particularly the nephrit is of systemic lupus e ry thematosus 
(SLE) , depends on insights gained from the study of serum sickness. 

Chronic immunizat ion with bovine serum albumin can produce kidney 
disease in rabbi ts , ra ts , and mice (Albini et al., 1979; Arisz et al., 1979; 
Steward, 1979; Noble et al., 1980; Wilson and Dixon, 1981). The clinical 
severity of the disease may be influenced by the amount of ant ibody to 
albumin that is p roduced and by the quality of that ant ibody. The onset of 
proteinuria is associated with a decline in the serum titer of anti-albumin 
ant ibody. In rabbits with chronic serum sickness, a wide range of abnor
malities may be found in the kidney; the severity of disease varies from 
animal to animal. There may be , in order of severi ty, isolated proliferation 
of mesangial cells, membranous nephropathy , membranoproliferat ive 
changes , or fulminating necrotizing glomerulonephri t is . By immuno-
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fluorescence microscopy, coarse granular deposi ts containing bovine se
rum albumin, IgG, and complement can be found in glomeruli. In rabbits 
showing histological changes limited to the mesangium, immune complex 
deposits are found only in mesangial areas of the glomerulus. 

In cases of more severe nephri t is , immune complex deposi ts are lo
cated predominant ly in the glomerular capillary wall, where they may be 
present at subendothel ial , subepithelial, and t ransmembranous sites. 
Chronic serum sickness may be produced in rats by means of an immuni
zation protocol that causes all the animals to develop severe , proliferative 
glomerulonephrit is (Arisz et al., 1979; Noble et al., 1981b). In that model , 
three stages in the development of kidney disease can be identified by 
criteria of function that correspond to distinct categories of kidney im-
munopathology (Van Liew et al., 1983). In mild chronic serum sickness , 
kidney function is normal , and immunopathology is limited to the mesan
gium. As modera te disease develops , proliferative changes are correlated 
with abnormal protein excret ion. However , it is only in severe serum 
sickness, when diffuse, necrotizing proliferative glomerulonephrit is is 
present , that significant compromise of whole kidney function occurs . 
The transit ions from mild to modera te and modera te to severe nephritis 
are not gradual but occur as rather abrupt events . 

Rabbits immunized with heterologous or altered homologous thyro
globulin may develop au to immune thyroiditis. In some cases immune 
complexes containing thyroglobulin and antibodies to thyroglobulin may 
deposit in the glomeruli and can lead to mild inflammation with proteinu
ria (Weigle and Nakamura , 1969). Immune complex deposits have also 
been found in glomeruli of vasectomized rabbits that had antibodies to 
sperm together with immune complex-mediated orchit is . Immunoglobu
lins eluted from kidneys of those rabbits stained the acrosomes of normal 
sperm, providing strong evidence that the glomerular lesion had a pa tho
genesis similar to that of serum sickness (Bigazzi et al., 1976). 

Spontaneous Immune Complex Glomerulonephritis. Immune com
plex glomerulonephrit is is a major feature of a genetic auto immune dis
ease that develops spontaneously in several inbred mouse strains (An
drews et al, 1978; Theofilopoulos, 1980). The strains include N Z B , N Z B 
x N Z W (NZBxW)F! hybrids , M R L / 1 , and B x S B , of which N Z B and 
N Z B x W animals have been studied most extensively. Because many as
pects of the disease are very similar to human S L E , this lupuslike syn
drome of mice is considered to be a valuable animal model with which to 
analyze the pathogenesis of S L E . Significant and progressive proteinuria 
develops when the mice are several months old, and affected individuals 
have a significantly shortened life span. In an early stage of the disease, 
deposi ts of immunoglobulin and complement in the glomerular mesan-
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gium are accompanied by focal increases in mesangial cellularity. La te r 
the glomerulonephri t is becomes more severe , with diffuse cell prolifera
tion and fibrinoid necrosis . In an advanced stage of nephri t is , immune 
deposi ts are observed in the glomerular capillary wall; corresponding 
electron-dense deposi ts may be found at subendothelial as well as subepi
thelial si tes. Serological features of the disease that are common to all 
strains include elevated concentra t ions of immunoglobulin, circulating 
immune complexes , antibodies to nuclear antigens, D N A , and murine 
retrovirus antigen gp70 (Lamber t and Dixon, 1968; Seegal et al., 1969; 
Andrews et al., 1978). The immune deposi ts in glomeruli contain D N A 
and retrovirus antigens as well as the corresponding ant ibodies. 

An immunopathogenet ic mechanism similar to that of serum sickness is 
considered to p roduce the lupuslike glomerulonephrit is of these animals. 
Among the postula ted etiological factors of the underlying au to immune 
disease are re t rovi ruses , thymic a t rophy or failure, ant i thymocyte anti
bodies , hyperreact ivi ty of Β cells, deficiency of suppressor Τ cells, and 
abnormali t ies of function of the mononuclear phagocyte system. Because 
such a large number of immunological and serological abnormali t ies has 
been detec ted , it remains difficult to distinguish significant et iopatho-
genetic factors from epiphenomena . A genetically determined hyperreac
tivity of Β cells is common to all strains of mice that develop the disease 
and may be a decisive determinant . 

Major differences among the strains in the expression of lupuslike 
au to immune disease are the amounts and specificities of autoant ibodies , 
the age of onset and rapidity of progress , and the influence of sex on the 
course of disease (Andrews et al., 1978). In N Z B x W mice, sex hormones 
may modula te the express ion of glomerulonephri ts as well as o ther as
pec ts of autoimmuni ty , with androgens exerting a protect ive influence 
(Roubinian et al., 1977). Administrat ion of prostaglandin Ei inhibits the 
development of immune complex-mediated glomerulonephrit is and in
creases the life span of N Z B x W and MRL/1 mice (Kelley et al, 1981). Fa t 
content of the diet also affects the natural course of the disease. Animals 
receiving a high-fat diet develop more severe nephritis and exhibit in
creased mortali ty when compared to mice on low-fat diets (Levy et al., 
1982). 

b. Human Diseases 
Systemic Lupus Erythematosus. Immune complex formation is 

thought to be the main pathogenet ic mechanism producing the glomeru
lonephritis that is an important manifestation of S L E . Clinical signs of 
kidney involvement develop in —40% of pat ients within the first year of 
the disease and in a much higher percentage during the course of the 
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illness. Immune deposi ts accumulate in the kidneys of practically all pa
tients with S L E , including those showing no clinical signs of kidney im
pairment . Four categories of lupus nephritis are recognized: minimal or 
mesangial , mild or focal proliferative, severe or diffuse, and membranous 
lupus nephrit is . 

In minimal or mesangial lupus nephrit is , deposits of Ig and C are detect
able in mesangial regions. The histology of glomeruli may be normal , or 
mild hypercellularity of the mesangium may be noted. In mild or focal 
proliferative lupus nephri t is , a segmental increase in cellularity occurs in 
some glomeruli; o thers may be normal . The cell increase is a consequence 
of the proliferation of glomerular cells as well as the influx of blood-borne 
inflammatory cells. Immune deposits in mild lupus nephritis are not con
fined to the mesangium but may also be found in a granular pat tern along 
the peripheral glomerular capillary wall. 

The lesions observed in severe or diffuse proliferative lupus nephritis 
are basically the same as those in the focal proliferative form, but are 
more severe and widespread. Nearly all glomeruli show segmental or 
global hypercellulari ty, resulting from proliferation of endothelial and me
sangial cells and infiltration of polymorphonuclear leukocytes and mono
nuclear cells. The glomeruli are frequently enlarged and have a lobulated 
aspect . In addit ion, necrosis , karyorrhexis , intracapillary hyaline 
thrombi, and irregular thickening and splitting of the G B M are found. 
Character is t ic are "w i r e l o o p s , " representing glomerular capillary walls 
that are thickened as a result of accumulat ion of hyaline material at the 
endothelial side of the G B M . Hematoxyl in bodies , when present , are 
pathognomonic for lupus nephrit is . In kidney sections stained with hema
toxylin and eosin, these bodies appear as ill-defined structures of variable 
size, usually associated with areas of necrosis . The hematoxylin bodies 
originate from nuclei of polymorphonuclear leukocytes , which have been 
phagocytized by mesangial cells, probably after reacting with antinuclear 
ant ibodies . In the most severe cases of proliferative lupus nephrit is , cres
cent formation and arteritis are seen. The most extensive accumulat ion of 
immune deposi ts is found in this form of lupus nephrit is. In glomeruli the 
deposi ts are located in the mesangium, and in a granular-to-ribbonlike 
pat tern at both sides of the G B M and in the G B M . Large subendothelial 
immune deposi ts give rise to the aforementioned "wi re l o o p s " (Fig. 4). 

The membranous form of lupus nephritis is characterized by a diffuse, 
uniform thickening of the glomerular capillary wall that is a consequence 
of the presence of granular immune deposits located only at the epithelial 
side of the G B M . In some pat ients , the immunopathological appearance 
may be indistinguishable from that of idiopathic membranous glomerulo
pathy. However , the following findings in the kidney biopsy should raise 
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FIG. 4. Direct immunofluorescence test for IgG on a glomerulus from a patient with 
diffuse proliferative lupus nephritis is seen. The lobulated glomerulus contains ribbonlike 
deposits along the glomerular capillary wall. In addition, there is an accumulation of IgG in 
mesangial areas (300x). 

the strong suspicion that membranous nephropathy is a manifestation of 
S L E : mesangial hypercellulari ty, immune deposits in mesangial areas or 
at extraglomerular sites in the kidney, and/or IgA in the glomerular im
mune deposi ts . 

Proliferative and membranous lupus nephritis may eventually progress 
to end-stage kidney disease . During this evolution, sclerosing kidney le
sions become increasingly prominent . At the same t ime, the immune 
deposi ts become less numerous and the intensity of staining for Ig and C 
fades. 

The most important immune complex systems in lupus nephritis appear 
to involve D N A ant igens. D N A antigens and/or corresponding antibodies 
have been demons t ra ted in kidney immune deposits in lupus nephritis 
(Andres et al., 1970; Agnello et al., 1973). It is noteworthy that the pres
ence of D N A - a n t i - D N A immune complexes in the circulation of patients 
with S L E has not yet been unequivocally demonst ra ted (Izui et al., 1977). 
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Other immune complex systems are suspected to have pathogenetic sig
nificance in S L E . The relevant antigens include nuclear r ibonucleopro-
tein, a cytoplasmic glycoprotein called Ro , and antiglobulins (for review, 
see Wilson and Dixon, 1981; Glassock and Cohen, 1981). There is a 
posit ive correlat ion be tween disease activity and the concentrat ion of 
both circulating immune complexes and ant i -DNA antibodies. In active 
disease, serum complement activity may decrease (Swaak et al., 1979). 
The significance of those phenomena for the pathogenesis of nephrit is in 
S L E is still far from clear. 

Immune Complex Glomerulonephritides in which Nuclear Antigens 
Are Not Involved. Several endogenous antigens in addition to D N A 
have been repor ted to give rise to immune complex glomerulonephrit is in 
humans ; these include erythrocyte antigens, thyroglobulin, and im
munoglobulins. Glomerulonephri t is in association with auto immune thy
roid disease may be caused by the deposit ion of thyroglobul in-ant i thy-
roglobulin immune complexes (O'Regan et ai, 1976; Ploth et al., 1978; 
Jordan et al., 1978). Both antigen and ant ibody have been detected in the 
kidneys of some pat ients ; thyroglobulin was identified as a component of 
immune complexes isolated from serum of one patient (Jordan et al., 
1981). 

Although deposi ts of immunoglobulins and complement can be demon
strated readily in many human kidney diseases , the identification of spe
cific antigens has been possible only in a few instances . Failure to identify 
specific exogenous antigens with ease has led to speculation that forma
tion of nephri togenic immune complexes in glomeruli may result from 
specific interact ions be tween immunoglobulin molecules , with little in
volvement of exogneous antigens except in the initial phase of disease. 
According to that idea, small an t igen-ant ibody immune complex deposi ts 
in glomeruli could stimulate product ion of large amounts of autoant ibo
dies directed against the ant ibody present in the deposi ts . In that event 
the original exogenous antigen could be " b u r i e d " within a large deposit 
consisting mostly of immunoglobulins and antiglobulins, including rheu
matoid factors . 

Condit ions in which large amounts of antibodies and/or immune com
plexes are present ei ther in circulation or in t issue deposits are often 
associated with product ion of rheumatoid factors. Polyclonal B-cell acti
vation or B-cell hyperreact ivi ty associated with autoimmunity or resulting 
from persis tent infection could also lead to synthesis of antiglobulins. 

Several lines of evidence indicate that antibodies to immunoglobulins 
may be incorporated among the immunoglobulins deposited in the kid
neys of some pat ients with cryoglobulinemia, S L E , idiopathic membra-
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nous glomerulonephri t is , and posts t reptococcal glomerulonephrit is (Kof-
fler and Cochrane , 1973; Mc in tosh et al, 1975; Rossen et al, 1977). 
Howeve r , an act ive role of antiglobulins in the pathogenesis of t issue 
damage has not yet been determined. Although antiglobulins and rheuma
toid factors might be present only as an ep iphenomenon, it is tempting to 
speculate that they could play an active role in the immunopathogenesis 
of some glomerulonephri t ides . This hypothesis awaits confirmation. 

Antiglobulins and/or rheumatoid factors in kidney immune deposi ts 
may interfere with direct immunofluorescence testing for specific antigens 
(Maggiore et al., 1981). False-posit ive tes ts for specific antigens resulting 
from such interference could lead to faulty interpretat ion of the pathogen
esis of glomerular lesions. It has been proposed recently that some cases 
of glomerulonephri t is at t r ibuted originally to immune complexes contain
ing hepatit is Β antigens were actually diseases in which antiglobulins were 
involved. 

2. Tubulointerstitial Nephritides 

a. Animal Models 
Chronic Serum Sickness. As we have mentioned earlier (Section 

Ι Ι , Β , Ι ) , exper imental chronic serum sickness , induced by daily injection 
of heterologous serum prote ins , is the animal model from which most has 
been learned about the potential of circulating immune complexes to dam
age the kidney tubules and intersti t ium as well as glomeruli. In animals 
with chronic serum sickness , immune complex deposits are found dissem
inated throughout the body (Brentjens et al, 1975; Arisz et al, 1979; 
Noble et al, 1981b). Extraglomerular kidney deposi ts are distributed in 
the walls of peri tubular capillaries, in the intersti t ium, along B o w m a n ' s 
capsule , and along the T B M . The T B M deposi ts are not restr icted to any 
part icular tubule segment , and may be found in the medulla as well as the 
cor tex. Deposi t ion of immune complexes in the intersti t ium could be 
mediated and/or facilitated by the receptors for the Fc fragment of IgG 
that are normally present . In severe chronic serum sickness , cells of the 
tubule epithelium are frequently damaged and may become at rophic ; the 
T B M is often thickened and split. The accumulat ion of immune deposi ts 
in the intersti t ium is often accompanied by mononuclear cell infiltration 
and interstitial fibrosis. A similar distribution of extraglomerular immune 
deposi ts has also been detected in mice with spontaneous au to immune 
lupuslike syndrome. Interstitial and tubular deposi ts in those mice in
crease in frequency with age (Andrews et al, 1978). Mononuclear cell 
infiltration of the kidney intersti t ium of N Z B x W mice reaches a maximum 
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FIG. 5. Direct immunofluorescence test for IgG on a section from the kidney of a patient 
with tubulointerstitial lupus nephritis. A heavy accumulation of IgG in a granular pattern is 
seen along the basement membrane of tubules. The interstitium is free of those deposits. 
Some tubule cells contain droplets of IgG (300x). 

at 9 months of age and is associated with an increased rate of tubule cell 
proliferation (Hurd and Ziff, 1978). However , no correlation of histopa
thology with the immunological findings has been made in that model . 

b. Human Diseases 
Systemic Lupus Erythematosus. Tubulointersitial nephritis associ

ated with extraglomerular immune complexes is found in a high percent
age of pat ients with S L E . Tubulointerstit ial involvement occurs most 
frequently in pat ients with severe or diffuse proliferative lupus glomeru
lonephrit is . Howeve r , a few patients have been reported in which tubu-
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lointerstitial nephrit is was the predominant lesion, associated with only 
minimal glomerular pathology (Cunningham et al., 1978; Torn et al., 
1979). Granular-to-ribbonlike immune deposi ts may be present at many 
sites including the T B M of all tubule segments , the walls of peri tubular 
capillaries and larger vessels , and the interstit ium. In a few cases these 
deposi ts have been shown to contain D N A - a n t i - D N A complexes (Brent-
j ens and Andres , 1982). As in chronic serum sickness, the deposi ts in 
lupus nephrit is are not confined to one particular tubule segment , but 
occur at the base of tubules in the cor tex as well as medulla. There is a fair 
correlat ion be tween the severity of tubulointerstitial histopathology in 
S L E and the presence of immune deposi ts in the interstit ium. This obser
vation suppor ts the content ion that immune complexes play a pathoge
netic role. 

An even bet ter relationship has been demonst ra ted be tween the pres
ence of the membrane at tack complex (composed of C5b, C6, C7, C8, and 
C9) along the T B M and tubulointerstit ial lesions (Biesecker et al., 1981). 
It has been proposed that the membrane at tack complex, generated by 
immune complexes and possibly also by nonimmune mechanisms , may 
function as a direct mediator of t issue injury in lupus nephrit is . F rom a 
practical point of view it is important to note that , because they are 
extremely rare in o ther nephropath ies , the detection of extraglomerular 
immune deposi ts in a kidney biopsy are so characterist ic of S L E that their 
demonst ra t ion is of diagnostic significance (Brentjens and Andres , 1982) 
(Fig. 5). 

III. C E L L - M E D I A T E D A U T O I M M U N E I N J U R Y O F 

T H E K I D N E Y 

A . GLOMERULAR INJURY 

L y m p h o c y t e proliferation, as stimulated by kidney antigens, has been 
measured in vitro using peripheral blood lymphocytes from some pat ients 
with glomerulonephri t is (Bendix, 1968). Specific product ion of migration 
inhibition factor has also been demonst ra ted in patients with ant i -GBM 
glomerulonephri t is (Rocklin et al., 1970). Demonst ra t ion in vitro of spe
cific T-cell reactivity to kidney antigens depends on use of the appropr ia te 
antigen(s) (Fillit et al., 1978). Lymphocy te s of some patients were found 
to proliferate when exposed to glycosidase-treated G B M , but not to na
tive G B M . The impor tance of mechanisms of delayed hypersensit ivi ty for 
the cell proliferation seen in many au to immune diseases of glomeruli is 
not known. 
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B . TUBULOINTERSTITIAL INJURY 

The pro to type of tubulointerstitial injury mediated predominant ly by 
cellular immunity is first-set kidney allograft rejection. Aside from allo
graft rejection, we have very little information about the contr ibut ions of 
T-cell effector mechanisms to lesions in the kidney tubules and intersti
t ium. It has been demonst ra ted that under appropriate (if highly artificial) 
condit ions inflammatory responses analogous to delayed hypersensit ivi ty 
skin react ions can be elicited in the kidney (Van Zwieten et al.y 1977). 
Fur the rmore , in that experimental model , lymph node cells and not serum 
transfer specific sensitivity to appropriate donors . 

Specific T-cell responses to kidney antigens, including blast transfor
mation and macrophage migration inhibition, have been measured in vitro 
with lymphocytes taken from rats with auto immune kidney disease pro
duced by immunizat ion with kidney extracts (Grupe, 1968; Litwin et ai, 
1971). In o ther exper iments with the same model , transfer of lymphocytes 
from immunized donors to normal recipients produced focal mononuclear 
cell infiltration of the kidney cortex of the recipient (Sugisaki et ai, 1980). 

The mononuclear cell composi t ion of the interstitial infiltration found in 
many examples of human and experimental interstitial nephritis is consis
tent with the possibility that specific cell-mediated responses contr ibute 
significantly to the pathogenesis of the lesions. However , most of the 
available da ta reviewed here support the view that humoral factors are of 
primary pathogenet ic importance in the well-studied human and animal 
diseases . A good laboratory model of cell-mediated kidney damage is 
needed for further clarification of this issue. 

IV . S U M M A R Y 

Despite intensive study of au to immune kidney diseases , important 
quest ions remain unanswered . Mechanisms of humoral immunity involv
ing autoant ibodies have been implicated in the immunopathogenesis of 
many human glomerulonephri t ides. However , in other cases of which 
idiopathic membranous nephropathy is the most notable example , a great 
deal of careful research has not yet led to an identification of the specific
ity o r specificities of antibodies present in glomeruli. Although animal 
models suggest that the humoral mechanisms that cause au to immune glo
merular disease appear to be able to produce injury in kidney tubules and 
intersti t ium, these mechans ism have been implicated in only a small frac
tion of human tubulointerstit ial nephri t ides. Antibody-mediated tubuloin
terstitial nephrit is in humans may be relativity rare , but it seems likely 
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that an immune pathogenesis has not yet been identified in some instances 
in which it is important . 

Some aspec ts of the immunopathogenesis of diseases involving anti-
basement -membrane antibodies have been clarified, but the etiology of 
those au to immune nephropath ies , and of nearly all o thers , remains un
known. Useful animal models of kidney injury mediated by immediate or 
delayed hypersensi t ivi ty do not exist. That is one reason why the possible 
contr ibution of those mechanisms to auto immune kidney diseases re
mains an elusive problem. 

Another important feature of the pathogenesis of au to immune kidney 
disease that remains to be clarified is the relationship of immunologically 
mediated damage of kidney s t ructures to the compromise of function of 
glomeruli and tubules . Finally, s tudy of the product ion of soluble media
tors by var ious immune mechanisms and the evaluation of the role these 
mediators play in kidney inflammation has only jus t begun. 
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I. A U T O I M M U N E D I S E A S E S O F T H E E Y E : 

I N T R O D U C T I O N 

The growing awareness of the contr ibutions of immunopathological 
processes to human disease has been paralleled by the finding that the 
same processes may contr ibute to blinding eye disease. The ophthalmolo
gist and exper imental ocular pathologist have paid increasingly greater 
at tent ion in recent years to , among the immunological mechanisms in-
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volved, au to immune react ions , which now appear to contr ibute signifi
cantly to a growing number of ophthalmic problems. This is particularly 
notewor thy , since historically one of the first demonstra t ions of an 
auto immune response was made by Uhlenhuth (1903), using lens antigen. 
Thus , by virtue of antigens restricted to this organ, the eye makes several 
unique addit ions, such as sympathet ic ophthalmia and phacoantigenic 
uveitis, to the list of au to immune diseases . But the eye also shares a 
variety of antigens with the rest of the body, so that it may be involved to 
a greater or lesser degree in a number of systemic autoimmune processes . 
Because of this significant overlap of interest , it is important that both the 
internist and ophthalmologist maintain contact with the conceptual and 
practical developments in the o ther ' s field. 

II. GENERAL IMMUNOPATHOLOGY OF THE EYE 

Before considering the specific features of ocular autoimmune diseases , 
the general reader ought to be aware of some special characterist ics of the 
eye that may influence the course of immunological react ions. These 
include such features as the anatomical isolation of certain ocular anti
gens , the lack of lymphatic drainage of the t issues inside the globe, and 
the avasculari ty of several s t ructures within the optical pa thway. Each of 
these features can exert a profound effect on the normal workings of the 
afferent and efferent arcs of the immune response . 

The eye is, in many respects , a microcosm in which all types of immu
nological interaction and all forms of immunopathological disease may be 
found, in ei ther clinical or experimental si tuations. Thus , the conjunctiva 
is a favorite site for IgE-mediated allergic react ions; allograft rejection 
may be seen in corneal t ransplants ; delayed hypersensit ivi ty-type inflam
mation is a frequent accompaniment of intraocular infections; some of the 
earliest studies of immune complex disease were performed in the rabbit 
cornea; and the uveal tract is able to support exuberant antibody forma
tion. The eye has proved to be especially useful in both clinical and 
experimental studies of these reactions because the well-defined ocular 
layers and relatively small number of cellular const i tuents , coupled with 
the normal t ransparency of the conjunctival epithelium, the cornea, and 
the lens , render these processes readily visible with the ophtha lmoscope . 

The normal course of immunological interactions may be profoundly 
modified by a number of factors peculiar to the eye . Among these , the 
most immediately obvious is the degree of immunological privilege en
joyed by several ocular t issues. Thus , t issue allografts, which would in
duce sensitization and invite rejection anywhere else in the body, may be 
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pract iced in the cornea with relative freedom from the rejection process 
(Khodadous t and Silverstein, 1972; Por ter and Knight, 1973). The nor
mally avascular cornea apparent ly does not part icipate in the usual lym
phocyte surveil lance traffic of the body , so that corneal allografts are 
more or less spared due to impediments to host sensitization as well as to 
inhibition of effector mechanisms . 

The anter ior chamber of the eye also enjoys a degree of immunological 
privilege, depending in part on the existence of a blood-aqueous barrier 
analogous to the b lood-b ra in barrier . In addition, there is no lymphatic 
drainage of the uveal tract and retina, so that immunogens in these loca
tions can only stimulate the host systemically via the blood. These factors 
contr ibute to the lengthened survival of allogeneic t ransplants of tumors 
and certain endocr ine t issues that would quickly be rejected at o ther sites. 
In addit ion, these anatomical factors appear to contr ibute to an immune 
deviation of antigens introduced into the anterior chamber , so that the 
formation of suppressor Τ cells is favored over the more normal forms of 
active immune responses (Kaplan and Streilein, 1978). 

Finally, the t issues of the eye and especially the uveal tract can support 
local ant ibody formation to such an extent that in certain ocular infections 
the titer of circulating ant ibody found in the aqueous may exceed that in 
the blood (Witmer, 1964). Unlike other sites of ectopic ant ibody forma
tion, the uveal t ract has the almost unique ability to retain for long periods 
the immunological memory of an earlier experience with antigen (Segal et 
al.y 1933), so that rechallenge with the same antigen causes recurrence of 
the earlier uveit is . This booster ant ibody response is similar to that seen 
in regional lymph nodes and has been implicated in the pathogenesis of 
recurrent anter ior uveitis (Silverstein, 1974). 

III. A U T O I M M U N E D I S E A S E S , P R O V E D O R 

P R E S U M E D 

A . PHACOANTIGENIC UVEITIS 

1. Clinical Manifestations 

Intraocular inflammatory disease induced by lens protein has been rec
ognized since the early part of this century by Straub (reported by van der 
Hoeve , 1920). This condition occurs only after disruption of the lens 
capsule , whe ther by surgery, by t rauma, or spontaneously. The disease 
can take the form of a massive ocular inflammatory response that is 
devastat ing to the eye . Some of the features of this disease that can 
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compromise vision are a clouding of the ocular media, glaucoma, and 
adhesions (synechiae) to the lens of the iris and inflammatory debris 
(Fig. 1). 

Irvine and Irvine (1952) made the distinction be tween phacoantigenic 
uveitis (earlier called endophthalmit is phacoanaphylact ica) and phaco
genic glaucoma (earlier called phacotoxic uveitis). In the former, the his
tological response is predominant ly that of neutrophils invading the lens 
subs tance ; the invasion is frequently surrounded by a zone of giant and 
epithelioid cells and then by lymphocytes and plasma cells. The phaco
genic form of the disease may occur in eyes with a mature cataract that is 
presumably leaking protein. The inflammation may be modera te , and his
tologically a nongranulomatous picture is evident , with occasional p lasma 
cells and large eosinophilic macrophages . Rupture of the lens in most 
patients does not usually yield such an exuberant response (Yanoff and 
Scheie, 1968), suggesting that o ther factors are involved. 

Phacoantigenic uveitis can be a bilateral condition, especially in cases 
where the second eye has advanced cataractous changes . It is often asso
ciated with sympathet ic ophthalmia (Blodi, 1959; Easom and Zimmer
man, 1964), which is also a bilateral condition. An important differential 
diagnostic point to help distinguish sympathet ic ophthalmia from pha-

FIG. 1. Intraocular inflammation with corneal disease induced by phacoanaphylaxis. 
(Courtesy of Dr. D. Cogan.) 
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coantigenic uveitis was proposed by de Veer (1953). In sympathet ic oph
thalmia, both eyes are intensely inflamed simultaneously, while in the 
lens-induced condit ion, the initial responding eye is usually quiet . 

2. Immunological Manifestations 

Lens antigens are thought to be isolated from the systemic circulation 
early in embryonic development , prior to maturat ion of the immune sys
tem. This sequestra t ion is thought to explain the vigorous immune re
sponse by the body when the lens capsule is disrupted. The lens has been 
shown to have antigens that are very strongly organ specific, but it has 
few species-specific antigens (Halbert et al., 1961); this has been noted 
using both in vitro ant ibody (Halbert and Manski , 1963) and cell-mediated 
(Nussenblat t et al., 1979) responses . Although skin reactivity to lens anti
gens was shown in pat ients with phacoantigenic uveitis (Verhoeff and 
Lemoine , 1922), more recent data suggested that a delayed hypersensi t iv
ity mechanism is not occurring. Lens antibodies have been repor ted in 
50% of normal individuals (Hacket t and Thompson , 1964), and Sandburg 
and Closs (1979a) found similar responses , but only to a crystall ins. Sand
burg and Closs (1979b) has also shown the presence of lens crystallin in 
the aqueous of pat ients with ca tarac ts . The level of circulating ant ibody 
has been noted to increase after extracapsular lens extract ion (Wirostko 
and Spalter , 1967). 

In a series of art icles, Marak and co-workers induced a disease in rats 
similar to the disease seen in humans (Marak et al., 1974,1976a,b, 1977). 
The intraocular inflammation is induced by hyperimmunizat ion and sub
sequent disruption of the lens capsule . The histological picture differs 
somewhat depending on whether homologous or heterologous lens anti
gen is employed. The lesion can be passively transferred using immune 
serum, and the inflammatory response can be markedly a t tenuated by 
treating animals with cobra venom. Fur the rmore , the injured lenses will 
show the deposi t ion of immunoglobulin and C3 . Gery and colleagues 
(1981) showed that homologous , but not heterologous, lens immunizat ion 
induced high ti ters of specific ant ibody but essentially no cellular immune 
response . Goldschmidt et al. (1982) recently found no correlat ion be
tween disease activity and the level of circulating ant ibody to a lens 
crystallin in their animal model . The accrued evidence would strongly 
suggest a noncellular mechanism for this disease . 

Marak and colleagues (1979) speculated that T-cell tolerance is nor
mally maintained by low amounts of circulating lens antigen. This normal 
state of tolerance might be altered by t rauma, with resultant disease . It is 
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also possible that lens injury may create an adjuvant effect, thus circum
venting T-cell control and resulting in the activation of the B-cell arm of 
the immune sys tem. 

3. Therapeutic Modalities 

Severe lens-related inflammatory react ions may be initially t reated with 
both systemic and topical cort icosteroids. However , the t reatment of 
choice for prophylaxis or for an ongoing inflammation is removal of the 
inciting agent , whether that be lens fragments or a mature , leaking, cata-
ractous lens. 

B. SYMPATHETIC OPHTHALMIA 

1. Clinical Manifestations 

Sympathet ic ophthalmia is, fortunately, a rare disease, but it may pro
gress almost inexorably to bilateral blindness when it does occur . It typi
cally follows a perforating injury of the globe in which the uveal tract is 
involved but can occur after ocular surgery, such as retinal de tachment 
repair and vi t rectomy. After a lag of some weeks , the injured eye may 
develop what appears to be a typical granulomatous endophthalmit is . 
Mutton-fat kerat ic precipitates form on the poster ior corneal surface, and 
the lesion is one of diffuse and often massive lymphocytic infiltration of 
uveal (predominantly choroidal) t issues, with areas of epithelioid and 
giant cell infiltration (Fig. 2). At any time from about the third week to 
several years following the t r auma or surgery, a spontaneous lesion may 
appear in the " s y m p a t h i z i n g " eye that is similar in all respects to that of 
the first eye . While sympathet ic ophthalmia is primarily an inflammatory 
disease of the uveal t ract , intraretinal inflammation may occur in up to 
42% of the cases , and plasma cells are also present (Lubin et al., 1980). 

2. Immunological Manifestations 

An allergic theory of the pathogenesis of sympathet ic ophthalmia was 
advanced as early as 1910 by Elschnig, who demonst ra ted that uveal 
emulsions were autoantigenic and suggested that uveal pigment was the 
offending antigen. The postulate gained important support from the inves
tigation of Woods (1921, 1956), who was able to identify antiuveal anti
bodies in pat ients with perforating injuries of the globe. Woods also 
showed that ext racts of uveal t issue would elicit a positive intradermal 



14. OCULAR DISEASES OF PRESUMED AUTOIMMUNE ORIGIN 377 

FIG. 2. Photomicrograph showing the typical choroidal infiltration in sympathetic oph
thalmia. The choroid is filled with large numbers of lymphocytes interspersed with epitheli
oid cells. The choriocapillaris (arrow) is characteristically spared. (Courtesy of Dr. D. 
Cogan.) 

hypersensi t ivi ty test in these pat ients , and Friedenwald (1934) showed 
that the history of the skin test response was strikingly similar to that of 
the ocular lesion. 

Recent ly , Jakobiec and colleagues (1983) reported that the choroidal 
infiltrate was composed mainly of O K T 8 + Τ lymphocytes , and that the 
his tocytes and epithelioid cells were I a + and O K M 1 + . Fur ther , the Da-
l e n - F u c h s nodules were composed of O K M 1 + , I a + hist iocytes and l a - , 
O K M I - retinal pigmented epithelial cells. 

The earliest a t tempts to develop an experimental model for sympathet ic 
ophthalmia were those of Collins (1949, 1953). Collins injected emulsions 
of crude uveal t issue in F r e u n d ' s adjuvant mixture into guinea pigs and 
observed the development of diffuse, predominant ly nongranulomatous 
inflammatory react ions in the choroid of many of these animals. Fur ther 
clinical and laboratory studies by Wacker and Lipton (1965) and Henley 
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et al. (1972) made it increasingly certain that retinal antigens might stimu
late the development of au to immune ocular disease. 

The isolation of the retinal S antigen (Wacker et al., 1977; Dorey and 
Faure , 1977) has permit ted the establishment of a reproducible model of 
au to immune inflammation of the eye . This organ-specific glycoprotein has 
a molecular weight of —55,000 (Wacker et al., 1977). It routinely causes 
bilateral uveitis in lower mammals . The disease induced is immune medi
ated (Nussenblat t et al., 1980a), and varying doses of the antigen injected 
at a site far from the eye will induce a spectrum of disease ranging from 
mild nongranulomatous inflammation to severe granulomatous disease 
similar to that seen in the human (Wacker et ai, 1977; Rao et ai, 1979). 

Auto immune uveitis has also been induced in nonfiuman primates with 
S-antigen immunizat ion, accompanied by clinical, fluorescein angio
graphic, and histological al terations very suggestive of the human condi
tion (Nussenblat t et al., 1981a,b; Faure and de Kozak , 1981) (Fig. 3). 
Fur ther , suggestive evidence for a role of the S antigen in human disease 
was the demonst ra t ion of in vitro cell-mediated responses to this antigen 
by leukocytes from uveitis patients (Nussenblat t et ai, 1980b, 1982b; Ta-
noe et al., 1983). 

Using cyclosporin A, the disease could be totally prevented or abroga
ted when therapy is started 1 week after S-antigen immunization, despite 
the maintenance of high anti-S-antigen titers in the protected animals 
(Nussenblat t et al., 1981d, 1982a). Because of the known T-cell specificity 
of cyclosporin A (White, 1982), the results suggested the mandatory T-
cell participation in this disease model , and by extension, in some cases of 
human uveitis . 

3. Therapeutic Modalities 

Enucleat ion of the injured or exciting eye before the development of 
inflammatory disease begins in the sympathizing eye has been the tradi
tional therapy for this disease. Fur the rmore , Lubin et al., (1980) reported 
in their review that enucleation even early after the onset of disease in the 
sympathizing eye may be beneficial. However , newer surgical techniques 
permit restorat ion of many injured globes to a reasonable function and 
appearance , making enucleation a less commonly performed procedure . 
Systemic cort icosteroids have been utilized with reasonable success 
in this condit ion, while severe steroid-resistant cases have been success
fully treated with cytotoxic agents (Wong, 1969; Dinning and Perkins , 
1975.) 
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FIG. 3. Photomicrograph of the retina and choroid of a monkey with retinal S-antigen-
induced uveitis. In addition to the retinal periphlebitis, a focal dropout of the photoreceptor 
region is seen (arrow), the anatomical site of the S-antigen. (Reproduced, with permission; 
Archives of Ophthalmology 99, p. 1090-1092, 1981.) 

C . OCULAR CICATRICIAL PEMPHIGOID 

I. Clinical Manifestations 

Cicatricial pemphigoid, or benign mucosal pemphigoid, is a chronic 
nonrelenting disease of the mucosal surfaces and skin. The oral mucosa 
and conjunctiva are the most common sites of involvement , the former 
affected in 90% and the latter in 66% of patients with the disease (Lever , 
1979). The disease is rare with an incidence of perhaps 1 in 20,000 oph
thalmic cases (Duke-Elder , 1965). Although it has no known racial predi
lection, it is essentially a disease of older age groups , with the average age 
of onset being 58 years (Hardy et al., 1971). Although more women are 
affected, this may ra ther reflect their greater life span as compared to 
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men. The ocular componen t s of this progressive disease include conjunc
tival shrinkage and symblepheron formation, leading to trichiasis, xero
sis, and blindness due to corneal opacification (Fig. 4). Blindness has been 
repor ted in 16% of pat ients with conjunctival disease (Lever , 1979). This 
disease should not be confused with bullous pemphigoid, which has simi
lar histological and immunopathological features but rarely if ever affects 
the conjunctiva (Friedlaender , 1979). Histologically, subepithelial bullae 
can be seen, but the formation of submucosal fibrosis and its subsequent 
contrac ture is probably of prime importance to the ocular character of this 
disease. Bullae are almost never seen clinically. 

This disease may initially affect only one eye and manifest itself in the 
second after as long as 2 years (Mondino, 1981). Patients will often com
plain of ocular burning or irritation and be diagnosed as having a chronic 
conjunctivitis. This condition can often have secondary bacterial infec
tions super imposed on the basic process . Cicatricial pemphigoid is fre
quently not recognized in its early stage, but becomes evident once 
symblepheron and inferior fornicial shortening occur (Fig. 4). Ult imately, 
the fournices may be totally obli terated. The development of entropion 
and a decrease and destabilization of the tear film are characteristically 
seen with ongoing submucosal fibrosis. Although the course of the disease 
generally is slow and chronic , an acute form of the disease has been 

FIG. 4. Ocular changes of cicatricial pemphigoid symblepharon formation and shorten
ing of the fornix are evident. 
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described by Mondino and colleagues (1979a). In this form, the activity 
can manifest itself as a localized or diffuse intensely hyperemic area asso
ciated with chemosis . This may be in response to local t rauma, such as a 
conjunctival biopsy. This acute stage will lead to a rapid shrinkage and 
scarring of the conjunctiva. Corneal opacification and impaired vision will 
ensue because of the abnormal blink reflex, entropion, decreased tear 
product ion, exposure , and secondary ocular infections that occur in these 
pat ients . 

Several repor ts have now appeared that locally administered medica
tions may induce a clinical entity similar to that of cicatricial pemphigoid. 
The best documented has been the effect of echothiophate iodide, an 
ant iglaucomatous medicat ion (Patten et al., 1976). 

2. Immunological Manifestations 

The disease process of cicatricial pemphigoid has been thought to be 
mediated by a type II hypersensit ivi ty reaction and has been associated 
with HLA-B12 (Mondino et al., 1979b). The deposit ion of immunoglobu
lin in a linear fashion along the basement membrane zone (BMZ) in both 
skin and mucosa is characterist ic of both bullous and cicatricial pemphi
goid (Griffith et al., 1974; Lever , 1979). Using direct immunofluorescence 
techniques , a deposit ion of immunoglobulin has been demonst ra ted in the 
conjunctiva of scarring pemphigoid pat ients . Furey and colleagues (1975) 
reported finding IgA or IgM deposi ted on the B M Z of the conjunctiva of 3 
of 10 pat ients , while Mondino and associates (1977) reported 8 of 12 
pat ients with ei ther IgA, IgG, or IgM deposit ion. Four of these t issue 
specimens demons t ra ted the presence of C3 as well. This was in contras t 
to the staining pat tern seen in adjacent conjunctival t issue not involved in 
the disease p rocess , where immunoglobulin but not complement could be 
found. Rogers et al. (1977) reported the presence of components of both 
the classic and al ternate complement pa thways in oral specimens of pem
phigoid they have examined. Circulating antibodies to the B M Z have 
been repor ted in cicatricial pemphigoid, but at low titers (Dabelsteen et 
al., 1974; Furey et al., 1975). 

In vitro evidence would suggest that these autoantibodies can mediate 
pathological p rocesses . Gammon and colleagues (1980) demonst ra ted that 
circulating autoant ibodies from bullous (but not cicatricial) pemphigoid 
patients will fix to normal skin, and with the addition of complement will 
cause peripheral white blood cells to at tach along the B M Z . However , the 
passive transfer of sera from bullous patients does not produce disease, 
although binding to the B M Z by the antibody could be demonst ra ted 
(Sams and Gleich, 1971). However , injections of IgG fractions from bul-
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lous pemphigoid pat ients into the corneal s t roma of rabbits will induce 
histological al terat ions compatible with the disease (Anhalt et al., 1981). 
The identification of the antigen provoking the immune response in cica
tricial pemphigoid still remains to be determined. In bullous pemphigoid, 
a component of the B M Z produced by human and mouse epidermal cells 
having a molecular weight of 220 kdaltons has been identified (Stanley et 
al, 1981), and this antigen is not laminin (Stanley et al., 1982). 

The role of Τ cells in the ocular component of cicatricial pemphigoid 
remains to be fully explored. Bhan and colleagues (1982) have shown that 
the majority of Τ cells present in the conjunctiva during the active phase 
of the disease are O K T 4 + ; this monoclonal antibody preparat ion defines 
the helper/ inducer T-cell subpopulat ion. Characterizat ion of the T-cell 
subsets after therapy showed that their distribution had returned to a 
proport ion more like that of normal conjunctiva. 

3. Therapeutic Modalities 

Although the disease is called 4 ' b e n i g n " mucous pemphigoid, the ocu
lar complications are extremely serious and potentially sight threatening. 
Persistent and meticulous lid hygiene is mandatory in caring for patients 
with this disease . The administration of local antibiotics and wetting 
agents is also important as is the epilation of ingrowing cilia. However , 
systemic therapy is necessary to arrest the course of the disease. Sys
temic cort icosteroids have been used with initial success , but long-term 
results are less impressive. Nonsteroidal immunosuppress ive and antiin
flammatory agents , particularly cyclophosphamide, are the t rea tments of 
choice in this disease. Fos te r (1980) was able to totally arrest the progres
sion of disease in two pemphigoid patients with cyclophosphamide. Rog
ers et al. (1982) t reated 24 cicatricial pemphigoid patients with dapsone , 
and 20 had a partial or complete control of their inflammatory activity. Of 
these , 17 had ocular involvement , and 5 of these had complete control of 
their disease; another 7 showed partial control , with minimal inflamma
tion. 

D . SJOGREN'S SYNDROME 

1. Clinical Manifestations 

The triad described by the ophthalmologist Henrik Sjogren in 1933 is 
that of keratoconjunctivit is sicca, xerostomia, and rheumatoid arthritis or 
any other connect ive tissue disorder. The diagnosis is usually made if any 
two of the three features of the disease are present (Cummings et al., 
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1971). The oral and ocular disease may precede the arthritic component of 
the syndrome in —10% of cases (Talal, 1968), and —30% of the 3 -4 million 
patients with rheumatoid arthritis will have this syndrome, so that it is not 
in any way rare (Cummings et al., 1971). 

Pat ients with this disease are overwhelmingly female and are usually in 
their sixth decade of life. They will often complain of photophobia , burn
ing, irritation, itching, redness , and a foreign body sensation in their eyes . 
The symptomatology is due to the lymphocyt ic infiltration of the lacrimal 
gland and a disruption in the tear composi t ion. The tear film is made up of 
three layers . The outermost or oily phospholipid layer is produced by the 
meibomian glands of the lid. The middle or aqueous layer provides a 
smooth optical surface and is secreted in the main by the lacrimal gland. 
The layer closest to the cornea is the mucous layer, produced by goblet 
cells in the conjunctiva and to some degree by the lacrimal glands. It is 
these last two layers that are particularly affected by Sjogren's syndrome 
(Medical Staff Conference , Universi ty of California, 1975). 

Examinat ion of the cornea will often reveal a filamentary kerati t is . 
Additionally, the tear break-up time will be markedly reduced in these 
pat ients . Three tests have been utilized to support the clinical diagnosis. 
The Shirmer tear strip can be placed to measure the aqueous tear flow. 
Tear lysozymes are an important component of the aqueous layer and are 
decreased in Sjogren 's syndrome. This can be measured with the use of 
Micrococcus sp . , an organism sensitive to tear lysozyme. Finally, the 
internist as well as the ophthalmologist can utilize a rose bengal dye to 
detect abnormal or dead epithelium. This test is frequently positive in this 
disease, and it can be performed without the aid of a slit lamp. It should be 
emphasized that systemic medicat ion can mimic the dry-eye syndrome. 
Systemic ant ihis tamines, a t ropine, and L-dopa have been implicated in 
such cases (Medical Staff Conference, Universi ty of California, 1975; 
L e m p , 1982). 

Pat ients with dry eyes need to be followed carefully for complicat ions 
of their d isease . These include corneal ulceration, vascularizat ion, and 
even perforation. This condition also makes patients more susceptible to 
secondary bacterial infections. 

2. Immunological Manifestations 

Little is unders tood about the underlying cause of the initial lympho
cytic infiltrate into the lacrimal and salivary glands that leads to dest ruc
tion and scarring. A genetically distinct subgroup of pat ients with Sjo
gren ' s syndrome can be identified. In one series (Chused et al., 1977), 
84% of pat ients with this syndrome without rheumatoid arthritis bore 



384 ROBERT Β. NUSSENBLATT AND ARTHUR M. SILVERSTEIN 

H L A - D w 3 as compared to 24% of controls . An increased incidence of this 
antigen was not found in rheumatoid arthritis patients with the disorder. 
What this may imply about basic differences in mechanisms remains un
known. 

Ant ibody to salivary gland duct cells are commonly detected in these 
pat ients , with one series reporting 5 3 % (Fel tkamp et al., 1968). A poly
clonal hypergammaglobul inemia is frequently seen. A monoclonal disor
der , invariably Waldens t rom's macroglobulinemia, and lymphomas and 
other neoplastic disorders have been noted as well (Friedlaender, 1979). 

In the peripheral blood, an increase in Β cells and a modest decrease in 
Τ cells have been reported (Talal et al., 1974). Fur thermore , the produc
tion of IgM, IgG, and rheumatoid factor by lymphocytes infiltrating the 
salivary glands will occur (Friedlaender, 1979). Alterations in the cellular 
component of the immune system in patients with Sjogren's syndrome 
have also been found. Abnormal in vitro responses to mitogen stimulation 
have been seen, but peripheral blood lymphocytes from these patients will 
have positive in vitro cellular responses to salivary gland extracts . It has 
been suggested that the release of lymphokines from these activated cells 
may induce the pathological changes that are manifested (Friedlaender, 
1979). 

3. Therapeutic Modalities 

Treatment for this condition is usually topical and almost a lways in
volves the application of wetting agents . In severe cases , surgically 
stenosing the punc ta and the wearing of goggles to create a moist chamber 
have been tried. Tabbara (1979) suggested that alternate-day steroid ther
apy might help reduce symptoms and increase tear product ion. 

E. M O O R E N ' S ULCER 

1. Clinical Manifestations 

Mooren ' s ulcer is a chronic peripheral corneal disease. The condition is 
painful and is bilateral in at least 25% of cases . The hallmark of the 
ailment is an ulceration that moves toward the center of the cornea and 
has a s teep, undermined border (Fig. 5). The ulcer can destroy all but the 
deepest port ions of the cornea , sparing only Descemet ' s membrane and 
some overlying corneal s t roma. Healing occurs from the per iphery, so 
that the extremely thinned cornea will be highly vascularized and covered 
by ingrowing conjunctiva. This leaves the cornea opaque and the patient 
with severe visual loss. 
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FIG. 5. Typical appearance of Mooren's ulcer. Lesion begins peripherally and moves 
toward the center of the cornea. New vessel growth and corneal opacification are evident. 

Wood and Kaufman (1971) suggested that the disease may present in 
two forms. The first is seen in older individuals in which the course of the 
disease is relatively benign and usually unilateral, and in whom ocular 
surgery can be reasonably well tolerated. The second is a bilateral form 
seen more frequently in younger individuals. This disease is relentless and 
responds poorly to surgical or s tandard medical management . Kei tzman 
(1968) repor ted a high incidence of the latter type among Nigerians, with 
involvement of the surrounding sclera that often resulted in perforation of 
the involved corneal sites. Previous t rauma to ocular t issue has been 
noted in several pat ients with Mooren ' s ulcer, and a similar entity has 
been repor ted to occur after s tandard intracapsular cataract extract ion 
(Arentsen et al., 1976). 

The ulcerated corneal lesion has leucocytes in its leading edge, while 
the most poster ior lamellae of the corneal s t roma and the corneal endo
thelium are not involved in the disease process (Mondino, 1981). In the 
adjacent conjunctival t issue, both lymphocytes and plasma cells are found 
(Brown, 1975a,b). 

The diagnosis of M o o r e n ' s ulcer should be made after a careful evalua
tion to rule out the presence of an associated systemic disease with an 
ocular manifestation. Perilimbal complicat ions can be seen in several sys
temic collagen vascular disorders of p resumed auto immune origin. We-
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gener ' s granulomatosis , with ocular involvement occurring in some 47% 
of pat ients (Haynes et al., 1977), and periarteritis nodosa are potentially 
lethal diseases that have a particular predilection for peripheral corneal 
complicat ions. In addit ion, patients with herpes zoster involving the eye 
have been reported to present with peripheral corneal ulcers similar to 
M o o r e n ' s ; one bilateral case led to destruct ion of both corneas (Mondino 
et al., 1978a). 

2. Immunological Manifestations 

Evidence of immune system activation has been demonst ra ted in pa
tients with M o o r e n ' s ulcer. Brown (1975a,b) showed that plasma cells in 
the conjunctiva adjacent to disease activity produced collagenolytic and 
proteoglyconolytic enzymes . Although no H L A association could be 
identified in a series of 16 pat ients , 6 3 % had serum IgA levels that were 2 
SD above normal (Mondino, 1981). 

Circulating autoant ibodies to corneal epithelium have been detected in 
this disease (Schaap et al., 1969). Using direct immunofluorescence meth
ods , Brown and colleagues (1976) found immunoglobulin localized to the 
conjunctival epithelium in three Mooren ' s ulcer patients and the third 
component of complement deposi ted in the intercellular spaces and in the 
cell cytoplasm of surface epithelium of biopsy material in two patients 
with active disease. IgM was found deposited along the conjunctival base
ment membrane in one specimen. Autoantibodies to both corneal and 
conjunctival eipthelium were also detected. 

Lymphocy tes from Mooren ' s ulcer patients have also been noted to 
demonst ra te posit ive in vitro cellular immune responses to ocular anti
gens. Mondino and colleagues (1978b) found that lymphocytes of six of 
seven Mooren ' s pat ients produced macrophage inhibition factor in vitro 
in the presence of crude corneal antigen. Fos ter and associates (1979) 
reported that the lymphocytes of a 42-year-old Mooren ' s ulcer patient had 
a positive blastogenic response to corneal s t roma; we have seen such a 
response to corneal epithelium in a West African patient with bilateral 
progressive disease (unpublished result) . A T-cell subset imbalence has 
been described in the conjunctiva of one patient with this condition (Bhan 
et al., 1982). The interpretat ion of the evidence suggesting an auto immune 
mechanism to this disease remains speculative. Brown et al. (1976) and 
Mondino and associates (1978a) suggested that Mooren ' s ulcer may be a 
secondary phenomenon that follows corneal injury in a patient prone to 
auto immune disease, ra ther than a primary autoimmune event . 

Recent ly, Langerhans cells have been postulated to play an important 
role in corneal and epithelial immune responses (Friedlaender, 1981). 
These H L A - D - b e a r i n g cells were found to migrate into the guinea pig 
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cornea after chemical injury (Hendkind, 1965). Although probably not 
present in the central cornea (Streilein, et ai, 1980), they can be present 
in the per iphery . Langerhans cells increase dramatically in the cornea 
under various stimuli and decrease in number after topical cort icosteroid 
administrat ion (Gillette et ai, 1982). The fact that larger molecules in the 
complement cascade are restr icted to the peripheral cornea may explain 
why most corneal diseases of p resumed auto immune origin occur in this 
location (Mondino, 1983). Fur the rmore , the cornea, particularly the epi
thel ium, may have unique immunological characterist ics . The corneal 
epithelium is both a strong immunogen and antigen (Nussenblat t et ai, 
1979), and a corneal epithelial cell-derived thymocyte-act ivat ing factor 
(CETAF) has recently been described (Grabner et al, 1982). The addition 
of C E T A F significantly enhanced in vitro thymocyte proliferation. One 
might speculate that this phenomenon in vivo may help to augment or 
perpe tua te a corneal immune response . 

3. Therapeutic Modalities 

The t rea tment of this disorder with local antiinflammatory therapy has 
not been rewarding, nor has the use of anticollagenolytic agents combined 
with systemic cor t icosteroids . Brown (1975b) reported a beneficial result 
when the adjacent conjunctiva was excised, presumably due to the re
moval of immunoreact ive cells in the tissue thereby permitting healing of 
the t issue. A similar effect was seen when the conjunctiva was frozen 
(Aviel, 1972). Fos te r (1980) reported treating two patients who had the 
progressive form of the disease with cytotoxic agents , methot rexate and 
cyc lophosphamide , resulting in a slowing or halting of the progression of 
ulcerat ion. 

F . SCLERITIS 

1. Clinical Manifestations 

This inflammatory condition is centered in the sclera, the outermost 
layer of the globe. The disease has been classically referred to as an 
extraart icular manifestation of rheumatoid arthrit is. In reviewing 4210 
patients with rheumatoid arthritis seen at a rheumatic disease center , 
McGavin and colleagues (1976) found that 28 patients (0.067%) had 
scleritis. Howeve r , 9 of 27 (33%) of patients with scleritis seen at an eye 
clinic had rheumatoid arthrit is . 

Watson and Hayreh (1976) classified this disease into anterior and pos
terior scleritis. In the anterior group, one is able to distinguish a diffuse, 
nodular , and necrotizing pat tern to the scleritis. The necrotizing form of 
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the disease can occur with inflammation or without; this latter condition is 
termed seleromalaeia perforans. The disease is generally seen in pat ients 
who are in the 40- to 70-year-old age group, and females more commonly 
have the disorder by a 8:5 ratio (Watson, 1982). Watson and Hayreh 
(1976) noted in their survey that only women presented with seleromala
eia perforans. 

Scleritis is a painful condit ion, with patients frequently describing the 
discomfort as boring in charac ter (Watson and Hayreh , 1976). The excep
tion to this is seleromalaeia perforans. This entity is accompanied with 
little inflammation and frequently little pain. Although most commonly 
noted in rheumatoid arthritis pat ients , it has been reported in conjunction 
with systemic lupus e ry thematosus , Wegener ' s granulomatosus , polyar
teritis nodosa , herpes zoster , C rohn ' s disease, and porphyria (Yanoff and 
Fine , 1975). Scleral inflammatory disease is unlike that of episcleritis, 
where severe ocular pain is not a feature, although the sclera may be 
tender to the touch. The differentiation be tween episcleritis, an inflamma
tion of the superficial episcleral p lexus , and scleritis, where the deep 
episcleral plexus is involved, is important , since the former is usually 
without sequelae. 

Clinically, the hallmark of scleritis is scleral edema associated with the 
deep episcleral vessel inflammation, and this is best seen with a slit lamp. 
Histologically, the lesions are similar to that of a rheumatoid nodule. A 
granulomatous inflammatory response can be seen surrounding necrotic 
sclera (Yanoff and Fine , 1975). However , the ocular installation of 10% 
phenylephrine or 1:1000 epinephrine will blanch the more superficial ves
sels of the episcleritis, and the deeper enflamed vascular plexus of the 
scleritis will be more readily visualized. 

Sight-threatening complicat ions are of real concern in patients with 
scleritis, particularly with the necrotizing form of the disease; some 40% 
of patients suffer a decrease in visual acuity. An avascular zone of epi-
sclera or sclera is a particularly ominous finding. An accompanying 
sclerosing keratitis or o ther corneal changes can be noted in up to 29% of 
patients (Friedlaender, 1979), with even keratolysis , or a melting of the 
corneal s t roma, having been noted. The brawny diffuse type of scleritis 
has been reported to have a positive radioactive phosphorus uptake and 
ul trasound indistinguishable from that classically described for ocular 
melanoma (Feldon et al., 1978). 

2. Immunological Manifestations 

Little is known about the immune mechanisms involved in inflamma
tory scleral disease. Because of the fibrinoid necrosis noted in some le-
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sions, an immune complex-mediated disease process can be hypothe
sized. Rao and associa tes (1983) descr ibed an animal model for scleritis in 
guinea pigs that appears histologically similar to the human condit ion. 
They also found circulating immune complexes containing IgM and posi
tive in vitro blastogenic responses to scleral antigens in patients with 
idiopathic necrotizing scleritis. The associat ion of scleritis with systemic 
collagen vascular diseases , particularly rheumatoid arthrit is, would lead 
one to consider that shared antigens may be present in various sites of 
inflammation. Poole and colleagues (1982) reported that when using 
monospecific ant ibodies to bovine nasal cartilage proteoglycan and link 
protein, posit ive immunofluorescent react ions could be observed in the 
sclera and other ocular t issues; this suggests that they contain molecules 
immunologically related to those seen in cartilage. 

3. Therapeutic Modalities 

Although oxyphenbutazone was shown to be effective in the t rea tment 
of episcleritis (Watson et ai, 1966), the sight-threatening lesions due to 
scleritis are more problemat ic . Systemic cort icosteroids, gold, and indo-
methacin frequently will not control the ongoing destruct ive process . 
Grafts of donor sclera to areas of the globe threatened by perforation run 
the risk of becoming engulfed in the destruct ive process . Fos te r (1980) 
repor ted the arrest of ongoing scleral destruct ion in five rheumatoid ar
thritis pat ients (four with scleromalacia perforans) by use of cyclophos
phamide . 

I V . O C U L A R I N V O L V E M E N T I N S Y S T E M I C 

D I S E A S E S 

A . ANTERIOR UVEITIS 

1. Clinical Manifestations 

Inflammations in the anter ior port ion of the eye can be readily ob
served. Although te rmed uveit is , the inflammatory response need not be 
located in the uvea. The major features of an anterior uveitis are inflam
matory cells and an increase in the protein content (flare) evident in the 
anterior chamber . If an acute p rocess , the eye will have ciliary injection, 
and the patient will complain of tearing, photophobia , pain, and decreased 
vision. Other features of the disease include iris nodules (as seen in sar
coidosis) and keratit ic precipitates (KPs) , collections of inflammatory 
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cells on the corneal endothel ium. Dr. Alan Woods (1961) divided the 
anterior inflammatory response into granulomatous and nongranulomat
ous react ions , based on the type of KPs present . The KPs in granuloma
tous disease are the large "mut ton - fa t " type . 

Systemic disease may present with an anterior uveitis. The type and 
binocular or uniocularity of the process is helpful at t imes in distinguish
ing which systemic ailment may be involved. A bilateral granulomatous 
uveitis is characteristically noted in sarcoidosis , tuberculosis , syphilis, 
and brucellosis, the last being quite rare in the United States . Les ions 
primarily involving the posterior segment of the eye , such as ocular toxo
plasmosis and sympathet ic ophthalmia, will also manifest a granuloma
tous response . Behce t ' s disease, if involving the anterior segment of the 
eye , will characteristically present with an hypopyon. Ankylosing spon
dylitis is classically a nongranulomatous anterior segment inflammation 
which, although being seen in both eyes , will be uniocular in its acute 
presentat ion. Series have demonst ra ted that from 23 to 35% of patients 
with acute anterior uveitis may have ankylosing spondylitis (Friedlaen
der, 1979). Childhood uveitis occurs in ~ 5 to 10% cases seen in an eye 
clinic (Perkins, 1966). It is a significant complication of pauciart icular 
arthritis in children, with a variable prognosis (Key and Kimura , 1975). 

The sequelae of anterior segment inflammatory disease are potentially 
serious, and combined with the posterior uveitis group are the cause of 
— 10% of the visually handicapped in the United States (National Insti
tutes of Heal th , 1976). These complications include band kera topathy, 
glaucoma, and ca tarac ts . 

2. Immunological Manifestations 

Intraocular inflammatory disease have been shown to have H L A asso
ciations (Rahi, 1979; Nussenbla t t , 1980). Anterior uveitis in Caucasians 
has been associated with HLA-B27 (Brewerton et al., 1973; Ehlers et al., 
1974; Maps tone and Woodrow, 1975; Zervas et al., 1977). However , 
HLA-B8 and -D5 have been found to be present in Black American pa
tients with anterior uveitis (Nussenblat t and Mittal, 1981; Berg and Ka
plan, 1982). In addit ion, Behce t ' s disease, with a severe anterior ocular 
inflammation, is associated with HLA-B5 both in Japanese (Ohno et al., 
1973, 1979) and in Europeans (Bloch-Michel et al, 1979). αλ Anti trypsin 
has been repor ted by Brewer ton and co-workers (1978) to be strongly 
associated with acute anterior uveit is , but this could not be corroborated 
by Saari and colleagues (1981). 

To date , definitive evidence of an auto immune mechanism to anter ior 
uveitis is lacking. Both Τ and Β cells have been found in the aqueous of 
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uveitis pa t ients , but their specificity was not determined (Belfort et al., 
1982). It has been suggested that molecular mimicry may be mechanist i
cally important in human disease . Inflammatory bowel disease and uveitis 
have been noted to be associated (Korelitz and Coles , 1967). Ebringer and 
colleagues (1979) noted a relationship be tween acute anterior uveitis in 
ankylosing spondylitis and Klebsiella pneumoniae in the stool, al though 
others have not made this correlat ion (Warren and Brewer ton , 1980). 
Avakian and colleagues (1981) demonst ra ted that Klebsiella may carry 
antigenically similar determinants to those found in the vi t reous, and 
Welsh and co-workers (1981) further suggested that the uveitis seen in 
ankylosing spondylitis may be at tr ibuted to anti-gram-negative antibodies 
binding to cross-react ing ocular ant igens. The possible role of gram-nega
tive componen t s in the induction or perpetuat ion of this disease was 
supported by Rosenbaum and colleagues (1980) in their demonstra t ion 
that endotoxin or l ipopolysaccharide given into the footpad or intraperito-
neally will p roduce an inflammatory response in eyes of Lewis ra ts , with 
no histological al terations found in any of the other major organs. 

3. Therapeutic Modalities 

The t rea tment of anterior uveitis can be frustrating because of the ten
dency to recur rence . The usual initial approach to therapy is the use of 
mydriat ics and topical cort icosteroids (Nussenblat t , 1983). Severe cases 
might require periocular or systemic cort icosteroid administrat ion. Pro
staglandin inhibitors or other nonsteroidal antiinflammatory agents have 
not been found to be particularly effective in treating this condit ion 
(Coles, 1967). 

B . POSTERIOR UVEITIS 

1. Clinical Manifestations 

Poster ior uveitis denotes primarily the anatomical area of greatest in
flammatory activity in the eye , and multiple clinical syndromes have been 
noted (Maumenee , 1970; Ryan and Maumenee , 1980). Causes of these 
entities present ing with a granulomatous uveitis were felt to be identifi
able in all cases in a s tudy performed in 1941, while in 1969 at least one-
fourth of the cases had undetermined presumptive diagnoses (Schlaegel, 
1969). These diseases are generally painless at the onset , and the initial 
symptom may be a haze or debris floating before the pat ient ' s line of 
vision. This can then be followed by a marked decrease in visual acuity. 
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The cause of the visual loss may be due to several factors, including 
vitreal haze , destruct ion of retinal t issue, and chronic cystoid edema of 
the macula region of the retina. 

Poster ior uveitis can also be a manifestation of systemic disease. Sar
coidosis can involve all the layers of the posterior segment of the eye . One 
of the most potentially devastat ing ocular inflammations is that of Be
hce t ' s d isease , in which uveitis is one of the major criteria in the diagnosis 
(Japanese Research Commit tee of Behce t ' s Disease, 1974). 

2. Immunological Manifestations 

A genetic propensi ty has been defined in some posterior uveitic entities 
of presumed au to immune origin. Behce t ' s disease has already been men
tioned as being associated with H L A - B 5 , while V o g t - K a y a n a g i - H a r a -
da ' s syndrome associates with HLA-Bw22 (Tagawa et al., 1976) and the 
supertypic H L A - D R antigen M T 3 , an HLA-D-linked B-cell alloantigen in 
the Japanese (Ohno, 1981). HLA-A29 was found in 85% of Caucasians 
with birdshot re t inochoroidopathy tested, giving it one of the highest 
relative risks (50) thus reported (Nussenblat t et al., 1982b). 

Kaplan and associates (1984) looked at cell-surface markers from vi
t rectomy samples obtained from uveitis pat ients , with the proport ion of Τ 
and Β cells present varying considerably depending upon the underlying 
presumpt ive diagnosis. In vitro functional abnormalit ies of suppressor 
cells have been noted in pat ients with posterior but not anterior uveitis, in 
which two populat ions of suppressor cells were defined (Nussenblat t et 
al., 1980c). Ohno (1981) and coworkers (1982a,b) studied abnormalit ies of 
interferon product ion in Behce t ' s disease. Serum levels of a interferon 
were elevated when compared to controls . In further studies, the inter
feron levels were noted to decrease in the exacerbat ion stage, and the T-
cell subset bearing the Fc receptor for IgG was found to be spontaneously 
producing a interferon in vitro. Although immune complexes have been 
suggested as a mechanism for the ocular destruction noted in uveitis 
(Dernouchamps et al., 1977; Char et al., 1979), Dumonde and associates 
(1982) recently quest ioned whether this is t rue in all cases . Their evidence 
would suggest that in some cases of retinal vasculitis, immune complexes 
are idiotypic-ant i idiotypic and protect ive in nature . 

3. Therapeutic Modalities. 

Although transfer factor and cryoablat ion have been suggested, the use 
of systemic cort icosteroids has been generally the therapy of choice for 
poster ior uveitic condit ions with a p resumed autoimmune origin. Periocu
lar cort icosteroids can be used for uniocular conditions or if there is 
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concern about the systemic effects of high-dose cort icosteroids (Nus
senblatt , 1983). The International Uveit is Study Group (1980, unpub
lished) agreed that the t rea tment of choice for the ocular manifestations of 
Behce t ' s disease should be cytotoxic agents ; those usually used have 
been cyc lophosphamide and chlorambucil . Cytotoxic agents have been 
used in pat ients with disease refractory to cort icosteroid therapy or in 
those pat ients with disease refractory to cort icosteroid therapy or in those 
pat ients with complicat ions of steroids not permitting cont inuance of this 
therapeut ic approach (Wong, 1969; Wong et al., 1971; Godfrey et al., 
1974). Recent ly , a pilot project using cyclosporin A in the t rea tment of 
uveitis pat ients with positive in vitro responses to the S antigen has be
gun, with very encouraging initial findings (R. B. Nussenblat t et al., 
1983). 

R E F E R E N C E S 

Anhalt, G. J., Bahn, C. F. , Labib, R. S., Voorhees, J. J., Sugar, Α., and Diaz, L. A. (1981). 
J. Clin. Invest. 68, 1097-1101. 

Arentsen, J. J., Christiansen, J. M., and Maumenee, A. E. (1976). Am. J. Ophthalmol. 81, 
194-197. 

Avakian, H., Abuknesha, R., Welsh, J., and Ebringer, A. (1981). Br. J. Ophthalmol. 65, 
315-322. 

Aviel, E. (1972). Br. J. Ophthalmol. 56, 48-51. 
Belfort, R., Jr., Moura, N. C , and Mendes, N. F. (1982). Arch. Opthalmol. 100, 465-467. 
Berg, J., and Kaplan, H. J. (1982). Ophthalmology (Rochester, Minn.), Suppl. 89, 104. 
Bhan, A. K., Fujikawa, L. S., and Foster, C. S. (1982). Am. J. Ophthalmol. 94, 205-212. 
Bloch-Michel, E., Campinchi, R., Muller, J. Y., Binaghi, M., and Sales, J. (1979). In 

"Proceedings of the Second International Symposium on Immunology and Immuno
pathology of the Eye" (A. M. Silverstein and G. R. O'Connor, eds.), pp. 10-14. 
Masson, New York. 

Blodi, F. C. (1959). Trans. Am. Acad. Ophthalmol. Otolaryngol. 63, 642-649. 
Brewerton, D. Α., Caffrey, M., Nicholls, Α., Walters, D., and James, D. C. O., (1973). 

Lancet 2, 994-996. 
Brewerton, D. Α., Webley, M., Murphy, A. H., and Milford-Ward, A. (1978). Lancet 1, 

1103. 
Brown, S. I. (1975a). Br. J. Ophthalmol. 59, 670-674. 
Brown, S. J. (1975b). Br. J. Ophthalmol. 59, 675-682. 
Brown, S. I., Mondino, B. J., and Rabin, B. S. (1976). Am. J. Ophthalmol. 82, 835-840. 
Char, D. H., Stein, P., Masi, R., and Christensen, M. (1979). Am. J. Ophthalmol. 87, 678-

681. 
Chused, Τ. M., Kassan, S. S., Opelz, G., Moutsopoulos, Η. M., and Terasaki, P. I. (1977). 

N. Engl. J. Med. 296, 895-897. 
Coles, R. S. (1967). In "Ocular Therapy: Complications and Management" (I. H. Leopold, 

ed.), Vol. 2, pp. 115-121. Mosby, St. Louis, Missouri. 
Collins, R. C. (1949). Am. J. Ophthalmol. 32, 1687-1699. 
Collins, R. C. (1953). Am. J. Ophthalmol. 36, (Part II), 150-162. 



394 ROBERT Β. NUSSENBLATT AND ARTHUR M. SILVERSTEIN 

Cummings, Ν. Α., Schall, G. L., Asofsky, R., Anderson, L. G., and Talal, N. (1971). Ann. 
Int. Med. 75, 937-950. 

Dabelsteen, E., Ullman, S., Thomsen, K., and Rygaard, J. (1974). Acta Derm.-Venereol. 
54, 189-192. 

Dernouchamps, J. P., Vaerman, J. P., Michiels, J., and Masson, P. L. (1977). Am. J. 
Ophthalmol. 84, 24-31. 

de Veer, J. A. (1953). ΑΜΑ Arch. Ophthalmol. 49, 607-632. 
Dinning, W. J., and Perkins, E. S. (1975). Br. J. Ophthalmol. 59, 397-403. 
Dorey, C , and Faure, J.-P. (1977). Ann. Immunol. (Inst. Pasteur) 128C, 229-232. 
Duke-Elder, S. (1965). In "Systems of Ophthalmology" Vol. 8, pp. 502-510. Henry Kimp-

ton, London. 
DuMonde, D. C. Kasp-Grochowska, E., Graham, E., Sanders, M. D., Faure, J.-Ρ, de 

Kozak, Y., and van Tuyen, V. (1982). Lancet 2, 787-792. 
Easom, Η. Α., and Zimmerman, L. E. (1964). Arch. Ophthalmol. 72, 9-15. 
Ebringer, R., Cawdell, D., and Ebringer, A. (1979). Br. Med. J. i, 383. 
Ehlers, N., Kissmeyer-Nielsen, F., Kjerbye, Κ. E., and Lamm, L. U. (1974). Lancet 1, 99. 
Faure, J.-P., and de Kozak, Y. (1981). In "Immunology of the Eye" (R. J. Helmsen, A. A. 

Suran, I. Gery, and R. B. Nussenblatt, eds.), Workshop II, pp. 33-48. Information 
Retrieval, Inc., Washington, D. C. 

Feldon, S. E., Sigelman, J., Albert, D. M., and Smith, T. R. (1978). Am. J. Ophthalmol. 85, 
781-787. 

Feltkamp, Τ. E. W., and Van Rossun, A. L. (1968). Clin. Exp. Immunol. 3, 1-16. 
Foster, C. S. (1980). Ophthalmology (Rochester, Minn.) 87, 140-149. 
Foster, C. S., Kenyon, K. R., Greiner, J., Greineder, D. K., Friedland, B., and Allansmith, 

M. R. (1979). Am. J. Ophthalmol. 88, 149-159. 
Friedenwald, J. S. (1934). JAMA, J. Am. Med. Assoc. 17, 108-1018. 
Friedlaender, Μ. H. (1979). "Allergy and Immunology of the Eye." Harper and Row, 

Hagerstown, Maryland. 
Friedlaender, Μ. H. (1981). Immunol. Allergy Prac. November/December, pp. 193-197. 
Furey, N., West, C , Andrews, T., Paul, P. D., and Bean, S. F. (1975). Am. J. Ophthalmol. 

80, 825-831. 
Gammon, W. R., Lewis, D. M., Carlo, J. R., Sams, W. M., and Wheeler, C. E. (1980). J. 

Invest. Dermatol. 75, 334-339. 
Gery, I., Nussenblatt, R., and BenEzra, D. (1981). Invest. Ophthalmol. Visual Sci. 20, 32-

39. 
Gillette, Τ. E., Chandler, J. W., and Greiner, J. V. (1982). Opthalmology (Rochester, Minn.) 

89, 700-710. 
Godfrey, W. Α., Epstein, Μ. V., O'Connor, G. R., Kimura, S. J., Hogan, M. J., and Nozik, 

R. A. (1974). Am. J. Ophthalmol. 78, 415-428. 
Goldschmidt, L., Goldbaum, M., Walker, S. M., and Weigle, W. O. (1982). J. Immunol. 

129, 1658-1662. 
Grabner, G., Luger, Τ. Α., Smolin, G., and Oppenheim, J. J. (1982). Invest. Ophthalmol. 

Visual Sci. 23, 757-763. 
Griffith, M. R., Fukuyama, K., Tuffanelli, D., and Silverman, S. (1974). Arch. Dermatol. 

109, 195-199. 
Hackett, E., and Thompson, A. (1964). Lancet 2, 663-666. 
Halbert, S. P., and Manski, W. (1963). In "Progress in Allergy" (P. Kallos and B. Waks-

man, eds.), Vol. 7, pp. 107-186. Karger, Basel. 
Halbert, S. P., Manski, W., and Auerbach, T. (1961). In "The Structure of the Eye" (G. K. 

Smelser ed.), p. 249. Academic Press, New York. 



1 4 . OCULAR DISEASES OF PRESUMED AUTOIMMUNE ORIGIN 395 

Hardy, Κ. M., Perry, H. O., Pingree, G. C , and Kirby, T. J., Jr. (1971). Arch. Dermatol. 
104, 467-475. 

Haynes, B. F. , Fishman, M. L., Fauci, A. S., and Wolff, S. M. (1977). Am. J. Med. 63, 131-
141. 

Henkind, P. (1965). Exp. Eye Res. 4 , 42-47. 
Henley, W. L., Okas, S., and Leopold, I. H. (1973). Invest. Ophthalmol. Visual Sci. 12, 

520-524. 
Irvine, S. R., and Irvine, A. R. Jr. (1952). Am. J. Ophthalmol. 35, 489-499. 
Jakobiec, F. Α., Marboe, C. C , Knowles, D. Μ., II, Iwamoto, T., Harrison, W., Chang, S., 

and Coleman, D. J. (1983). Ophthalmology (Rochester, Minn.) 90, 76-95. 
Japanese Research Committee of Behcet's Disease (1974). Jpn. J. Ophthalmol. 18, 291. 
Kaplan, H. J., and Streilein, J. W. (1978). J. Immunol. 120, 689-693. 
Kaplan, H. J., Waldrep, J. C , Nicholson, J. Κ. Α., and Gordon, D. (1984). Arch. Oph

thalmol. 102, 572-575. 
Keitzman, B. (1968). Am. J. Ophthalmol. 65, 679-685. 
Key, S., and Kimura, S. J. (1975). Am. J. Ophthalmol. 80, 425-429. 
Khodadoust, Α. Α., and Silverstein, A. M. (1972). Invest. Ophthalmol. Visual Sci. 11, 137-

148. 
Korelitz, Β. I., and Coles, R. S. (1967). Gastroenterology 52, 78-82. 
Lemp, M. L. (1982). In "Clinical Ophthalmology" (T. D. Duane and E. A. Jaeger, eds.), 

Vol. 4, p. 3. Harper and Row, Philadelphia, Pennsylvania. 
Lever, W. F. (1979). J. Am. Acad. Dermatol. 1, 2-31. 
Lubin, J. R., Albert, D. M., and Weinstein, M. (1980). Ophthalmology (Rochester, Minn.) 

87, 109-121. 
McGavin, D. D. M., Williamson, J., Forrester, J. V., Faulds, W. S., Buchanan, W. W., 

Dick, W. C , Lee, P., MacSwein, R. Ν. M., and Whaley, K. (1976). Br. J. Ophthalmol. 
60, 192-226. 

Mapstone, R., and Woodrow, J. C. (1975). Br. J. Ophthalmol. 59, 270-275. 
Marak, G. E., Jr., Font, R. L., Czawlytko, L. N., and Alepa, F. P. (1974). Exp. Eye Res. 19, 

311-316. 
Marak, G. E., Jr., Font, R. L., and Alepa, F. P. (1976a). Mod. Probl. Ophthalmol. 16, 7 5 -

79. 
Marak, G. E., Jr., Font, R. L., and Alepa, F. P. (1976b). Ophthalmic Res. 8, 117-120. 
Marak, G. E., Jr., Font, R. L., and Alepa, F. P. (1977). Ophthalmic Res. 9, 162-170. 
Marak, G. E., Jr., Font, R. L., and Weigle, W. O. (1979). In "Immunology and Immuno

pathology of the Eye" (A. M. Silverstein and C. R. O'Connor, eds.), pp. 135-137. 
Masson, New York. 

Maumenee, A. E. (1970). Trans. Am. Acad. Ophthalmol. Otolaryngol. 74, 473-504. 
Medical Staff Conference, Univ. of Calif. (1975). West J. Med. 122, 50-58. 
Mondino, B. (1981). In "Immunology of the Eye" (R. J. Helmsen, A. A. Suran, I. Gery, and 

R. B. Nussenblatt, eds.), Workshop II, pp. 77-90. Information Retrieval, Inc., Wash
ington, D. C. 

Mondino, B. J. (1985). In "Immunology and Immunopathology of the Eye" (G. R. O'Con
nor and J. W. Chandler, eds.), pp. 194-198. Masson, New York. 

Mondino, B. J., Ross, A. N., Rabin, B. S., and Brown, S. I., (1977). Am. J. Ophthalmol. 83, 
443-450. 

Mondino, B. J., Brown, S. I., and Mondzelewski, J. P. (1978a). Am. J. Ophthalmol. 86, 
611-614. 

Mondino, B. J., Brown, S. I., and Rabin, B. S. (1978b). Am. J. Ophthalmol. 85, 788-791. 



396 ROBERT Β. NUSSENBLATT AND ARTHUR M. SILVERSTEIN 

Mondino, B. J., Brown, S. I., Lempert, S., and Jenkins, M. S. (1979a). Ophthalmology 
{Rochester, Minn.) 86, 543-552. 

Mondino, B. J., Brown, S. I., and Rabin, B. S. (1979b). Arch. Ophthalmol. 97, 479. 
National Institutes of Health (1976). Interim Report of the National Advisory Eye Council, 

Dept. of Health, Education, and Welfare, pp. 20-22. 
Nussenblatt, R. B., (1980). In "Immunology of the Eye" (G. M. Steinberg, I. Gery, and R. 

B. Nussenblatt, eds.), Workshop 1, pp. 25-42. Information Retrieval Inc., Washington, 
D.C. 

Nussenblatt, R. B. (1983). In "Current Therapy in Allergy and Immunology" (A. S. Fauci 
and L. M. Lichtenstein, eds.), pp. 224-227. Dekker, New York. 

Nussenblatt, R. B., and Mittall, Κ. K. (1981). Br. J. Ophthalmol. 65, 329-332. 
Nussenblatt, R. B., Gery, I., and BenEzra, D. (1979). In "Immunology and Immunopatho-

logy of the Eye" (A. M. Silverstein and G. M. O'Connor, eds.), pp. 145-150. Masson, 
New York. 

Nussenblatt, R. B., Gery, I., and Wacker, W. B., (1980a). Invest. Ophthalmol. Visual Sci. 
19, 686-690. 

Nussenblatt, R. B., Gery, I., Ballintine, E. J., and Wacker, W. B. (1980b). Am. J. Oph
thalmol. 89, 173-179. 

Nussenblatt, R. B., Cevario, S. J., and Gery, I. (1980c). Lancet 2, 722-724. 
Nussenblatt, R. B., Kuwabara, T., de Monasterio, F. M., and Wacker, W. B. (1981a). Arch. 

Ophthalmol. 99, 1090-1092. 
Nussenblatt, R. B., Gery, I., Kuwabara, T., de Monasterio, F. M., and Wacker, W. B. 

(1981b). In "Immunology of the Eye" (R. J. Helmsen, A. A. Suran, I. Gery, and R. B. 
Nussenblatt, eds.), Workshop II, pp. 49-66. Information Retrieval, Inc., Washington, 
D. C. 

Nussenblatt, R. B., Rodrigues, Μ. M., Wacker, W. B., Cevario, S. J., Salinas-Carmona, M. 
C , and Gery, I. (1981c). J. Clin. Invest. 67, 1228-1231. 

Nussenblatt, R. B., Rodrigues, Μ. M., Salinas-Carmona, M. C , Gery, I., Cevario, S. J., 
and Wacker, W. B. (1982a). Arch. Ophthalmol. 100, 1146-1149. 

Nussenblatt, R. B., Mittal, Κ. K., Ryan, S., Green, W. R., and Maumenee, A. E. (1982b). 
Am. J. Ophthalmol. 94, 147-158. 

Nussenblatt, R. B., Palestine, A. G., Rook, A. H., Scher, I., Wacker, W. B., and Gery, I. 
(1983). Lancet ii, 235-238. 

Ohno, S. (1981). Trans. Ophthalmol. Soc. U. K. 101, 335-341. 
Ohno, S., Aoki, K., Sugiura, S., Nakayama, E., Itakura, K., and Aizawa, M. (1973). Lancet 

2, 1383-1384. 
Ohno, S., Sugiura, S., Ohguchi, M., and Aoki, K. (1979). In "Proceedings of the Second 

International Symposium on Immunology and Immunopathology of the Eye" (A. M. 
Silverstein and G. R. O'Connor, eds.), pp. 15-17. Masson, New York. 

Ohno, S., Kato, F. , Matsuda, H., Fujii, N., and Minagawa, T. (1982a). Ophthalmologic a 
185, 187-192. 

Ohno, S., Kato, F., Matsuda, H., Fujii, N., and Minagawa, T. (1982b). Infect. Immun. 36, 
202-208. 

Patten, J. T., Cavanagh, H. D., and Allansmith, M. R. (1976). Am. J. Ophthalmol. 82, 272-
276. 

Perkins, E. S. (1966). Br. J. Ophthalmol. 50, 169-185. 
Poole, A. R., Pidoux, I., Reiner, Α., Coster, L., and Hassell, J. R. (1982). J. Cell Biol. 93, 

910-920. 
Porter, R., and Knight, J. (1973). "Corneal Graft Failures." Elsevier Biomedical, New 

York. 



14. OCULAR DISEASES OF PRESUMED AUTOIMMUNE ORIGIN 397 

Rahi, A. H. (1979). Br. J. Ophthalmol. 63, 283-292. 
Rao, Ν. Α., Wacker, W. B., and Marak, G. E., Jr. (1979). Arch. Ophthalmol. 97, 1954-1958. 
Rao, Ν. Α., Phillips, Τ. M., Wong, V. G., Sliwinski, A. J., and Marak, G. E., Jr. (1985). In 

"Immunology and Immunopathology of the Eye" (A. M. Silverstein and G. R. O'Con
nor, eds.), pp. 54-57. Masson, New York. 

Rogers, R. S., Perry, H. O., Bean, S. F., and Jordan, R. E. (1977). J. Invest. Dermatol. 68, 
39-43. 

Rogers, R. S., Seehafer, J. R., and Perry, H. O. (1982). J. Am. Acad. Dermatol. 6, 215-223. 
Rosenbaum, J. T., McDevitt, H. O., Guss, R. B., and Egbert, P. R. (1980). Nature (London) 

286, 611-613. 
Ryan, S. J., and Maumenee, A. E. (1980). Am. J. Ophthalmol. 89, 31-45. 
Saari, Κ. M., Solja, J., Sirpela, M., Frants, R. R., and Eriksson, A. W. (1981). Albrecht von 

Graefes Arch. Klin. Ophthalmol. 216, 205-207. 
Sams, W. H., and Gleich, G. J. (1971). Proc. Soc. Exp. Biol. Med. 136, 1027-1031. 
Sandberg, H. O., and Closs, O. (1979a). In "Immunology and Immunopathology of the 

Eye" (A. M. Silverstein and G. R. O'Connor, eds.), pp. 325-330. Masson, New York. 
Sandberg, H. O., and Closs, O. (1979b). Exp. Eye Res. 28, 601-604. 
Schaap, O. L., Feltkamp, Τ. E. W., and Brecbaart, A. C. (1969). Clin. Exp. Immunol. 5, 

365-370. 
Schlaegel, T. F. , Jr. (1969). "Essentials of Uveitis." Little, Brown, Boston, Massachusetts. 
Segal, B. C , Seegal, D., and Kharazo, D. (1933). J. Immunol. 25, 207-220. 
Silverstein, A. M. (1974). Trans. Ophthalmol. Soc. U. K. 94, 496-517. 
Sjogren, H. (1933). Acta Ophthal. (Suppl. 2) 11, 1-151. 
Stanley, J. R., Hawley-Nelson, P., Yuspa, S. H., Shevach, Ε. M., and Katz, S. I. (1981). 

Cell 24, 897-903. 
Stanley, J. R., Hawley-Nelson, P., Yaar, M., Martin, G. R., and Katz, S. I. (1982). J. 

Invest. Dermatol. 78, 456-459. 
Streilein, J. W., Toews, G. B., and Bergstresser, P. R. (1980). Nature (London) 282, 326-

327. 
Tabbara, K. F. (1979). Invest. Ophthalmol. Visual Sci. (Suppl.) April, p. 70. 
Tagawa, Y., Sugiura, S., Yakura, H., Wakishaka, Α., and Aizawa, M. (1976). N. Engl. J. 

Med. 295, 173. 
Talal, N. (1968). In "Current Diagnosis—2" (H. F. Conn, R. B. Conn, eds.), p. 241. 

Saunders, Philadelphia. 
Talal, N., Sylvester, R. Α., Daniels, Τ. E., Greenspan, J. S., and Williams, R. C , Jr. (1974). 

J. Clin. Invest. 53, 180-189. 
Tanoe, Α., Faure, J.-P., Le Hoang, P., and Bloch-Michel, E. (1985). In "Proceedings of the 

Third Symposium on Immunology and Immunopathology of the Eye" (G. R. O'Connor 
and J. W. Chandler, eds.), pp. 250-254. Masson, New York. 

Uhlenhuth, L. (1903). In "Festschrift zum Sechzigsten Geburtstage von Robert Koch" pp. 
49-74. 

Van der Haeve, J. (1920). Br. J. Ophthalmol. 4, 195-198. 
Verhoeff, F., and Lemoine, A. N. (1922). Am. J. Ophthalmol. 5, 737-745. 
Wacker, W. B., and Lipton, M. (1965). Nature (London) 206, 253-254. 
Wacker, W. B., Donoso, L. Α., Kalsow, C. M., Yankeelov, J. Α., Jr., and Organisciak, D. 

T. (1977). J. Immunol. 119, 1949-1958. 
Warren, R. E., and Brewerton, D. A. (1980). Ann. Rheum. Dis. 39, 37-44. 
Watson, P. G. (1982). In "Clinical Ophthalmology" (T. D. Duane and E. A. Jaeger, eds.), 

Vol. 4, pp. 1-39. Harper and Row, Hagerstown, Maryland. 
Watson, P. G., and Hayreh, S. S. (1976). Br. J. Ophthalmol. 60, 163-191. 



398 ROBERT Β. NUSSENBLATT AND ARTHUR M. SILVERSTEIN 

Watson, P. G., Lobascher, D., Sabiston, D., Lewis-Faning, E., Fowler, P. D., and Jones, 
B. R. (1966). Br. J. Ophthalmol. 50, 463-481. 

Welsh, J., Avakian, H., and Ebringer, A. (1981). Br. J. Ophthalmol. 65, 323-328. 
White, D. J. G., ed. (1982). "Cyclosporin A ." Elsevier Biomedical, Amsterdam. 
Wirostko, E., and Spalter, H. F. (1967). Arch. Ophthalmol. 78, 1-7. 
Witmer, R. (1964). In "Immunopathology of Uveitis" (A. E. Maumenee and A. M. Silver

stein, eds.), pp. 111-128. Williams & Wilkins, Baltimore, Maryland. 
Wong, V. G. (1969). Arch. Ophthalmol. 81, 628-637. 
Wong, V. G., Anderson, R., and O'Brien, P. J. (1971). Am. J. Ophthalmol. 72, 960-966. 
Wood, T. O., and Kaufman, Η. E. (1971). Am. J. Ophthalmol. 71, 417-422. 
Woods, A. C. (1921). JAMA, J. Am. Med. Assoc. 77, 1217-1322. 
Woods, A. C. (1956). "Endogenous Uveitis." Williams & Wilkins, Baltimore, Maryland. 
Woods, A. C. (1961). "Endogenous Inflammations of the Uveal Tract." Williams & 

Wilkins, Baltimore, Maryland. 
Yanoff, M., and Fine, B. S. (1975). In "Ocular Pathology" pp. 316-317. Harper and Row, 

Hagerstown, Maryland. 
Yanoff, M., and Scheie, H. G. (1968). Arch. Ophthalmol. 80, 166-170. 
Zervas, J., Tsokos, G., Papadakis, G., Kabouklis, E., and Papadopoulos, D. (1977). Br. J. 

Ophthalmol. 61, 699-701. 



C H A P T E R I 

Multiple Sclerosis, Allied Central Nervous 
System Diseases, and Immune-Mediated 
Neuropathies 

BARRY G. W. ARNASON 
Department of Neurology 
The University of Chicago 
Chicago, Illinois 

I. Multiple Sclerosis 
A. Introduction 
B. Clinical Presentations and Epidemiology 
C. Histopathology 
D. Immunology 
E. Treatment 

400 
400 
400 
402 
403 
409 
410 
410 
410 
410 
411 
412 
412 
412 
413 
413 
413 
416 

II. Perivenous Encephalomyelitis (PVE) 
A Introduction 
B. Clinical Description 
C. Histopathology 
D. Immunology 
E. Treatment 

III. Acute Necrotizing Hemorrhagic Leukoencephalitis (ANHL) 
IV. Transverse Myelitis and Necrotizing Myelopathy 
V. Experimental Allergic Encephalomyelitis (EAE) 

A Introduction 
B. Immunology 
C. Treatment 

VI. Demyelinating Neuropathies: Acute Inflammatory 
Demyelinating Polyradiculoneuropathy (AIDP) 
A Introduction 
B. Animal Models 
C. Clinical Presentations 
D. Histopathology 
E. Immunology 
F. Treatment 

417 
417 
417 
419 
419 
420 
421 
422 VII. Demyelinating Neuropathies: Relapsing AIDP 

VIII. Demyelinating Neuropathies: Chronic Inflammatory 
Demyelinating Polyradiculoneuropathy (CIDP) 422 

THE A U T O I M M U N E DISEASES 399 Copyright © 1985 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 



400 BARRY G. W. ARNASON 

IX. Demyelinating Neuropathy of Plasma Cell Dyscrasia 422 
423 
423 
423 
424 

X. Axonal and Neuronal Neuropathies 
A. Subacute Sensory Neuronopathy 
B. Lambert-Eaton Syndrome 
References 

I. M U L T I P L E S C L E R O S I S 

A . INTRODUCTION 

Multiple sclerosis (MS) is an inflammatory disease of the white mat ter 
of the central nervous system (CNS) that results in progressive neurologi
cal deficits most often manifest as impaired vision, spasticity, ataxia, and 
sensory abnormali t ies . Multiple sclerosis has been recognized for > 100 
years , but its cause remains unknown; current opinion holds that it will 
probably prove to be an auto immune process , an infection, or some com
bination of the two . Certain facts concerning MS will have to be incorpo
rated into any coherent theory of its pathogenesis . These include (1) a 
curious geographical distribution; (2) an inflammatory response in the 
C N S with in situ synthesis of IgG; (3) a selective destruction of myelin 
and of ol igodendrocytes , the myelin-synthesizing cells; (4) a genetically 
determined predisposit ion to develop the disease; and (5) abnormalit ies in 
circulating immunocytes . 

B. CLINICAL PRESENTATIONS AND EPIDEMIOLOGY 

In the nor thern United Sta tes , in Canada , and in northern Europe , 1 
adult in 1000 has M S . Onset peaks in young adult life; onset in childhood 
is rare . Six of 10 cases occur in females. Two of 3 cases are character ized 
by flare-ups that last for days to several weeks . These are followed by 
periods of arrest of progression or of improvement known as remissions. 
N o trigger for a t tacks is known; their onset is capricious and unpredicta
ble. F requency of a t tacks is greatest during the first few years of disease. 
One of 3 cases progresses steadily from the onset . Beyond age 45 -50 , 
even those cases in which the earlier course had been marked by flare-ups 
and remissions are likely to slide into a progressive course . 

The clinical features of M S are protean. The picture is determined by 
the sites of foci of demyelinat ion, and these are highly variable. Common 
features include impaired vision because of involvement of optic nerves ; 
decreased percept ion of vibration and position, which bespeaks lesions in 
the poster ior columns of the spinal cord; ataxia and intention t remor , 
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evidencing damage to spinocerebellar pa thways or to cerebellar outflow 
t racts ; and weakness or paralysis of one or more limbs, which together 
with spasticity and bladder problems point to involvement of pyramidal 
pa thways . Diagnosis requires proof of more than one episode of deficit 
involving white mat ter t racts and of lesions at more than one site in the 
C N S . Examinat ion of the spinal fluid usually reveals a modest increase in 
lymphocyte number and an increase in IgG content , with oligoclonal IgG 
bands detec ted when the fluid is examined electrophoretically. Evoked 
potential testing of visual, auditory, and somatosensory pa thways may 
reveal delayed conduct ion. The laboratory abnormalit ies jus t ment ioned, 
while support ive of a diagnosis of M S , are not specific for this disease and 
should be viewed as aids in diagnosis ra ther than as diagnostic tes ts . 

Multiple sclerosis is primarily a disease of north Europeans and those 
whose forebears were north Europeans . The disease is rare in Eas t Asia, 
and has not been recorded among blacks in Africa. The prevalence in 
American blacks is one-half that encountered in the American Caucasian 
populat ion. High-risk groups carry risk for MS when they migrate to areas 
where the risk for indigenous populat ions is low, although risk may be 
somewhat a t tenuated . Conversely , MS remains rare among East Asians 
who have migrated to Europe or to America . The disease is also exces
sively rare in American Indians, if it occurs at all. 

Within the Uni ted Sta tes , a gradient in prevalence of MS from north 
(higher) to south (lower) has been documented within a seemingly homo
geneous populat ion and medical system. This gradient exists for both 
whites and blacks . A similar gradient has been reported for Austral ia, MS 
prevalence being greatest in the south. To some, the data suggest that an 
environmental hazard , tied to climate and possibly encountered early in 
life, triggers M S . This explanation has deficiencies. The climates of much 
of Japan , Korea , China, and Siberia are as rigorous as those of nor thern 
Europe or Nor th America , yet MS is rare among Japanese , Koreans , 
Chinese , and the native populat ions of Siberia, although not among Cau
casian Russians living in Siberia. I conclude that an environmental factor, 
while relevant to M S , does not suffice to cause it. This environmental 
factor is probably present both in higher and in lower risk cl imates. The 
environmental (? infectious) thesis finds additional support from twin 
studies. Identical twins show a 2 5 % concordance for M S ; this finding 
excludes the possibility that a single gene (or for that matter , multiple 
genes) determines irrevocably who will develop M S . On the o ther hand, 
there is firm evidence (reviewed subsequently) for a genetic component in 
susceptibility to M S . 

Surveys seeking to pinpoint a single environmental factor that MS pa
tients share have failed to turn up any common thread. It is also of interest 
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that no increased incidence of any other disease has been documented in 
the M S populat ion. This situation is to be contrasted with that pertaining 
in several au to immune diseases , for example , myasthenia gravis and thy
roiditis, both of which occur in the same individual more often than 
chance would predict . 

C . HISTOPATHOLOGY 

The cardinal feature is the presence of multiple scat tered discrete areas 
of demyelinat ion. These vary in diameter from a millimeter or so to sev
eral cent imeters and are called plaques . Large plaques form by coales
cence of smaller ones and by expansion of their margins. Sites of predilec
tion for plaques exist ; these include the paraventr icular regions of the 
cerebrum and subpially, the optic nerves and chiasm, and the posterior 
and lateral columns of the spinal cord. Plaque topography corresponds to 
that of the venous drainage of the brain and spinal cord. Peripheral nerves 
are spared. 

Lymphocy te and monocy t e -mac rophage aggregates surround venules 
within plaques and are prominent at plaque margins where myelin de
struction is occurring (Prineas and Wright, 1978). The inflammatory cells 
are derived from the blood. Τ cells (chiefly helper/ lymphokine-producing 
cells) are seen throughout MS plaques , at the margins of active plaques 
where myelin destruct ion is ongoing, and in otherwise normal-appearing 
white mat ter ju s t outs ide plaques (Traugott et ai, 1983). Τ suppressor/ 
cytotoxic cells are also found but are outnumbered by the helper cells. 
Macrophages are prominent in MS plaques and are sometimes the pre
dominant cell type . Macrophages are thought to be the final vectors of 
myelin destruct ion. H o w they are " tu rned o n " is not known; antibodies 
secreted by p lasma cells, which are abundant in established MS lesions, 
lymphokines secreted by Τ cells, or both , may be the cause . 

The inflammatory response seen in the active MS lesion is almost 
surely directed against an antigen or antigens relevant to the pathogenesis 
of the disease . This antigen has defied detect ion. Some years ago it was 
thought likely that the M S antigen would be identical with that against 
which the immune response is directed in the animal model disease exper
imental allergic encephali t is (EAE) . Subsequent experience has not borne 
out this hope . The antigen responsible for E A E has been shown to be 
myelin basic protein (MBP). The consensus at present is that sensitivity 
to M B P is unusual in M S . 

Why is the M S antigen, be it a virus or a t issue component , so elusive? 
N o answer can be provided, but possibilities include: (1) there is no single 
antigen, and (2) the antigen is a minor t issue component that has escaped 
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detect ion. This latter not ion has some at t ract ion, since in other autoim
mune processes the antigen has proven to be a cell-surface receptor with 
only a few thousand copies present on any individual cell. An example is 
provided by myas thenia gravis, an au to immune disease in which the im
mune response is directed against the acetylcholine receptor ; this recep
tor might not have been purified to this day save for the findings that 
certain snake venoms bind it and that the electric organs of electric fishes 
are enriched for it. 

In inactive p laques , a mat of fibrillary gliosis throughout the area of 
myelin loss is usual and ol igodendrocytes are depleted (Lumsden , 1970). 
Gliosis gives a toughened appearance to old MS lesions. It was this fea
ture that led to the use of the te rm plaque to describe them. There is 
evidence (Fontana et al., 1980) that the morphology of astrocyt ic glia is 
altered by exposure to lymphokines , and it is conceivable that the promi
nence of gliosis in M S plaques reflects this fact. 

Axons tend to be spared, al though this is far from absolute . At au topsy , 
plaques are invariably found that were silent during life. F rom this it is 
evident that axons denuded of myelin still can conduct nerve impulses . 
They do so inefficiently, however , and tend to fail on sustained effort. 
This forms the basis for the inordinate fatigue so frequently complained of 
by victims of M S . 

D . IMMUNOLOGY 

1. Immunological Features 

a. Spinal Fluid The spinal fluid in M S contains an abnormally high 
content of IgG. A similar increase in IgG is seen in chronic infections of 
the nervous sys tem. Thus , the finding is not unique for M S . When spinal 
fluid from M S pat ients is resolved electrophoretically or by isoelectric 
focusing, distinct IgG bands are observed in 90% of established cases . 
These bands bespeak expansion of selected clones of plasma cells in M S 
brain. The antigen or antigens against which these clones are directed is 
unknown, and the basis for IgG banding in MS remains unresolved. There 
are two hypotheses . (1) The bands const i tute monoclones of ant ibody 
directed against an unknown MS antigen. The argument rests on a pre
sumed analogy be tween M S and chronic C N S infections. In subacute 
sclerosing panencephal i t is , a chronic measles virus infection of the brain, 
oligoclonal bands of IgG are de tec ted in spinal fluid and can be shown to 
be ant imeasles ant ibody. Cross-idiotypy can be shown in a substantial 
proport ion of subacute sclerosing panencephali t is specimens as expected 
when response to a common antigen is occurring (Ebers et al., 1979). 
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There is no cross-idiotypy be tween IgG bands from different MS patients 
(Ebers et al., 1979; Gerhard et al., 1981), however , and despite vigorous 
effort, all a t tempts to find an antigen against which MS bands react have 
failed. (2) Some and perhaps all of the IgG produced in MS brain is 
" n o n s e n s e a n t i b o d y " in terms of disease pathogenesis , that is, a nonspe
cific act ivator of Β cells is present in MS brain. Antibodies to several 
common viruses such as measles , mumps , and herpes are synthesized in 
MS brain. While any one of these viruses could be the elusive MS antigen, 
it is improbable that all can be , and many patients make ant ibody to 
several viruses . The antiviral antibodies are not found in the major mono
clonal peaks , ra ther , they are minor monoclones only resolvable from the 
background of polyclonal IgG (also synthesized in brain in MS) by special 
techniques (Vartdal et ai, 1980). Aliquots of IgG eluted from different 
plaques from the same autopsy specimen contain different monoclones 
(Mattson et al., 1980). These findings are consistent with the nonsense 
ant ibody hypothes is . The hypothesis begs the issue of what initially draws 
Β cells into MS lesions. 

Lymphoid cells are modest ly increased in the spinal fluid in M S . Helper 
Τ cells predominate particularly when disease is ongoing, and many of 
them are " a c t i v a t e d " not only when disease is progressing but also during 
periods of seeming quiescence (Noronha et ai, 1980). 

b Blood Nonspecific T-suppressor-cell function as measured in vitro 
is subnormal during M S a t tacks , recovers as a t tacks end, and is normal 
when disease is in remission (Arnason and Antel , 1978; Antel et al., 1979). 
T-suppressor-cell number (counted as cells binding the monoclonal anti
bodies O K T 5 or OKT8) is low in progressive M S , with selective loss of 
cells binding large amounts of monoclonal ant ibody (Reinherz et al., 1980; 
Bach et al., 1980; Reder et al., 1983). The correlation be tween T-suppres
sor-cell counts and T-suppressor-cell function measured in vitro is poor , 
suggesting that quanti tat ive variations in T-suppressor-cell number fail to 
account for the deficiencies in function. 

The findings jus t outlined could reflect some epiphenomenon; for exam
ple, a noxious substance released from damaged brain could compromise 
T-suppressor function. Alternatively, a loss of T-suppressor activity oc
curring for whatever reason could, by perturbing immune homeostas is , 
permit an au to immune process to break free from the checks that other
wise hold it in abeyance . A third possibility is that suppressor cells could 
be lost from the blood because they have entered the brain. Suppressor-
cell percentages fall in the spinal fluid at the onset of MS a t tacks , a finding 
difficult to reconcile with this proposal (Oger et al., 1982; Cashman et al., 
1982). Last ly , both suppressor cells and myelin (and/or oligodendrocytes) 
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could be targets in M S , that is, the disease while appearing to be exclu
sively one of the C N S could in fact be a disease of both nervous and 
lymphoid sys tems . This formulation presupposes an antigen shared by 
brain and T-suppressor cells. There is already evidence that natural killer 
cells and myelin share an antigenic determinant (Helfand et al, 1983) and 
that l a and monocy te antigens are found on glia (Hauser et al, 1983). An 
answer to the quest ions jus t posed would advance our unders tanding of 
the M S process . 

Total T-cell number in the circulation (measured as cells binding the 
O K T 3 monoclonal ant ibody) is reduced when MS is act ive, but T-helper-
cell number ( O K T 4 + cells) is normal as is helper-cell function measured 
in vitro. 

The number of monocytes in the circulation is increased in M S , and 
monocy te function is abnormal during acute flares of disease (Dore-Duffy 
and Zurier , 1981). B-cell capacity to synthesize IgG in vitro in response to 
stimulation with pokeweed mitogen is increased in M S (Goust et al., 1982; 
Oger et al., 1980). This response is influenced by T-helper and T-suppres-
sor-cell function and may reflect no more than the T-suppressor-cell ab
normalit ies already discussed. Consis tent with this view is the observa
tion that when Β cells from MS patients are driven with salmonella 
antigen (which does not require T-cell help), the response is if anything 
subnormal (Wrabetz et al., 1982). There is some evidence that natural 
killer-cell function may be subnormal when M S is active (Benczur et al., 
1980) and that K-cell function is increased in MS at tacks (reviewed in 
Oger et al, 1983). 

2. Immunogenetics 

Among nor thern Caucasians with M S , the A3, B7, DR2, and Dw2 histo
compatibili ty {HLA) alleles are overrepresented . Relative risks for M S 
are 1.5-2.0 for A i , 2 .5 -3 for B7, and 4 - 5 for DR2,Dw2 (Jersild et al, 
1975; Batchelor et al, 1978). Linkage disequilibria exist be tween A 3 , B7, 
and DR2;Dw2. The da ta have usually been interpreted as follows: An M S 
susceptibility immune-response allele is linked to HLA and maps closer to 
the D locus than to the A or Β locus . The H L A association is far from 
absolute . This suggests that there may be more than one MS susceptibility 
allele or that in some cases the M S susceptibility allele is on haplotypes 
lacking Z?7, DR2, or Dw2. In addit ion, it is possible that in some MS 
victims a s trong environmental stimulus causes a breakthrough to disease 
in the absence of a disease susceptibility allele. B8 and DR3 are also 
overrepresented in M S populat ions; it has been proposed that an allele 
sited be tween B8 and DR3 (B8 and DR3 are in linkage disequilibrium) 
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augments susceptibility to M S ; that is, that gene complementat ion may be 
in play. Representa t ion of A2, B12, and DR7,Dw7 ( these alleles are in 
linkage disequilibrium) is decreased in M S . It has been suggested that a 
protect ive allele on the A2-B12-DR7,Dw7 haplotype may exist (Madi-
gand et al, 1982). 

Among American blacks, MS is one-half as common as among Ameri
can Caucas ians . It is unknown among black Africans in whom B7 and 
DR2 are not uncommon alleles; Dw2 in contrast is rare (i .e. , in this group 
Dw2 is not in linkage disequilibrium with B7 or DR2). Among American 
blacks with M S , a marked increase in Dw2 has been noted (i .e. , a Cauca
sian gene is found in this black population) (Dupont et al., 1977). Cauca
sian genes are more frequent in northern than in southern American 
blacks; this could bear on the greater frequency of MS among them. 

In Japan , M S is rare , as is B7 ( 1 % of the population), and in the Japa
nese DR2 is not linked to Dw2. Among Arabs with M S , a strong associa
tion with BT102 (a marker for DR4,DR7) has been reported with no 
association with DR2 (Kurdi et al., 1977). Data at hand fail to indicate 
whether a single MS susceptibility allele is linked to different markers in 
Oriental and Occidental populat ions or whether there may be more than 
one . 

Among first-degree relatives of MS pat ients , risk for MS is increased 
some 15- to 20-fold over that of the population at large. Ten percent of MS 
patients have an affected family member . Analysis of linkage be tween 
disease and HLA haplotypes of sibling pairs , both with M S , has revealed 
a link be tween MS and HLA endowment (Stewart et al., 1981). At the 
same time MS does occur in siblings lacking any shared haplotype, sug
gesting that a susceptibility allele may not always be essential for develop
ment of M S . 

The Gm 1,17:21 phenotype of IgG is found more frequently in MS 
victims than in controls (Pandey et al., 1981). It will be of interest 
to determine whether HLA type and gm allotype analysis can be com
bined to provide a bet ter predictor of risk for MS than does either marker 
alone. 

3. Laboratory Diagnosis 

a. Spinal Fluid The protein content of the spinal fluid is low in health. 
Normal values for total protein range from 15 to 45 mg/100 ml for fluid 
obtained from the lumbar space . Most spinal fluid protein is a t ransudate 
from serum; the low levels of protein ordinarily found in C S F attest to the 
efficacy of the b lood-b ra in barrier (BBB) in minimizing entry of proteins 
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into the brain extracellular space and into the spinal fluid with which brain 
extracellular space communica tes . Ent ry of serum proteins into the C S F 
is a function of their hydrodynamic radii, which correlates roughly with 
molecular weight (MW). Fo r albumin (MW 67,000), the ratio be tween 
spinal fluid and serum is normally ~ 1:200; for IgG (MW 154,000) the ratio 
is ~ 1 : 4 0 0 . Given these rat ios, it should be evident that spinal fluid protein 
content is directly dependent on serum protein levels. If serum albumin is 
low, spinal fluid albumin will also be low. If serum IgG is e levated, the 
spinal fluid-IgG content may rise to what would ordinarily be const rued as 
a pathological level, even while the 1:400 spinal fluid/serum ratio for IgG 
remains preserved . Fo r these reasons , measurement of serum protein 
levels should be performed in conjunction with spinal fluid analysis . 

Spinal fluid protein begins to rise slightly at about age 40. This con
tinues with advancing age, even though serum protein levels change mini
mally with age. F o r this reason, a mildly abnormal result in te rms of spinal 
fluid-IgG in an older person should be interpreted cautiously. 

When spinal fluid-IgG is elevated beyond certain normative values , 
pathology can be assumed provided serum IgG is normal . Spinal fluid-IgG 
can be elevated under three c i rcumstances : (1) when the BBB is dis
rupted; (2) when local synthesis of IgG within the C N S is occurr ing; and 
(3) when both barr ier disruption and local IgG synthesis occur simulta
neously. In M S , the chief value of spinal fluid-IgG analysis lies in es tab
lishing that IgG is being synthesized within the C N S , that mechanism (2) 
or (3) is operat ing ra ther than mechanism (1). 

N u m e r o u s formulas have been derived to distinguish among the three 
mechanisms that can account for an increased IgG in C S F . The simplest 
formula is the spinal fluid-IgG/spinal fluid-total protein rat io. In normals , 
this ratio does not exceed 0.08. When the total protein level in spinal fluid 
does not exceed 45 mg/100 ml, the BBB can be presumed to be intact , and 
an elevated CSF-IgG/CSF-tota l protein ratio points to in situ IgG produc
tion, provided the serum IgG level is normal . The ratio is abnormal in 70% 
of MS pat ients . Problems in interpretat ion may arise when the BBB is 
disrupted and spinal fluid total protein is elevated; this occurs in 30% of 
MS pat ients . Of M S pat ients , 5 % have a total protein > 9 0 mg/100 ml, 
0 .5%, a total protein > 110 mg/100 ml. In the face of a BBB disruption and 
the raised spinal fluid total protein which this entails, the preferential 
exclusion of IgG over lower M W proteins from the C S F may no longer 
hold. Unde r this c i rcumstance , the spinal fluid-IgG/spinal fluid-total pro
tein ratio may be skewed, and for this reason, subject to misinterpreta
tion. The problem is not trivial; e r roneous diagnoses have been made 
because this considerat ion was ignored. 
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A second commonly employed formula is that of spinal fluid-IgG/spinal 
fluid-albumin. This rat io, which should not exceed 0.16, is abnormal in 
80% of MS pat ients . The formula does not correct for increased serum 
IgG (occasionally present in MS) or for lowered serum albumin (also 
occasionally present in MS) , both of which can skew this index. 

A third formula is the spinal fluid-IgG index. This is calculated as 

Spinal fluid-IgG (mg/100 ml)/spinal fluid-albumin (mg/100 ml) 
Serum IgG (mg/100 ml)/serum albumin (mg/100 ml) 

Spinal fluid-IgG index values greater than 0.58 point to IgG synthesis 
within the C N S . An elevated spinal fluid-IgG index is found in 8 5 % of MS 
pat ients . The index corrects for increased serum IgG, for lowered serum 
albumin and also to some extent for BBB damage. 

Spinal fluid-IgG tends to be higher in patients with severe and extensive 
disease, although except ions occur . During a first at tack of M S , the IgG 
content may not be elevated. There is no clear correlation between IgG 
level and disease activity. In a suspected case of M S , a diagnosis of MS is 
probable if any of the indexes given above are grossly abnormal . 

Elect rophoret ic analysis has revealed that the spinal fluid-IgG in MS 
has unusual characteris t ics helpful in diagnosis. Normally , CSF-IgG mi
grates electrophoretical ly as a broad smear , but in 8 5 - 9 0 % of MS pa
t ients , discrete oligoclonal bands superimposed on a background of ho
mogeneous IgG are detected. The finding, while not unique for M S , is 
suggestive of that diagnosis if the clinical presentat ion fits. Similar oligo
clonal banding pat terns are noted in chronic infections of the C N S . Also, 
5% of spinal fluid samples obtained from normal individuals show oligo
clonal bands . Whether or not this reflects past infection of the C N S , 
subclinical or forgotten, is unknown. During the first year or two of M S , 
band number may be lower than later in the illness, but even early most 
patients show bands . After the first 2 to 3 years of illness, total band 
number does not change appreciably, but band intensity may fluctuate 
over t ime, and some bands may vanish to be replaced by new ones . There 
is no relation be tween disease activity and band number or the appear
ance of new bands . Each patient has a unique band pat tern. 

Spinal fluid can also be analyzed by isoelectric focusing. Samples of 
C S F are subjected to an electric field in a gel that spans a p H gradient of 3 
to 10. Proteins in this field focus at their isoelectric point. IgG moves 
cathodally to lie be tween p H 7.0 and 9.5, and in MS spinal fluid it focuses 
into a dozen or more discrete bands . The test is positive in 9 0 + % of MS 
pat ients , and when combined with the extremely sensitive immunoperox-
idase method that identifies IgG exclusively, can be performed on as little 
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as 50 μΐ of unconcent ra ted spinal fluid. Each patient has a unique focusing 
pat tern . 

In M S , the cell count in spinal fluid is modest ly elevated; 5-10 cells/ 
m m 3 are commonly found. Higher cell counts should alert the clinician to 
the possibility of some other diagnosis. The cells are chiefly Τ lympho
cytes . Subset analysis has not p roven useful in terms of clinical diagnosis. 

b. Blood As discussed, T-cell-subset enumerat ion reveals abnormali
ties in M S populat ions , as does in vitro s tudy of T-suppressor-cell func
tion. These tes ts have not p roven of value in the analysis of individual 
cases . 

c. Scanning A small proport ion (20-30%) of MS patients show demy
elinating lesions in brain on a C A T scan if a double dose of dye is infused 
and delayed examinat ion is performed. Preliminary experience with nu
clear magnet ic resonance scanning has given a high yield of visible lesions 
within brain in M S (Buonanno et ai, 1983). Unfortunately, the test is not 
available generally. 

d Evoked Potentials These are abnormal in 80% of MS pat ients . A 
detailed discussion of this and other electrophysiological techniques rele
vant to M S lies beyond the scope of this chapter (for discussion, see 
Eisen, 1983). 

E. TREATMENT 

There is no established t rea tment for M S . Administrat ion of A C T H has 
been shown to ameliorate the symptoms of acute flares of disease, but this 
exer ts no long-term beneficial effect (Rose et al., 1970). Prednisone, be
ginning with 10-15 mgm every 6 h and tapering over 2 - 3 weeks , will also 
lessen symptoms during an exacerbat ion. Long-term glucocorticoid treat
ment is seldom if ever warranted . Several immunosuppress ive regimens 
have been advocated in M S . Included are azathioprine (2 -3 mg/kg/day) 
administered over the long term and cyclophosphamide (150 mg every 6 
h) for 10 days to 2 weeks . These t rea tments should be viewed as experi
mental at the present t ime. 

In addit ion to therapy aimed at the presumed underlying immune disor
der , there are several drugs that may ameliorate specific symptoms . Ba
clofen may lessen spastici ty; c lonazepam may lessen t remor; and tricyclic 
ant idepressants are useful in managing depression. Fo r a more detailed 
discussion of the t rea tment of M S , the interested reader may consult Oger 
and Arnason (1980). 



410 BARRY G. W. ARNASON 

II. P E R I V E N O U S E N C E P H A L O M Y E L I T I S ( P V E ) 

A . INTRODUCTION 

This disease , also known as acute disseminated encephalomyeli t is , pos
tinfectious encephalomyeli t is , and postvaccinial encephalomyeli t is , is a 
multifocal process of abrupt onset character ized by symptoms and signs 
pointing to damage chiefly to white mat ter of the brain and spinal cord; it 
is nearly a lways monophas ic . The process may be severe , even fatal, or 
mild and evanescent . Former ly P V E was encountered most commonly 
following vaccinat ions against rabies or smallpox and as a complication of 
the exan thems , especially measles . Present ly, P V E most commonly fol
lows upper respiratory infection; it also occurs without any evident ante
cedent . The cause is believed to be a hypersensit ivity to M B P , and the 
disease is held to be the human counterpar t of the acute demyelinating 
disease induced in animals by immunization with M B P and known as 
experimental allergic encephalomyeli t is (EAE) . 

B. CLINICAL DESCRIPTION 

Perivenous encephalomyeli t is begins abruptly. Headache and delirium 
give way to lethargy and coma. Seizures may occur at onset , and stiffness 
of the neck may be present , as may fever. Focal signs may be engrafted 
onto this encephali t ic p ic ture; spinal cord involvement with flaccid paral
ysis of the legs or of all four limbs with loss of sphincter control are not 
infrequent. The spinal fluid in most cases shows an increase in protein 
(50-100 mg/100 ml), and lymphocytes are present , ranging from a few to 
several hundred cells. Less commonly , the spinal fluid is normal . 

Diagnosis is straightforward when there is a history of rabies , of small
pox vaccinat ion, or of measles . In the vast majority of cases without such 
a history, distinction of P V E from viral encephalit is , from Reye ' s syn
drome, or from acute M S may not be possible. Perivenous encephalomye
litis is less common now than formerly. Replacement of nervous t issue 
containing rabies vaccines with duck embryo- or tissue culture-based 
preparat ions has drastically reduced this complication of rabies prophy
laxis. Eradicat ion of smallpox has ended the need to vaccinate against it, 
and measles vaccination has markedly reduced what used to be the largest 
group of P V E cases . 

C HISTOPATHOLOGY 

The picture is one of innumerable minute foci of perivenular mononu
clear cell infiltration, all of like age, and with demyelination, the topogra-
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phy of which cor responds to that of the inflammatory infiltrates (DeVries , 
1960). Foci of demyelinat ion resemble a string of beads along the course 
of a venule . The cellular infiltrate consists of lymphocytes and macro
phages . Axons are relatively spared in regions of demyelinat ion; ulti
mately, small glial scars form. 

D . IMMUNOLOGY 

The lesions of P V E duplicate those of acute E A E (see Section V). In 
E A E , sensitivity of Τ lymphocytes to M B P can be shown. Lymphocy tes 
from E A E animals proliferate on exposure in vitro to M B P . Proliferation 
of peripheral blood lymphocytes on exposure to human M B P has been 
repor ted during acute P V E ; this finding argues for the similarity, if not 
identity, of the two processes (Lisak et ai, 1974). 

Former ly , rabies vaccines contained brain tissue plus rabies virus, but 
P V E has followed inoculation of noninfected brain material . This obser
vation indicates that brain antigen ra ther than virus was responsible for 
P V E . Brisk inflammatory react ions of cell-mediated immunity type at 
sites where vaccine had been injected have occurred coincident with the 
onset of P V E , indicating a response to an antigen present both in the 
vaccine and in the C N S . The marked reduction in neuroparalyt ic acci
dents that followed introduction of duck embryo-based rabies vaccines in 
the 1960s reinforces this conclusion. Neuroparalyt ic accidents following 
rabies vaccinat ion were most frequent in young adults , peak age of occur
rence duplicating that of the onset of M S . This finding indicates that both 
host and vaccine were important in the genesis of neuroparalyt ic acci
dents . 

In former t imes , smallpox vaccination was complicated by P V E in 
perhaps 1 in 5000 vaccine recipients , with marked differences be tween 
vaccine lots and vaccinat ion programs. The complication almost a lways 
occurred in conjunction with a primary take rather than with a booster 
response . It was never seen in vaccinees aged < 2 years (DeVries , 1960). 
Most often, P V E followed the peak of the vaccination response by a few 
days to a week or more but occasionally preceded it. 

One case of measles in 1000 is complicated by neurological signs and 
symptoms . The latent period be tween the rash and P V E varies from - 2 to 
+ 13 days ; 90% of cases develop be tween + 2 and + 7 days . Mortali ty 
averages 20%; half the survivors are left with significant residual damage. 
The complicat ion is more frequent in older subjects of the exan them, that 
is, those over 10 years of age. The severity of P V E does not relate to the 
severity of the measles itself. Sensitivity to M B P has been shown in 
measles-associated P V E (R. Johnson , personal communicat ion) . 
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E. TREATMENT 

Administrat ion of high doses of glucocorticoids every 4 to 6 h is the 
t rea tment of choice , al though controlled trials of this t reatment have not 
been carried out . 

III. A C U T E N E C R O T I Z I N G H E M O R R H A G I C 

L E U K O E N C E P H A L I T I S ( A N H L ) 

Very rarely a catastrophic t issue-destructive C N S syndrome with 
unique features occurs within a few days of an upper respiratory tract 
infection, usually " inf luenzal ike ." The illness resembles P V E save for the 
intensity and speed of progression of the process , which can lead to death 
within 48 h. Feve r and neutrophilic leucocytosis are the rule, and the 
spinal fluid shows increased protein, up to 2000 polymorphonuclear cells 
and often red blood cells as well. Pathological examination reveals hemor
rhagic a reas , perivascular mononuclear and polymorphonuclear infil
t ra tes , fibrin exudat ion, and frank necrosis of extensive areas of the white 
matter . The disease is thought to be a P V E variant with a Shwar tzman-
type reaction super imposed onto the basic perivenular demyelinating pro
cess . A model for it has been developed (see Section V,B,3) . 

IV . T R A N S V E R S E M Y E L I T I S A N D N E C R O T I Z I N G 

M Y E L O P A T H Y 

The term t ransverse myelitis is used operationally to describe a group 
of cases in which ascending and descending spinal tracts are interrupted 
relatively acutely by an intrinsic cord lesion of presumed demyelinating 
type . A t ransverse myelitis may occur in the course of M S , although at 
autopsy MS has seldom been found in cases presenting with an acute 
t ransverse myelitis as their initial complaint . Similarly, a t ransverse 
myelitis can be the major or only clinically apparent feature of P V E , but 
most cases of t ransverse myelitis and particularly those with extensive 
necrosis of the cord (which may involve gray matter as much as white and 
is character ized by macrophagic but not lymphocytic infiltrates) cannot be 
fit into the P V E category with assurance . Approximately 3 0 - 4 0 % of cases 
will give a history of an antecedent infection, usually respiratory. Other 
associat ions have been noted. These include active pulmonary tuberculo
sis, heroin abuse , systemic lupus e ry thematosus , and occult malignancy, 
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particularly lymphoma and oat-cell carc inoma of the lung. All of the 
above , particularly the tie to S L E (the pro to type au to immune disease) , 
and to cancer , several of the other remote effects of which have an immu
nological bas is , suggest to me that an immunological process distinct from 
M S and from P V E is likely to be in play. Some progress has been made 
in developing a model for necrotizing myelopathy based on the E A E 
sys tem. 

V . E X P E R I M E N T A L A L L E R G I C 

E N C E P H A L O M Y E L I T I S ( E A E ) 

A . INTRODUCTION 

Exper imenta l allergic encephalomyeli t is (EAE) was first described in 
1933 (Rivers et al., 1933) and during the ensuing 50 years several thousand 
studies of E A E have been published. Several different forms of E A E have 
been descr ibed. These mimic, to greater or lesser extent , the various 
human demyelinating diseases that have been discussed in the preceding 
sect ions. F o r clarity of exposit ion, the immunology of the various E A E 
models will be considered together in this section. 

B . IMMUNOLOGY 

1. Acute Monophasic EAE 

Acute E A E is usually induced by immunizat ion with M B P in F r e u n d ' s 
complete adjuvant (a water in mineral oil emulsion containing killed tu
bercle bacilli). The immune response is T-cell mediated. T-cell clones that 
recognize epi topes on M B P are present in the lymphoid organs of all 
mammalian and at least some avian species. These clones proliferate 
upon exposure to M B P , and after expansion, MBP-act ivated Τ cells mi
grate , as blas ts , through the circulation and across C N S venules into the 
nervous sys tem parenchyma. In rats and mice the Τ effector cells respon
sible for E A E appear to belong to the helper/ lymphokine-producing type 
(Holda and Swanborg , 1982; Pettinelli and McFarl in , 1981). The Τ cells in 
the brain at t ract monocy tes that enter brain, transform there into macro
phages , and are the final vectors of the destruct ion of myelin, which they 
strip from the axons , ingest, and digest. Some Β cells enter the brain 
during acute E A E ; the Β cells remain confined to the perivascular spaces 
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and the meninges. They are the source of the immunoglobulin p roduced 
within the C N S in E A E . Oligoclonal IgG bands make their appearance in 
the spinal fluid as the acute process abates (Whitacre et al, 1981). The 
bands are not ant ibody to M B P (Whitacre et al, 1982). Τ cells predomi
nate in the spinal fluid in acute E A E ; Β cells and macrophages are rare 
(Wilkerson et al, 1978). 

Acute E A E begins abruptly 8-20 days after immunization. Disease 
lasts for a few to several days , and unless death occurs in the acute phase , 
recovery follows. Recur rences are rare , and a t tempts to induce a second 
bout of disease by reimmunizat ion fail. 

The pathological feature is that of an acute multifocal perivenular in
flammatory response , with small areas of demyelination at sites of inflam
matory response . Sites of predilection vary between species. In ra ts , for 
example , a t ransverse myelitis-like picture is the norm. The pathology 
exactly duplicates that of P V E , as does the monophasic nature of the 
disease. 

Τ cells from animals with acute E A E will adoptively transfer disease to 
virgin histocompatible recipients. In contrast , cells from recovered ani
mals , when adoptively transferred, will (at least in the hands of some 
investigators) protect against act ive induction of disease in the recipients 
(Bernard, 1977). This last finding has been interpreted to mean that refrac
toriness to further a t tacks of E A E relates to development of a protect ive 
mechanism. The basis for protect ion is thought to depend on the expan
sion of a populat ion of suppressor Τ cells, which hold in check the effec
tor Τ cells responsible for t issue destruct ion in E A E (Welch et al., 1980). 
There is some evidence that the suppressor cells recognize M B P 
(Hashim, 1981); o thers believe that they recognize the M B P receptors on 
Τ effector cells, that is, that antiidiotypy is in play (Ben-Nun et al., 
1981a,b). The two mechanisms are not mutually exclusive. Were a sup
pressor Τ cel l-dependent mechanism comparable to that seen in E A E , to 
be operating in P V E , then the monophasic nature of P V E might find its 
logical explanat ion. 

2. Hyperacute EAE 

Hyperacu te forms of E A E have been induced. Usually this requires 
administrat ion of selected bacter ia (e.g. , pertussis) or of endotoxin in 
addition to M B P . When this is done , extensive fibrin deposit ion, frank 
vessel disruption, parenchymal hemorrhages , and areas of frank necrosis 
are engrafted onto the basic E A E lesion (Levine and Sowinski , 1977). The 
situation can be likened (in my opinion, although there is disagreement on 
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this point) to that seen in the Shwar tzman react ion, and this provides an 
experimental model for A N H L in humans . 

3. Myelomalacic EAE 

Levine and Sowinski (1976) produced a model disease in rats that is 
reminiscent of necrotizing myelopathy. Lymph node cells from Lewis 
rats with E A E were transferred into virgin Lewis (genetically identical) 
recipients . Ordinarily, this maneuver leads to acute E A E in the recipi
ents . The lesions in recipients consist of acute perivenular lymphoid infil
t rates that appear , are present for a few days , and then regress . When 
recipient rats were t reated with ti lorone (an immunosuppress ive drug) the 
day before transfer, acute passively transferred disease was no longer 
observed; ra ther , a progressive myelopathy was noted. Histologically, 
per ivascular cuffs were few in number and scanty in content , but a mas
sive influx of macrophages into the cord was noted, and cord softening in 
regions of macrophage infiltration was observed. The myelomalacia in
volved grey mat te r more than whi te ; in some instances long lesions affect
ing the entire lower half of the cord , usually single, but at t imes multiple, 
were noted . It was shown, by killing recipients at various intervals after 
transfer, that monocy te infiltration preceded tissue necrosis . 

Levine and Sowinski (1976) argued that perivascular lymphocyt ic cuffs, 
so character is t ic of the usual forms of E A E , may be as protect ive as 
noxious . In adopt ive transfer lesions of E A E , most perivascular cells are 
of host ra ther than of donor origin. Thus , they suggested that t i lorone, by 
depleting host Τ cells, p revents their protect ive action and permits a 
necrotizing process to proceed. Whatever the explanation for their obser
vation may ultimately prove to be , the data suggested that an immune 
basis for necrotizing myelopathy cannot be set aside simply because a 
lymphocyte response is lacking or minimal. 

4. Chronic and Recrudescent EAE 

Strain 13 guinea pigs develop acute monophas ic E A E if immunized as 
adults with myelin or with M B P , but if immunized with myelin as j uve 
niles they develop chronic and/or recrudescent E A E (Wisniewski and 
Kei th , 1977; Raine , 1983). The lesions of the chronic disease resemble 
those of M S . Some animals develop an acute first a t tack in which cellular 
infiltration is prominent but demyelinat ion is not. The picture here is that 
of acute E A E or of P V E . Remission follows but leads into recur rence , 
and with recur rence the morphological picture changes . Cellular infil-
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t rates are less intense than in the first a t tack, but demyelination becomes 
more extensive and gliosis increasingly evident (Lassmann and Wis-
niewski, 1978, 1979). Whether sensitivity to M B P is responsible for recur
rent E A E in guinea pigs or whether some other antigen is in cause is 
unclear at present . In mice a chronic form of E A E in which sensitivity to 
M B P alone is said to be responsible has been reported (Lublin, 1983). 
Regardless , the model demonst ra tes that an auto immune process can 
mimic M S . 

5. lmmunogenetics of EAE 

Some strains of animals are susceptible to E A E , others resistant. Sus
ceptibility links to the major histocompatibili ty complex (MHC) as a dom
inant trait , but M H C involvement does not totally determine susceptibil
ity (Moore et al.y 1980; Bernard , 1976; Lando et ai, 1980). In the mouse , 
a second gene is implicated in susceptibility to E A E . This gene deter
mines response to injected his tamine, mice with the appropriate M H C 
and histamine sensitivity alleles being maximally susceptible to E A E 
(Linthicum and Frelinger, 1982). Other genes may also influence suscepti
bility to E A E . Female animals , for example , develop more severe E A E 
than males , and there is evidence that naturally occurring suppressor cells 
may, in some mouse strains, overr ide the influence of a MHC gene that 
would otherwise permit susceptibility. 

C . TREATMENT 

Most work has been done with acute E A E . Administrat ion of M B P in 
incomplete adjuvant will protect against subsequent a t tempts to actively 
induce disease . The t rea tment leads to the generation of Τ suppressor 
cells. T-cell clones react ive with M B P , if irradiated and given in F reund ' s 
complete adjuvant, protect against subsequent a t tempts to induce E A E in 
the cell recipients (Ben-Nun et ai, 1981a,b). The effect has been held to 
depend on the generat ion of an antiidiotypic response . 

A wide range of immunosuppress ive regimens has been shown to pre
vent or a t tenuate acute E A E . Included here are cyclophosphamide , 
azathioprine, cyclosporin A, and interferon. All four of these agents are 
currently under test as therapies for M S . At tempts to induce antigen-
specific suppressor cells and antiidiotypic protect ive mechanisms in MS 
will have to await the discovery of an MS-relevant antigen. 

F o r more comprehens ive discussions of E A E than can be a t tempted 
here , the reader might profitably consult the reviews of Paterson (1976), 
Wisniewski et al 1982, and Raine (1983). 
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V I . D E M Y E L I N A T I N G N E U R O P A T H I E S : A C U T E 

I N F L A M M A T O R Y D E M Y E L I N A T I N G 

P O L Y R A D I C U L O N E U R O P A T H Y ( A I D P ) 

A INTRODUCTION 

This enti ty is most commonly known as the Gui l la in-Barre syndrome. 
It occurs sporadically throughout the world and at all ages . The clinical 
picture is of a subacute , primarily motor neuropathy with raised spinal 
fluid protein and few cells. Ne rve condit ion velocities are slowed in most 
cases . Two-thirds of cases come on within days to weeks of an acute 
infection, usually a banal upper respiratory infection. Some patients men
tion an acute dysenter ic illness. In most instances the offending agent is 
not known. Of known an tecedents , cytomegalovirus , E p s t e i n - B a r r virus, 
and Mycoplasma pneumoniae infections are the most frequently encoun
tered (Dowling and Cook, 1981). Other viral infections that may be associ
ated with A I D P include smal lpox-vaccin ia , var ice l la-zos ter , hepati t is , 
and m u m p s . Five percent of cases follow surgery (Arnason and Asbury , 
1968), and a flurry of cases followed A N e w Jersey swine influenza vacci
nation in the Uni ted States in 1976 (Schonberger et al., 1979). Several 
cases occurr ing on a background of lymphoma, particularly Hodgkin ' s 
d isease , have been put on record (Lisak et al., 1977). The disease is 
monophas ic in the vast majority of cases . 

B. ANIMAL MODELS 

Several models for A I D P exist. The best studied is experimental aller
gic neuritis (ΕΑΝ) , a disease induced by immunizat ion with peripheral 
nerve myelin or with the P2 protein of peripheral nerve myelin. Cell-
mediated immunity to P2 protein is important for the genesis of lesions in 
this d isease , and the clinical, pathological , and electrophysiological fea
tures of Ε Α Ν faithfully cor respond to those of A I D P (Waksman and 
A d a m s , 1955; Brostoff et al., 1972). Exper imental allergic neuritis can be 
adoptively transferred with lymphocytes but not with serum, and skin 
tests with P2 protein p rovoke a characterist ic delayed hypersensit ivi ty 
type response (Kadlubowski et al., 1980). The data suggest that Ε Α Ν is a 
T-cell-mediated disease and that , arguing by analogy, A I D P may be as 
well. H u m a n cases of inflammatory neuritis that are clinically and patho
logically indistinguishable from A I D P have followed administrat ion of 
nerve-containing vaccines (Lopez-Adaros and Held, 1971). It seems prob
able that such ins tances , in fact, are Ε Α Ν in humans . In A I D P itself, 
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however , CMI response to P2 protein is absent . Thus , the features of 
AIDP and Ε Α Ν are similar save for the antigen involved. 

A second model for A I D P is provided by Marek ' s disease of the 
chicken. This is a subacutely evolving demyelinating neuritis that occurs 
in birds infected with an oncogenic herpes virus. Marek ' s virus also 
causes lymphoid tumors , as does the Epstein-Barr virus in man. The virus 
matures to a cell-free infectious enveloped form in the epithelial cells of 
the feather follicle and is shed with the dander . Infection is thought to 
follow aspiration of infectious dander . In infected birds it is extremely 
difficult to demons t ra te the virion in t issues o ther than the hair follicle 
epithelium. Virus, however , can ultimately be recovered from nerve ex-
planted onto chicken kidney cell monolayers , that is, nerve is latently 
infected possibly by viral material carried into nerve by lymphocytes , 
themselves latently infected. If dorsal root ganglia from infected birds are 
maintained in t issue culture for several days , virions appear but they are 
confined to satellite cells, nonmyelinating Schwann cells, and lympho
cytes . Virus is not seen in myelinated Schwann cells. Thus , al though 
nerve is latently infected, the infection is in " t h e wrong ce l l s . " Since 
inflammatory infiltrates in nerve have been shown to precede the appear
ance of viral material , I conclude that something other than an antiviral 
defense response is in play in the genesis of the neuritis. 

The pathological lesions of Marek ' s disease neuritis are indistinguish
able from those of A I D P . The invading cells within nerve consist of small 
and medium-sized lymphocytes , blasts , monocytes , and macrophages . 
Myelin is str ipped by the macrophages , and axons are largely spared. In 
Marek ' s d isease , CMI and antibody responses to myelin can be demon
strated (reviewed in Stevens et al., 1981). Marek ' s disease occurs in birds 
from which the bursa of Fabricius has been removed. Such birds cannot 
generate an ant ibody response but CMI responses are preserved. This 
finding establishes that a CMI response alone can suffice for an inflamma
tory demyelinating neurit is . 

It is of interest that lymphocytes latently infected with the Marek ' s 
disease virus express a cell-surface antigen that is specific. Cell-mediated 
immune and ant ibody responses to this surface antigen are present in 
Marek ' s virus-infected birds. Whether the antinerve and ant i lymphocyte 
responses are directed against cross-react ive or distinct antigens is not 
known. No te that cytomegalo and Eps t e in -Ba r r viruses, both of which 
are tied to A I D P , are herpes viruses like Marek ' s virus, and that all three 
viruses cause latent infection of lymphocytes . 

A third model demyelinating neuritis follows repeated immunization of 
rabbits with galactocerebroside (GC). Galactocerebroside is a component 
of both C N S and peripheral nerve myelin, but the disease is confined to 
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the peripheral ne rves . GC-induced neuritis is ant ibody mediated. Macro
phages are found in nerve but lymphocytes are absent , that is, the patho
logical features are not those of A I D P (Saida et al., 1981). Antibodies to 
GC are not de tec ted in A I D P . 

C . CLINICAL PRESENTATIONS 

Acute inflammatory demyelinating polyradiculoneuropathy is an un
common disease . Epidemiological data indicate that approximately one 
person per million populat ion develops A I D P each month . Several hun
dred cases of A I D P occurred in the Uni ted States in 1976 as a complica
tion of the national swine influenza vaccination campaign. The rate of 
A I D P following swine influenza vaccinations has not exceeded back
ground levels in subsequent years and jus t why the vaccination program 
of 1976 had this complicat ion in the United States , although not in o ther 
countr ies , remains a mystery . 

The illness evolves over days to 2 - 3 weeks . Motor weakness predomi
na tes , and reflexes are characterist ically lost. In 20% of cases , weakness 
becomes so profound that assisted respiration becomes necessary . Weak
ness tends to be symmetr ical . N o tie of susceptibility to H L A endowment 
has been found. 

Ataxia may be prominent early in disease and sensory symptoms can 
rarely be the mode of presenta t ion, but weakness invariably supervenes . 
Objective sensory loss is usually less extensive than subjective com
plaints would lead one to anticipate. Facial diplegia is present in half the 
cases . Autonomic function is often abnormal and may be expressed in 
multiple w a y s . Fo r a more detailed review of the autonomic manifesta
tions of A I D P , the reader may consult a recent review (Arnason, 1983). 
F o r a set of diagnostic criteria, Asbury et ai, (1978) should be consul ted. 

D . HISTOPATHOLOGY 

The pathological feature of A I D P is perivenular inflammatory infiltrates 
scat tered randomly through the nerves with accompanying segmental de
myelination (Asbury et al., 1969; Pr ineas , 1981). Blood-derived lympho
cytes and macrophages predominate among invading cells; macrophages 
appear to be the final vector of myelin destruct ion. The macrophages 
break through the basement membranes that surround Schwann cells, 
insert tongue-like processes be tween myelin lamellae, sequester myelin 
fragments, and ingest and digest them. The mechanism underlying 
myelinolysis by macrophages is uncer ta in; lymphokine-mediated cytotox
icity may be involved. Within 2 - 3 weeks in 50% of A I D P cases , myelin 



420 BARRY G. W. ARNASON 

destruct ion has ceased and repair begins. Repair is heralded by Schwann 
cell proliferation, which is followed by laying down of new myelin. The 
new myelin is thinner than that it replaces , and the internodal dis tances 
are shor tened. In severe cases there may be substantial axonal disruption 
in addition to demyelinat ion. The pathological features are identical with 
those of Ε Α Ν . 

Ε. IMMUNOLOGY 

Immunology 

a. Blood In blood there is usually a modera te polymorphonuclear 
pleocytosis ; Τ cells are reduced and Β cells are increased, particularly 
early in the disease . One group (Goust et al., 1978) has reported that T-
suppressor-cell function is defective; T-suppressor-cell counts are normal 
(H. Wiener , personal communicat ion) . Activated lymphocytes are found 
in the blood; possibly they represent a response to infection. N o geneti
cally determined predisposit ion to develop disease has been detected in 
A I D P ; histocompatibil i ty profiles mirror those of the population at large. 

Proliferative response of peripheral blood lymphocytes to crude nerve 
antigens has been demonst ra ted by several techniques . Two groups have 
reported CMI responses to the P2 protein of nerve (Sheremata et al., 
1975; Abramsky et al., 1980), but three others have failed to find it (Iqbal 
et al., 1981; R . A . C . Hughes , personal communicat ion; R. Lisak, personal 
communicat ion) . The point is important since, as discussed, P2 induces 
experimental allergic neuritis (ΕΑΝ) , an animal disease that mimics A I D P 
in many ways . I conclude that P2 is not the A I D P neuritogen and that to 
the present the A I D P neuritogen remains unknown. 

Serum immunoglobulins are increased in A I D P ; IgG, IgA, IgM, and 
IgE all share in this response (Cook et al., 1970; Huang, 1975). Antibodies 
that destroy myelin in nerve cultures have been detected by several 
groups. The antigen against which they are directed is not known. Anti
body to P2 protein is not present (Iqbal et al., 1981) nor is antibody to GC 
(Hughes , 1979). 

Antibodies that lyse lymphocytes in vitro have been found in half the 
cases (Searles et al., 1981). Similar lymphocytotoxic antibodies are found 
in o ther diseases , notably MS and systemic lupus e ry thematosus (SLE) . 
In cerebral S L E , antibrain antibodies that cross-react with lymphocytes 
have been detected (Bluestein et al., 1981). Whether the lymphocytotoxic 
antibodies present in AIDP cross-react with nerve is not known. 

b. Spinal Fluid Within a few days of onset the spinal fluid total protein 
is elevated. There is no disproport ionate increase in IgG, and oligoclonal 
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bands of IgG are ra re . The raised proteins bespeak damage to nerve roots 
with disruption of the b l o o d - n e r v e barrier . Protein content rises over 
t ime, peaking at 3 - 4 weeks even as the patient is beginning to recover . In 
a few cases the spinal fluid protein remains normal . Cells in the spinal 
fluid are not ordinarily elevated, but up to 20 cells may be seen in some 
cases ; Τ cells p redominate . 

c Nerves Immunoglobulin deposi ts in nerve and circulating antibod
ies that bind to myelin in vitro have been repor ted, using fluorescent 
me thods , to be present in A I D P , but the specificity of the finding has been 
quest ioned (Hughes , 1979). Nyland and Aarli (1978) used an antiglobulin 
consumpt ion test to demons t ra te IgG binding (via the Fab port ion of the 
molecule) to peripheral nerve in 15 of 30 A I D P cases . Controls were 
negative. Binding was detected early and was lost with recovery . Comple
ment levels are not decreased in A I D P . Circulating immune complexes 
are found in some A I D P patients and have been invoked as responsible 
for the glomerulonephri t is that may complicate the disease. Others have 
argued that renal complicat ions in A I D P may be mediated by lympho-
kines (Froelich et ai, 1980). 

As already discussed, GC-induced neuritis can be induced in rabbits by 
repeated immunizat ion with G C . The disease is antibody mediated, and 
the morphological features of A I D P are not mimicked. The rat is refrac
tory to actively induced GC neurit is , despite the fact that antibodies to 
G C are readily generated, presumably because the blood-nerve barrier is 
not readily breached in this species and the antibody is unable to reach 
nerve pa renchyma . Lamper t (1980) injected PPD intraneurally into tuber
culin-sensitive ra t s . A CMI response in nerve ensued but demyelinat ion 
was minimal. In tuberculin-sensit ive rats immunized with G C , intense 
demyelinat ion followed intraneural injection of tuberculin, that is, the 
CMI response to tuberculin and the ant ibody response to GC synergized. 
The possibility that two types of immune response , perhaps directed at 
two distinct neural ant igens, may underly A I D P is only now beginning to 
be explored. 

d. Laboratory Diagnosis An elevation of total spinal fluid protein is 
usual but by no means specific for this disease. Ne rve conduct ion velocity 
measurements show slowing in the vast majority of cases . 

F . TREATMENT 

There is no known specific t rea tment for AIDP . Former ly , glucocorti
coids were advoca ted , but a controlled trial failed to reveal benefit 
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(Hughes et al., 1978). The major concern is respiratory failure; t rea tment 
here is support ive, and assisted respiration may be required. 

VII. DEMYELINATING NEUROPATHIES: RELAPSING 
AIDP 

Approximately 3 % of A I D P cases relapse months to years after recov
ery from the initial episode. Of relapsing cases , perhaps half have more 
than one relapse. Individual a t tacks do not differ from those of A I D P in 
their essentials , al though the t empo of evolution may be somewhat 
slower, and with several a t tacks residual deficit may summate and the 
nerves become palpably enlarged. One at tack may follow an infection, the 
next surgery, and vice versa , suggesting nonspecificity in the antecedents 
that p rovoke re lapses . HLA typing has revealed an overrepresentat ion of 
the Al, B8, and DRW3 alleles in relapsing A I D P and in CIDP (see below) 
(Stewart et al., 1978; Adams et al, 1979). 

VIII. DEMYELINATING NEUROPATHIES: CHRONIC 
INFLAMMATORY DEMYELINATING 
POLYRADICULONEUROPATHY (CIDP) 

This disease, like A I D P , is an inflammatory demyelinating polyradicu
loneuropathy with raised spinal fluid protein and slowed nerve conduc
tion. Cell-mediated immune response to nerve and antibody response to 
crude nerve have both been demonst ra ted in CIDP. In most instances 
C I D P is indolently progressive from the outset , but cases are on record in 
which A I D P or relapsing A I D P led into CIDP, and I view CIDP as an 
A I D P variant . The predominant pathological feature in regions of myelin 
destruct ion is one of lymphocyt ic and macrophagic infiltrates. Some cases 
respond to a greater or lesser extent to prolonged glucocorticoid treat
ment (Austin, 1958; Dyck et al., 1982). There is a suggestion that ant ibody 
to nerve may have a major role in C I D P if reports of response of C I D P 
cases to plasmapheres is are taken at face value. Some cases do not re
spond to p lasmapheres is . 

IX. DEMYELINATING NEUROPATHY OF PLASMA 
CELL DYSCRASIA 

Latov et al. (1980, 1981) d rew attention to this entity. The picture is one 
of a mixed (motor and sensory) progressive neuropathy with slowed 
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nerve conduct ion . It has most often been associated with an IgM k gam-
mopathy , and the IgM k monoclone binds to a 100,000-dalton myelin 
protein known as myelin-associated glycoprotein (MAG). This finding 
suggests that the monoclone is an autoant ibody. There is evidence that 
pat ients may share idiotypy of their IgM clone (Dellagi et al, 1979). IgM k 
deposi ts along myelin in nerve can be detected, and by electron micros
copy a loosening of outer myelin lamellae can be shown (Propp et al., 
1975; Julien et al, 1978; Khan et al, 1980). There are no inflammatory 
cells. Some cases have responded to plasmapheresis or to t rea tment of 
their underlying gammopathy . 

X . A X O N A L A N D N E U R O N A L N E U R O P A T H I E S 

A . SUBACUTE SENSORY NEURONOPATHY 

This ent i ty, which is character ized by progressive sensory loss and 
preserved strength, occurs most often on a background of cancer , usually 
oat-cell carc inoma of the lung (Horwich et al, 1977). Spinal fluid protein 
is e levated in three-quar ters of the pat ients , usually >100 mg/dl, and mild 
spinal fluid lymphocytos is is seen in a substantial proport ion of cases . 
Pathological findings are distinctive with intense lymphocytic and macro
phage infiltration of dorsal root ganglia and neuronal cell loss , often pro
found, in dorsal root ganglia. In burnt-out cases , neuronal depopulat ion 
and fibrosis are found in dorsal root ganglia (Horwich et al, 1977). What 
is probably the same condition also occurs in the absence of tumor (Sher
man et al, 1980). In this regard, subacute sensory neuronopathy is not 
different from other paraneoplast ic syndromes affecting the nervous sys
tem, each and all of which also occur in the absence of tumor . The oat-cell 
tumor is thought by some to be of neural crest origin. Certainly it can 
secrete neural p roduc t s , and expresses surface antigens that cross-react 
with neural t issues (Bell and See tharam, 1977). Possibly an immune re
sponse that controls the tumor (oat-cell cancers with paraneoplast ic com
plications have a good prognosis insofar as the tumor is concerned) is 
misdirected against sensory neurons because of shared antigenic determi
nants . While most cases are subacute , indolently progressive forms are 
seen. 

B . LAMBERT-EATON SYNDROME 

In this rare condit ion, release of acetylcholine from the terminal axon is 
deficient. The clinical picture includes weakness and fatigability, particu-



424 BARRY G. W. ARNASON 

larly of the muscles of the pelvic girdle and thighs, with associated dry 
mouth , limb pares thes iae , aching in the thighs, impotence, and weak or 
absent deep tendon reflexes. Elec t romyography reveals , with repetit ive 
stimulation at rates > 1 0 stimuli/sec, a diagnostic increase of muscle re
sponse . The condit ion responds to plasmapheres is , and injection of serum 
from afflicted pat ients into mice reproduces the electrophysiological fea
tures of the illness, suggesting that it may be antibody mediated (New-
som-Davis et al., 1982). The ant ibody is thought to interfere with acetyl
choline release by binding to the terminal axon. Seventy percent of cases 
have cancer , most commonly an oat-cell carcinoma. In cases with cancer , 
there is a 4 : 1 p reponderance of males . In cases without tumor, no male 
preponderance is noted. Most patients respond to guanidine, a drug that 
favors acetylcholine release. 
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CHAPTER 

Immunological Influences in 
Cardiovascular Disease 
MATHEW A. VADAS 
Clinical Research Unit of The Walter and Eliza Hall Institute of Medical Research 
and The Royal Melbourne Hospital 
Melbourne, Victoria, Australia 

I. INTRODUCTION 

There are few areas of clinical medicine that have been so little influ
enced by immunological considerat ions as that of cardiovascular disease. 

First , one should ask whether interest in this interface is justified? It has 
to be admit ted that immunological mechanisms normally devoted to deal
ing with acute per turbat ions of the external milieu may not have , and in 
fact are designed not to have , effects on cardiovascular phenomena essen
tial to homeos tas i s . Support ing this point of view is the scarcity of cardio
vascular abnormali t ies descr ibed in animals immunodeficient as a result 
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of single gene mutat ions and the normality of the immunological system in 
cases of inborn errors of the cardivascular system (CVS). On the o ther 
hand, there are many difficulties in the design of experimental approaches 
to immunological disorders in cardiovascular disease. For example , there 
is a relative difficulty in obtaining cardiovascular t issue for immunological 
examinat ion, and the large animals often used as models for cardiovascu
lar research are not as yet well character ized and, in fact, are clumsy to 
study from the immunological point of view. 

Despi te these difficulties, there is already a modest body of evidence 
linking pathology of the CVS with immune perturbat ion, much of it aris
ing by reason of the CVS being involved as a bys tander in immunological 
and infective diseases: in part icular, frank auto immune phenomena are 
not prominent as causes of CVS disease. However , in the au thor ' s judg
ment , the real breakthroughs in the CVS- immunology interface are yet to 
come and many of those will be from spin-offs from the new 4 ' immunolog
ical me thodo logy . " For example , there are already elegant examples of 
the uses of antibodies of well-defined specificities in the diagnosis and 
t reatment of myocardial d isorders . In addition one can look forward to 
elucidating the effects of cell-derived factors, cytokines , on the conduc
tion pa thways in the hear t , on endothelial as well as circulating cells, 
receptors for growth factors, and l ipoproteins. Perhaps the most informa
tive probes will be genetic ones that , by enabling analysis of restriction 
endonuclease pat terns of D N A , will reveal genes linked to susceptibility 
to various CVS diseases . In the first instance these may be used to probe 
condit ions with a dominant inheri tance, such as idiopathic hyper t rophic 
subaort ic s tenosis , in a manner similar to that which has been successful 
in Hunt ing ton ' s d isease . However , there is no reason why diseases under 
the control of many genes should not be susceptible to this approach. 

In this chapter , I shall confine discussion to a limited number of exam
ples of cardiovascular diseases in which autoimmunity or immunological 
aberrat ions have been shown to be , or have a chance of becoming, impor
tant . 

II. RHEUMATIC FEVER 

Heart- react ive antibodies (HRA) have long been implicated in the 
pathogenesis of rheumat ic fever (Van de Rinj et al., 1977). Rheumat ic 
fever and the subsequent rheumat ic hear t disease are initiated by an infec
tion with a group A jS-hemolytic Streptococcus. As a result of this infec
tion, some individuals develop H R A , some develop disease, and some 
develop both . The central quest ions relate to the reasons for the suscepti-
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bility to disease of certain individuals, for the development of H R A , and 
the possible relat ionships be tween these . 

Doubt less a reason exists for the majority of patients with ^-hemolyt ic 
s t reptococcal infections not getting rheumat ic fever. Until now these 
were probed with relatively blunt tools , namely relating susceptibility to 
rheumat ic fever to A B O blood groups or H L A antigens (Murray et al., 
1978), and no clear t rends emerged. More recently, an HLA-l inked B-cell 
alloantigen was related to susceptibility (Olsen, 1980), suggesting a ge
netic basis . This should lead to further analysis , but with the much finer 
tools of molecular biology, looking for the correlation be tween restriction 
fragment-length polymorphism and disease. 

The development of H R A in rheumat ic fever is a good example of 
"molecu la r m i m i c r y . " Prominent antigenic components of s t reptococci 
elicit ant ibodies in some individuals that cross-react with myocardial tis
sues . These antibodies tend to persist , and deposi ts of ant ibody and com
plement have been found on cardiac muscle at sarcolemmal and subsarco-
lemmal sites (Kaplan and Meyeser ian , 1962) and in the per icardium 
(Persellin et al., 1982; Russel and Persellin, 1982). The cross-react ion 
extends not only to human myocard ium (Kaplan, 1979) and myocardial 
sarcolemmal antigens (Zabriskie and Freimer , 1966; Van de Rinj et al., 
1977), but also to heart valve glycoproteins (Goldstein et al., 1968) and the 
myocardial conduct ion system (Kasp-Grochowska and Kingston, 1977). 
In addit ion, the serum of children with Sydenham' s chorea react with 
cytoplasmic neuronal antigens in the subthalamic and caudate nuclei , 
and, since this reactivity can be absorbed by group A streptococcal mem
branes (Husby et al., 1976), a s trong implication for mimicry also applies 
here . 

Thus , in the predisposed individual, s t reptococcal infection sets up a 
series of events culminating in disease . Besides the persistent elevation of 
antibodies to group A s t reptococcal antigens in the blood, there is also 
evidence for a cell-mediated immune at tack, that is, the accumulat ion of 
OKT4-staining Τ lymphocytes (Raizada et al., 1983) in valvular t i ssues . 

Although the development of rheumat ic fever is said to correlate posi
tively with t i ters of H R A , there are examples of patients without rheu
matic fever and with high levels of ant ibody, as well as the opposi te 
associat ion. Never the less , the body of evidence for the associat ion is 
convincing (Williams, 1983), and investigations not only into the cause of 
development of these antibodies but also for the reasons of their persist
ence may be relevant . Besides the genetic reasons discussed above , an
other possible mechanism may derive from a coinfection with another 
agent. In this model a synergism be tween the s t reptococcus and another 
silent infectious agent is establ ished, resulting in an adjuvant-like effect. 
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An example of this type of mechanism is the prolongation of immune 
responses to protein antigens by Bordetella pertussis toxin (Smith et al., 
1976). 

III. M Y O C A R D I T I S 

A . CHAGAS' DISEASE 

This is the commones t form of myocardit is in the world. Invest igators 
have long been puzzled by the absence of Trypanosoma cruzi organisms 
from the hear ts of individuals with active carditis. Recent ly, an explana
tion, again rooted in the mechanism of molecular mimicry, was provided 
(Cossio et al.y 1977; Teixera, 1974). An antibody was found in most pa
tients with Chagas ' heart disease that reacted both with T. cruzi (epimasti-
gote stage) and with antigens present on heart endothel ium, intersti t ium, 
and vessels . The addition of this cross-reactive antibody to living rat 
atrium resulted in (1) fixation of the antibody to heart muscle resulting in 
electron microscopic evidence of pathogenetic change, and (2) an in
crease in the atrial ra te . The hypothesis that this antibody increased atrial 
rate by acting as an adrenergic agonist was supported by the observat ion 
that β-adrenergic blockers prevented the antibody-induced tachycardia , 
and that ant ibody prevented the expected effect of noradrenaline in the 
system. 

Additional proof for the molecular mimicry in Chagas ' disease comes 
from the descript ion of a monoclonal ant ibody (MAb) raised against dor
sal root ganglia that reacted with mammalian central and peripheral neu
ronal antigens and with T. cruzi (Wood et al., 1982). All classes of neu
rons , including autonomic ganglia that undergo degenerat ion in Chagas ' 
d isease, reacted with the ant ibody, and the M A b with complement was 
also cytotoxic to cardiac cells in culture (Huber et al., 1980). 

These studies not only illustrate the possible pathogenesis of this dis
ease involving the cardiac and nervous t issues but also suggest a mecha
nism for the pro tean clinical manifestations of other infectious agents . 

B . COXSACKIE MYOCARDITIS 

Cell-mediated immune react ions are implicated in the causation of Cox
sackie Β virus-induced myocardi t is . Coxsackie B-3 and B-4 viruses have 
been shown to induce myocardial lesions in mice, and Τ lymphocytes 
from mice infected with Coxsackie virus are able to kill cardiac myofi-
bers . In addit ion, subtypes of Coxsackie virus (for example , B-3o) that do 



16. INFLUENCES IN CARDIOVASCULAR DISEASE 433 

not p roduce myocardi t is seem to differ from subtypes that do produce 
myocardi t is (for example , B-3m) only by their inability to sensitize Τ 
lymphocytes (Cossio, 1977). 

IV. CARDIOMYOPATHY 

In general , immune processes have been implicated in this group of 
disorders by the discovery of deposit ion of antibody in myocardial tis
sues . It is not possible , however , to be certain that this deposit ion is the 
cause of injury ra ther than its result . Never the less there are two s trands 
of evidence that suggest that immune mechanisms may be important in 
card iomyopathy . Firs t , there is a very high titer of anti-Coxsackie anti
body in pat ients with recent-onset card iomyopathy, especially in those 
whose illness started with fever (Cambridge et al., 1979). In these individ
uals , an unusually prolonged immune reaction against the virus may be 
responsible for this chronic illness. Second, there exists an immune dis
turbance in congest ive card iomyopathy: The mononuclear suppressor-
cell activity is lower than in control pat ients with cardiomyopathy due to 
ischemic heart d isease . This deficiency may explain why the abnormally 
prolonged immune at tack is sustained against Coxsackie virus in some 
pat ients . It may also explain why , after cardiac t ransplantat ion, lympho
mas predominate among pat ients who had had congestive ra ther than 
ischemic card iomyopathy: The former possibly had an impaired " i m m u n e 
surve i l lance" even before immunosuppress ive t reatment (Fowles et al., 
1979). 

In hyper t rophic card iomyopathy , as exemplified by idiopathic hyper
trophic subaort ic s tenosis , immune dysfunction has not been strongly 
implicated, in spite of the high incidence of antibody deposit ion in the 
myocard ium (Das et al., 1973). However , the autosomal dominant pat tern 
of inheri tance suggests a single aberrant gene function in this disease , 
al though repor ts linking this gene to the HLA complex are unconvincing 
(Bloch et al., 1980). Immunological mechanism that lead to the stimula
tion of myocardial growth by the induction of excess receptors on a 
subpopulat ion of myocardial cells, perhaps septal , may be considered. 

V. HEART BLOCK 

The immunological aspects of congenital heart block are truly remark
able. First , it is a recognized complicat ion of maternal mult isystem 
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autoimmune disease , notably systemic lupus ery thematosus (Esscher and 
Scott , 1979; Maisch et al., 1979a). Second, a strong association has been 
described be tween infantile heart block and the presence of anti-Ro (SS-
A) autoant ibodies in maternal serum (Alspaugh and Maddison, 1979; 
Scott et al., 1983), even in the absence of overt disease. Although anti-Ro 
crosses the placenta (Vetter and Rashkind, 1983), it may not be the anti
body that is directly involved in the etiology of the heart block. Never the
less it does serve as a reliable marker for the identification of at-risk 
pregnancies . 

The adult form of complete heart block has only tenuous immunological 
connect ions (Fairfax, 1976), but in Chagas ' disease (see above) cross-
reactive ant ibody may be involved. The possibility that o ther autoant ibo
dies against conduct ing tissues change the threshold for conduct ion 
should be borne in mind in the search for the causes of some forms of this 
disease. 

VI. POSTPERICARDIOTOMY SYNDROMES 

Myocardial injury seems to lead to the development of H R A and to two 
clinical enti t ies, the postper icardiotomy and the postmyocardial infarc
tion syndromes . 

In the postper icardiotomy syndrome, fever, leukocytosis and elevated 
E S R and percardit is develop in up to 20% of patients 1-6 weeks after 
myocardial surgery, and 84% of them (Maisch et al., 1979b) develop 
antibodies not only against cardiac sarcolemmal antigens but also skeletal 
muscle , endothelial cell, and nuclear antigens. This is therefore a multi
system disease in which the heart plays a central clinical role. In spite of 
the antibodies not being heart specific [and unlike those in rheumatic 
fever not absorbed by streptococci (Zabriskie, 1977; Patar royo et al., 
1979)], there is evidence for the severity of clinical disease being reflected 
in the magnitude of the immune response (Chang et al., 1979). The other 
possibility of a cell-mediated immune effect being pathogenic has also 
been considered (Maisch et al., 1983a), but no results bear directly on this 
quest ion. 

In the postmyocardia l infarction syndrome, Dress ler ' s syndrome, a 
similar clinical picture of pericardit is , fever, leukocytosis , and high E S R 
is seen 2 - 6 weeks after myocardial infarction in 1-4% of pat ients . Al
though the rise in titer of antiheart antibodies is associated in t ime with 
disease (Agrawal et al., 1978), the association must for the moment be 
regarded as incidental . 
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V I I . H E A R T T R A N S P L A N T A T I O N 

In spite of being a highly artificial sys tem, heart t ransplantat ion provides 
a t rue model of immunological injury to heart t issue with evidence of 
conduct ion dis turbance as well as muscle destruct ion. The observat ion 
that after cardiac t ransplantat ion lymphomas predominate among pat ients 
who had congest ive ra ther than ischemic cardiomyopathy prompted the 
discovery of a defect of suppressor activity in the former group of pa
t ients , suggesting an underlying immune defect (Dudding and A y o u b , 
1968). 

V I I I . S U B A C U T E B A C T E R I A L E N D O C A R D I T I S ( S B E ) 

Almost 100% of pat ients with S B E develop H R A (Maisch et al., 
1983a,b). Ant iendocardial ant ibody is diagnostic of endocardi t is , and anti-
sarcolemmal and -myolemmal antibodies are probably related to the se
verity of the myocardial involvement in the endocardi t is . Fo r conven
ience, the chief diseases in which H R A occur are listed in Table I. 
Immune complexes are seen more frequently (85%) in patients with posi
tive blood cul tures (Maisch et al., 1983a) and are associated with hypo-
complementemia and hematur ia , as well as a longer duration of illness and 
extravalvular manifestations (Mackay, 1979). This immunological phase 
of S B E is marked by an increase in plasma IgA and IgM and by the 
presence of IgM rheumatoid factor reacting with host IgG, itself directed 

TABLE I 
Heart-Reactive Antibodies 

Disease Probable mechanism Site(s) of reaction 

Acute rheumatic Cross-reactive with Myocardium, pericardium 
fever Group A Cardiac conductive tissue 

/3-hemolytic CNS neuronal tissue 
Streptococcus 

Chagas' disease Cross-reactive with Myocardium 
Trypanosome cruzi Cardiac conductive tissue 

Neuronal tissue 
Postpericardiotomy Immune reaction to Myocardium 

and myocardial damaged organ Skeletal muscle 
infarct 

Bacterial Immune reaction to Myocardium 
endocarditis damaged organ Endocardium 
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against bacterial ant igens. Clearance of the infection is associated with 
the rapid d isappearance of this rheumatoid factor. 

It is interesting to note that some of the clinical features of S B E , includ
ing microscopic hematur ia , arthri t is , and splenomegaly may be mediated 
by circulating immune complexes , while Osier ' s nodes are believed to be 
due to septic emboli . 

IX. IMMUNOREGULATORY LIPOPROTEINS 

Since blood lipids are linked to cardiovascular disease, it is important to 
note that l ipoproteins may be powerful regulators of the immune re
sponse . The effects of l ipoproteins are as a rule inhibitory to the immune 
system. F o r example , the int ravenous administration of high-density lipo
proteins to mice results in significant depression of mitogenic responses , 
of pr imary immune responses to sheep red blood cells, and even of allo
graft immunity (Agrawal et al.y 1978). In addition, there is evidence that 
very low-density l ipoprotein (VLDL) and a light-density fraction of low-
density l ipoprotein (LDL-In) in concentra t ions as low as 2 .5-1 .0 pmol/ml 
inhibit certain lymphocyte functions (Mathews, 1979). They act on lym
phocytes in the early part of immune response , perhaps by preventing or 
delaying mitosis . Suppressor Τ cells are especially sensitive to the L D L -
In immunoregulator . The concentra t ions of these substances at the site of 
antigen entry , where the initial immune responses take place, are not 
known, and therefore their physiological role is still in quest ion. The 
relationships of levels of these immunoregulators with forms of hyperlipi-
demias are the subjects of ongoing research. 

X. AUTOIMMUNE HYPERLIPIDEMIA 

In this disease , l ipoprotein clearance is inhibited by a circulating auto
antibody to lipid-carrying protein. In addition to generalized atherosclero
sis, xan thomas may form when circulating low-density lipoprotein com-
plexed with an IgA autoant ibody loses its ability to regulate cholesterol 
synthesis (Mathews , 1979). 

XI. IMMUNOLOGICAL PROBES IN 
CARDIOVASCULAR DISEASE 

Antibodies have great potential as specific probes . The injection of 
xenogeneic protein in general , and immunoglobulins (Ig) in part icular, 
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however , elicits an immune response limiting their repeated injections. 
However , Fab fragments of Ig are less immunogeneic and are more rap
idly excre ted and thus are much more suitable for in vivo use . An even 
smaller ant ibody fragment, the F v consisting of a single Ig domain (25,000 
dal tons) , one that carries the full capacity to bind antigen, has an even 
greater clinical potential (Hochman et al., 1976). A second problem in the 
use of antibodies is the presence of impurit ies. This can be overcome by 
the use of monoclonal ant ibodies . These have the added advantage of the 
capacity for mass product ion. They are still derived from xenogeneic 
species but this too may be capable of being altered by a genetic engineer
ing approach of manufacturing hybrid antibodies composed mainly of 
human e lements . Alternatively, given suitable human cell lines for hybrid
ization, human autoant ibodies of the right specificity may be derived and 
used therapeutical ly. 

There are four areas in which M A b have already been shown to be 
useful: 

1. Antirenin ant ibodies . Rabbit antirenin Fab has an immediate hypo
tensive affect in dogs rendered hyper tens ive as a result of renal ar tery 
constr ict ion (Dzau et ai, 1980). Fab is much less immunogenic than 
whole IgG, and has the added advantage of equilibrating rapidly with 
extracellular fluid and having a shorter half-life. Monoclonal antibodies 
against renin have also been prepared , and their therapeut ic role is under 
investigation. 

2. Αηύ-β-Adrenergic receptor ant ibodies . This problem has been at
tacked by the raising of antibodies in rabbits against a β agonist and 
purifying by affinity chromatography. This antibody was then used for the 
raising of anti idiotypes that were found to bind membranes that bear the β 
receptor (Rockson et ai, 1980; H o m e y et al., 1981; Schreiber et ai, 
1980). This approach , and its monoclonal counterpar t , will allow not only 
the isolation of the β receptor but also examination of its numbers and 
heterogenei ty of various cell types . 

3. Myosin-specific antibodies in myocardial infarct imaging. The 
unique covalent s t ructure of cardiac myosin is normally protected from 
the extracellular fluid by the plasma membrane . With cell death , this 
barrier is b roken and antibodies have access . This approach has been 
spectacularly successful in living dogs (Khaw et al., 1980), resulting in 
high resolution. Its use in humans has obvious applications. 

4. Antidigitalis ant ibodies . Digoxin-specific Fab was shown to be ef
fective in treating digitalis toxicity in dogs (Curd et al., 1971), and has 
been used in humans for this life-threatening intoxication. In each subject 
(ranging in age from infants to septuagenarians) , dramatic reversal of 
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signs and symptoms of intoxication occurred (Smith et al. 1976; 
Aeberhard et al., 1980; Hess et al., 1979). Notable in these patients was 
the reduct ion in half-life of digitoxin, normally of the order of 3 days , to 12 
h. 

X I I . A T H E R O S C L E R O S I S 

Finally, it may be worth considering whether immunological mecha
nisms play a part in the common disorders of atherosclerosis and hyper
tension. There is already persuasive evidence that arterial injury can be 
caused by immunological mechanisms and that such injury leads to accel
erated a therosclerosis . Indeed, auto immune phenomena are found with 
an increased incidence in atherosclerot ic pat ients , as judged by popula
tion surveys (Mathews et al., 1974), and patients with auto immune dis
eases such as systemic lupus e ry thematosus have an accelerated onset of 
atherosclerosis . In addit ion, cigarette smoke, implicated as a major risk 
factor in a therosclerosis , has also been found to elicit an immune reac
tion, and the majority of smokers demonst ra te immediate skin sensitivity 
to component(s) of cigarette smoke . 

Another way of implicating immunological mechanisms is through ge
netics. There are three chromosomal loci known to influence the immune 
responses . These are the HLA locus, encoded within the major histocom
patibility complex, the Gm locus, which defines immunoglobulin allo
types , and a locus encoded within the X ch romosome. Linkage has been 
demonst ra ted be tween atherosclerot ic heart disease, as assessed clini
cally by coronary occlusion, and particular genotypes specified by these 
loci (Mathews et al., 1980). Although all these findings make likely the 
involvement of immunological react ions in atherosclerosis , the quest ion 
remains as to how important these reactions are in comparison with the 
other well-known risk factors. The answer may be forthcoming in the 
future by probing the genome with restriction endonucleases . 

XII I . H Y P E R T E N S I O N 

There is evidence in hyper tension for the involvement of specific immu
nological effects. These exper iments in rats revealed the highly unex
pected result that a single int ravenous administration of spleen cells from 
hypertensive donors transferred hypertension into normotensive recipi
en ts ; in addit ion, a delayed-type hypersensit ivity response to homoge-
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nized arterial wall was also transferred. Although startling, these experi
ments remain to be repeated by another group, and the mechanism of the 
effect unders tood . In humans , essential hyper tension is associated with a 
higher frequency of autoant ibodies and rheumatoid factor and higher lev
els of IgG and is linked with certain H L A specificities and Gm al lotypes 
(Mathews et al., 1980), suggesting the possibility of a " l o o s e " link to 
immunological mechanisms . 

X I V . S U M M A R Y 

Although it is clear that the heart can be damaged by immunological 
mechanisms (an ex t reme example being seen in heart t ransplant) and that 
damage to the hear t can result in an immune response against the myocar
dium (as seen after cardiac surgery), in most diseases the pathogenic role 
of the immune sys tem has not been conclusively demonst ra ted . Never 
theless , the tools of immunology are likely to play an increasingly impor
tant par t in the diagnosis and t rea tment of cardiovascular d iseases , as 
exemplified by the t rea tment of digitalis toxicity by antidigitalis antibod
ies. Modern tools of immunology and molecular biology may shed more 
light on mechanisms of cardiovascular disease, especially those with ge
netically determined or infectious etiologies. 
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I. INTRODUCTION 

Several dermatoses that are examples of organ-specific and organ-non
specific au to immune cutaneous diseases are listed in Table I. Organ-spe-
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TABLE I 
Autoimmune Cutaneous Diseases 

Organ-specific Organ-nonspecific 

Pemphigus vulgaris Lupus erythematosus? 
Bullous pemphigoid Dermatomyositis? 
Herpes gestationis Scleroderma? 
Epidermolysis bullosa acquisita? Sjogren's syndrome? 
Alopecia areata? Dermatitis herpetiformis? 
Vitiligo? 

cific models include pemphigus vulgaris and bullous pemphigoid; these 
diseases are character ized by a highly specific autoimmune reaction di
rected against the skin. 

Pemphigus vulgaris is a potentially lethal bullous dermatosis character
ized by a unique autoant ibody that is specific for an epidermal cell-surface 
antigen normally present in differentiating kerat inocytes of squamous epi-
thelia ( "pemphigus au toant ibodies" ) . Normal individuals are tolerant to 
this epidermal antigen; loss of tolerance and autoant ibody formation initi
ates pemphigus . The factors that trigger breakdown of immune tolerance 
to the antigen are unknown. Bullous pemphigoid and its variant herpes 
gestationis are also highly specific auto immune dermatological diseases . 
These patients become sensitized to an antigen normally found within the 
cutaneous basement membrane zone (BMZ) and they produce ant i -BMZ 
autoant ibodies ("pemphigoid au toant ibodies") . As in pemphigus 
vulgaris, these pat ients have lost their immune tolerance to this self-
antigen. 

The autoant ibodies in pemphigus vulgaris and bullous pemphigoid, 
which can be detected both bound in and around lesions and circulating in 
the serum, have proven to be not only crucial for the accurate diagnosis of 
these condit ions, but appear to be of primary importance in the pathogen
esis of the diseases as well. There is not substantial evidence that pemphi
gus autoant ibodies bind specifically to a cell-surface antigen on squamous 
epithelia and directly induce epithelial cel l-cel l de tachment (acantholysis) 
of those cells through mechanisms that are currently being investigated. 
Current studies suggest that the pemphigoid autoantibodies bind with an 
antigen found in the lamina lucida of the BMZ of squamous epithelia and 
initiate a complex series of inflammatory events that eventuate in the 
formation of a subepidermal blister. 

The organ-nonspecific au to immune diseases are best represented by 
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systemic lupus e ry thematosus (SLE) . Many antibody systems have been 
detected in the sera of these S L E pat ients , involving DNA> R N A , R N P , 
Sm, R o , and L a ant ibodies (Tan et al., 1966; Provost , 1979b). 

While there is a great deal of da ta to implicate au to immune phenomena 
in the pathogenesis of S L E , a specific role for autoimmunity in the patho
genesis of the cu taneous lesions of these patients remains unproven . Re
cent exciting findings in a subpopulat ion of lupus patients who show anti-
Ro antibodies in their sera may help to elucidate the au to immune nature 
of the skin lesions in these pat ients (Provost et al., 1977). Patients with 
this form of lupus manifest annular , infiltrated, e ry thematous lesions in 
sun-exposed skin (Provost et al., 1977; Sontheimer et al., 1979). Fur ther
more , similar lesions are seen in neonates born to mothers with Ro-
posit ive serology (Franco et al., 1981; Kephar t et al., 1981). In these 
infants, the skin lesions and the Ro antibodies disappear in the first 6 
months of life. These da ta strongly suggest that the maternal anti-Ro 
antibodies are t r ansp l acen t a l ^ transferred to the neonate , where they 
may cause the typical cu taneous lesions by an unknown pathogenet ic 
mechanism(s) . 

This chapter reviews the evidence for the existence of autoimmunity in 
the pathogenesis of various bullous diseases and the cutaneous lesions of 
lupus e ry thematosus . Sections II and HI discuss in detail the diseases 
pemphigus vulgaris and bullous pemphigoid. These are unique disorders 
in which there is convincing evidence that they are true au to immune 
diseases . They are reviewed in depth , with special emphasis on immuno
pathological mechanisms . Sect ions IV and V discuss herpes gestationis 
and o ther bullous dermatoses in which there is highly suggestive, but not 
conclusive, evidence of their au to immune nature . Similarly, Section VI 
discusses in detail the current concepts of the pathogenesis of cu taneous 
lupus e ry thematosus and recent evidence indicating that it too may be an 
au to immune disorder . 

II. P E M P H I G U S V U L G A R I S 

A . INTRODUCTION 

The term pemphigus refers to a group of chronic bullous diseases char
acterized by intraepidermal blister formation (Lever , 1965). These dis
eases include (a) pemphigus vulgaris; (b) pemphigus vegetans ; (c) pemphi
gus foliaceus; and (d) a closely related endemic South American variant of 
pemphigus foliaceus, fogo selvagem. Each of these forms possesses dis-
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t inctive histological and clinical features, but all are character ized by 
flaccid bullae arising on normal-appearing skin. On application of pres
sure, these bullae spread to involve large areas of skin (Nikolsky 's sign) 
and rupture easily. In pemphigus vulgaris, there is blister formation above 
the epidermal basal cell layer. These blisters easily rupture and produce 
large denuded areas of skin that readily discharge serous or serosanguine-
ous fluid. Pemphigus vegetans is a variant of pemphigus vulgaris charac
terized by the presence of vegetating lesions in flexural areas . 

Pemphigus foliaceus is a benign superficial variant of pemphigus that is 
character ized by intraepidermal blister formation occurring at or near the 
epidermal granular cell layer. The S e n e a r - U s h e r syndrome, or pemphi
gus e ry thematosus , represents a combination of the clinical and serologi
cal features of pemphigus foliaceus and systemic lupus e ry thematosus 
(Usher and Senear , 1976). 

Although uncommon pemphigus vulgaris is found in all ethnic and ra
cial groups , more commonly Jews . Pemphigus vulgaris in Jewish pat ients 
displays an increased prevalence of the H L A - D R w 4 phenotype (Park et 
al., 1979; Brautbar et al., 1980). The precise etiology of all forms of 
pemphigus is unknown. Fogo selvagem (Brazilian pemphigus foliaceus) is 
thought to be produced by a virus, although there are no precise data . 
Recent ly , penicillamine has been implicated as a potential etiological fac
tor in the induction of pemphigus in pat ients ' receiving this drug (Tan and 
Powell , 1976). 

All forms of pemphigus are character ized by epidermal cel l-cel l de
tachment (acantholysis) leading to intraepidemal vesiculation (Fig. 1, left) 
and by the exis tence of IgG antibodies directed against antigenic determi
nants present on the cell surfaces of differentiating kerat inocytes (Fig. 1, 
left) (Beutner and Jordon , 1964). The underlying mechanisms involved in 
triggering this autoant ibody formation are unknown. 

B. CLINICAL MANIFESTATIONS 

Pemphigus vulgaris usually occurs in the fourth and fifth decades of life. 
It has , however , been described in the very old as well as in the very 
young. The disease may begin as isolated lesions on the scalp (frequently 
misdiagnosed as scalp pyoderma) or as oral erosions. These isolated le
sions may persist for several months before generalized dissemination 
occurs (Fig. 1, left). All squamous mucous membranes (e.g., mouth , con
junct iva , nose , esophagus , and rectum) may be involved to varying de
grees . The glabrous skin may show flaccid bullae that demonst ra te poor 
healing. Prior to the introduction of antibiotics and steroids, —50% of 
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FIG. I. Pemphigus vulgaris: Characteristic features of the disease. (Top to bottom) 
Extensive blisters and erosions, acantholytic intraepidermal blister formation, and deposi
tion of IgG in the epidermal intercellular spaces. Left panels are human disease; right panels 
outline the disease reproduced in mice by passive transfer of human pemphigus immunoglo
bulins. 

pemphigus vulgaris pat ients died during the first year of their disease 
(Lever , 1965). Death was usually secondarily caused by dehydrat ion , 
electrolyte imbalance , malnutri t ion, and/or sepsis . 

Pemphigus has been associated frequently with au to immune disorders 
such as lupus e ry thematosus , rheumatoid arthrit is , myasthenia gravis , 
pernicious anemia , Hash imoto ' s thyroidit is , and benign thymomas (Diaz 
et al., 1980; Maize et al., 1982). Usually the course of pemphigus is not 
affected by the p resence of these disorders . Pemphigus has also been 
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associated with various malignancies; however , the incidence of malig
nancy is not high, and temporal relationships are rare . 

C . PATHOPHYSIOLOGY 

The immunological abnormali t ies discovered two decades ago by Beut-
ner and Jordon (1964) are consistently used as markers of the disease. 
These investigators showed by immunofluorescent (IF) techniques that 
the majority of pat ients with pemphigus have IgG-class autoantibodies 
directed against squamous epithelial cell surfaces. These autoantibodies 
are detected both bound to the diseased epithelium and circulating in the 
serum of these pat ients . 

There is a large body of evidence that these epithelial autoantibodies 
are pathogenic in the disease. In the majority of patients with pemphigus , 
the ti ters of these antibodies as measured by indirect I F correlate with 
disease activity (Chorzelski et al., 1979; Fitzpatrick and Newcomer , 
1980), and plasmapheresis has been reported to induce short-term remis
sions in pemphigus patients (Rucco, 1977; Auerbach and Bystryn, 1979; 
Swanson and Dahl , 1981). Pemphigus has also affected neonates born to 
mothers with active pemphigus ; the disease has resolved in these new
borns after parturi t ion (Moncada et al., 1980; Storer et al., 1982). 

In vitro studies strongly support the pathogenic role of pemphigus anti
bodies in the induction of acantholysis . Bellone and Leone (1956), Schiltz 
and Michel (1976), and Morioka et al. (1981) demonst ra ted that pemphi
gus serum or IgG fractions from pemphigus serum induce acantholysis in 
human skin explants . Fa rb et al. (1978), Diaz and Marcelo (1978), and 
Woo et al. (1983) showed that pemphigus serum or IgG fractions from 
pemphigus serum, when added to murine primary epidermal cell cul tures , 
will cause a highly specific epidermal cell de tachment . 

It has been shown (Farb et al., 1978; Woo et al, 1983) that the in
creased cell de tachment observed in epidermal cultures t reated with pem
phigus IgG was abolished by certain protease inhibitors. This finding sug
gests that pemphigus ant ibodies, following their binding to epidermal 
cell-surface antigen(s), act ivate proteolytic enzymes ; this was suggested 
by the studies of Fa rb et al. (1978) and Schlitz and Michel (1976). The 
released enzymes in turn may be responsible for the cell de tachment 
induced by pemphigus IgG. These studies confirm early hypotheses pos
tulated by Rothman (1957) and Lever (1965), who thought that injured 
epidermal cells in pemphigus may release pathogenic proteolytic en
zymes . Hash imoto et al. (1982) identified a plasminogen act ivator (PA) in 
the supernatant of human cell cul tures treated with pemphigus IgG. How
ever , our laboratory recently demonst ra ted that in murine epidermal cell 
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cul tures , pemphigus IgG promotes cell de tachment independent of fi
brinolytic (FA) or PA activities (Woo et al., 1982). Removal of plasmino
gen from the growth media or t rea tment of the cultures with dexametha-
sone, which abolishes PA activity in the cul tures , does not prevent the 
cell de tachment induced by pemphigus antibodies. Fur the rmore , PA and 
F A activities in cul tures t reated with pemphigus IgG or normal human 
IgG were similar. These da ta obviously need further clarification. 

Finally, there is also convincing in vivo evidence of the pathogenicity of 
pemphigus autoant ibodies . Our laboratory demonst ra ted that IgG frac
tions purified from pemphigus serum, when given in sufficient doses , 
induce a disease in neonatal mice that reproduces the clinical, histologi
cal, and immunological features of the human disease (Fig. 1, right) 
(Anhalt et al., 1982b). The extent of disease induced in these mice was 
dose dependent and correlated closely with the indirect I F titers for hu
man pemphigus antibodies in the mouse serum. Despite these studies 
defining the pathogenici ty of pemphigus antibodies, the mechanism by 
which these antibodies induce t issue injury is not clear. 

There is some circumstantial evidence that activation of the comple
ment sys tem may be important in the development of t issue injury in 
pemphigus , but this is far from being clearly defined. Complement compo
nents Clq, C4, C 3 , and less frequently properdin and factor B , can be 
demons t ra ted in the intercellular space of early acantholytic lesions (Van 
Joost et al., 1972; Jordon et al., 1974; Jordon , 1976); pemphigus blister 
fluid shows a reduced total hemolyt ic complement activity, suggesting a 
local consumpt ion of complement (Jordon and McDuffie, 1976). Despi te 
the presence of complement componen t s in lesional skin, it seems that 
most pemphigus antibodies do not fix complement directly (Jordan et al., 
1971). More significantly, those in vitro studies that demonst ra ted ei ther 
acantholysis in skin explants (Schlitz and Michel, 1976) or cell detach
ment in pr imary epidermal cell culture (Diaz and Marcelo , 1978; Fa rb et 
al., 1978; W o o et al., 1984) that was induced by pemphigus antibodies 
were performed in complement-deple ted media, implying that in vivo 
complement activation may be an ep iphenomenon. 

In lesions of pemphigus vulgaris, polymorphonuclear leucocytes infil
t rate the acantholyt ic lesions to varying degrees . In some areas , acanthol
ysis occurs with almost no inflammatory cells being present ; in o ther 
a reas , great numbers of neutrophils and eosinophils may be present . 
Knight et al. (1976) stated that in pat ients with pemphigus such inflamma
tory lesions occurred adjacent to noninflammatory lesions, even with the 
same biopsy specimens . E m m e r s o n and Wilson-Jones (1968) applied the 
term "eosinophi l ic spongios i s" to such lesions and felt that they occurred 
most commonly early in the course of pemphigus . Our own studies 
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(Anhalt et al., 1982b) in neonatal mice showed the same findings, that is , 
in some areas , intraepidermal vesicles were filled with polymorphonu
clear cells and a few acantholyt ic epidermal cells, whereas the vesicles 
were devoid of neutrophils in other a reas . The mechanism of neutrophil 
chemotaxis and the role that neutrophils subsequently play in the devel
opment of acantholysis have not been explored. It would seem highly 
probable that if the epidermal cells in vivo released extracellular proteases 
subsequent to pemphigus ant ibody binding [as they do in vitro (Schlitz 
and Michel, 1976; Morioka et al., 1981)], these proteases would generate 
chemotact ic fragments of C5 and C3 (Ward, 1967; Orr et al., 1978). The 
generat ion of such complement fragments would recruit polymorphonu
clear cells into the lesions. What subsequent role the neutrophi l -epider-
mal cell interaction may play in the development or propagation of the 
lesions is unknown. 

D . DIAGNOSIS 

In pemphigus , the characterist ic histological lesion is an acantholyt ic 
intraepidermal blister (Fig. 1, left). Pemphigus autoantibodies almost al
ways are detected by direct I F bound to the epidermal intercellular spaces 
of perilesional skin (Fig. 1, left), and only rarely will they fail to be shown 
in pat ients with pemphigus . Pemphigus antibodies are also detected in the 
circulation of —80% of pemphigus pat ients . These serum antibodies ap
pear to be highly specific for pemphigus , although pemphiguslike antibod
ies have been detected by indirect I F in certain individuals with high titers 
of isoagglutinins A and B , as well as in the sera of patients with burns 
(Cram et al., 1974; Chorzelski et al., 1979). 

Clinically, the bullae of pemphigus must be distinguished from those of 
bullous pemphigoid and dermati t is herpetiformis. Usually there is no 
problem in making this differentiation; however , early lesions of pemphi
gus localized to the scalp or mouth may offer a challenge. In these circum
stances , the immunological tests outlined above are extremely helpful. 

E. TREATMENT 

Therapy for pemphigus has changed radically during the past 30 years . 
It is now a controllable disease, whereas 30 years ago it was considered 
lethal (Lever , 1965; Leve r and Schaumburg-Lever , 1977). The aim of 
therapy in pemphigus vulgaris is the complete elimination of pemphigus 
autoantibodies from the patient . The serum as well as the skin of these 
patients should become negative for pemphigus autoantibodies when test-
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ing by indirect and direct I F techniques , respect ively. It may take several 
weeks or months to induce serological remission in some pat ients . 

The drugs that have had the greatest therapeut ic success are the corti
cos teroids . Although they have produced a dramatic reduct ion in mortal
ity, their chronic use has resulted in significant morbidity. The current 
mortali ty in pemphigus is 8 -10% in 5 years , and is generally secondary to 
the complicat ions of long-term steroid therapy (Rosenberg et al, 1976). In 
an a t tempt to reduce steroid complicat ions, investigators have success
fully used immunosuppress ive agents (e.g. , azathioprine, metho t rexa te , 
and cyclophosphamide) and gold therapy in the t reatment of pemphigus . 
This combined therapy is valuable in pemphigus and especially in those 
pat ients manifesting significant steroid complicat ions. Preliminary studies 
suggest that p lasmapheres is also may have a role in t rea tment of pemphi
gus (Rucco, 1977; Auerbach and Byst ryn, 1979; Swanson and Dahl , 
1981). It appears to be of greatest benefit as an adjunct to drug therapy in 
acute cases in which circulating autoant ibody titers are highest. 

III. B U L L O U S P E M P H I G O I D 

A . INTRODUCTION 

Bullous pemphigoid is a chronic , subepidermal , bullous dermatosis 
with a tendency to flexural distribution (Fig. 2, left). It occurs equally in 
males and females and has been described in all age groups , but it affects 
elderly persons far more commonly . There is no genetic predisposit ion or 
associat ion with underlying malignant disease (Jordon et al, 1967; Holu-
bar et al, 1975; Person et al, 1976; Ahmed et al, 1977a,b). The true 
incidence of bullous pemphigoid is unknown. About 5-10 new cases are 
seen yearly in a large hospital referral center . 

The exact etiology has not been determined. Three striking findings that 
appear to be involved in the pathogenesis of the skin lesions are detected 
in these pat ients : (a) A blister cavity is formed as a result of de tachment of 
epidermal basal cells from the basal lamina and is rapidly filled with fluid 
(Fig. 2, left). The cleavage of the dermal -ep idermal junct ion (DEJ) or 
basement membrane zone (BMZ) occurs through the lamina lucida, as 
demonst ra ted by electron microscopy, (b) An acute inflammatory reac
tion is found in the papillary dermis adjacent to and beneath the blister 
cavity (Fig. 2, left); and (c) pemphigoid autoant ibodies against the B M Z of 
squamous epidthelia (Jordon et al, 1967) are found in lesional and perile-
sional skin (Fig. 2, left). Immunoelec t ron microscopic studies indicate 



452 LUIS A. DIAZ ETAL 

FIG. 2. Bullous pemphigoid: Characteristic features of the disease. (Top to bottom) 
Large, tense blisters and erosions in flexural areas, subepidermal blister formation, and 
deposition of IgG at the cutaneous basement membrane zone. Left panels, human disease; 
right panels show lesions produced in rabbit corneal epithelium by the local injection of 
human pemphigoid immunoglobulins. Corneal inflammation, subepithelial blister formation, 
and binding of human IgG occur at the epithelial-stromal junction. 
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that these ant ibodies are bound to antigen(s) localized in the lamina lucida 
of the B M Z (Holubar et al, 1975). 

B . CLINICAL MANIFESTATIONS 

Clinically, bullous pemphigoid represents a wide disease spect rum that 
ranges from a spontaneously remitting local bullous eruption to a general
ized recurrent debilitating disease (Lever , 1965; Person et al., 1976; Orr et 
al., 1978). I tching is a variable symptom. Bizarre , gyrate urticarial 
p laques or e ry thema multiformelike lesions may preceed or follow the 
formation of bullae (Fig. 2, left). The Nikolsky sign is absent . Healing of 
the bullous lesions of localized pemphigoid usually results in scarring and 
secondary infection (Brunsting and Perry , 1957; Person et ai, 1976). The 
mucous membranes , including the esophagus , may be involved in 15-20% 
of pat ients . Although a history of t rue photosensit ivi ty is absent , cutane
ous lesions of bullous pemphigoid have been induced in these patients by 
ultraviolet irradiation (Cram and Fukuyama , 1972; Robinson et al., 1978). 
The exact role of ultraviolet light in the genesis of lesions is unknown. 

C . PATHOPHYSIOLOGY 

In 1967, Jo rdon et al. (1967) repor ted the presence of circulating anti-
B M Z autoant ibodies in the serum of pat ients with bullous pemphigoid. 
These ant ibodies , de tec ted by direct I F techniques (Jordan et al., 1967; 
Beutner et al., 1970) were bound along the D E J or B M Z of perilesional 
skin. Direct I F examinat ion of perilesional skin in bullous pemphigoid 
pat ients also shows complement componen t s , of both classical and alter
nat ive pa thways , and fibrin, which is bound to the D E J in a linear fashion 
(Provost and Tomas i , 1973, 1974; Jordon et al., 1975b, 1978). Bullous 
pemphigoid autoant ibodies from a great number of patients are known to 
fix complement in vitro (Jordon et al., 1978). These findings suggest that 
in situ act ivation of complement may be an important step in the patho
genesis of the lesions of bullous pemphigoid. The acute inflammatory 
response seen in lesional skin may result from release of chemotact ic 
factors for neutrophils and eosinophils . Complement activation and mast 
cell degranulat ion may be the origin of some of these chemotact ic factors 
(Baba et al., 1976; Diaz-Perez and Jordon , 1976; Wintroub et al., 1976; 
Dvorak et al., 1982). 

There are in vitro s tudies that show that the circulating bullous pemphi
goid autoant ibodies may be pathogenic . G ammo n et al. (1980) have 
shown that sect ions of normal human skin exposed to bullous pemphigoid 
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serum will fix bullous pemphigoid autoantibodies at the DEJ , and when 
treated with an exogenous source of complement and neutrophils , these 
sections will p roduce a t tachment of these cells along the DEJ . It seems 
that the at t racted neutrophils can release pro teases , which in turn may be 
responsible for the cleavage of the D E J seen in these sections of skin and 
presumably in the lesions of pat ients with bullous pemphigoid. Recent ly , 
our laboratory has demonst ra ted that bullous pemphigoid IgG is patho
genic to rabbit corneal epithelium (Fig. 2, right). Bullous pemphigoid 
antigen is present at the epi thel ia l -s t romal ( E - S ) junct ion of both corneal 
epithelium and epidermis (Anhalt , 1982a). Briefly, these studies show that 
bullous pemphigoid antibodies injected into the corneal s t roma will bind 
the bullous pemphigoid antigen at the E - S junct ion and trigger an intense 
inflammatory react ion in the rabbit cornea . This inflammatory reaction is 
associated with subepithelial vesiculation and migration of neutrophils 
toward the E - S junc t ion . Interestingly, the pathogenic effects of several 
bullous pemphigoid IgG fractions tested in the rabbit cornea correlated 
with the dose and in the in vitro complement fixation propert ies of the 
injected bullous pemphigoid autoant ibodies . 

A recent study by Nai to et al. (1982) showed that DEJ cleavage can be 
induced in human skin explants by incorporation of pemphigoid blister 
fluid in the growth media. The cleavage of the DEJ by pemphigoid blister 
fluid could be prevented by heating the fluid at 56°C for 30 min or by 
t reatment of these samples with antisera against C l , C3 , C4, and C5. 
Fur the rmore , α-2-macroglobulin was an effective inhibitor of this cleav
age. These investigators were also able to induce subepidermal vesicles in 
the skin of guinea pigs injected with pemphigoid sera, which could be 
blocked by preincubat ion of the pemphigoid serum with antisera against 
human IgG. This investigation suggests that both serum and blister fluid 
of patients with bullous pemphigoid contain factors that are able to induce 
DEJ cleavage. The source and origin of these factors, o ther than antibod
ies and complement componen t s , remain to be studied. 

Early in the evolution of the bullous pemphigoid lesions, subepidermal 
microvacuoles coalesce and form large vacuoles and bullae (Lever and 
Schaumburg-Lever , 1975). The intact epidermis consti tutes the roof of 
these lesions. A perivascular infiltrate and mild polymorphonuclear vas
culitis are seen in lesional skin, and these cells infiltrate the blister cavity. 
Sequential histological studies on ery thematous perilesional and lesional 
skin of bullous pemphigoid pat ients have shown histological changes 
compatible with an active mast cell degranulation process occurring in the 
upper dermis (Wintroub et al., 1976; Dvorak et al., 1982). Fibrin deposi
tion is also detected throughout the papillary and reticular dermis of le-
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sional skin (Dvorak et al., 1982). The blister fluid from lesions of bullous 
pemphigoid has been shown to contain depressed values of total comple
ment and individual components (C1-C7) (Jordon et al., 1973), chemo
tactic factors for neutrophils (Diaz-Perez and Jordon , 1976) and eosino
phils (Baba et al., 1976; Wint roub et al., 1976), complement fragments 
(Lohrisch et al., 1980), prostaglandin E 2 (Standberg and Hagermark , 
1977), and immune complexes (Jordon et al., 1981). Recent studies (Mo-
gavero et al., 1982) showed that blister fluid from bullous pemphigoid 
pat ients contains elevated values of histamine and IgE as well as proteoly
tic enzymes such as prekallikrein act ivator , Hageman factor cleaver, and 
TAME-es te rase-ac t ive subs tances . These various enzymes are thought to 
be of mast cell origin. 

Although the immunological injury is thought to occur as a conse
quence of act ivat ion of the complement system following the binding of 
bullous pemphigoid autoant ibodies to the B M Z , it is possible that bullous 
pemphigoid autoant ibodies would cross-link basal cell-surface antigens 
and act ivate proteolyt ic enzymes , as demonst ra ted in other cell sys tems 
(Becker et al., 1981) and especially in the pemphigus an t ibody-ep idermal 
cell-surface react ion (Diaz and Marce lo , 1978; Fa rb et al., 1978). The 
epidermal pro teases may in turn act ivate the complement system with 
subsequent mast cell degranulat ion, migration of eosinophils and neutro
phils , and release of o ther inflammatory media tors . 

D . DIAGNOSIS 

Rout ine histological examinat ion of a bulla reveals a subepidermal blis
ter (Fig. 2, left). Detect ion of pemphigoid ant i -BMZ antibodies is impor
tant in the evaluat ion of bullous pemphigoid pat ients and especially in 
evaluat ion of bullous pemphigoid pat ients with atypical lesions (Beutner 
et al., 1970). Direct I F examinat ion of perilesional skin usually will show 
linear deposi t ion of IgG and C3 along the B M Z (Fig. 2, left). It is impor
tant to r emember that perilesional skin biopsies may display only a linear 
C3 deposi t ion along the B M Z in the apparent absence of IgG deposit ion 
(Ahmed et al., 1911 c). Examinat ion of serum by indirect I F techniques 
demons t ra tes a circulating bullous pemphigoid antibodies in —90% of 
pat ients . The individual t i ters , however , show no correlat ion with activity 
or extent of the disease . 

The ant i -BMZ antibodies found in bullous pemphigoid are highly spe
cific. The p resence of ant i -BMZ antibodies in the absence of bullous 
pemphigoid is rare (Provost et al., 1979). Bullous pemphigoid may be 
confused clinically and histologically with other vesiculobullous erupt ions 
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such as pemphigus vulgaris, e ry thema multiforme, and dermatit is herpeti
formis. The immunofluorescent studies outlined above , however , easily 
resolve these diagnostic problems. 

E. TREATMENT 

Therapy should be adjusted to the individual patient. Local eruptions 
may respond to use of wet dressings and topical s teroids. A widespread 
bullous pemphigoid eruption is an indication for hospitalization and sys
temic steroid therapy. Dosages of steroid should be adapted to each pa
tient. On disappearance of serum and in vivo bound BMZ antibodies, 
therapy has been successfully discontinued in a large proport ion of bul
lous pemphigoid pat ients . The vast majority have remained in prolonged 
clinical and serological remission. 

Bullous pemphigoid generally is a benign, self-limited disease. Before 
the use of s teroids , a 30% mortality was reported (although this figure may 
be high). At present only a few patients die of bullous pemphigoid, and 
successful therapy induces prolonged clinical and serological remissions. 
Recurrences or relapses are infrequent and do not seem to correlate with 
the severity of the disease , as seen in the initial presentat ion, or its dura
tion. Complicat ions of steroid and immunosuppress ive therapy, however , 
are always potential clinical problems. The morbidity and mortality in 
bullous pemphigoid are undoubtedly directly or indirectly related to the 
use of these therapeut ic agents . 

IV . H E R P E S G E S T A T I O N I S 

A probable variant of bullous pemphigoid is herpes gestationis. Herpes 
gestationis is a subepidermal blistering disease occurring during the sec
ond or third t r imester of pregnancy. This disease process is character ized 
clinically by an intensely pruritic subepidermal blister occurring on an 
e ry thematous base . Unlike bullous pemphigoid, there seems to be a defi
nite precipitation of the disease by pregnancy. There are recurrences with 
subsequent pregnancies or with the use of certain birth control pills (Law-
ley et al., 1978). 

These pat ients invariably demonst ra te the deposit ion of C3 along the 
B M Z of perilesional skin (Katz et al., 1976). The immunoreactants , as in 
bullous pemphigoid, are localized in the lamina lucida of the D E J (Yaoita 
et al., 1976). In addit ion, - 2 5 % of these pat ients will show in their sera a 
circulating, avidly complement-fixing, ant i -BMZ IgG. 

The majority of pat ients with herpes gestationis fail to show the anti-
B M Z IgG in their sera by routine indirect I F techniques . In 50% of these 
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pat ients , however , it is possible to demons t ra te an IgG autoant ibody (HG 
factor) directed against the D E J by complement I F technique (Jordon et 
al., 1976; K a t z et al., 1976). The H G factor shown by this technique is 
able to avidly fix C3 to the D E J of normal skin sect ions. 

Infants born to mothers with herpes gestationis may suffer a t ransient 
subepidermal blistering erupt ion (Lawley et al., 1978). The skin of these 
neonates also demons t ra tes the deposi t ion of C3 along the D E J of perile-
sional skin. The cu taneous disease in these infants is thought to be trig
gered by the t ransplacental passage of the maternal ant i -BMZ autoant ibo
dies . Subsequent in situ activation of the complement sequence along the 
B M Z of the infant 's skin may induce the inflammatory subepidermal vesi
cles. In these neona tes , cu taneous lesions and immunoreactant deposi ts 
along the B M Z disappear within the first 6 months of life. 

V . O T H E R V E S I C U L O B U L L O U S D E R M A T O S E S 

It has recently been recognized that —10-15% of pat ients diagnosed as 
having dermati t is herpetiformis (DH) have features that suggest they may 
have a different, possibly unrelated disorder. By I F techniques , they 
demons t ra te a l inear (not granular) deposit of IgA at the D E J of perile-
sional skin, and some have circulating IgA ant i-BMZ ant ibodies . Immu-
noelectron microscopy shows that these immunoglobulin deposi ts are 
within the lamina lucida (as in BP) in some patients and below the basal 
lamina in o thers (Lawley et ai, 1980). Unlike D H pat ients with granular 
IgA deposi ts in skin, those pat ients with linear IgA deposi ts do not have 
the gluten-sensit ive enteropathy or the consistent associat ion with the 
H L A - B 8 , -DW3 pheno type (Lawley et al., 1980). Until the relationship of 
this subset of pat ients to D H is established more clearly, several investi
gators have proposed separate names for this disorder , such as linear IgA, 
D H , IgA bullous pemphigoid, or vesiculobullous dermatosis with linear 
IgA deposi t ion (Chorzelski et al., 1971; Jablonska et ai, 1976; Provost et 
al., 1979). 

Bullous pemphigoid and cicatricial pemphigoid sometimes have been 
difficult to differentiate from epidermolysis bullosa acquisita (EBA) be
cause of the overlapping clinical and immunopathological findings of 
these condi t ions. In 1971, Roenigk et al. (1971) suggested the following 
four criteria for the diagnosis of E B A : (a) Clinical lesions consisting of 
t rauma-induced bullae, occurr ing predominant ly over the jo ints of the 
hands , feet, e lbows, and knees , with atrophic scars , milia, and nail dys
t rophy; (b) onset of the disease after infancy; (c) no family history of 
heredi tary epidermolysis bullosa; and (d) exclusion of other bullous dis-
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eases . T w o more diagnostic criteria have been added recently (Roenigk 
and Pearson, 1981): (e) The finding of linear deposit ion of IgG at the D E J 
of perilesional skin by direct I F techniques , and (f) demonstra t ion of a 
blister cavity occurring beneath the basal lamina. These studies have also 
shown, by immunoelect ron microscopy, a zone of amorphous material 
jus t benea th the basal lamina that contains deposits of IgG (Yaoita et al., 
1981). Fur the rmore , several of these patients have demonst ra ted serum 
antibodies directed against an antigen(s) located in the dermal domain of 
the B M Z in the region of anchorage of the anchoring fibers (Yaoita et al., 
1981). These findings strongly support the hypothesis that E B A is a sepa
rate clinicopathological entity in which an associated auto immune phe
nomenon may also be important in its pathogenesis . 

V I . L U P U S E R Y T H E M A T O S U S 

A . INTRODUCTION 

There is now a great deal of data to document the existence of various 
au to immune phenomena in systemic lupus ery thematosus (SLE) pat ients . 
These pat ients make a variety of autoantibodies against various nuclear 
and cytoplasmic macromolecules , and they also frequently produce au
toantibodies against various neutrophil , lymphocyte , and red blood cell-
surface ant igens. In addit ion, S L E pat ients commonly demonst ra te serum 
immune complex formation. These immune complexes have been impli
cated in the vasculitis and glomerulonephrit is commonly observed in 
S L E . 

Lupus pat ients frequently develop cutaneous lesions. Approximately 
2 0 - 2 5 % of S L E pat ients will initially present with prominent cu taneous 
lesions. A number of the cu taneous lesions are so distinctive that they are 
viewed as being highly specific for S L E and are part of the American 
Rheumat ism Associa t ion ' s diagnostic criteria for the disease (Tan et al., 
1982). These highly characteris t ic mucocutaneous lesions are malar der
matitis (butterfly), discoid lesions, photosensit ivi ty, and oral ulcerat ions. 
Other cu taneous lesions, al though not specific for lupus, occur fre
quently; these include cicatrical alopecia, urticaria-like lesions, pannicu
litis, vasculitic lesions, periunqual telangectasia, and Raynaud ' s phenom
ena. 

A great deal of work has been performed investigating the pathogenesis 
of these cu taneous manifestations of lupus e ry thematosus . It seems 
highly probable that immune complex deposit ion plays a major, if not the 
dominant , role in the pathogenesis of some of these lesions (e.g. , urtica-
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ria-like lesions associated with vasculitis). These lesions are frequently 
detected in those S L E patients demonstra t ing serum immune complexes , 
an t i -nDNA, Sm, n R N P , Ro(SSA), and/or La(SSB) ant ibodies , and fre
quently demons t ra te immunoglobulin and complement deposi ts in the 
diseased blood vessels (O'Loughl in et al., 1978; Provost et al., 1980). 

B . PATHOPHYSIOLOGY O F CUTANEOUS LUPUS LESIONS 

The classic cu taneous lupus (discoid) lesion has also been extensively 
investigated, but as yet the pathogenesis of this distinctive lesion is un
known. This lesion is character ized as an annular , hyperkeratot ic p laque, 
with telangectasia, follicular plugging, and a t rophy. Hypo- and hyper-
pigmentat ion may be prominent (Fig. 3A). 

This classic cu taneous lupus lesion can be the sole manifestation of 
lupus, in which case the condit ion is te rmed benign cutaneous lupus. The 
lupus lesion can also be seen in the presence of systemic disease (i .e. , 
arthritis renal d isease , e tc . ) . Whe the r or not the cutaneous lesion is occur
ring in the setting of benign or systemic lupus cannot be determined with 
certainty by clinical or histological evaluation alone. A history and physi
cal examinat ion and serological examinat ion of the patient are necessary 
to determine the cu taneous or systemic nature of the lupus process . 

The histological features of these lesions are or thokeratos is , pa tchy 
epidermal a t rophy, hydropic degenerat ion of the epidermal basal call 
layer, and a pa tchy mononuclear infiltrate hugging the DEJ and/or sur
rounding dermal appendages as hair follicles and sweat glands (Fig. 3B). 
The mononuclear infiltrate has been examined employing monoclonal an
tibodies and the perox idase-an t ipe rox idase technique, and these studies 
have demons t ra ted prominent Τ cells (suppressor and helper) in this infil
t ra te . These Τ cells are l a posi t ive, suggesting they are present in an 
act ivated s ta te . Β cells and macrophages are present , but are less promi
nent (Synkowski and Provost , 1983). 

L u p u s lesions frequently demons t ra te deposit ion of granular deposi ts 
of immunoglobulin and complement components along the cu taneous 
D E J (Fig. 3C). The deposi ts are composed of IgG, IgM, IgA, properdin , 
properdin factor B , β-1-H globulin, and fibrin (Jordon et ai, 1975a; Carlo 
et al., 1979). In addit ion, complement components Clq, C4, C3 , and the 
membrane at tack complex (C5-C9) are frequently detected (Biesecker et 
al, 1982). 

Despi te the deposi ts of these various immunoreac tants at the cu taneous 
D E J of lupus lesions, the weight of the evidence suggests these deposi ts 
do not play a pr imary role in the pathogenesis of the lesions. Fo r example , 
cu taneous lupus lesions can be induced in S L E patients by exposure to 



PQ 

^ CO 
C / - ν 

<« ,2? 

Is 
ο 
Ε 

°. ι 

C Ο 

< a 
1 δ 

· 3 « 
(Λ ^> 

§.S 
c Λ 
5 ο · 
υ a 
Ο > — 

S § .2 
3 — C/5 

- S I ' S 
««g 

§ ^ 2 2 ϋ χ ι 

."SB 
Ο β 

2 Β- ε 
ΜΗ β ^ 

J Χ) 



17. AUTOIMMUNE CUTANEOUS DISEASES 461 

ultraviolet light (UV) in the sunburn spectrum (Freeman et al., 1969; 
Cripps and Rankin , 1973). These lupus lesions appear clinically and histo
logically similar to spontaneously occurring lupus lesions and develop in 
the absence of the immunoglobulin and complement deposi ts at the D E J . 
In a few instances these deposi ts appeared , but only after the lupus lesion 
had been presen t for several weeks . In addition to these s tudies , similar 
immunoglobulin and complement components have been detected at the 
D E J of normal-appearing skin of S L E patients (Provost and Tomas i , 
1973; Carlo et al., 1979). The demonst ra t ion of these deposi ts is te rmed 
the lupus band test . Despi te a good deal of evidence demonstra t ing an 
associat ion be tween renal disease (Gilliam et al.y 1974; Grossman et al., 
1974; Wer the imer and Barland, 1976; Provost et al., 1980), hypocomple-
mentemia , and an t i -nDNA ant ibodies , these cutaneous deposi ts are not 
associated with the presence of skin disease . In fact, one study has care
fully documented that these deposi ts can occur in the complete absence of 
any inflammatory infiltrate (Schrager and Rothfield, 1976). 

Recent studies suggest that the membrane at tack components of the 
complement sequence (C5-C9) , which are present only in lesional and not 
in uninvolved skin of lupus pat ients , may be of pathological significance 
(Biesecker et ai, 1982). Much work must be done to examine this inter
esting observat ion . It is important to r emember that prominent and classic 
cu taneous lupus lesions have been reported in various homozygous com
plement deficiency states (C2 and C4) in association with lupuslike syn
dromes (Agnello et ai, 1975; Tappeiner et al., 1982). 

The da ta cited above led Gill iam's group (1980) and ours (Provost , 
1979a) to p ropose an al ternative hypothesis to explain the pathogenesis of 
the lupus lesion. W e believe that Τ cells may play the predominant role in 
the pathogenesis of the cu taneous lupus lesion. These Τ cells are envi
sioned to be specifically react ive against various D N A nucleot ides. 

As a corollary to this hypothes is , it is envisioned that U V light induces 
al terat ions in epidermal cell D N A . This UV-al tered D N A , which contains 
UV-specific, single-strand, native D N A antigenic de terminants , is ex
t ruded from the epidermal cells, presumably via the action of endonu-
cleases . This dena tured D N A then crosses the cutaneous B M Z , where it 
may bind to the collagen or gain ent rance into the systemic circulation 
(Izui et al., 1976). At the cu taneous D E J , Τ cells are thought to bind the 
altered D N A , resulting in a cell-mediated immune response that p roduces 
the inflammatory cu taneous lesion we recognize as cutaneous lupus . W e 
also hypothes ize that the altered D N A absorbed into the circulation can 
result in the product ion of pathological immune complex formation. 

Thus , we envision that the severe systemic and cu taneous flares of 
lupus associated with sunlight exposure (photosensitivity) result from the 
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generat ion of altered D N A by U V light exposure in a sensitive host . As 
support for such a concept , it is important to note that following sunlight 
exposure , free circulating D N A has been found in the serum of S L E 
patients (Tan et al., 1966). Fur the rmore , it is known that peripheral blood 
cells of S L E are capable of responding with a proliferative response when 
cultured in vitro in the presence of D N A fractions (Patrucco et al., 1967). 

This hypothes is , however , has recently been challenged by studies of 
the rare neonatal lupus syndrome (Franco et al., 1981; Kephar t et al., 
1981). During the neonatal period these infants develop large annular 
lupus lesions (Fig. 4A,B) . These lesions may be photo induced because of 
their relative predominance in light-exposed areas . These lupus lesions 
demonst ra te classic histological features of lupus, generally show pro
nounced liquefaction degenerat ion of epidermal basal cells (Fig. 4C ), and 
resemble the large annular polycyclic lesions of subacute cutaneous lupus 
e ry thematosus descr ibed by Sontheimer et al. (1979). The lupus lesions 
generally disappear without scar formation during the neonatal period, 
although hypopigmentat ion may transiently be present . 

FIG. 4. Characteristic features of neonatal lupus. (A) and (B) Annular, infiltrated lesions 
of face and extremities (arrows). (C) Lymphocytic vacuolar interface dermatitis. (D) Dem
onstration of Ro-specific antibodies in serum of both mother (well 1) and child (well 2). Wells 
3 and 4 are positive controls, and center well (An) contains Ro antigen. 
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In addit ion to these cu taneous lesions, these neonatal infants may dem
onst ra te cardiac abnormali t ies , the most frequent of which are cardiac 
conduct ion defects (Chameides et al., 1977). The severity of this abnor
mality ranges from first degree to complete heart block. Autopsies have 
demons t ra ted various cardiac abnormali t ies and generalized fibrosis of 
the cardiac conduct ion fibers. Infants with neonatal lupus also frequently 
develop hepatosplenomegaly , lymphadenopathy , and Coombs ' -pos i t ive 
hemolyt ic anemia . 

These infants and their mothers demonst ra te antibodies react ive 
against La(SSB) and/or Ro(SSA) macromolecules (Fig. 4D) (Franco et 
al., 1981; Kephar t et ai, 1981). These antibodies are highly specific for 
S L E and Sjogren 's syndrome, and they are rarely detected in sympto
matic (nonconnect ive t issue disease) pat ients (Maddison et al., 1979). 
These ant ibodies [especially the Ro(SSA) antibody] are seen in an S L E 
patient populat ion that has an increased prevalence of photosensi t ivi ty, 
rheumatoid factor, and Sjogren 's syndrome (Maddison et al., 1979, 1981). 
In addit ion, these antibodies have been described with increased fre
quency in several distinctive forms of lupus , such as subacute cu taneous 
lupus, ΑΝΑ-nega t ive , and lupuslike syndromes in homozygous C2- and 
possibly C4-deficient pat ients (Sontheimer et al., 1979; Maddison et al., 
1981; Provos t et al, 1982). 

These ant ibodies in Sjogren 's syndrome patients are associated with a 
markedly increased prevalence of such extraglandular manifestations as 
anemia , lymphopenia , neutropenia , lymphadenopathy , and vasculitis (Al
exander et al., 1982a). The vasculitis in Sjogren's pat ients possessing the 
La(SSB) and/or Ro(SSA) ant ibody sys tems can involve visceral organs , 
the skin, and the peripheral and central nervous system (Alexander et al., 
1982b; Alexander and Provost , 1983). Thus far, all 17 mothers and infants 
with neonatal lupus have demons t ra ted La(SSB) or Ro(SSA) antibodies 
(Franco et al., 1981; Kephar t et al., 1981). These antibodies and the 
associated skin disease disappear during the neonatal per iod, but the 
cardiac conduct ion defects persist . The mothers of these infants are gen
erally asymptomat ic . Clinical features of S L E are demonst ra ted by 20% 
of mothers , and perhaps another 20% will subsequent ly develop clinical 
disease . 

These da ta strongly suggest that the maternal antibodies L a and/or Ro 
(or o ther antibodies) are passed across the placenta to the infant, where 
they p roduce the cardiac and cu taneous lesions. The exact pa thophysio
logical mechanism(s) responsible is unknown. It is conceivable that anti
body-dependent cellular cytotoxici ty could play a pathological role. Stud
ies by Norr is et al. (1982) have shown that the Ro ant ibody is capable of 
participating in ant ibody-dependent cellular cytotoxici ty. Fu r the rmore , Τ 
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cells are very efficient effector cells in this Ro ant ibody-mediated cellular-
dependent cytotoxici ty. 

Additional immunogenet ic studies have demonst ra ted a statistically sig
nificant associat ion of the Ro antibody with the HLA-Dr2 or H L A - D R 3 
phenotype (Bell and Maddison , 1980; Ahearn et al., 1982). These studies, 
when applied to neonatal infants and their mothers , revealed some data 
potentially very important (Lee et ai, 1983). The mothers usually possess 
the H L A - D R 3 pheno type , but the infants generally do not. This means 
that the Ro(SSA) ant ibody, undoubtedly of maternal origin, is associated 
with the DR3 pheno type , but that the clinical phenotype expression of the 
lupus lesion and the cardiac lesion are n o n - H L A linked. 

These studies as outlined above suggest that several immune mecha
nisms may be responsible for the pathogenesis of the cutaneous lupus 
lesions. At present cell-mediated immunity and ant ibody-dependent cellu
lar cytotoxici ty are likely candidates . 
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The au to immune hemolytic anemias have several unique features that 
make them pivotal syndromes in analyzing the au to immune diseases . 
Historically, the concept of autoimmunizat ion was first developed in an 
a t tempt to explain these diseases ; in fact, the word " a u t o i m m u n e " was 
coined to descr ibe the phenomenon as originally observed with the eryth
rocyte . In addit ion, the pathological effects of the autoant ibody on the 
target antigen cell (erythrocyte) can be precisely quanti ta ted, in contrast 
to o ther t i ssues . Finally, various sensit ive, quanti tat ive methods have 
been developed to demons t ra te and define the relevant autoant ibodies . 
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I. H I S T O R I C A L B A C K G R O U N D A N D 

P A T H O P H Y S I O L O G Y 

Hemolyt ic anemia, by definition, results from a shortening of the eryth
rocyte lifespan. Multiple etiologies have now been identified as inducing 
this effect. The processes can be broadly grouped in two main categories. 
In one form, an intracellular defect of the erythrocyte exists , leading to 
premature red cell death . Abnormali t ies in the membrane s t ructure , en
zyme makeup , and hemoglobin are the usual findings. In general , the 
defect and resulting hemolyt ic anemia are genetically inherited, leading to 
the te rm congenital hemolytic anemia. In contrast , another major group 
of hemolytic anemias exists with an abnormal extracellular environment 
that reduces the survival of normal erythrocytes . These have been termed 
acquired hemolytic anemias, and a variety of physical , chemical and toxic 
agents can induce the phenomena . Immunological mechanisms occupy a 
prominent etiological role in this grouping and have been termed immune 
hemolytic anemia. Figure 1 outlines this classification. 

The immune hemolytic anemias can be further differentiated, depend
ing on the status of the immune apparatus in inducing the hemolytic 
process . Early in the history of immunology, it was recognized that immu
nological react ions initiated by a host were directed against materials 
foreign to that host . Ehr l ich ' s (1906) concept of "ho r ro r au to tox icus" 
formalized this basic observat ion. When a normal immune apparatus is 
stimulated to react against foreign ery throcytes , leading to their destruc
tion, the resulting condit ion is termed isoimmune hemolytic anemia. Fo r 
this process to occur , ei ther the antigen (erythrocyte) or the antibody 

Shortened erythrocyte survival time 

ι 
Hemolytic anemia 

ι 
Compensated and uncompensated varieties 

Acquired hemolytic anemia 
Normal erythrocytes 
Extracorporeal defect 

Abnormal erythrocytes 
Intracorporeal defect 

Inducing mechanism 

Physical/chemical agents 
Animal/vegetable material 
Infectious agents 
Immunological 

Membrane defect 
Hemoglobin defect 
Enzyme defect 

FIG. I. Classification and Terminology of Hemolytic Anemia. 
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TABLE I 
The Immunohemolytic Anemias: Classification 
Based on Etiological Mechanisms 

Isoantibody immunohemolytic anemia 
Passive antibody transfer type 

Erythroblastosis fetalis 
Minor-type transfusion reaction 

Passive antigen transfer type 
Major type transfusion reaction 

Antiglobulin-positive immunohemolytic anemia 
Nonimmunological protein fixation 
Exogenous antigen 
Modified autologous antigen 

Autoimmune hemolytic anemia 

must be foreign and introduced into the host to create the foreign s tate , 
permitt ing immune recognition and react ion as nonself. Clinically, this is 
seen in major and minor blood transfusion reactions and in hemolytic 
disease of the newborn (erythroblastosis fetalis). It should be emphasized 
that , al though the clinical consequences may be catas t rophic , the immune 
appara tus is functioning normally and performing its critical homeosta t ic 
role. 

With the development of precise laboratory tests designed to demon
strate the role of antibodies in such immune hemolytic anemias , it rapidly 
became apparent that not all immune hemolytic anemias could be ex
plained by classical i soimmune mechanisms . Dameshek and Schwar tz 
(1940) called at tent ion to this phenomenon and clearly demonst ra ted that 
hemolyt ic anemia could be induced by an immunological react ion initi
ated by a host and directed against the hos t ' s own ery throcytes . This 
process afflicting the ery throcyte was eventually called au to immune , and 
the clinical state was named autoimmune hemolytic anemia. Table I out
lines this classification. 

Three profound consequences resulted from this major clinical and 
theoretical advance (1) Hor ro r autotoxicus was no longer an absolute 
guideline for unders tanding immunological activity. This is not surprising. 
Ehrlich (1906), in his original development of the horror autotoxicus con
cept , predicted that this principle could be violated with great pathologi
cal consequences . (2) The capacity to violate horror autotoxicus and de
velop au to immune react ions was incompatible with the reigning 
instruction theory of ant ibody formation. The inability of the instruction 
theory to explain or incorporate autoimmunizat ion within its theoretical 
framework was a profound challenge to develop alternative ant ibody-
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forming theor ies , and this eventually stimulated derivation of the clonal 
selection theory (Burnet , 1959). (3) Autoimmunizat ion introduced the 
concept that abnormal immunological function could induce systemic dis
ease . Accordingly, the functional capacity of the immune apparatus as a 
critical homeosta t ic mechanism recognizing self from nonself in a biologi
cal context assumed a major clinical and theoretical role. Every organ 
system suddenly became vulnerable as a target antigen against which 
immune react ions could be directed when the immune apparatus failed to 
function in a normal manner . This chapter will be specifically devoted to 
such abnormal immunological react ions directed against the ery throcyte , 
the au to immune hemolytic anemias . 

II. D E F I N I T I O N O F A U T O I M M U N E H E M O L Y T I C 

A N E M I A 

Any fruitful discussion of the auto immune hemolytic anemias is depen
dent in great par t on establishing a clear and precise definition of the 
abnormal p rocess . Early in the development of the auto immune concept , 
any hemolytic anemia that was not congenital or inherited (i .e. , an ac
quired hemolyt ic anemia) was automatically termed auto immune. This 
oversimplification was partially corrected by studies defining the nature of 
immune reactivity. However , such theoretical serological knowledge was 
distorted when applied to clinical si tuations. The problem was again sim
plified by using the phrase au to immune to explain any clinical circum
stance in which a host produced an erythrocyte antibody that resulted in 
premature death of the ery throcyte . The critical quest ions as to a normal 
or abnormal response of the immune appara tus and the nature of the 
antigen were not addressed with this broad terminology. In 1963, M a c K a y 
and Burnet provisionally defined auto immune disease as follows: " A n y 
condition in which clinical symptoms or functional changes result from 
immunologic react ions of immunologically competent cells or ant ibodies, 
p roduced by the individual, with normal components of the b o d y . " 

This definition was excellent, and adherence to its postulates clarified 
many previous problems and clearly pointed to required additional inves
tigations. Several critical aspects of autoimmunizat ion were emphasized. 
The immunological na ture of the process was unequivocally stated. The 
definition permit ted immune mechanisms other than circulating ant ibody 
in the establ ishment of an auto immune state . The application of cellular 
immunity in autoimmunizat ion was implicit. The presence of t issue dam
age and functional impairment of the target organ system became essen
tial for the diagnosis of an au to immune disease. The simple presence of an 
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autoant ibody or a sensitized Τ lymphocyte was not in itself necessari ly 
assumed to be abnormal , and the phrase " d i s e a s e " required the addi
tional provision of clinical/pathological manifestations. Finally, the defini
tion stated the dependence of autoimmunizat ion on the host product ion of 
agents capable of reacting with normal host self-constituents. This provi
sion suggested a specific pathological process in which biological self-
recognition is abnormal , and horror autotoxicus as a controlling homeo
static state is abrogated. Extrapolat ion of this concept further implies that 
an au to immune disease , i rrespective of the target organ, has as its funda
mental abnormali ty a malfunctioning immune appara tus . It further implies 
a basic unity of such diseases , in spite of the vast clinical variety which 
reflects the involvement of multiple and different target cellular ant igens, 
ei ther singularly or in various combinat ions . 

Application of these concepts specifically to the erythrocyte allows us 
to define the au to immune hemolytic anemias as follows: A clinical state 
character ized by an individual initiating an immunological react ion di
rected against his own normal unmodified erythrocytes , resulting in a 
shortening of the ery throcyte lifespan. 

This definition suggests that the basic pathological defect lies in the 
immune appara tus , and that the erythrocyte represents a normal target for 
the aberrant immune react ion. It also implies that the erythrocyte may not 
be the only or even the major t issue against which the abnormal immune 
reactivity is directed. We should anticipate disease complexes in which 
multiple t issues will be involved, ei ther at the time of diagnosis or subse
quently throughout the natural history of the disease (Pirofsky, 1968). 
Immunological react ions directed against nonerythrocyte ant igens, such 
as toxic mater ials , drugs, and bacter ia and viruses and their p roduc t s , 
e tc . , which fix to the ery throcyte surface and lead to erythrocyte des t ruc
tion, are not truly au to immune and do not carry the implication of a 
defective immune system or a pr imary immunologically medicated dis
ease . 

III. CLASSIFICATIONS OF AUTOIMMUNE 
HEMOLYTIC ANEMIA 

The definition given above and its implications suggest that the autoim
mune hemolyt ic anemias will be highly variable in their clinical presenta
t ions. This has been found to be t rue , and a t tempts have therefore been 
made to further define and classify clinically the disease enti t ies. The 
obvious preferred method would be an etiological definition, document ing 
the specific immune defect and its pathogenesis . As yet , this idealized 
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situation has not been at tained. Accordingly, two major clinical and sero
logical subclassifications have been employed and found useful. 

A . COLD- AND WARM-ACTING AUTOIMMUNE HEMOLYTIC 

ANEMIA 

The antibodies inducing auto immune hemolytic anemia are of two ma
j o r immunoglobulin c lasses , IgG and IgM varieties. The clinical presenta
tions resulting from these two immunoglobulin classes differ greatly. In 
addition, the prognost ic significance and type of therapy required are 
dissimilar. Accordingly, the clinician faced with autoimmune hemolytic 
anemia is obligated to define the process serologically, at least to the 
extent of the concerned immunoglobulin class. As a general rule, an IgM 
autoant ibody inducing significant hemolytic anemia results in a My
opathic or cold-acting autoimmune hemolytic anemia. Hemolyt ic anemia 
caused by an IgG autoant ibody generally leads to a warm-acting autoim
mune hemolytic anemia. The one obvious exception to this general obser
vation is paroxysmal cold hemoglobinuria, where an IgG autoant ibody 
induces a cold-dependent hemolytic process . 

B. CLINICAL CLASSIFICATION 

The presence or absence of significant associated diseases plays a dom
inant role in the clinical presentat ion, prognosis , and required therapy of 
au to immune hemolytic anemia. Accordingly, a clinical classification is a 
useful tool in the medical management of these condit ions. When the 
hemolytic anemia appears as an isolated process in an otherwise healthy 
subject, the term primary or idiopathic autoimmune hemolytic anemia is 
employed. If there is a significant associated disease in a patient develop
ing au to immune hemolytic anemia, the process has been called secondary 
or symptomatic autoimmune hemolytic anemia. The relative frequency of 
these two varieties depends to a great extent on the length of t ime of 
follow-up examinat ions and the assumption of "s ignif icance" of the asso
ciated disease. 

The early studies of au to immune hemolytic anemia indicated that 
—70% of cases were of the idiopathic form (Dausset and Colombani , 1959; 
Dacie , 1962). With our increased knowledge of autoimmunizat ion, this 
frequency has dramatically changed. The formulation of a theoretical 
framework ascribing the disease to aberrant immune function ra ther than 
as a pr imary defect of the target cell (erythrocyte) , and the concomitant 
demonstra t ion of an immunological pathogenesis of a wide variety of 
clinical enti t ies, have greatly increased the number of "signif icant" dis-
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eases . In a large s tudy we performed, only 18% of cases were found to be 
of an idiopathic variety (Pirofsky, 1969). We accordingly suggested that 
idiopathic au to immune hemolytic anemia is illusory, and that all autoim
mune hemolyt ic anemia is part of a mult isystem, immunologically medi
ated abnormal i ty . The apparent idiopathic or primary state is simply the 
" t ip of an i cebe rg" syndrome and should be used as a herald sign alerting 
the clinician to an underlying mult isystem disease that could become 
clinically apparent at any t ime (Pirofsky, 1968). 

IV . C L I N I C A L A S P E C T S O F A U T O I M M U N E 

H E M O L Y T I C A N E M I A 

Cold-acting (cryopathic) and warm-act ing forms of au to immune hemo
lytic anemia may present with a variety of different clinical pa t te rns . 
Much of this variation represents the presence of different associated 
diseases and their influence on the general medical s ta tus . It is apparent 
that a warm-act ing au to immune hemolytic anemia occurring as the only 
disease or in associat ion with active Hodgkin ' s disease or systemic lupus 
e ry thematosus will present entirely different symptomatic and physical 
findings. The problem is further complicated by the interrelationship be
tween the hemolyt ic process and the underlying disease. In some cases , 
activity of the associated disease will dramatically affect the hemolytic 
anemia. In o ther pat ients , the hemolytic anemia and associated disease 
coexist , with their activities independent of each other . 

It is beyond the scope of this chapter to review the myriad clinical 
variations that may occur with secondary auto immune hemolytic anemia. 
Table II outl ines several of the pat terns seen in the cryopathic variety and 
Table HI lists the clinical associat ions seen in 234 cases of warm-act ing 
au to immune hemolyt ic anemia. Clinical details may be found in the re
views of Dacie (1962), Pirofsky (1969, 1976), and Schubothe (1958). The 
following discussion summarizes many basic general clinical observa
t ions. 

A . INCIDENCE 

The au to immune hemolytic anemias are relatively common diseases . 
At the Oregon Heal th Sciences Universi ty , an annual incidence of 1 case 
per 80,000 populat ion was encountered over an 8-year period. The fre
quency of discovery of cases reflects in great part the aler tness of the 
clinician and the laboratory staff, and the technical skill of the blood 
transfusion service. 
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TABLE II 
Classification of the Cryopathic Autoimmune Hemolytic 
Anemias 

Idiopathic or primary cold hemagglutinin disease 
Secondary or symptomatic cold hemagglutinin disease 

Associated with virus infection 
Mycoplasma pneumoniae 
Influenza 
Infectious mononucleosis 
Other viruses 

Associated with reticuloendothelial neoplasia 
Paroxysmal cold hemoglobulinuria 

Luetic type 
Nonluetic type 

B. A G E DISTRIBUTION 

Subjects with the cryopathic and warm-acting auto immune hemolytic 
anemias differ in their age distribution. Cold-acting varieties typically 
involve the middle-aged and elderly; Schubothe (1958) noted a peak inci
dence of onset from 51 to 60 years and Dacie (1962) a peak at 70 to 80 
years . In contras t , the warm-acting form occurs at any age. Dacie ' s (1962) 
patients ranged from 5 months to 78 years , and those of Pirofsky (1969) 
from 1 month to 87 years . The underlying associated disease appears to 
influence the age distribution rather than the hemolytic anemia. The oc
currence of warm-act ing auto immune hemolytic anemia in the young is 
considered by some to be rare , but this is e r roneous . O 'Connor et al. 
(1956) reviewed the accumulated literature and added 18 additional cases 
in children under age 5. In our exper ience , the majority of cases occurring 
in the pediatric age group are associated with bacterial or viral infectious 
disease. 

C . RACE AND SEX 

There does not appear to be a racial predisposition for, or protect ion 
from, au to immune hemolytic anemia. Blacks frequently develop these 
diseases . They also occur in Asians , and the syndromes are not rare in the 
t ropics . 

The sex distribution is influenced by the underlying pathological state 
rather than the au to immune hemolytic anemia. For example , the majority 
of pat ients with S L E and auto immune hemolytic anemia are female. In 
contras t , pat ients developing these syndromes with the lymphomas and 
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TABLE III 
Primary and Secondary Types of Autoimmune Hemolytic Anemia3 

Associated diseases Number Percent 

Idiopathic (primary) type 44 18.2 
Secondary (symptomatic) type 190 81.8 

Reticuloendothelial neoplasia 114 48.7 
The leukemia 77 32.9 

Chronic lymphocytic 48 20.5 
Others 29 12.4 

The lymphomas 25 10.7 
Plasma cell myeloma 9 3.8 
Thymona 3 1.3 

Other malignancies 20 8.5 
Benign cyst and tumors 16 6.8 
Collagen-vascular disease 35 15.0 
Thyroid disease 25 10.7 
Infectious disease 

Bacterial 53 22.6 
Viral 21 9.0 
Fungal 3 1.3 

GI Tract disease 29 12.4 
Miscellaneous group 

Trauma, erythrocytes 9 3.8 
Drugs 7 3.0 
Iron deficiency 3 1.3 
Myeloproliferative disease 1 0.4 
Heterozygous P-K deficiency 1 0.4 

a There were 234 patients in the study. 

leukemia show a predominance of males . The idiopathic varieties are 
more frequently seen in females. This suggests that many of these pat ients 
may eventually develop overt S L E . This is particularly true in subjects 
with an E v a n s ' syndrome. 

D . GENETIC PREDISPOSITION 

Although the familial occur rence of au to immune hemolytic anemia is 
rare , 20 kindreds with 45 afflicted subjects have been reported (Lippman 
et al., 1982). In spite of this uncommon overt genetic associat ion, a ge
netic predisposi t ion is apparent . If a careful family history is taken, a 
distinct pa t te rn may appear . Multiple family members will frequently be 
found to have a variety of disease s tates generally considered to be immu
nologically media ted. Rheumatoid arthri t is , nephri t is , S L E , the leuke-



478 BERNARD PIROFSKY 

mias and lymphomas , ulcerative colitis, thyroid disease, pernicious ane
mia, multiple sclerosis, e tc . , are typical entities present in other family 
members . This distribution suggests that a hereditary defect exists , but 
that it does not specifically involve immune homeostasis of the erythro
cyte . Rather , a more fundamental inheritable aberrat ion of the immune 
appara tus may be present in which multiple target organs are eventually 
involved (Pirofsky, 1968, 1969; Pirofsky and Vaughn, 1968; Bardana and 
Pirofsky, 1970). A detailed review of this problem by Lippman et al. 
(1982) indicates the presence of a Mendelian dominant abnormality with 
impressive odds against linkage to H L A . 

E. PRESENTING SYMPTOMS 

As ment ioned above , a large number of symptoms is manifested by 
patients with au to immune hemolytic anemia. The diversity reflects the 
variability of significant associated diseases present . Symptoms directly 
referable to the au to immune hemolytic anemia are more limited and may 
be conveniently grouped into three areas . Symptoms resulting from the 
anemic state are most common , with weakness and dizziness frequently 
found. Evidence of cardiovascular complications is also common, with 
symptoms of congest ive heart failure and coronary insufficiency particu
larly ominous . 

The second major group of symptoms is a reflection of the hemolytic 
process . Jaundice is noted by about one-quarter of the pat ients , and dark 
urine or hemoglobinuria is occasionally encountered. Miscellaneous com
plaints of a lower frequency and less specificity are also reported. Fever is 
the most outstanding in this group. It is frequently difficult to date the 
exact onset of disease. The symptoms generally develop slowly and insid
iously. Rarely, the disease will present in an explosive fashion with an 
acute hemolytic crisis. Table IV lists the relative frequency of presenting 
symptoms in 230 pat ients seen at our institution. 

F . PRESENTING SIGNS 

Physical findings in au to immune hemolytic anemia generally reflect the 
hemolysis , resulting anemia and sequelae, and reticuloendothelial abnor
malities. Jaundice is common and is a valuable physical sign. The clinical 
diagnosis of anemia is remarkably difficult, and the classical observat ion 
of pallor is unreliable. The effect of anemia, however , is easily docu
mented in the cardiovascular sys tem. Edema and evidence of congest ive 
heart failure may be found. Enlargement of the liver, spleen, and lymph 
nodes is the most common abnormali ty. The hepatomegaly and spleno-
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TABLE IV 
Presenting Symptoms of 230 Patients with 
Autoimmune Hemolytic Anemia 

Symptoms Number Percent 

Anemia 
Weakness 203 88 
Dizziness 115 50 
Dyspnea 21 9 
Heart failure 11 5 
Edema 10 4 
Pallor 9 4 
Angina 5 2 
Confusion 4 2 
Syncope 1 

Hemolysis 
Jaundice 48 21 
Dark urine 6 3 
Hemoglobinuria 3 1 

Miscellaneous 
Fever 85 37 
Bleeding 23 10 
GI Complaints 13 5 
Cough 12 6 
Weight loss 11 5 
Anorexia 9 4 
Arthritis 4 2 

megaly are not mass ive , and the lymph node enlargement is slight to 
modera te . Approximate ly 7 5 % of pat ients with auto immune hemolytic 
anemia will have one or several of these enlarged reticuloendothelial 
s t ructures . Table V summarizes the present ing physical signs in 230 cases 
of au to immune hemolyt ic anemia. 

V. LABORATORY TESTING IN AUTOIMMUNE 
HEMOLYTIC ANEMIA 

Labora tory examinat ions are critical for the diagnosis of au to immune 
hemolytic anemia , for efficient monitoring of therapeut ic effects, and for 
evidence of ei ther relapse or remission. A detailed analysis of all the 
laboratory findings is beyond the scope of this review. The reader should 
consult several excellent texts for many of the details (Dacie, 1962; 
Pirofsky, 1969; Petz and Garra t ty , 1980). The present discussion will be 



480 BERNARD PIROFSKY 

Table V 
Presenting Physical Signs in 230 Patients with 
Autoimmune Hemolytic Anemia 

Physical sign Number Percent 

Splenomegaly 120 52 
Hepatomegaly 103 45 
Lymphadenopathy 79 34 
Jaundice 48 21 
Thyromegaly 24 10 
Edema 13 6 
Heart failure 12 5 
Pallor 10 4 
Pleural effusion 4 2.2 
Ascitis 4 2.2 
Pneumonia 4 2.2 
Abdominal mass 4 2.2 
Skin lesions 4 2.2 
Arthritis 4 2.2 
Mediastinal mass 2 1.1 
Splenic infarct 2 1.1 

limited to a brief review of several critical laboratory parameters ; the 
peripheral blood, the bone mar row, and serological testing. 

A . PERIPHERAL BLOOD 

Examinat ion of the peripheral blood is the most important initial test in 
au to immune hemolytic anemia. In addition, repeated examinat ions are 
critical to evaluate the severity of disease and the response to therapy or 
progression of the abnormali ty . A complete blood count , including plate
lets and ret iculocytes , is required. In 218 patients studied in our labora
tory, the initial hematocri t ranged from 9.0 to 44 .5%, with a median of 
24%. Although the hematocri t may be only moderately depressed, metic
ulous follow-up is required. When these patients were sequentially fol
lowed, it became apparent that severe anemia is the rule. Lowes t hemato
crits ranged from 7.5 to 41 .5%, with a median of 19%. A hematocri t < 15% 
was observed in 49 pat ients . 

The white blood cell count is highly variable and may reflect the pres
ence of an associated significant disease, that is, the leukemias. In 38 
patients with an idiopathic au to immune hemolytic anemia, more than half 
the pat ients had normal W B C counts , although there was a range of 1400 
to 27000/mm 3 . Six pat ients had leukocyte counts <2000/mm 3 , and these 
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occurred in a pa t te rn of peripheral pancytopenia with hypoplast ic or nor
mal bone mar rows . 

Analysis of 77 pat ients with au to immune hemolytic anemia in the ab
sence of lymphoid malignancy revealed normal th rombocyte values in 
60%, with a range of < 1,000 to > 1 x 10 6 /mm 3 . Of 31 patients with the 
idiopathic variety, 4 5 % were found to be thrombocytopenic , with 7 sub
jec t s having values <20,000 m m 3 . Thrombocytopenia occurring in associ
ation with au to immune hemolyt ic anemia has been well recognized under 
the term E v a n s ' syndrome (Evans and Duane , 1949). It should be empha
sized that the anemia and thrombocytopenia do not necessari ly appear at 
the same t ime. Fol low-up is critical in such pat ients , and the majority will 
eventually appear with a full-blown S L E . 

It is generally assumed that chronic and persistent ret iculocytosis is 
inevitable in au to immune hemolytic anemia. This was examined in 195 
pat ients on the initial examinat ion prior to diagnosis and therapy. Ninety-
six pat ients , 49%, had normal ret iculocyte values < 2 % . This was more 
common in secondary varieties (54.4%) than in the idiopathic form 
(25.7%). It might be assumed that ei ther myelophthisic or chemothera-
peutic states restr icted the capacity of the bone mar row to respond to 
anemic s t ress . This could not be confirmed. The majority of pat ients 
responded to therapy with an adequate ret iculocytosis . Five pat ients with 
the idiopathic variety had ret iculocyte values of 0 - 0 . 3 % . These cases 
were initially misdiagnosed as either aplastic anemia or ery throcyte apla
sia. The t rue diagnosis was not suspected until positive antiglobulin tests 
were obtained during routine cross-matching for transfusions. Reticulocy
tosis generally occurred in these pat ients with the start of therapy. It 
should be emphasized that a lack of reticulocytosis should not sway the 
clinician from a diagnosis of au to immune hemolytic anemia. 

B . B O N E M A R R O W EXAMINATION 

The peripheral blood values found in auto immune hemolytic anemia 
represent a summat ion of the immunologically mediated destruct ive pro
cess and the product ive capaci ty of the bone marrow. Accordingly, bone 
mar row examinat ion is critical for a complete evaluation of the disease 
process . It is perfectly possible for extensive peripheral blood cell de
struction to occur and be sufficiently compensa ted by increased cell pro
duction to avoid anemia. The normal ery throcyte lifespan of 120 days 
could be reduced to 15 days , and a fourfold increase in erythrocyte pro
duction would correct this abnormali ty sufficiently to prevent anemia 
from occurr ing. 
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It is generally assumed that bone marrow hyperplasia, and more specifi
cally erythrocyte hyperplasia , is universally found in hemolytic anemia. 
We have examined this assumption by reviewing bone marrow prepara
tions obtained from 162 pat ients at the approximate time of onset of the 
hemolytic stage. A normal bone marrow was found in only 15% of cases , 
with 5 3 % having erythrocyt ic hyperplasia and 4 3 % generalized increased 
marrow cellularity. In the idiopathic variety, only 1 of 35 patients had a 
normal mar row; 7 1 % had erythrocyte hyperplasia. Of particular interest 
was the observat ion that 8 of 35 had depressed numbers of erythrocyte 
precursors , with 3 pat ients presenting an erythrocytic aplasia pat tern . 

This is surprising to some. It suggests that the erythrocyte autoant ibody 
is directed against antigens present on both mature and precursor erythro
cytes . The resulting bone mar row, ret iculocyte, and peripheral erythro
cyte findings accordingly must represent the outcome of antigenic compe
tition for ant ibody by mature and precursor ery throcytes . In general , the 
huge peripheral e ry throcyte mass and their antigens must bind the over
whelming majority of available autoant ibody. The comparatively limited 
destruct ion of p recursor cells is obscured by intense proliferation of the 
remaining unafflicted precursor cells, resulting in the pat tern of erythro
cytic hyperplasia. In exceptional c i rcumstances , however , large amounts 
of circulating ant ibody or antibody with a high avidity may be present , 
resulting in the destruct ion of large numbers of precursor cells and even 
mimicking erythrocyt ic aplasia. A detailed considerat ion of this possibil
ity was presented previously (Pirofsky, 1969). 

Morphological abnormali t ies of erythrocytic precursors resembling 
megaloblastic changes are commonly observed. Approximately 15% of 
patients we have studied had bone marrow examinations classified as 
megaloblastic (Pirofsky, 1969). Such changes may represent a relative 
lack of folic acid of Vitamin B i 2 p roduced by intense and chronic erythro
poietic activity associated with auto immune hemolytic anemia. However , 
measurements of serum folate and Vitamin B J 2 are generally normal , and 
supplementary therapy with folic acid or Vitamin Β ϊ 2 usually does not 
induce a therapeut ic response . It should also be emphasized that posit ive 
antiglobulin tests are not infrequently found in classic pernicious anemia 
(Pirofsky and Vaughn, 1968) and have also been described in folic acid 
deficiency states (Pirofsky, 1969). 

C . SEROLOGICAL TESTS 

The diagnosis of au to immune hemolytic anemia cannot be made with
out the employment of appropria te serological tests to document the pres
ence of e ry throcyte autoant ibodies . Current procedures are primarily de-
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signed to demons t ra te the fixation of antibodies to the erythrocyte 
surface. Such an interaction can be visualized as a two-step p rocess . In 
the first phase , the ant ibody interacts with its e ry throcyte surface antigen. 
In the second phase , e ry throcytes coated with ant ibody interact with each 
other , eventually resulting in visible agglutination and/or hemolysis . Sero
logically, two general forms of e ry throcyte antibodies exist in the autoim
mune hemolyt ic anemias . A " c o m p l e t e " antibody is defined as one 
undergoing phase 1 and 2 of the hemagglutination react ion. An " incom
p l e t e " e ry throcyte ant ibody initiates phase 1 but does not progress to 
phase 2 or visible agglutination. Additional procedures must be performed 
to demons t ra te its fixation to the e ry throcyte . 

In the warm-act ing au to immune hemolytic anemias , the vast majority 
of pathological antibodies are of an " i n c o m p l e t e " variety. They are maxi
mally react ive at 37°C and do not induce hemagglutination of e ry throcytes 
suspended in saline. They are usually of an IgG immunoglobulin class . 
Because they do not spontaneously induce hemagglutination, specialized 
techniques must be employed to demonst ra te the presence of such anti
body , both free in the sera and fixed to the surface of the e ry throcyte . 
Three major techniques are commonly employed, (a) Ery throcytes coated 
with pathological ant ibody will undergo agglutination when suspended in 
media containing large numbers of colloid anisometric molecules . Al
bumin, dext ran , polyvinylpyrrolidine, carboxymethyl cellulose, gum aca
cia, e t c . , have all been successfully employed, (b) Trea tment of erythro
cytes with enzymes . Trypsin , papain, ficin, and bromelin are some of the 
most commonly used materials , (c) The antiglobulin test . 

The antiglobulin test developed by Coombs et al. (1945) is the proce
dure most frequently used. Its rat ionale was based on the assumption that 
incomplete e ry throcyte autoant ibody fixed to the red cell surface was a 
gamma globulin molecule . Accordingly, an antibody directed against hu
man gamma globulin (Coombs ' sera) would react with such ery throcyte 
ant ibodies , thereby inducing hemagglutination. The process was visual
ized as supplying a functional bivalent antibody molecule capable of re
acting with the gamma globulin antigen (erythrocyte antibody) on two 
different e ry throcytes . This bridging phenomenon would expand in a 
fashion similar to the lattice framework seen in precipitation, leading to 
agglutination. T w o basic test p rocedures were formulated. A direct anti
globulin test was used to document the presence of ant ibody on the eryth
rocyte surface. An indirect antiglobulin test was employed to demon
strate free ant ibody circulating in the serum. This was accomplished by 
incubating the test serum with appropr ia te donor e ry throcytes , washing 
these cells free of sera, and then testing the washed erythrocytes in a 
direct antiglobulin test . 
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The choosing of appropr ia te donor erythrocytes requires some explana
tion. In order for an incomplete ant ibody to fix to an ery throcyte , the 
antigen against which the ant ibody is directed must be present on the 
ery throcyte surface. Accordingly, the use of an indirect antiglobulin test 
in an isoimmune hemolyt ic anemia (i .e. , hemolytic disease of the new
born) would require the use of donor erythrocytes containing a blood 
group substance against which the isoantibody was directed. Fo r an anti-
D (Rh 0 ) form, D (Rh G ) ( + ) erythrocytes are needed. If the antibody had 
anti-K specificity, the donor erythrocytes must be K ( + ) . Application of 
this technique to the warm-act ing auto immune hemolytic anemias gave 
different results . Posit ive indirect antiglobulin tests were obtained with all 
human red cells tes ted. Such data suggested to some that a lack of anti
genic specificity existed and a t rue antibody was not involved. 

Wiener et al. (1953) presented a brilliant set of speculations to explain 
the apparent lack of specificity of erythrocyte autoant ibodies . It was pos
tulated that antigenic material present on all human erythrocytes created 
the appearance of nonspecificity. After a series of studies, they concluded 
that the warm-act ing autoant ibodies were directed against the nucleus of 
the R h - h r subs tance . Support for this concept has accumulated from two 
main sources . Occasional warm-acting erythrocyte autoantibodies di
rected against specific e ry throcyte antigens have been found. The vast 
majority of these have been directed against rhesus group antigens. Sev
eral families have been shown to have erythrocytes that do not contain 
rhesus ant igens. Use of such Rh (null) erythrocytes in the various test 
systems revealed that the majority of warm-acting autoantibodies have 
specificity within the rhesus system (Weiner and Vos , 1963). 

Throughout the years the antiglobulin test has proven to be a surpris
ingly sensitive procedure and forms the corners tone in the diagnosis of 
warm-act ing au to immune hemolytic anemia. Although false-negative and 
false-positive react ions can occur , it is a reliable and simple test with wide 
applicability. In a sense , its reliability has been so good as to introduce 
difficulties. W e are currently faced with a circular form of reasoning in the 
diagnosis of warm-act ing au to immune hemolytic anemia. A positive anti
globulin test is so often found in these diseases that we now assume that 
all cases must have a posit ive antiglobulin react ion. In spite of this , all 
clinicians dealing with these diseases have encountered patients with clas
sical presentat ions and negative antiglobulin react ions. In order to truly 
investigate such pat ients , elution procedures , the use of colloidal aniso-
metric molecule solutions and enzyme t reatment , and red cell survival 
studies with and without cross-transfusion analysis are required. 

Serological analysis in the cold-acting auto immune hemolytic anemias 
differs greatly from the studies outlined above . In these states the vast 
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majority of pathological antibodies are of a " c o m p l e t e " variety. They are 
maximally react ive at 4°C and induce agglutination of red cells suspended 
in saline and are usually of an IgM immunoglobulin class . In contrast to 
the warm-act ing autoant ibodies , they are efficient act ivators of the com
pliment sys tem and lead to hemolysis . In general they are easily identi
fied, and specialized ancillary techniques are not required to supplement 
simple agglutination p rocedures . 

Pathological cold-acting autoant ibodies are very similar to the normal 
cold-acting ant ibodies (cold agglutinins) present in all humans . They differ 
in two areas that are significant for diagnosis. (1) Agglutination titers at 
4°C are high, generally > 1 : 2 0 0 0 , in contras t to normal cold agglutinins, 
which have ti ters of 1:256 or less . (2) The thermal level of reactivity with 
e ry throcytes is high. Cryopathic ant ibody capable of inducing hemolytic 
anemia generally will react with ery throcytes at tempera tures >22°C. The 
normal cold agglutinins generally are inactive at tempera tures >15°C. 

The thermal level of reactivity is of major significance in the develop
ment and magni tude of cryopathic au to immune hemolytic anemia. A 
cold-acting autoant ibody with a titer > 1 0 χ 10 6 at 0°C and a titer of 0 at 
20°C is clinically insignificant. In contras t , a relatively low-titer ant ibody 
at 4°C with a titer of 1:2 at 30°C may lead to severe hemolytic anemia. 
The critical quest ion is not the ant ibody titer, but ra ther whether the 
ant ibody is capable of reacting with ery throcytes at body tempera tures . It 
should be emphas ized that t empera tures in the capillary circulation of the 
extremit ies can drop as low as 20-22°C. 

Demonst ra t ion of a clinically significant cold-acting autoant ibody can 
be accomplished with the following simple procedure . A whole blood 
sample should be collected in E D T A and warmed to 37°C prior to remov
ing serum for testing. The rationale for these provisions is outlined below. 
A cold agglutinin titer s tudy should be set up in duplicate. One rack of 
dilutions is to be incubated at 4°C and one at room tempera ture (22-25°C). 
A potentially significant autoant ibody may be present if the titer at 4°C is 
> 1 : 2 0 0 0 or if agglutination occurs at any titer at room tempera ture . If this 
occurs , the ti ter should then be determined, at s tepwise higher tempera
tures , until ei ther 37°C is at tained or agglutination disappears . This 
thermal level is a helpful guide in predicting the severity of the clinical 
problem. 

Cold agglutinins generally induce overt agglutination of e ry throcytes 
suspended in saline. Accordingly, antiglobulin testing is not required and 
cannot be done in the usual fashion. If it is desirable to search for an IgG 
warm-act ing autoant ibody in the p resence of a cold agglutinin, it is neces
sary to eliminate the IgM-induced agglutination. This can be accom
plished by disulfide reduct ion of the IgM autoant ibody with dithiotriotol 
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at a concentrat ion that will not inactivate the IgG autoant ibody, followed 
by standard antiglobulin testing (Pirofsky and Rosner , 1974). 

The usual commercial antiglobulin sera have antibodies directed 
against human IgG, with very little reactivity against IgM immunoglobu
lins. In view of this it was surprising and frequently confusing to observe 
that direct antiglobulin testing is generally positive in cold-acting autoim
mune hemolytic anemia in the absence of warm-acting IgG autoant ibo
dies. This apparent discrepancy is now easily explained. The usual com
mercial antiglobulin sera has antibodies against C3 and C4 as well as 
against IgG. When a cold hemagglutinin reacts with an erythrocyte anti
gen, complement is bound to the erythrocyte surface. In the usual labora
tory manipulat ions, washing and incubation occurs at tempera tures suffi
ciently warm to remove the ant ibody from the erythrocyte surface; 
complement , however , is irreversibly bound. Subsequent testing with 
antiglobulin sera will then lead to posit ive tests induced by ant i -C3, -C4 
reactions to the bound complement . 

It is crucial that this reaction be unders tood in order to avoid misdiag
nosis. As ment ioned, all human sera have cold-acting autoantibodies that 
are not clinically significant. However , if a heparinized blood sample is 
obtained and stored in the refrigerator, these normal cold agglutinins will 
fix to the ery throcytes and bind complement . In subsequent testing the 
cold agglutinin is washed free, but the complement will remain on the 
erythrocyte and lead to a positive antiglobulin test due to anti-C3, -C4 
antibodies in the antiglobulin sera. Collection of the blood sample in 
E D T A will prevent this complement activation. In addition, warming the 
blood sample prior to removal of sera for testing will prevent adsorbt ion 
of the free cryopathic autoant ibody to the ery throcytes . Clarification of 
this problem in clinical testing can be accomplished by using monospecific 
anti-IgG, ant i-C3, and anti-C4 antiglobulin reagents . 

The cold-acting autoant ibodies were the first autoantibodies discov
ered. In 1903 Lands te iner accurately described and purified the normal 
human cold hemagglutinins. These antibodies had a remarkable broad 
spectrum of activity. They were found in the sera of many animal species 
(human, guinea pig, chicken, horse , dog, rabbit , cat t le , cat , sheep , mon
key, donkey , and goat) , and they cross-reacted extensively. Because of 
this apparent nonspecificity, the term "panhemagglu t in ins" was applied 
to the entire group. Extens ive studies by Wiener et al. (1956) clarified 
these observat ions . It was shown that the normal cold hemagglutinins and 
pathological cryopathic autoant ibodies reacted with a blood group sub
stance present on the e ry throcytes of most humans and other animal 
species. The antigen was named I, with I chosen to emphasize the high 
degree of individuality of blood samples failing to react with anti-I. These 
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observat ions have been amply confirmed. In addition to anti-I, however , 
o ther specificities of cold-acting autoant ibodies have been described. 
These include ant i -H, anti-P, ant i-O, ant i-B, anti-M, an t i - ^no t - I " and 
anti-i. This latter autoant ibody is particularly common in infectious mono
nucleosis . Cord blood e ry throcy tes , in contrast to adult e ry throcytes , 
have large amounts of i antigen and relatively small amounts of I. This 
finding is employed in specificity studies of cold-acting autoant ibodies , 
with differential titers obtained using adult and cord blood ery throcytes . 

VI. THERAPY O F A U T O I M M U N E HEMOLYTIC 
A N E M I A 

The cur rent review has emphas ized that the au to immune hemolytic 
anemias are not a homogeneous clinical enti ty. Variations exist in the 
magnitude and rapidity of hemolysis , in the association of additional path
ological s ta tes , in the comparat ive influences of these two factors , and in 
the serological na ture of the autoant ibody. The effect of this heterogene
ity is particularly apparent in divising efficient therapeut ic p rocedures . 
This discussion will be limited to a general approach applicable to the 
usual case encountered . 

A WARM-ACTING AUTOIMMUNE HEMOLYTIC ANEMIA 

1. Corticosteroids 

Cort icosteroids are the initial t rea tment of choice for the warm-act ing 
au to immune hemolyt ic anemias . Oral prednisone (60 mg as a single morn
ing dose) should be given daily. Comparable doses of o ther cort ico
steroids may be utilized instead of prednisone . There is no evidence that 
higher doses or parenteral routes offer any advantage. A therapeut ic re
sponse is frequently anticipated by stabilization of a dropping hematocr i t 
or an increase in the ret iculocyte response . Fifty percent of responding 
pat ients will do so within 7 days of initiating therapy. In our exper ience , a 
lack of response in 3 weeks generally indicates a therapeut ic failure and 
the need for another therapeut ic modali ty. 

High-dose cort icosteroid therapy may produce significant detr imental 
side effects. A major goal of this therapy is to maintain a hematological 
remission at the lowest possible dose of cort icosteroids . To accomplish 
this , a slow but progressive reduct ion of cort icosteroids should be carried 
out after a hematocr i t of 30% is at tained. A prednisone requirement > 1 5 
mg daily to maintain a hematocr i t of 30% or higher is generally unaccepta-
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ble for long periods of t ime and is an indication for alternative therapy. A 
therapeut ic failure with s teroids, or an unacceptable dosage, requires 
either splenectomy or immunosuppress ive therapy. Clinicians differ as to 
the preferential p rocedure after s teroids. In either case , if a therapeut ic 
failure occurs with the chosen approach, the other therapy should be 
utilized. My personal preference is to use immunosuppress ive therapy if 
prednisone fails, with splenectomy to be used if immunosuppress ion is 
unsuccessful or cannot be employed. 

2. Immunosuppressive Therapy 

Daily azathiopr ine , 2 .0-2 .5 mg/kg body weight in divided oral doses , is 
the therapy of choice . Some clinicians employ cyclophosphamide. The 
multiple sys tem toxicity of this drug and the other alkylating agents and 
their oncogenic potential suggest that these agents should only be used if 
failure occurs with azathioprine or other analogs such as methot rexate . 
Azathioprine is a long-acting drug. Accordingly, therapeutic responses 
may not be seen for 10-14 days . Similarly, changes in dosage should not 
be initiated before a 2-week period, in order to evaluate the effect of the 
previous dose level. If no response is seen after 4 weeks of the initial 
therapy, dose levels may be increased by 25 mgs every 2 weeks , until 
ei ther a response occurs or evidence of marrow depression is obtained. 
Low-dose cor t icosteroids , 10-20 mg daily, should be given concomitant ly 
with azathioprine. When remission occurs it is frequently possible to 
reduce or eliminate prednisone without initiating relapse. At that point a 
slow reduct ion of azathioprine (i .e. , 25 mg/month) should be a t tempted. 
Approximately 50% of patients unresponsive to cort icosteroid therapy 
may respond to the above procedure . 

3. Splenectomy 

This is a well-established therapeut ic approach. There is a surprisingly 
low morbidity and mortali ty when splenectomy is performed under ideal 
condit ions. These include avoidance of the "despera t ion sp lenec tomy," 
the availability of a team of surgeons experienced in splenectomy, and a 
close collaboration be tween the surgeon and immunohematologist . The 
long-term dangers of potentially fatal septicemia in adult asplenic subjects 
must be considered and appropria te immunizations carried out. We antic
ipate a response rate of —50% in subjects failing corticosteroid therapy. 

4. Other Therapies 

A wide variety of o ther therapies has been employed. These are of 
dubious value; they have not been confirmed as therapeutically sound and 
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should be considered as investigational approaches . They should only be 
employed if the o ther therapies have been unsuccessful . The li terature 
should be consul ted for details of their use . Included in this group are 
heparin administrat ion, p lasmapheres is , lymphopheres is , vinblastine-
laden platelets , an t i thymocyte ant iserum, and thymectomy. 

B. COLD-ACTING AUTOIMMUNE HEMOLYTIC ANEMIA 

Frequent ly the degree of anemia is only mild to modera te , and vigorous 
therapy may not be required. If a secondary variety is present , the hemo
lytic p rocess may be only transient . Hemolyt ic anemia following myco
plasmal infections and infectious mononucleosis falls in this category. 
When the anemia pers is ts , therapy should be first directed to control 
environmental t empera tu res . Cold should be avoided, but frequently a 
simple change in tempera ture may be sufficient to precipitate a hemolyt ic 
crisis. The pat ient should be instructed to avoid cold tempera tures and 
shifts of t empera ture by drafts. Emphas i s should be placed on keeping the 
extremit ies pro tec ted from tempera ture changes with stockings and 
boots , g loves, earmuffs, e tc . Relocat ion of the pat ient ' s pe rmanent home 
to a warmer and more constant climate may be required. 

If anemia is sufficiently severe , act ive therapy may be indicated but is 
frequently difficult. As a general rule, splenectomy is of no benefit and 
cort icosteroid therapy is unsuccessful . The use of penicillamine has been 
repor ted , but its efficacy could not be confirmed. The therapy of choice is 
cytotoxic immunosuppress ion , similar to that employed in macroglobu
linemia. The bulk of exper ience has been with chlorambucil . This drug 
must be given daily, and frequently months elapse before a therapeut ic 
effect is apparent . Dosages of 2 - 6 mg daily are employed, and the patient 
is carefully followed to avoid bone mar row depression. 

C . TRANSFUSION THERAPY FOR AUTOIMMUNE HEMOLYTIC 

ANEMIA 

The use of transfusions in the therapy of au to immune hemolytic anemia 
involves the physician in a therapeut ic di lemma that must be resolved by 
clinical judgment . Profound anemia may result in death. However , blood 
for transfusion in these condit ions will generally be incompatible. Consid
erable skill is needed to decide when the risk of death overr ides the risk of 
transfusing incompatible blood. The following should be considered in the 
decision: 

1. Accept the fact that compatible blood will not be available. A fran
tic and prolonged search for compatible blood is self-defeating. In addi-
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tion, the use of " leas t - incompat ib le" blood is not rational, does not re
solve the di lemma, and offers no solution to the problem. 

2. Avoid treating your apprehensions and evaluate the pat ient ' s re
quirements . 

3. Do not t reat the hematocri t . The danger level must be individual
ized for each pat ient . 

4. Transfusions should not be utilized unless a life-threatening situa
tion develops . This will usually involve the development of angina, pul
monary edema, congest ive heart failure, and/or decreasing sensorium. 

5. The risk of transfusion should not be minimized. However , severe 
react ions in a crisis or renal shutdown pat tern are rare . In general , the 
transfused incompatible blood is des t royed at the same rate as the pa
t ient ' s own ery throcytes . 

6. Avoid transfusions that may supply complement componen t s , 
thereby intensifying hemolysis . Packed cells, washed cells, or older blood 
is indicated. 

7. The benefits of transfusion are generally temporary . The hemato
crit may rise but will generally drop to pretransfusion levels in 2 - 4 days . 

REFERENCES 

Bardana, E. J. B., and Pirofsky, B. (1970). Int. Arch. Allergy Appl. Immunol. 37, 325-336. 
Burnet, F. M. (1959). "The Clonal Selection Theory of Acquired Immunity." Vanderbilt 

Univ. Press, Nashville, Tennessee. 
Coombs, R. R. Α., Mourant, A. E., and Race, R. R. (1945). Br. J. Exp. Pathol. 26, 255. 
Dacie, J. V. (1962). "The Haemolytic Anaemias," 2nd ed., Part II. Grune & Stratton, New 

York. 
Dameshek, W., and Schwartz, S. O. (1940). Medicine (Baltimore) 19, 231. 
Dausset, J., and Colombani, J. (1959). Blood 14, 1280. 
Ehrlich, P. (1906). "Collected Studies on Immunity." Wiley, New York. (Transl., C. Bol-

duan.) 
Evans, R. S., and Duane, R. T. (1949). Blood 4, 1196. 
Landsteiner, K. (1903). Munchen. Med. Wschr. 50, 1812. 
Lippman, S. M., Arnett, F. C , Conley, C. L., Ness, P. M., Meyers, D. Α., and Bias, W. B. 

(1982). Am. J. Med. 73, 827. 
MacKay, I. R., and Burnet, F. M. (1963). "Autoimmune Diseases." Thomas, Springfield, 

Illinois. 
O'Connor, W. J., Vakiener, J. M., and Watson, R. J. (1956). Pediatrics 17, 732. 
Petz, L. D., and Garratty, G. (1980). "Acquired Immune Hemolytic Anemias." Churchill, 

New York. 
Pirofsky, B. (1968). Vox Sang. 14, 334. 
Pirofsky, B. (1969). "Autoimmunization and the Autoimmune Hemolytic Anemias." Wil

liams & Wilkins, Baltimore, Maryland. 
Pirofsky, B. (1976). Semin. Hematol. 13, 251. 
Pirofsky, B., and Rosner, E. R. (1974). Vox Sang. 27, 480. 



18. AUTOIMMUNE HEMOLYTIC ANEMIA 491 

Pirofsky, B., and Vaughn, M. (1968). Am. J. Clin. Pathol. 50, 459. 
Schubothe, H. (1958). "Serologic und Klinische Bedeutung der Autohamantikorper." 

Karger, Basel. 
Weiner, W., and Vos, G. H. (1963). Blood 22, 606. 
Wiener, A. S., Gordon, Ε. B., and Gallop, C. (1953). J. Immunol. 71, 58. 
Wiener, A. S., Unger, L. J., Cohen, L., and Feldman, J. (1956). Ann. Intern. Med. 44, 221. 



C H A P T E R 

Idiopathic Thrombocytopenic Purpura 
RICHARD H. ASTER 
The Blood Center of Southeastern Wisconsin, Inc. 
and Medical College of Wisconsin 
Milwaukee, Wisconsin 

I. Introduction 493 
II. Acute Idiopathic Thrombocytopenic Purpura 494 

A. General Characteristics 494 
B. Pathogenesis 495 
C. Clinical Presentation 498 
D. Laboratory Features 498 
E. Therapy and Prognosis 498 

III. Chronic Idiopathic (Autoimmune?) Thrombocytopenic Purpura 500 
A. General Characteristics 500 
B. Pathogenesis 501 
C. Clinical Presentation 510 
D. Laboratory Findings 5 Ϊ 2 
E. Treatment and Prognosis 513 

IV. Conclusions 516 
References 516 

I. I N T R O D U C T I O N 

Idiopathic th rombocytopenic purpura (ITP) is a te rm used by conven
tion to descr ibe pat ients who have thrombocytopenia resulting from in
creased platelet des t ruct ion not at tr ibutable to known causes . Thus , ITP 
has until recently been largely a diagnosis of exclusion. Evidence that ITP 
is immunologically mediated has been accumulat ing for many years , and 
recent laboratory advances offer the hope that specific diagnostic tools 
will be available in the near future. The lack of such methods has almost 
certainly caused a diverse group of disorders to be labeled " Τ Γ Ρ " in the 
past . 

F r o m the clinical findings a lone, it has long been apparent that " I T P " 
consists of at least two distinct enti t ies, usually designated " a c u t e I T P " 
and "ch ron i c I T P . " These two disorders differ greatly in their clinical 
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TABLE I 
Characteristics of Acute and Chronic Idiopathic Thrombocytopenic Purpura (ITP) 

Acute ITP 

Age of onset: 2-5 years 
Equally common in males and females 

Preceding infection in two-thirds of cases 
Acute onset of symptoms, often very 

severe 
Spontaneous recovery in 80-90% 

Chronic ITP 

Age of onset: adolescence to middle age 
Females affected three times as often as 

males 
Preceding infection rare 
Insidious onset of symptoms, often mild 

Spontaneous recovery rare 

features (Table I) and almost certainly in pathogensis , and they will there
fore be t reated separately. 

II. A C U T E I D I O P A T H I C T H R O M B O C Y T O P E N I C 

P U R P U R A 

A . GENERAL CHARACTERISTICS 

Acute ITP is a disease of childhood character ized by sudden onset of 
thrombocytopenia , usually associated with purpura and other hemor
rhagic manifestat ions. The peak incidence is at 1 to 5 years of age (Fig. 1). 
It is generally accepted that an identical disease affects adults on occa-

< 1 1 2 3 4 5 6 7 8 9 10 II 12 

Age (years) 

FIG. I. Age distribution of 305 children diagnosed as having idiopathic thrombocyto
penic purpura. (From Lusher and Iyer, 1977.) 
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sion. In about two-thirds of pat ients , symptoms appear 1-3 weeks after an 
infection, usually viral. Eventua l complete recovery is the rule in 8 0 - 9 0 % 
of cases , regardless of t rea tment . The disorder is quite common , and 
many series consist ing of hundreds of cases have been reported (Mc-
Clure , 1975; Lushe r and Iyer, 1977; McWilliams and Mauer , 1979; Kar-
patkin and Karpatk in , 1981; Burstein and Burns , 1982). A similar disorder 
common among blacks of central Africa has been designated Onyalai. 
Acute ITP , which often occurs during convalescence from an infection, 
should be distinguished from thrombocytopenia seen during active infec
tion in which factors such as disseminated intravascular coagulation or 
suppression of platelet product ion may be operat ive (Yeager and 
Zinkham, 1980). 

B. PATHOGENESIS 

1. Platelet Kinetics; Sites of Platelet Destruction 

The sudden onset of severe thrombocytopenia , the almost universal 
finding of increased numbers of megakaryocytes in the bone mar row, the 
p resence of mega thrombocytes (giant platelets) in the peripheral blood, 
and the rapid destruct ion of isologous platelets when transfused provide 
convincing evidence that th rombocytopenia of acute ITP is caused by 
accelerated destruct ion of platelets in the peripheral blood. The sites of 
platelet des t ruct ion have not been clearly established by exper iment , but 
by analogy with chronic ITP it is likely that platelets are cleared from the 
circulation by the phagocyt ic cells of the spleen and the liver. 

2. Role of Viruses 

The relat ionship be tween viral infection and the subsequent , acute 
th rombocytopen ia character is t ic of this disorder is presently unexplained. 
Viruses are known to be capable of proliferating in animal megakaryo
cytes in vivo (Osborn and Shahidi , 1973; Brown and Axelrad, 1976), and 
changes in megakaryocytes suggestive of viral infestation have been 
noted during viral infections in humans (Oski and Naiman , 1966). More
over , relatively tight binding of certain viruses to human platelets has 
been demons t ra ted in vitro (Terada et al., 1966; Turpie et al., 1973), and 
normal platelets pre t rea ted with influenza A virus can be lysed in the 
presence of complement by antibodies specific for viral hemagglutinin 
(Kazatchkine et al., 1984). It seems unlikely, however , that these mecha
nisms opera te to reduce platelet levels in acute ITP , because the onset of 
symptoms usually occurs after viremia has subsided. N o r has evidence 
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been obtained to support two alternative possibilities: that viruses some
how alter the s t ructure of the platelet membrane to induce neoantigens 
capable of provoking an immune response , or that antibodies formed 
against viruses occasionally cross-react with some const i tuent of the 
platelet membrane . Some of the suggestions advanced to explain acute 
ITP are depicted in Fig. 2. 

3. Immune Complexes and Platelet Destruction 

Lack of evidence for a direct action of viruses on platelets in acute ITP 
has led to the suggestion that platelet destruct ion is somehow related to 
the immune response mounted against the infecting organism. Immune 
complexes have been shown in numerous studies to be capable of binding 
to platelet membranes (Pfueller and Luscher , 1972; Israels et al., 1973; 
Moore et al., 1978), probably to an Fc receptor . Moreover , two disorders 
are recognized in which immune complexes formed in response to exoge
nous antigens are thought to provoke severe , even life-threatening, but 
transient th rombocytopenia . These are posttransfusion purpura and drug-
induced immunological thrombocytopenia , in which the presumptive ex
ogenous antigens postulated to provoke the syndrome are , respectively, a 
platelet alloantigen (Shulman et al., 1961; Lau et al., 1980) and a drug 
such as quinidine or quinine that may be complexed to a cell membrane or 
p lasma protein (Shulman, 1958; Christie and Aster , 1982). In one s tudy, it 
was found that antibodies from children who developed acute ITP follow-

A 
B Foreign 

Molecule 

C Foreign 
Molecule 

/ 
Native 
Molecule 

Native 
Molecule 

FIG. 2. Antigens of possible importance in the pathogenesis of ITP. (A) Natural constitu
ent of the platelet membrane (platelet membrane autoantigen). (B) Autoantigen or foreign 
antigen, not of platelet origin, tightly bound (adsorbed) to the platelet surface. (C) Absorbed 
immune complexes consisting of exogenous (foreign) or autologous material complexed with 
antibody and presumably bound to the platelet Fc receptor. (From McMillan, 1977.) 
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ing rubella infection were capable of aggregating human platelets in the 
presence of rubella antigen, whereas serum obtained pos t recovery from 
other children lacked this proper ty (Myllyla et ai, 1969). However , no 
direct evidence is yet available to link immune complexes to platelet 
dest ruct ion. 

4. Evidence for Platelet Autoantibodies 

Owing perhaps to shortcomings of available serological techniques (dis
cussed under chronic ITP , Section III) , platelet-specific antibodies have 
been difficult to demons t ra te in the serum of patients with acute ITP . In 
recent years , it has become possible to measure immunoglobulins on the 
surface of autologous platelets , using methods to be discussed. Howeve r , 
assays of this type are especially difficult to perform in acute ITP , because 
platelet levels are often extremely low and sometimes only small quanti
ties of blood can be obtained from children. In every report to da te , 
elevated levels of platelet-associated IgG (PA-IgG) were found as is t rue 
also of chronic ITP . These studies have demonst ra ted two interesting and 
possibly significant differences be tween the acute and chronic forms of 
ITP: Children with acute ITP seem to have higher levels of PA-IgG 
(Lightsey et al.y 1979; Sugiura et ai, 1980; Ware et ai, 1982) and more 
often have elevated levels of platelet-associated IgM (PA-IgM) (van 
L e e u w e n et al.y 1981a) than adults or children with chronic ITP . As 
discussed below, recent studies have called into question the specificity of 
measurements of PA-IgG and PA-IgM. Until methodological quest ions 
are resolved, such data must be interpreted with caution. 

5. Cellular Immunity; Abnormalities of Immunoreguiation 

Little has been done to test the possibility that acute ITP is related to 
abnormal immunoreguiat ion, in part because of the young age group in 
which the d isorder occurs and its self-limited nature . In one s tudy, a 
variety of immunological abnormali t ies was found in pat ients and their 
families, but the analysis included children with both acute and chronic 
ITP (Mcin tosh et al.y 1981). In another , children with acute ITP were 
found to have normal lymphocyte responsiveness to phytohemagglutinin, 
normal basal levels of tritiated thymidine incorporat ion into lymphocytes , 
and normal numbers of Τ and Β cells (Tomar and Stuart , 1981). The 
antigen HLA-Aw32 was significantly increased in one group of pat ients 
(Evers et al.y 1978), but the significance of this finding has been chal
lenged (Westphal and Mueller-Ruchholtz , 1979). As will be noted subse
quent ly, more definite evidence of defective immunoreguiat ion has been 
obtained in pat ients with chronic ITP . 
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C . CLINICAL PRESENTATION 

Children be tween the ages of 1 and 10 years are most often affected 
(Fig. 1), but , as already noted, a similar disorder can occur in adul ts . 
Males and females are affected with equal frequency. Typically, the first 
signs are petechial hemorrhages on the t runk, extremit ies , and buccal 
mucosa . In severe cases , frank gastrointestinal and urinary tract bleeding 
occurs . The most severe hemorrhagic symptoms usually persist only for a 
few days , after which bleeding manifestations are often limited to spo
radic petechiae . The associat ion of the disorder with a preceding viral 
infection, which may be a specific (rubella, varicella, and rubeola) or more 
commonly a nonspecific infection of the upper respiratory tract , has al
ready been ment ioned. Acute ITP may also occur after immunization with 
live vaccines for m u m p s , chickenpox, measles , and smallpox (McClure, 
1975; Carpentieri and Haggard, 1975), and in adults appears to have been 
induced in a few instances by injection of BCG vaccine for the t reatment 
of cancer (Nor ton et al., 1977). Symptoms usually occur within 1-3 weeks 
of the acute viral manifestat ions, but in a few instances the latent period 
has been as short as 2 days or as long as 6 weeks . Examinat ion discloses 
multiple petechial hemorrhages , which may involve any area of the skin 
or mucous membranes . In severe cases , hemorrhagic bullae are found in 
the buccal mucosa . The liver and spleen are typically of normal size. 
When present , lymphadenopathy is usually attributable to the preceding 
infection. 

D . LABORATORY FEATURES 

Thrombocytopenia is usually very severe , more so than in most cases 
of chronic ITP of adul thood. Mar row aspiration almost without exception 
demonst ra tes hypercellulari ty and increased numbers of megakaryocytes , 
many of which are immature , reflecting an increased rate of megaka-
ryocytopoiesis . Serum IgG levels were slightly reduced in one series of 
patients (Khalifa et al., 1976). Levels of C3 were normal in one group 
(Khalifa et al., 1976) but reduced in another (Mcintosh et al, 1981). 
Measurements of platelet-associated immunoglobulins have been dis
cussed. 

E. THERAPY AND PROGNOSIS 

1. General 

Although the initial hemorrhagic symptoms in acute ITP are dramat ic 
and may appear life threatening, —85% of children improve spontane-
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ously, usually within 4 - 6 weeks after the onset of symptoms . Recovery is 
generally pe rmanen t , al though cases have been reported in which recur
rences were triggered by subsequent infections or vaccinations (Lusher 
and Iyer , 1977). About 1% of the cases reported in the l i terature have 
ended fatally, primarily because of intracerebral hemorrhage . Howeve r , 
report ing is biased toward the most severe cases and the overall fre
quency of cranial hemorrhage is probably < 0 . 1 % . During the thrombocy
topenic per iod, aspirin and other drugs that inhibit platelet function 
should be avoided (Woerner et al., 1981). Patients with severe hemor
rhagic symptoms should be hospitalized for observat ion during the acute 
stage. 

2. Adrenal Corticosteroids 

Although the usefulness of cort icosteroids in the t reatment of chronic 
ITP (below) has been amply demonst ra ted , whether these agents are ben
eficial in acute ITP is still controversial (McClure , 1975; Lushe r and Iyer , 
1977). Some groups have found that the durat ion of th rombocytopenia is 
unaffected (Lammi and Lovr ic , 1973; McClure , 1975) or even prolonged 
by cort icosteroid therapy (Lusher and Iyer, 1977; Lusher et al., 1984). In 
o ther s tudies , platelet levels seem to have been restored to normal more 
rapidly in children given cort icosteroid therapy (Simons et al., 1975; 
McWill iams and Mauer , 1979; Sar tor ius , 1984). 

3. Platelet Transfusions 

Platelet transfusions are generally ineffective in the t rea tment of acute 
ITP because transfused platelets are rapidly des t royed, presumably by the 
same mechanisms that act on autologous platelets . Transfusions should, 
however , be given to children with life-threatening bleeding, especially 
when signs of intracerebral hemorrhage are present . 

4. Treatment of Intracranial Hemorrhage 

The complicat ion of intracranial hemorrhage in acute ITP is, fortu
nately, very ra re . In addition to platelet transfusions, emergency splenec
tomy and , where indicated, neurosurgery have been recommended 
(Zerella et al., 1978; Woerner et al., 1981). 

5. Plasma and Plasma Fractions 

In studies performed nearly 20 years ago, it was found that infusion of 
large quanti t ies of normal , fresh-frozen plasma was followed by rapid 
elevation of platelet levels in > 5 0 % of a small series (Reiquam and Pros-
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per, 1966). Recent repor ts have also demonst ra ted possible benefit in 
some pat ients following fresh-frozen plasma transfusion (Lehoczky and 
Keleman, 1982). Trea tment with whole plasma or plasma fractions may 
be advisable in selected cases , although the rationale for this form of 
therapy is not yet established. Exchange transfusion with fresh-frozen 
plasma also appears to have been beneficial in several severely affected 
children (Lightsey et al., 1975; Novak and Wilimas, 1978). In a very 
recent repor t , in t ravenous injections of large quantities of gamma globulin 
(400 mg/kg/day for 5 days) was followed by an elevation of platelets to 
normal in — 1 week in each of six cases (Imbach et al., 1981). Exper ience 
with this form of t rea tment was recently reviewed (Bussel and Hilgartner, 
1984). The possible rationale for t rea tment with plasma and intravenous 
gamma globulin will be considered in the discussion of chronic ITP (see 
Section III) . In a self-limited and nearly always benign disorder such as 
acute ITP , it seem advisable to limit the use of plasma and gamma globu
lin until their effectiveness has been fully established. 

6. Development of Chronicity 

As noted earlier, —10-15% of children with apparent acute ITP fail to 
recover spontaneously . After 6 months , it is generally assumed that the 
disorder has become ' ' c h r o n i c , " but except ions to this rule have been 
documented . N o combinat ion of clinical findings and laboratory measure
ments yet allows a predict ion to be made as to which children are dest ined 
to enter a chronic phase . However , recent reports are consistent with the 
possibility that a very high initial level of PA-IgG (Lightsey et al., 1979, 
Ware et al., 1982), an elevated level of PA-IgM (van Leeuwen et al., 
1981a), and a normal basal level of tritiated thymidine incorporation by 
peripheral blood lymphocytes (Tomar and Stuart , 1981) are associated 
with a good prognosis . 

III. CHRONIC I D I O P A T H I C ( A U T O I M M U N E ? ) 

T H R O M B O C Y T O P E N I C P U R P U R A 

A . GENERAL CHARACTERISTICS 

A disorder probably identical to that now designated "chron ic idio
pathic th rombocytopenic p u r p u r a " was first described by Werlhof in 
1735, but discovery of the relationship be tween hemorrhagic symptoms 
and lack of circulating blood platelets appears to have been made by 
Krauss —100 years ago. In contrast to acute ITP, chronic ITP is primarily 
a disorder of adul ts , is at least twice as common in females as in males , is 
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relatively insidious in its onset , is not associated with preceding viral 
infections, and resolves spontaneously only on rare occas ions . N o precise 
statistics on prevalence are available, but chronic ITP , like acute ITP, is a 
common disorder . Indeed, it seems possible that it may be the most 
common of all au to immune disorders in which the cell targeted by the 
immune sys tem for autoreact ion has been clearly identified. A disease 
similar to chronic ITP has been descr ibed in many animal species (Dodds 
and Wilkins, 1977). N u m e r o u s reviews of chronic ITP have been pub
lished (Muel ler-Eckhardt , 1977; DiFino et al, 1980; Karpatkin , 1980; 
McMillan, 1981; Kel ton and Gibbons , 1982). 

B . PATHOGENESIS 

1. Background 

F o r many years after chronic ITP had been recognized as a specific 
disease enti ty, a cont roversy raged as to whether thrombocytopenia was 
caused by accelerated destruct ion of platelets in the peripheral blood or 
by inadequate product ion of platelets in the bone marrow. Increased num
bers of megakaryocytes typically found in the marrow were considered to 
favor the first viewpoint , but the smooth contour and immature appear
ance of many of these cells led some to suggest that platelet release was 
defective. The somewhat fortuitous discovery that dramatic improvement 
can occur after splenectomy (Kaznelson, 1919) supported the possibility 
that the spleen itself was the pr imary site of premature platelet dest ruc
tion. Howeve r , advoca tes of the proposal that platelet product ion was 
inadequate cited the fact that splenomegaly of diverse etiologies is associ
ated with low platelet levels and argued that removal of the spleen acted 
to eliminate splenic suppression of megakaryocytopoies is . 

With the advent of platelet transfusion therapy and the development of 
methods for measuring platelet life span with radioisotopic t racers , it was 
recognized that platelet survival is nearly always shortened in ITP (Hirsch 
and Gardner , 1952; Cohen et al., 1961; Aster and Keene , 1969; Harker , 
1970). The p lasma factor that p rovokes destruct ion of platelets in the 
peripheral blood may , to some extent , act on megakaryocytes to impair 
platelet product ion (Baldini, 1978). However , calculations of platelet 
turnover have shown that the effective rate of platelet product ion is at 
least normal and often supernormal (Harker , 1970; Branehog et al., 1974). 

2. Demonstration of Factors Active against Platelets 

Not long after ITP was first descr ibed, it was noted that offspring of 
women suffering from the disorder were sometimes thrombocytopenic at 
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birth, suggesting the presence of an antiplatelet factor, possibly an anti
body, capable of crossing the placenta and affecting fetal platelets . Direct 
evidence for the exis tence of such a factor was provided by Harr ington et 
al. (1956), w h o transfused plasma from patients with ITP to normal sub
jec ts and found that varying degrees of thrombocytopenia developed in 
about one-half of the recipients (Fig. 3). A similar effect was observed by 
Watkins et al. (1967) in one-third of plasma recipients. The latter workers 
localized the antiplatelet activity to the IgG fraction of plasma and found 
that it became bound in vitro to human but not animal platelets. They 
further demons t ra ted that reinfusion of autologous plasma to a patient 
pos t recovery caused a significant reduction of platelet levels (Shulman et 
al.y 1965). 

FIG. 3. Effect of infusing 500 ml of blood or its equivalent in plasma from patients with 
ITP to normal recipients. (From Harrington et ai, 1956.) 
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3. Sites of Platelet Destruction 

Using radioisotopic platelet labels, it was found that tagged normal 
platelets are des t royed in the spleen in most pat ients , but that a significant 
degree of hepat ic destruct ion can occur in some instances (Aster and 
K e e n e , 1969; Ries and Price, 1974; Heyns et al., 1982). In a patient who 
had relapsed after splenectomy, hepat ic destruct ion of platelets was dem
onstra ted (Aster and K e e n e , 1969). Direct evidence for splenic des t ruc
tion of platelets was obtained by electron microscopic studies of spleens 
removed at surgery (Tavassoli and McMillan, 1975; Luk et al., 1980). 

4. Evidence for Autoantibodies 

Together , these findings were consis tent with the possibility that plate
let des t ruct ion in chronic ITP was provoked by autoantibodies capable of 
sensitizing platelets and promoting their destruct ion in the reticuloen
dothelial sys tem, especially in the spleen (Fig. 4). Thus , except for the 
target cell involved, ITP appeared to be analogous to au to immune hemo
lytic anemia in its pathogenesis . At tempts to demonst ra te autoant ibodies 
against platelets experimental ly date back to the studies of Minot (1916). 
Howeve r , platelets lent themselves less readily than erythrocytes to sero
logical s tudies , and there followed over the next 50 years a series of 
somet imes conflicting repor ts in which platelet autoant ibodies were 
thought to have been demons t ra ted by agglutination (Harrington et al., 
1953; Stefanini and Mele , 1958), platelet lysis (Sauer and von Loghem, 
1954), complement fixation (Stefanini and Mele, 1958), and numerous 
other techniques (reviewed by Baldini, 1966). Others , however , were 
often unsuccessful in autoant ibody identification using these and other 
techniques (Jackson et al., 1963; Shulman et al., 1964; Muel ler-Eckhardt 
and Boehm, 1968). Typical of the frustrations exper ienced by platelet 
serologists during these years was a cooperat ive study in which serum 
samples were exchanged among six different laboratories with wholly 
different results (Sefanini and Mele , 1958). 

In recent years , more satisfactory tools for characterizat ion of im
munoglobulins react ive with platelets have become available. These have 
provided important new information but are still somewhat controversial , 
as will be discussed. Dixon and his colleagues (1975) appear to have been 
the first to measure specific quanti t ies of IgG immunoglobulins on plate
lets of pat ients with ITP . This was accomplished by using sheep red blood 
cells coated with human IgG as targets for complement-dependent lysis 
by rabbit anti-IgG ant ibodies . The IgG in material to be tes ted, in this case 
autologous platelets , was assayed by incubating it with the anti-IgG, thus 
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FIG. 4. The splenic microenvironment in idiopathic thrombocytopenic purpura (ITP). 
After traveling through the white pulp, platelets move slowly through the sinusoidal and 
extrasinusoidal spaces of the red pulp where they are exposed to a relatively high concentra
tion of antibody produced by splenic Β cells and come in close contact with splenic macro
phages. Abbreviations: BL, Β lymphocyte; M, macrophage; P, platelet; PHAG, phagocyto
sis of "sensitized" platelet; TL, Τ lymphocyte; • , antiplatelet antibody. (From McMillan et 
al., 1974.) 

inhibiting lysis of the subsequent ly added sheep cells. This antiglobulin 
consumption test served, in essence , the same purpose as the C o o m b s ' 
test used to detect autoant ibodies on red cells, but had the added advan
tage of being quanti tat ive. Elevated levels of platelet-associated IgG (PA-
IgG) ranging from 2 to 100 t imes the normal value were found in each of 17 
patients with chronic ITP . 

These important observat ions led to a profusion of studies in which PA-
IgG was measured by modification of the antiglobulin consumpt ion test 
and by o ther techniques both qualitative and quanti tat ive. Methods em-
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ployed for this purpose included immunofluorescence (von dem Borne et 
al., 1978; Sugiura et al., 1980), binding of radioactive anti immunoglobulin 
(Soulier et al., 1975; Muel ler -Eckhardt et al., 1978; Cines and Schreiber , 
1979), radial immunodiffusion (Morse et ai, 1981), e lec t ro immunoassay 
(Kunicki et al., 1982a), nephelometry (Morse et ai, 1982), enzyme-l inked 
immunoassay (ELISA) (Leporr ier et al., 1979), and binding of radiola
beled s taphylococcal protein A (Kekomaki , 1977). This work led to the 
interesting finding that each platelet normally carries —4,000 molecules of 
IgG on its surface (1 fg) and an additional 12,000 molecules (3 fg) in its 
cytoplasm. Normal PA-IgG appears to be in equilibrium with p lasma IgG 
(Sugiura et ai, 1981). Subsequent ly , platelet-bound complement compo
nents were also detected in chronic ITP (Hauch and Rosse , 1977; Cines 
and Schreiber , 1979; McMillan and Mart in, 1981), and measurement of 
platelet-associated IgM (PA-IgM) has recently been described (Follea et 
al, 1982; Kunicki et al., 1982b). 

As of 1981, studies in >300 pat ients had demonst ra ted elevated levels 
of PA-IgG in > 9 0 % (McMillan, 1981). Elevation of platelet-bound C3 was 
found in more than half these pat ients (Hauch and Rosse , 1977; Cines and 
Schreiber , 1979). Occasional pat ients demonst ra ted elevated platelet C3 
but normal PA-IgG (Cines and Schreiber , 1979). Elevated levels of PA-
IgM were found in more than half the patients studied; usually but not 
a lways this was in associat ion with elevated PA-IgG (Kunicki et al., 
1982b; Follea et al., 1982). 

Application of these techniques to measurement of serum autoant ibody 
levels in IT P has been less successful (reviewed by Muel ler-Eckhardt , 
1977; and by McMillan, 1981). This is perhaps explained by technical 
difficulties related to the ext ra manipulation of platelets necessary for 
indirect assays and the fact that in many patients most ant ibody is platelet 
bound. The platelet-bound IgG appears to include all four IgG subclasses , 
but mainly IgG-I (Rosse et al., 1980; von dem Borne et al., 1980). 

F r o m the foregoing review, it might be assumed that the serological 
complexit ies of chronic ITP will soon be resolved. However , several 
recent repor ts have quest ioned the specificity of PA-IgG measurements 
and by inference those of PA-IgM and platelet-associated C 3 . Pfueller et 
al. (1981) measured both PA-IgG and total platelet protein in chronic ITP , 
using a rad io immunoassay . In more than one-half of the pat ients , total 
platelet protein was elevated in proport ion to PA-IgG, suggesting that the 
binding of IgG to these platelets was not immunologically specific. In 
another s tudy, elevated PA-IgG was found in a number of pat ients in 
w h o m thrombocytopen ia was thought not to be immunologically medi
ated (Kelton et al., 1982). The picture has been further complicated by the 
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report of Kel ton and D e n o m m e (1982) that normal platelets vary greatly in 
IgG content when fractionated on the basis of density. 

A possible explanat ion for the apparent nonspecificity of PA-IgG deter
minations in some pat ients is provided by recent findings that even small 
amounts of hemolysis can cause a spurious elevation of PA-IgG, possibly 
because of sedimentat ion of red cell microvesicles with the platelet but ton 
(Kunicki and Aster , 1981) and the fact that plasma of some patients with 
in vivo platelet destruct ion contains circulating microvesicles and mem
branous debris rich in IgG that may be isolated with platelets using con
ventional separat ion techniques (Shulman et al.y 1982). Circulating mi
crovesicles and platelet fragments were reported earlier in chronic ITP by 
Zucker-Frankl in and Karpatkin (1977). 

The aforementioned reports dictate that measurements of PA-IgG, PA-
IgM, and platelet-associated C3 should be interpreted with caution but do 
not totally rule out their validity, since, as noted above , frequently only 
one or two of these key indices are increased in individual pat ients , and it 
is unlikely that this could be a consequence of nonspecific plasma trap
ping. Moreover , normal values for all three indices are not uncommonly 
found in pat ients with thrombocytopenia of nonimmune etiology. A possi
ble means of c ircumventing the problem of circulating microvesicles and 
debris was suggested by LoBuglio et al. (1983), who obtained uniformly 
low values for PA-IgG in nonimmune thrombocytopenias when platelets 
were centrifuged through a density gradient prior to assay. Interestingly, 
platelets from pat ients with idiopathic thrombocytopenia purpura were 
found to carry 500-6000 molecules of autoant ibody IgG by this method. 
These values are much lower than those found by others using different 
methods but are comparable to the amounts found on red cells in autoim
mune hemolytic anemia. Similar findings were made by Shaw et al. (1984) 
using radiolabeled staphyloccal protein A for measurement of cell-bound 
IgG. 

5. Immune Complexes 

The propensi ty of platelets to bind certain classes of immune com
plexes , which has already been ment ioned, raises the question of whether 
platelet destruct ion in some patients with ITP is mediated by immune 
complexes ra ther than by autoant ibodies . Although immune complexes 
have been identified in p lasma of some patients with chronic ITP 
(Lurhuma et al., 1977; Wautier et al., 1980), no evidence linking these to 
platelet destruct ion is yet available. It is of interest that a possible role for 
immune complexes in the destruct ion of platelets transfused to thrombo
cytopenic pat ients has been proposed (Saffai-Kutti et al., 1980). 
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6. Relationship of Autoantibodies to Platelet Destruction 

Despi te the apparent shortcomings of techniques available for assay of 
platelet-associated IgG, IgM, and C 3 , the repor ts cited above provide 
abundant evidence that autoant ibodies , at least those of the IgG class , 
p rovoke platelet destruct ion in chronic ITP . Many of these appear to be 
capable of activating complement at the platelet surface. In a surprisingly 
high percentage of pat ients , autoant ibodies of the IgM class appear to be 
active as well. 

In nearly all studies to da te , an inverse relationship be tween PA-IgG 
and platelet levels has been observed (Fig. 5). Kernoff and his colleagues 
(1980) also demons t ra ted a direct relat ionship be tween PA-IgG and the 
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FIG. 5. Relationship between platelet-associated IgG (PA-IgG) and whole blood platelet 
count in patients with acute or chronic ITP ( · ) , ITP in remission or partial remission ( • ) , 
and nonimmune thrombocytopenia (A). Dashed area indicates normal range for PA-IgG. 
(From Kunicki et al., 1982a.) 
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degree to which platelet life span is shor tened. It seems probable that 
platelets are des t royed primarily in the spleen when they are minimally 
sensitized with ant ibody (Aster and Keene , 1969; Shulman et al., 1965) 
and in the liver when they are heavily sensitized (Aster and Keene , 1969; 
Heyns et ai, 1982). Synthesis of autoant ibody has been demonst ra ted in 
cultures of splenic t issue (Karpatkin et al., 1972; McMillan et al., 1974). 
Splenic destruct ion of platelets may, therefore, be favored by a high 
concentra t ion of ant ibody within that organ. The failure of splenectomy to 
be curat ive in all cases of ITP , and the neonatal thrombocytopenia some
times seen in offspring of women who have responded successfully to 
splenectomy, make it clear that significant amounts of antibody can be 
synthesized in extrasplenic sites. 

7. Nature of the Autoantigens 

To da te , little has been learned about the nature of the target antigens 
against which autoant ibodies are directed in ITP. N o convincing evidence 
has been obtained to suggest that the antibodies have alloantigenic speci
ficity. Howeve r , it was found that they often fail to bind to platelets from 
patients with type I Glanzmann ' s thrombasthenia , suggesting that the 
target antigen may be expressed on glycoproteins l i b and/or I l i a that are 
known to be lacking in pat ients with that disorder (van Leeuwen et al., 
1982). It is of great interest that two of the recognized platelet alloanti-
gens , P 1 A I (Zw a ) (Kunicki and Aster , 1979) and B a k a (van Leeuwen et al., 
1981b), also appear to be expressed on this glycoprotein complex. These 
findings suggest that the I l b - I I I a complex is quite polymorphic and offer 
an interesting analogy with the Rh complex of red cells against which 
ant ierythrocyte autoant ibodies are often directed. Two recent reports in
dicate that the major sialoglycoprotein of platelets, GPlb, can also be a 
target for autoant ibody in ITP (Szatkowski et al., 1984; Woods et ai, 
1984). 

8. Effect of Autoantibodies on Platelet Function 

Since the I l b - I I I a complex is essential for binding of activated platelets 
to each other and for the formation of an effective hemostat ic plug (re
viewed by Shattil and Bennet t , 1981), it seems possible that binding of 
autoant ibodies to this molecular complex may explain the platelet dys
function manifested by some patients with ITP (Clancy et al., 1972; 
Heyns et al., 1978). Indeed, the provocat ive suggestion has been made 
that , in some pat ients , autoant ibodies induce platelet dysfunction without 
causing thrombocytopenia (Karpatkin, 1980; Weiss et ai, 1980; H y m e s et 
ai, 1981). 
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9. Hereditary Factors 

Little evidence is available to implicate genetic factors in the pathogen
esis of chronic ITP . Howeve r , in vitro immunological abnormali t ies de
tected in close relatives of pat ients were interpreted as being indicative of 
a heredi tary tendency to develop the disorder (Stuart et al., 1978), and 
other forms of au to immune disease were found in greater than expected 
frequencies in relatives of another group of patients (Conley, 1981). In
creased frequencies of the antigens H L A - B 8 and HLA-B12 (Goebel et al., 
1977) and of H L A - D R w 2 (Karpatkin et al, 1979) were observed in two 
series of pat ients . In o ther s tudies, no associat ion was found be tween IT P 
and H L A - A , -B (Mueller-Eckhardt et al, 1979; Veenhoven et al, 1979) 
or H L A - D R (Mayr et al, 1981). 

10. Cellular Immunity; Abnormalities of Immunoreguiation 

In vitro st imulation of lymphocytes by platelets from patients with ITP 
(Piessens et al, 1970; Wybran and Fudenberg , 1972) and product ion of 
migration-inhibition factor by lymphocytes in the presence of platelets 
(Clancy, 1972; Mor imoto et al., 1977) have been reported. 

As in o ther au to immune diseases , abnormalit ies of immunoreguiat ion 
have been sought in chronic ITP . In several recent studies, subnormal 
numbers of circulating suppressor T-lymphocytes were found in small 
series of pat ients (Trent et ai, 1981; Laur ia et al., 1981). Induct ion of this 
change by immune complexes has been suggested (Trent et al., 1981). 
Abnormal t ransformation and capping of autologous lymphocytes in re
sponse to various stimuli (Quagliata and Karpatkin , 1979) and abnormal 
react ions in autologous mixed lymphocyte cultures (Zinberg et al., 1982) 
have also been descr ibed. The relationship of these findings to the patho
genesis of ITP remains unclear . Abnormali t ies of immunoreguiat ion are 
characteris t ic of some disorders with which ITP is known to be associated 
(see Section III ,B,12). 

11. Hormonal Influences 

A possible role for hormonal influences in chronic ITP is suggested by 
the high frequency with which the disorder occurs in women during the 
postpuber ta l , p remenopausa l period by the relapses that somet imes occur 
during pregnancy (Laros and Sweet , 1975) and by the response of some 
patients to t rea tment with a synthetic androgen (Ahn et al., 1983). The 
interesting suggestion has been made that the increased prevalence of the 
disorder in women may be related to increased expression of F c receptors 
on female platelets (Moore et al., 1981). 
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12. Association with Other Diseases 

A significant relat ionship be tween chronic ITP and other disorders of 
immunological and nonimmunological etiology has long been recognized. 
A syndrome indistinguishable from chronic ITP may occur in associat ion 
with thyrotoxicosis (Hymes et al, 1981; Herman et ai, 1978), systemic 
lupus e ry thematosus (reviewed by Budmann and Steinberg, 1977), Hashi
mo to ' s thyroiditis (Hymes et ai, 1981), myasthenia gravis (Veenhoven et 
ai, 1979), sarcoidosis (Knodel and Beekman, 1980), and a variety of 
malignant disorders including carc inoma (Schwartz et al., 1982) and lym
phoma (chronic lymphocyt ic leukemia, Hodgkin ' s disease, and non-
Hodgkin ' s lymphoma) (Kaden et ai, 1979; Kirshner et ai, 1980). The 
associat ion of au to immune hemolytic anemia and chronic ITP is desig
nated " E v a n s ' s y n d r o m e " (Pui et al., 1980; DiFino et al., 1980). Recent 
reports indicate that at least two different autoant ibodies , rather than one 
autoant ibody react ive with both red cells and platelets, are present in 
such pat ients (Monch et al, 1981; Pegels et al, 1982). 

Recent ly , IT P has been described in homosexual men having decreased 
numbers of helper Τ cells in their circulation without overt acquired im
munodeficiency syndrome (AIDS) (Morris et al, 1982) and following suc
cessful allogeneic bone mar row transplantat ion (Minchinton et al, 1982), 
and in pat ients with classical hemophilia t reated with large quantit ies of 
commercial factor VIII concent ra tes (Suffredini and Qureschi , 1982; Rat-
noff et al, 1983). The basis for these associations is not clear, but it seems 
possible that abnormali t ies of immunoregulat ion and/or circulating im
mune complexes react ive with platelets may be of importance. Hyper
reactivity of the reticuloendothelial system has been suggested as a con
tributing factor in pat ients with coexistent ITP and thyrotoxicosis (Kurata 
et al, 1980). 

Chronic ITP frequently occurs in women of childbearing age, but there 
is no direct evidence that this apparent relationship is statistically signifi
cant . 

13. Summary 

Some of the mechanisms thought to be active in the pathogenesis of 
chronic ITP are summarized in Fig. 6. 

C . CLINICAL PRESENTATION 

Chronic ITP occurs most often be tween puberty and 50 years of age, 
but , as noted above , it can occur in children and in the aged. In children, 
the disorder is similar to the adult form in its response to therapy and, 
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OTHER 
LYMPHOID 
TISSUES \ 

MEGAKARYOCYTE 

FIG. 6. Immunological mechanisms that may operate to promote platelet destruction in 
chronic ITP. Platelet-associated autoantigen or tightly adherent nonplatelet antigen is ex
pressed on the platelet surface (1). Antibody production against this antigen is stimulated, 
probably first in the spleen (2), but later in the marrow and other extra splenic sites (3). 
Subsequently, the immune response against this antigen becomes more generalized (4). 
Antiplatelet antibody synthesis (5) results in levels of autoantibody (G) sufficient to sensitize 
platelets (6) and promote platelet destruction. Autoantibody may also bind to the same 
antigenic determinant expressed on the megakaryocyte membrane (7), suppressing platelet 
production in some instances. The degree to which cell-mediated immunity is activated (8) 
with consequential lymphokine production (9) and possible cell-mediated effects on platelets 
(10) is unknown. Dashed lines denote mechanisms as yet unconfirmed by experimental 
evidence. As discussed in the text, an abnormality of immunoreguiation may predispose a 
patient to initial autoantibody production. (From McMillan, 1981.) 

p resumably , in its pathogenesis . Females are affected about three t imes 
as often as males . The disease may be less common in blacks than in 
Caucasians (DiFino et al., 1980). Initial bleeding manifestations are usu
ally less dramat ic than in children with acute ITP, and, in some pat ients , 
the disorder may be present in subclinical form for many months before 
the diagnosis is made . Hemorrhagic lesions may occur anywhere on the 
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skin or in the gastrointestinal and urinary t racts . In the most severely 
affected pat ients , hemorrhagic bullae are commonly found in the buccal 
mucosa . Bleeding into joints and the retina is, fortunately, rare . Intracra
nial hemorrhage is also unusual , but is a potential risk in every patient . 
The spleen and liver are typically not enlarged. 

D . LABORATORY FINDINGS 

Platelet levels may range from a few hundred per ml in severely af
fected pat ients to as high as 100,000 per ml. On blood smears , large 
bizarrely shaped platelets characterist ic of stress thrombopoiesis are of
ten seen. Several cases have been described in which platelets were ad
herent to circulating neutrophils (White et al., 1978). Serological tests for 
disseminated lupus e ry thematosus are posit ive in the small percentage of 
pat ients who have associated S L E (Budman and Steinberg, 1977). The 
bleeding t ime is often prolonged in proport ion to the severity of the 
thrombocytopenia , but there are many except ions to this rule, especially 
after institution of cort icosteroid therapy. As noted above , platelet dys
function can be demons t ra ted by in vitro testing in some pat ients , suggest
ing that autoant ibodies in such cases inhibit platelet function. 

Platelet-associated IgG (PA-IgG) has been found to be elevated in 
> 9 0 % of the cases studied, as noted above in the discussion of pathogene
sis. Precaut ions to be taken in interpreting such results have also been 
ment ioned. In more than half the cases , PA-IgM and C3 are elevated. 
There is reason to expect that methodological problems inherent in the 
assay of platelet-associated plasma factors will soon be resolved and that 
such measurements will soon become valuable for diagnosis and for the 
assessment of prognosis and/or response to therapy. 

Mar row aspiration usually reveals normal or increased numbers of 
megakaryocytes , many of which are small and immature . As noted above , 
the " n o n b u d d i n g " appearance of these cells is probably not indicative of 
any abnormali ty . IgG has been demonst ra ted on the surface of megakar
yocytes by immunofluorescent techniques (McMillan et al., 1978). 

Increased numbers of react ive lymphoid nodules and plasma cells pe
ripheral to small vessels of the marginal zone and suggestive of act ive 
ant ibody product ion have been described in spleens removed at surgery 
(Tavassoli and McMillan, 1975), and phagocytosis of platelets by splenic 
macrophages has been demonst ra ted on electron microscopy of splenic 
sections (Tavassoli and McMillan, 1975; Luk et al, 1980). Large numbers 
of lipid-laden macrophages are found in the spleens of perhaps 10% of 
pat ients (King and Harsock , 1968; Takahashi et al., 1977). 
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E. TREATMENT AND PROGNOSIS 

1. General Considerations 

Trea tment of chronic ITP has been discussed in a number of recent 
publications (DiFino et al., 1980; Karpatk in , 1980; McMillan, 1981; Lacey 
and Penner , 1977; Picozzi et al., 1980; Kel ton and Gibbons , 1982). Pa
tients with the most severe th rombocytopenia and hemorrhagic symp
toms somet imes recover spontaneously in 1 or 2 weeks . These individuals 
may have acute ITP of the type seen in children or sensitivity to an 
unrecognized exogenous antigen or drug. 

2. Adrenal Corticosteroids 

The effectiveness of adrenal cort icosteroids in chronic ITP was discov
ered empirically soon after these drugs became available. Their mecha
nism of action is still not fully unders tood , but it probably involves inhibi
tion of the phagocyt ic activity of macrophages , especially in the spleen 
(Shulman et al., 1965; Handin and Stossel , 1978). Ant ibody synthesis is 
probably inhibited as well. Because the bleeding time is sometimes nor
malized after institution of cort icosteroid therapy before the platelet 
count changes , it has been suggested that these drugs exert a beneficial 
effect on capillary integrity, but this has been difficult to establish experi
mental ly. Mos t pat ients respond with a rise in platelet count and a de
crease in the severity of symptoms when treated with prednisone in the 
range of 0 .5-2 .0 mg/kg body weight. Much larger doses are somet imes 
required in severe cases . 

3. Platelet Transfusions 

As in acute ITP , transfused platelets are likely to be rapidly des t royed 
by the same mechanisms that act on autologous platelets. Moreover , 
hemorrhagic symptoms usually respond readily to cort icosteroid therapy. 
Platelet transfusion should, however , be given to patients with potentially 
life-threatening symptoms . 

4. Splenectomy 

Removal of the spleen appears to benefit pat ients with chronic ITP by 
at least two mechanisms: removal of the organ that has the greatest ability 
to extract ant ibody-coated platelets from the circulation, and elimination 
of a major site of autoant ibody product ion. Splenectomy is usually indi
cated in pat ients w h o failed to recover spontaneously within a few weeks 



514 RICHARD Η. ASTER 

of diagnosis and who require maintenance doses of prednisone that are 
sufficiently high to induce adverse side effects. About 7 5 - 8 5 % of pat ients 
develop a normal platelet level within 1 or 2 weeks of splenectomy. Even 
those in whom platelet counts fail to rise may experience a reduction in 
doses of cort icosteroids needed to prevent hemorrhage. In most pat ients , 
restorat ion of platelet counts to normal is followed by the disappearance 
of all t races of autoant ibody. However , persistent elevation of PA-IgG 
(Luiken et al., 1977), and a slight but persistent reduction of platelet life 
span (Branehog, 1975; Burger et al., 1978), have been described following 
splenectomy-induced remission. 

There is as yet no definite answer to the intriguing question of how to 
predict which patients will be benefited by removal of the spleen. In 
different s tudies, a good prognosis has been thought to correlate with 
response to cort icosteroid therapy (Brennan et al., 1975; Thompson et 
al., 1972), early restorat ion of platelet levels to normal after surgery (Mac-
Pherson and Richmond, 1975; DiFino et al., 1980), and the demonstra t ion 
before surgery that transfused, radiolabeled platelets are dest royed pref
erentially in the spleen (Najean and Ardaillou, 1971; Viala et al., 1975; 
Burger et al., 1978). The latter suggestion has been especially controver
sial, but the prevailing view is that study of the sites of platelet destruct ion 
is not useful in predicting the response to splenectomy (Aster and K e e n e , 
1969; Ries , 1977; Richards and Thompson , 1979; Heyns et al., 1982). 
Older pat ients are probably less likely than are younger patients to re
spond to removal of the spleen (DiFino et ai, 1980). 

The early suggestion that systemic lupus ery thematosus is likely to 
become manifest after splenectomy has not been borne out by more re
cent studies (Best and Darling, 1962; Homan and Dineen, 1978). Although 
splenectomy is usually permanent ly curat ive, relapses occur in some pa
tients many years after surgery. In most , this is a consequence of exacer
bation of the disease and product ion of autoant ibody in quantities suffic
ient to provoke destruct ion of platelets in extrasplenic sites. Hyper t rophy 
of accessory spleens has been shown to be responsible in a number of 
well-documented cases (DiFino et ai, 1980; Verheyden et al., 1978; 
Davis et al., 1980), and these should be looked for using modern imaging 
techniques (Davis et al., 1980). Even in adults , the danger of increased 
susceptibility to infection post splenectomy should be carefully consid
ered (Karpatkin, 1980). 

5. Immunosuppression 

Patients who fail to respond to splenectomy or are not candidates for 
operat ion sometimes improve when treated with immunosuppress ive 
agents . Recommended regimens include azothioprine, cyclophos-
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phamide , and vincristine together with prednisone (these have recently 
been reviewed by McMillan, 1981). The highest rate of response , in ex
cess of 50%, appears to have been achieved with vincristine (Ahn et al., 
1974; Ries , 1976; Lacey and Penner , 1977). Improvement following vinca 
alkaloid therapy is somet imes temporary , however (DiFino et al., 1980; 
McMillan, 1981). Risks of immunosuppress ive therapy, including suscep
tibility to infection and malignancy, should be carefully considered in 
selecting pat ients for immunosuppress ive therapy. 

6. Vinblastine-Treated Platelets 

Significant elevations of platelet levels have been achieved in pat ients 
refractory to convent ional therapy by infusion of normal platelets t reated 
with vinblast ine, which binds to microfilamentous platelet proteins (Ahn 
et al., 1978; Nenc i et al., 1981). It has been suggested that effectiveness of 
vinblastine- or vincrist ine-treated platelets may be limited to pat ients in 
w h o m platelet survival t ime is quite short because of dissociation of the 
alkaloid from platelets in vivo (Kelton et al., 1981). Vincristine may be 
superior to vinblastine for this type of therapy (Agnelli et ai, 1982). 

7. Plasma Exchange 

Intensive exchange of patient p lasma for normal , fresh-frozen plasma 
by exchange pheresis appears to have been beneficial in a few instances 
(Branda et al., 1978; Pat ten and Reuter , 1980; Marder et al., 1981). Bene
fits are nearly a lways transient at best , and this form of therapy should 
probably be limited to patients with life-threatening symptoms . 

8. Intravenous Gamma Globulin 

Several repor ts have documented dramatic but sometimes temporary 
elevations of platelet levels in pat ients with chronic ITP refractory to 
o ther forms of t rea tment ( Imbach et al., 1981; Schmidt et al., 1981; Fehr 
et al, 1982; Bussel et al., 1982; Bussel and Hilgartner, 1984). Exper imen
tal studies suggest that the transfused IgG acts by inducing temporary 
blockade of the reticuloendothelial sys tem, thus inhibiting ingestion of 
ant ibody-coated platelets by phagocytes (Fehr et al., 1982). In one series 
of children, the durat ion of benefits somet imes exceeded the presumed 
life span of the transfused IgG for unknown reasons (Bussel et al., 1982). 

9. Other approaches 

Recent repor ts suggest a beneficial effect from danazol , an impeded 
androgen (Harrington et al., 1982; Ahn et al., 1983), and colchicine 
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(Strother et al., 1982). The latter report is of particular interest because of 
the minimal side effects associated with use of that drug. 

IV . C O N C L U S I O N S 

There is reason to hope that the designation " idiopathic thrombocyto
penic p u r p u r a " will soon become obsolete because of advances in labora
tory diagnosis and in the unders tanding of the physiology of immunoregu-
lation. At the very least, it should soon be possible to establish the 
diagnosis of au to immune thrombocytopenic purpura with certainty in the 
laboratory, and, pe rhaps , to distinguish between the " a c u t e " and 
" c h r o n i c " forms of the disease prospect ively. Even if these objectives 
are reached, important unresolved quest ions will remain to challenge ba
sic and clinical invest igators. 

One such quest ion is the unknown mechanism by which fulminating 
destruct ion of platelets is somehow provoked by what to all appearances 
is a normal immunological response to an infecting organism. Another is 
the role that abnormali t ies of immunoregulat ion, arising de novo or asso
ciated with a coexisting disorder , play in provoking the product ion of 
autoantibodies react ive with the platelet membrane . Also intriguing are 
the quest ions , " W h y are platelets so often the target for an autologous 
immune r e s p o n s e ? " and " W h a t is the site (or sites) on the platelet mem
brane toward which this response is d i r ec t ed ?" Answers to these and 
related quest ions are likely to be forthcoming in the next decade and 
should lead to improved forms of therapy, especially for the unfortunate 
minority of pat ients who fail to respond to presently available modes of 
t reatment . 
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I. INTRODUCTION 

Immunologically induced neutropenias are probably as common as the 
more familiar au to immune disorders of red cells and platelets . Investiga
tion and character izat ion of these disorders were delayed because of diffi
culties in the separation of neutrophi ls , technical problems in the de
tection of their ant ibodies , and inability to discriminate be tween autoanti
bodies and those produced by al loimmunization. 

The blood level of leukocytes , similar to that of red cells and platelets , 
represents a balance be tween the rate of product ion and the rate at which 
the cells are des t royed or consumed. Leukocy tes , however , are heteroge
neous cells each with separate proliferative character is t ics , functions, and 
life spans . These differences result in distinguishable pathophysiological 
features in each cell type and call for the use of a proper terminology. 
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Leukopenia , granulocytopenia , and neutropenia should no longer be used 
interchangeably. Auto immune leukopenia would probably be an appropri
ate term for instances in which granulocytes , lymphocytes , and mono
cytes are affected collectively. Granulocytopenia should be reserved for 
cases with documented reduct ion of all granulocytes , and neutropenia , 
the subject on which we concent ra te , should be used when neutrophils 
are the only affected cells. 

II. P A T H O P H Y S I O L O G Y A N D M E C H A N I S M O F 

I M M U N E D E S T R U C T I O N O F N E U T R O P H I L S 

A . NEUTROPHIL ANTIBODIES and THEIR TARGETS 

Associat ion of neutropenia with " l e u k o c y t e " antibodies is long recog
nized (Dausset , 1956), and the ability of leukocyte antibodies in man and 
xenogeneic leukoagglutinins in experimental animals to cause neutrope
nia is well documented . Among the early studies reviewed by Walford 
(1960), those performed by Kissmeyer-Nielsen (1954), Miescher (1954), 
and Butler (1958) are of considerable importance as they show that the 
infusion of sera of neutropenic patients into normal subjects reduces the 
neutrophil counts . The work of Moeschlin and Wagner (1952) called at
tention to the immunological mechanism in the aminopyrine-induced 
leukopenia; later, observat ion in this laboratory that fe ta l -maternal neu
trophil incompatibili ty could lead to neonatal neutropenia contr ibuted to 
the general acceptance of the immune neutropenias as true clinical entit
ies. Fur ther studies in neonatal neutropenia led to discovery of several 
antigens specific for blood neutrophils (Lalezari , 1977). 

An intriguing observat ion was that alloantigens involved in neonatal 
neutropenia could also be the target of autoantibodies found in some 
neutropenic children and adults (Lalezari , 1977), and in fact new neutro
phil "a l loan t igens" were identified by sera of patients who had autoim
mune neutropenia (Verheugt et al., 1978; Claas et al., 1979). These obser
vations indicated that the neutrophil antigens recognized in the allogeneic 
reactions are also heeded by the individual 's own immunoregulatory sys
tem. It is the alteration of this regulatory mechanism that probably is the 
main cause of autoimmunity against the neutrophils . In this respect , neu
trophil antigens appear to behave like the Rh determinants that often are 
the targets in au to immune hemolytic anemias . A brief review of neutro
phil antigens further demons t ra tes their intimate involvement in autoim
mune neutropenias and illustrates that hematological features can be pre-
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TABLE I 
Distribution Patterns of Various Neutrophil Antigens 

Antigens expressed only on myeloid cells 
(Tissue-specific antigens) 

Neutrophil-specific antigens 
(N groups) 

ΝΑ, NB, NC, ND, NE, HGA-3 

Granulocyte antigens 
(G Groups expressed on neutrophils, Antigens of cold-reactive antibodies 

eosinophils, and basophils) 
Granulocyte-monocyte antigens 

(GM Groups) 
HGA-1 

Granulocyte-Endothelial-monocyte 
(GEM Groups) 

Antigens with wide tissue distribution HLA, Ii, Group 5 
(Systemic antigens) 

dieted in various forms of the disease according to the propert ies of the 
target ant igens. F o r example , au to immune neutropenia of infancy and 
al loimmune neonatal neutropenia , two etiologically separate entities in 
which the target antigens appear to be the same, have identical clinical 
and hematological manifestat ions. 

Neutrophi l antigens thus far identified have been classified (Lalezari , 
1983) on the basis of the pat terns of their distribution on various cell 
types , on the basis of their express ion on various stages of cell matura
tion, and according to the optimal tempera tures required for their in vitro 
(and presumably in vivo) reactivity. A summary of neutrophil antigens 
character ized based on their distribution pat tern is given in Table I. These 
antigens are divided into those found only on the myeloid cells (tissue-
specific) and those with wide t issue distribution (systemic). Among the 
myeloid cell ant igens, the neutrophil (N) groups have been shown to be 
the target of bo th al loimmune and au to immune neutropenias . These neu
trophil-specific antigens are distinct from the G groups expressed on gran
ulocytes (neutrophils , eosinophils , and basophils) , from the G M antigens 
shared be tween granulocytes and monocy tes , and from G E M antigens 
found on granulocytes , monocy tes , and endothelial cells. 

In Table I I , leukocyte antigens are divided on the basis of the relation
ship be tween the express ion of antigens and the stage of cell maturat ion. 
Some antigens are expressed on both the mature and immature cells, and 
their concentra t ion appears to remain constant in the course of differenti
ation. These antigens may represent the s t ructures that const i tute the 
"bui lding b l o c k s " of the cell membrane . The H L A belong to the group in 
which the antigen concentra t ion decreases as the cells differentiate. Curi-
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TABLE II 
Relationship between Antigen Expression on Leukocytes 
and Cell Maturation 

Antigen types Examples 

Expressed on both mature and Group 5, HGA-1 
immature cells 

Expressed mainly on immature HLA System 
cells capable of division 
Develops on cell maturation NA,NB,NC,HGA-3 

ously, it appears that H L A antigens, particularly those controlled by the 
HLA-D region, completely disappear from the cell surfaces when the cells 
lose capacity to divide. These observat ions suggest that the H L A system 
probably is involved in the regulation of cell division and differentiation 
and is lost when these functions are completed. Antigens developed ex
clusively on mature cells are probably related to the structures involved in 
the specialized functions of these cells. Table III calls attention to the fact 
that some leukocyte antibodies react best at physiological t empera tures , 
some are cold react ive , and some have tempera ture requirements that are 
intermediary. 

The class of antigens exclusively expressed on neutrophils is likely to 
be the target of autoimmunity when neutropenia is the sole hematological 
abnormali ty . In these cases , the eosinophils and basophils are spared and 
even may be increased, together with monocytes , because of a myeloid 
proliferative response . The exclusive expression of these antigens on the 
mature cells is the reason for the characterist ic bone marrow findings, 
namely, the overabundance of the precursors and the selective decrease 
in the mature polymorphonuclear neutrophils . Antibodies to neutrophil-
specific antigens are detected best at physiological tempera tures . As these 
antigens are p resumed to be associated with specialized neutrophil func
t ions, their involvement in autoimmunity may result in a dysfunction of 
the cells that may escape cell destruct ion. 

The t rue agranulocytosis occurs when the target antigens are expressed 
on all granulocytes . Unfortunately, in many reported cases the serological 
and hematological evaluations have not been carried out with the specific 
quest ion of the possible effects of antibodies on various granulocytes in 
mind. The bone mar row myeloid hypoplasia seen in some patients with 
agranulocytosis suggests that in these cases the target antigens are ei ther 
expressed on precursors a lone, preventing generation of the immature 
cells or belong to the category of the structural antigens that are ex-
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TABLE III 
Optimal Temperatures for the Reaction of Various 
Leukocyte Antibodies 

Warm ΝΑ, NB, NC, HGA-3 
(30°-37°C) 

Intermediary 
(18°-25°C) 

Cold-reactive 
(4°C) 

NDl 

Ii; Cold granulocyte agglutinins, 
cold granulocytotoxins 

pressed on both the mature and immature cells (Table II). The potential 
role of the H L A - t y p e antigens as a target for au to immune disorders has 
been suggested by Roodman et al. (1980) but has not been adequately 
explored. Because of the express ion of H L A primarily on the dividing 
cells, their au to immune disorder if it occurs would probably not only be 
manifested by a reduct ion in the bone mar row cells, but may also result in 
diminished lymphoid cell proliferation. The patient studied by Cline et al. 
(1976) may represent such an example . 

The toxicity and systemic manifestations observed in some severely 
leukopenic pat ients have been generally at tr ibuted to infection. The possi
bility should be considered, however , that in some of these pat ients the 
target antigens may not be limited to the myeloid cell lines or to the 
hematopoiet ic t issue but may have a wide tissue distribution. In such 
pat ients the disease would affect multiple organs . Support ive da ta for 
these speculat ions may become available when investigators a t tempt to 
identify the target antigens in individual clinical examples and try to relate 
the clinical manifestations with the profiles of the involved antigens. 

In character izat ion of the specificities of autoant ibodies , a word of 
caution is in order : Studies carried out on the specificities of red cell 
autoant ibodies by the sensitive AutoAnalyzer technology have revealed 
subtle differences be tween the Rh-related antigens recognized by the al-
loantibodies and those that react with autoant ibodies (Lalezari and 
Berens , 1977), the autoant ibodies reacting with determinants that are not 
as restr icted as those defined by alloantibodies. Similar differences may 
exist in neutrophil specifities that may not be recognized by the tech
niques current ly employed. 

B. NEUTROPHILS AND IMMUNE COMPLEXES 

Receptors are known to exist on human polymorphonuclear neutro
phils for IgG, IgA, C3b, C3d, C4, and chemotact ic factors. Neutrophi ls 
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readily react with immune complexes in vitro, and many disorders attrib
uted to the immune complexes are associated with neutropenia (Starke-
baum et al., 1980; Camussi et al., 1981). The possibility has been consid
ered that in some cases neutropenia may be the only obvious manifesta
tion of an immune complex disease. Protracted infection, often associated 
with chronic neut ropenias , is known to generate immune complexes . In 
such complicated cases , therefore, it may become difficult to ascertain the 
secondary nature of the immune complexes . 

C . MECHANISM O F IMMUNE DESTRUCTION O F NEUTROPHILS 

The mechanism of au to immune destruct ion of the myeloid cells is not 
fully unders tood. Based on the available information on other cells, and in 
accordance with the conclusions drawn from cases studied by various 
investigators, multiple mechanisms appear to be involved. These mecha
nisms may opera te alone or in concer t and include destruct ion by humoral 
factors; phagocytos is , ant ibody-dependent lymphocyte-mediated cyto
toxicity (ADCC), and ant ibody-independent direct cell-mediated cytotox
icity (or suppression) . An additional mechanism may be ent rapment of the 
agglutinated cells in the capillaries. Finally, immunological injury to the 
myeloid cell may cause a functional alteration rather than the dest ruc
tion of the cell itself. At the precursor level, such a possible effect would 
lead to the blocking of cell proliferation or maturat ion, and at the peri
pheral level, neutrophils would be numerically normal but functionally 
impaired. 

1. Humoral Mechanisms of Neutrophil Destruction 

In an analogy to intravascular lysis in hemolytic anemia, this mecha
nism would involve the cooperat ion of antineutrophil antibodies and com
plement sys tem, leading to formation of the " m e m b r a n e at tack com
p l e x . " Complement-media ted granulocytotoxici ty can be shown by the 
various modifications of the basic dye exclusion technique or by the re
lease of a 5 1 C r radiolabel. Autoant ibodies with cytotoxicity have been 
described in the sera of neutropenic patients (Drew and Terasaki , 1978; 
Blaschke et al., 1979). The actual intravascular lysis of neutrophils , how
ever , has not been documented in any of these cases . In one example of 
chronic neutropenia (Markenson et al., 1975) that proved to be fatal, we 
detected an IgM autoant ibody with a cytotoxicity titer in excess of 1 x 
10" 6 . Although IgG autoant ibodies were also present and could explain 
the neutropenia , the considerat ion of intravascular lysis of neutrophils by 
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this unusual cytotoxic ant ibody appeared inevitable. Unfortunately, 
methods for direct demonst ra t ion of in vivo neutrophil lysis are not avail
able, and measurement of the release of neutrophil products that may 
reflect in vivo cell lysis (like hemoglobin in erythrocytes) has been limited 
to the studies on lysozymes (Boxer et al., 1975). Preliminary studies with 
Drs . Herber t and Jacob suggested that serum transcobalamin I and III , 
largely products of specific neutrophil granules (Herbert and Colman, 
1980), are ei ther normal or elevated in au to immune neut ropenias , but are 
low in neutropenias due to inadequate cell product ion (unpublished data) . 

2. Neutrophil Phagocytosis 

Opsonized neutrophils are more likely to be cleared by the phagocyt ic 
sys tem, as illustrated by the case reported by Blaschke et al. (1979). 
Leukophagocytos i s has been considered a major means of cell des t ruc
tion, even in xenogeneic sys tems when rabbit antineutrophil ant ibodies 
were infused into guinea pigs (Simpson and Ross , 1971). In in vitro experi
ments , Boxer and Stossel (1974) showed that neutrophils coated by allo
geneic or autologous antineutrophil antibodies can stimulate the phago
cytic cells and p rovoke a measurable metabolic response in the absence of 
complement . The leukophagocytosis seen in the spleens of some cases of 
au to immune neutropenia indicates that this organ is one location for the 
c learance of opsonized neutrophils . Data similar to those available for the 
determinat ion of red cell survival t ime and the site of their c learance can 
now be obtained for neutrophils by the use of i n Ind ium-rad io labe l ing 
techniques (Weiblen et ai, 1979). It may be shown by this technology that 
in most cases of au to immune neutropenia , a selective site for the clear
ance of neutrophils cannot be demonst ra ted . Rather , neutrophils are 
likely to be removed by phagocyt ic cells widely distributed in many tis
sues . 

3. Antibody-Dependent Lymphocyte-Mediated 
Cytotoxicity (ADCC) 

In this mechanism, a group of lymphocytes equipped with Fc-y-recep-
tors (killer cells) recognize ant ibody-coated cells and cause their dest ruc
tion. Logue et al. (1978) examined this mechanism and showed A D C C in 
two neutropenic pat ients who also had a connect ive t issue disorder . In 
two neutropenic pat ients repor ted by Bom-van Noor loos et al. (1980), the 
patient had a T-cell lymphoproliferative disease, and the abnormal cells 
had the killer but not the suppressor activities. Neutrophi l -bound Ig were 
shown by immunofluorescence test in both cases . 
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4. Cell-Mediated Cytotoxicity, Bone Marrow Suppression, 
and Neutropenia 

Immune suppression of hematopoiesis has been considered a cause of 
aplastic anemia (Cline and Golde, 1978), and inhibition of the growth of 
C F U - C colonies by lymphocytes of neutropenic patients has been demon
strated in Fe l ty ' s syndrome (Abdou et al., 1978), rheumatic disorders 
(Bagby and Gaboure l , 1979), systemic lupus (Kagan, 1979), and autoim
mune nephropathy (Roodman et ai., 1980). The mechanism of this sup
pression is not entirely clear. Although frequent association with S L E and 
other au to immune disorders is suggestive of an immunologically induced 
effect, direct cytotoxici ty and bone marrow cell destruct ion by the pa
tients lymphocytes have not been demonst ra ted . A possibility remains 
that at least in some of these pat ients , the bone marrow inhibition is not 
caused by cytotoxici ty but ra ther by an imbalance in the product ion of 
lymphocyte products that appear to modulate granulopoiesis (Barr and 
Stevens , 1982). 

5. Antibody-Induced Leukoembolization and Leukostasis, 
a Possible Mechanism for Neutrophil Destruction 

Neutrophi ls are agglutinated by activated complement (C5 a) in vitro 
(Craddock et al., 1977) and in vivo (Hammerschmidt et al., 1978). More
over , neutrophils exposed to activated complement have been shown to 
adhere to endothelial cells and cause a vascular injury (Jacob et al., 1980). 
Microleukoembolizat ion resulting from in vivo complement-dependent 
leukoagglutination has been considered to be the cause of postdialysis 
neutropenia , and a contributing factor in shock- lung syndrome, in retino
pathy associated with acute pancreati t is (Jacob et al., 1980), and in the 
pulmonary transfusion react ion that occurs following accidental infusion 
of ant i leukocyte antibodies (Thompson et al., 1971). 

Agglutination is a common response when neutrophils react with their 
specific antibodies in vi tro. This reaction has been found to be an active 
process akin to neutrophils response to chemotact ic stimuli (Lalezari , 
1977). Although in vivo ant ibody-mediated neutrophil agglutination has 
not been directly demons t ra ted , the occurrence of a pulmonary transfu
sion react ion due to ant i -NA2, a neutrophil-specific antibody (Yomtubian 
et al., 1982), clearly indicates that this reaction can occur in vivo. In 
au to immune neutropenia , however , the reaction would probably be a 
cont inuous and slow process without discernible clinical manifestat ions. 
Some neutrophil ant ibodies are known to activate the complement sys tem 
and thereby may initiate a complement-mediated neutrophil aggregation 
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as well. A similar mechanism may be involved in the immune complex 
disease-related neut ropenias in which antibodies are not directed against 
any specific antigens on neutrophils . 

6. Antibody-Induced Neutrophil Dysfunction 

Neutrophi l functions include motility, response to chemotact ic stimuli, 
adherence , phagocytos is , and bacteriocidal effects by means of genera
tion of toxic radicals and the release of various granular enzymes . Many 
of these functions are initiated at the cell surface through specific recep-
tor - l igand interact ions. Data obtained in this laboratory have shown that 
the F c and complement receptors on neutrophils can be blocked by the 
use of xenogeneic antineutrophil ant ibodies . Monoclonal neutrophil anti
bodies have been produced that inhibit lysosomal enzyme release by 
chemotact ic factors without blocking their binding to the cell membrane 
(Cotter et al., 1981). Although similar effects have not as yet been demon
strated for the allogeneic neutrophil ant ibodies, clinical observat ions 
point to the possibility that autoant ibodies may compromise selective 
neutrophil functions without causing their destruct ion. The report by Kra
mer et al. (1980) exemplifies the inhibition of neutrophil motility by an IgG 
autoant ibody, causing a nonneut ropenic clinical condition indistinguish
able from chronic neutropenic s ta tes . Auto immune neutrophil dysfunc
tion and neutropenia may coexist . This is indicated indirectly by the 
frequent observat ion in the neutropenic patients that the severity of clini
cal manifestations is not proport ional to the number of neutrophils . 

III. L A B O R A T O R Y D I A G N O S I S 

Techniques available for demonstra t ion of autoimmunity against the 
myeloid cells include leukocyte agglutination (Lalezari , 1977), antiglobu
lin consumpt ion (Engelfriet and van Loghem, 1961), cytotoxicity (Blas-
chke et ai, 1979; Drew and Terasaki , 1978), opsonizat ion and inhibition 
of phagocytosis (Boxer and Stossel , 1974), immunofluorescence 
(Verheught et al., 1978), quanti tat ion of neutrophil-bound Ig by radiola-
beling techniques (Lightsey et al., 1977; Logue and Shimm, 1980), and by 
staph protein A (Stossel , 1981). Methods recently developed for the test
ing of cell-mediated immunity should now be included in these proce
dures . 

In au to immune neutropenia , as in o ther au to immune diseases , exami
nation of the target cells (direct tests) should be most informative. The 
reduced number of neutrophils in neutropenic pat ients , however , often 
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limits application of most of these techniques to the less optimal indirect 
methods . The except ion is in the immunofluorescence test (Verheugt et 
al., 1978), with which antibodies can be demonst ra ted on the single cells 
that are often possible to isolate from most neutropenic pat ients . In addi
tion, by the use of appropr ia te FITC-labeled antiglobulin reagents it is 
possible to determine the class (IgG, IgM, IgA) and subclasses of the 
neutrophil-bound immunoglobulins. 

Despi te technical advances , the tests developed for the study of 
au to immune neutropenias have many shortcomings. In the immunof
luorescence tes t , neutrophils should be differentiated from the frequently 
present normal monocy tes that regularly give a strong reaction with 
FITC-labeled ant i -human IgG. Antigen modulat ion, experienced by other 
investigators (Weitzman et al., 1979), has not been an obstacle in this test . 
Among the indirect tes t s , leukocyte agglutination in the absence of E D T A 
does not give reliable and reproducible results (Walford, 1960; Stossel , 
1981). It is not generally recognized, however , that the addition of E D T A 
to the react ion mixture inhibits the nonspecific clumping of neutrophils 
and at the same time enhances ant ibody-dependent leukoagglutination. 
Unfortunately, EDTA-dependen t leukoagglutination is more useful for 
the detect ion of alloantibodies and gives a positive reaction only in more 
severe cases of au to immune neutropenias . 

Many normal , nonneut ropenic pat ients have been found in this labora
tory to have circulating cytotoxic ant ibodies. Therefore, we consider 
these antibodies clinically significant only when they are detected in high 
t i ters. Enthus iasm for the tests based on opsonization and inhibition of 
phagocytosis is t empered by their complexity. Moreover , examples of 
strong agglutinating anibodies have been found in severe cases of alloim-
mune neonatal neut ropenia that have failed to cause neutrophil opsoniza
tion. The quanti tat ive Ig assays also have limitations created by the non
specific p resence of a large amount of Ig molecules on normal neutrophils 
and by potential difficulties in differentiating be tween specific antibodies 
and immune complexes . These technical problems indicate the need for 
the use of multiple techniques and further methodological deve lopments . 

IV. MANIFESTATIONS AND CLINICAL 
VARIATIONS 

Auto immune neutropenia in general has a chronic course and is mani
fested by various types of persistent infectious complicat ions. Acute 
" ag ranu locy to s i s , " by contras t , is often drug induced. Following are the 
most frequent variations of au to immune neutropenia recognized. 
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Λ IDIOPATHIC AUTOIMMUNE NEUTROPENIA 

Clinical manifestat ions of idiopathic au to immune neutropenias in ado
lescent and adult pat ients encompass a wide range, from absence of 
symptoms to devastat ing forms complicated by uncontrollable sepsis . In 
the majority of these cases , the pat ients develop intermittent cu taneous 
infections and stomati t is . Splenomegaly is an exception ra ther than the 
rule. The hematological profile reveals selective absence of peripheral 
blood neutrophi ls ; monocy tes , eosinophils , and basophils are present or 
increased. The bone mar row typically shows increased myeloid cellular-
ity with diminished number of mature cells. Diagnosis if often made by 
demonstra t ing cell-bound or circulating antibodies. 

B . AUTOIMMUNE NEUTROPENIA O F INFANCY 

This syndrome appears to be an unusually common disorder among 
young infants. More than 150 examples with basically identical clinical 
features have been studied in our laboratory since the first report (Lale-
zari et al., 1975). The disease is character ized by a severe neutropenia 
that is diagnosed when the child is —5-7 months old. Neut ropenia is often 
associated with various forms of mild bacterial or fungal infections, and 
spontaneous recovery within 1 to 4 years is the rule. Diagnosis is made by 
demonstra t ing neutrophil-bound and less frequently circulating antibodies 
in the pa t ien ts ' blood. The absence of antineutrophil antibodies in the 
maternal sera reveals the au to immune nature of the disease. The antibod
ies may be demons t ra ted to have specificities, similar to those found in 
al loimmune neonatal neutropenia in the younger infants. The cause of this 
disorder remains unclear . The disease may represent a "physiological 
a u t o i m m u n e " state in which the autologous antigens (or those orginating 
from the mother but also present on fetal cells) provoke an immune re
sponse in an immune sys tem in which the normal regulatory mechanisms 
have not yet become fully operat ive . The auto immune process ceases , 
however , when this regulatory mechanism reaches maturi ty. The validity 
of this hypothes is is now being tested in this laboratory. 

C . SECONDARY AUTOIMMUNE NEUTROPENIAS 

1. Autoimmune Neutropenia Associated with 
Autoimmune Hemolytic Anemia and 
Thrombocytopenia 

E v a n s ' syndrome, a combinat ion of au to immune hemolytic anemia and 
thrombocytopenia , is well recognized (Evans et al., 1951). A special com-
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bination designated "al ternat ing auto immune hemocy topen ia" has been 
observed in this laboratory on several occasions . The disease is charac
terized by its multiphasic manifestation. In the initial phase , the disease is 
limited to one of the hematological cells and responds to t reatment . After 
a free interval , cell destruct ion recurs but now involves another cell type . 
Alternation be tween hemolysis , thrombocytopenia , and neutropenia con
tinues over several years , and eventually a pancytopenia that is resistent 
to t rea tment prevails . 

2. Autoimmune Neutropenias Associated with Other 
Autoimmune Diseases 

Associat ion of neutropenia with systemic lupus, Fe l ty ' s syndrome, Sjo
gren ' s syndrome, Graves ' d isease, and lymphoproliferation disorders 

have been well documented , and we have observed cases associated with 
hairy cell leukemia and sarcoidosis . 

V . M A N A G E M E N T O F A U T O I M M U N E 

N E U T R O P E N I A S 

Many neutropenic pat ients , especially children, tolerate the disease 
well and require antibiotics only intermittently for the management of 
complicating infections. Splenectomy and steroid therapy are not as suc
cessful as in au to immune hemolytic anemia and thrombocytopenia . The 
reason for these differences is not unders tood and may reflect pathophysi
ological features unique to neutrophils , especially differences in the 
mechanism of cell destruct ion. It may be reasoned that patients in whom 
neutrophil destruct ion is primarily mediated by leukoembolizat ion, 
A D C C , or intravascular neutrophil lysis are not likely to benefit from 
splenectomy or steroids. Moreover , monocyte product ion is almost in
variably increased in au to immune neutropenias , and chronic infection 
probably serves as a cont inuous stimulus for their activation. 

The act ivated macrophages are known to be more destruct ive and less 
susceptible to the inhibition by steroids. In pract ice , many adult pat ients 
with symptomat ic neutropenias are splenectomized and receive multiple 
courses of s teroids, which should be given only intermittenly. In several 
cases , p lasmapheresis has been a t tempted with doubtful resul ts , but 
transfusion of compatible neutrophils appears to be helpful in the control 
of sepsis . F o r example , transfusion of NA2-negative neutrophils was ef
fective in the management of pulmonary and brain abscesses in a 12-year-
old boy who had an au to immune neutropenia due to ant i -NA2. Unfortu
nately, after multiple transfusions the patient developed resis tance and 
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eventually succumbed to infection. Large doses of gamma globulin ad
ministered intravenously have been shown to reverse the neutropenia 
temporari ly (Pollack et al., 1982; Bussel et ai, 1983). This t rea tment 
should be considered in the complicated cases , particularly in autoim
mune neutropenia of infancy. 

VI. SUMMARY 

Auto immune neutropenia (AIN) , selective destruct ion of blood neutro
phils by immunological mechanism, is being recognized with increasing 
frequency. In a large number of these pat ients , the ant ibody targets are 
antigens expressed only on the mature cells. This explains the increased 
number of myeloid precursors , and the absence or the reduct ion of the 
more mature cells in the bone marrow. In some cases , autoimmunity may 
be directed against antigens with wider cell distribution, or against anti
gens also expressed on precursor cells. In such cases other cell types 
( lymphocytes , monocy tes , and eosinophils) would be reduced, and the 
bone mar row may be hypoplast ic . 

The mechanism of cell destruct ion in these disorders has not been fully 
clarified. Leukophagocytos i s , cell lysis, and ADCC- and cell-mediated 
cytotoxici ty appear to occur . An additional factor may prove to be mi-
croembolizat ion of aggregated mature neutrophils . Ant ibody-induced 
neutrophil dysfunction such as blocking of the Fc and complement recep
tors and inactivation of surface enzymes may be an explanation for dis
proport ionately severe clinical manifestations occasionally observed . 

The techniques available for diagnosis of A I N need improvement . Nev
er theless , diagnosis can be established by a combination of the agglutina
tion and the direct immunofluorescence tests in most cases , especially in a 
newly recognized form that has been te rmed auto immune neutropenia of 
infancy. Mos t pat ients with A I N require t rea tment only for intercurrent 
infections and complicat ions. Steroids should not be used indiscrimi
nately. Splenectomy is helpful only in individual cases . Neutrophi l t rans
fusion and in t ravenous infusion of gamma globulin are indicated in se
lected pat ients . 
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I. INTRODUCTION 

Spermatozoa (abbreviated ' ' s p e r m " ) was one of the first t issue antigens 
known to be immunogenic to the autologous host (Landsteiner , 1899; 
Metchnikoff, 1899; Metalnikoff, 1900). The several decades following this 
discovery encompassed efforts aimed at utilizing sperm antigens in anti-
fertility vaccines (see review by Ka t sh , 1959), a revitalized subject (An
derson and Alexander , 1983). The study of testicular autoimmunity was 
launched in the early 1950s when an au to immune disease of the test is , 
experimental allergic orchitis (EAO), was induced by immunizat ion of 
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guinea pigs with homologous sperm or testicular antigens in complete 
F reund ' s adjuvant (CFA) (Voisin et al., 1951; Freund et al., 1953, 1955). 
More recently, increasing circumstantial evidence has indicated that 
autoimmunity to sperm may be a cause of infertility in men, and that 
immunity to sperm also results in infertility in women (reviewed in Jones 
et al., 1975; Shulman, 1975; Menge , 1980). Despite this early beginning, 
the possible pathological consequences and clinical relevance of sperm 
and testicular autoimmunity remain poorly defined and the pathogenet ic 
mechanisms of Ε A O incompletely unders tood. In this chapter , we will 
review in detail the models of au to immune orchitis as examples of organ-
specific au to immune disease. In addition, we will examine the clinical and 
experimental evidence for sperm autoimmunity and alloimmunity as pos
sible causes of human infertility. 

II. A U T O I M M U N E D I S E A S E S O F T H E T E S T I S 

A classification of epididymo-orchit is and aspermatogenesis of proven 
or probable immunological etiology is presented in Table I. 

Elucidation of the pathogenesis of testicular autoimmune diseases has 
been based largely on studies in E A O in the guinea pig. Since murine 
E A O can now be induced consistently, incisive dissection of this disease 
will be forthcoming, as examplified by recent immunogenetic analysis of 
murine E A O . The studies on naturally occurring models of testicular 
au to immune diseases have provided evidence for coinheri tance of 
autoimmunity of the gonads and that of other endocrine organs. In this 
chapter , we will analyze in detail the pathology and pathogenesis of E A O . 
We will then describe pos tvasec tomy autoimmune orchitis and the natu
rally occurring models of testicular auto immune disease. As an introduc
tion to these topics , a considerat ion of the testis as an immunological 
target organ and the nature of aspermatogenic antigens, as well as the 
immunoregulatory mechanisms against testicular autoimmunity, will be 
presented. 

A . THE TESTIS AS AN IMMUNOLOGICAL TARGET O R G A N 

It has been est imated that only one-fifth of the theoretical number of 
progeny of spermatogonia eventually develop into sperm (Huckins , 1978). 
During spermiation, numerous residual bodies , rich in surface autoanti
gens , are retained by the germinal epithelium (Fawcet t , 1975). The redun
dant autoantigenic by-products of spermatogenesis and spermiogenesis 
are removed by the remarkable Sertoli cells, which are able to phagocy-
tose and degrade rapidly. While the b lood- tes t i s barrier is well developed 



Classification of Epididymo-Orchitis and Aspermatogensis with Proven or 
Probable Immunological Etiology3 

I. Experimental allergic orchitis 
A. Active immunization 

1. Sperm or testis antigens wi th 6 c or without adjuvant^ 
2. Chemically modified soluble aspermatogenic antigens4' 
3. Parotid gland antigens in CFA^ 

B. Passive immunization 
1. Immune serum to untreated* or CFA-injected recipients'1 

2. Immune lymphoid cells' 
3. Cellular extracts from lymphoid cells' 

II. Naturally occurring orchitis 
A. Beagle dog (A line) with or without autoimmune thyroiditis* 
B. T-Locus mouse with t w , s haplotype' 
C. Infertile dark minkm 

D. Rhesus monkey" 
E. Man (?)° 

III. Postvasectomy orchitis 
Guinea pig p, rabbits Λ monkey" 

IV. Physical trauma to the contralateral testis. 
A. Cryoinjury r. 
B. Heat injury5. 
C. Physical injury'. 

V. Postinfective orchitis 
Mumps orchitis" 

VI. Epididymo-orchitis following neonatal thymectomy" 

a Reprinted from Tung (1980), by permission of the publisher, Elsevier 
Science Publishing Co., Inc. 

b Voisin et al. (1951). 
c Freund et al. (1953). 
d Bishop (1961). 
e Pokorna and Vojtiskova (1964). 
f Nagano and Okumura (1973a). 
* Tung et al. (1971a). 
Λ Pokorna (1970a). 
' Tung et al. (1971b). 
J Pokorna (1970b). 
k Fritz et al. (1976). 
' Dooher et al. (1981). 

m Tung et al. (1981b). 
" Tung and Alexander (1980). 
° Salomon et al. (1982). 
Ρ Tung, 1978. 
" Bigazzi et al. (1976). 
r Zappi et al. (1974). 
5 Rappaport et al. (1969). 
' Raitsina and Nilovsky (1967). 
" Mostofi (1977). 
v Taguchi and Nishizuka (1981). 
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at the level of the seminiferous tubules , o ther parts of the sperm compart
ment are not as impenetrable to macromolecules ; there are regional differ
ences in the immunological b lood- tes t i s barrier (Tung et al., 1971a; John
son, 1973). 

1. Blood Vessels, Lymphatics, and Interstitial Space 

Although the test icular capillaries and venules are not fenestrated, they 
allow diffusion of IgG (Mancini et al., 1965). The interstitial space is 
composed of an extensive labyrinth of lymphatics (Fawcet t et al., 1969) 
and islands of blood vessels surrounded by Leydig cells, macrophages , 
mast cells, and p lasma cells (Hermo and Lalli, 1978). Resident macro
phages have been isolated from perfused testis (Tung et al., 1979), and it 
has been stated that the Leydig cell /macrophage ratio is 4 : 1 (Christensen, 
1977). Ia molecules are detected on —40% of resident testicular macro
phages (Miller et al., 1984). Circulating lymphocytes reach the testicular 
intersti t ium, and from there enter the lymphatics to be recovered by 
cannula placed in the afferent testicular lymph vessels (Morris , 1968). 
Thus , humoral ant ibody and recirculating lymphocytes a t tendant on a 
systemic immune response can readily reach the interstitial space of the 
test is . 

2. The Blood-Testis Barrier at the Seminiferous Tubules 

By analysis of testicular fluids from rams , Setchell (1967) first directed 
at tention to the exis tence of a permeabili ty barrier surrounding the semi
niferous tubules of the mammalian test is . These studies found that pro
teins were abundant in plasma and testicular lymph but existed in very 
low concentra t ion in the rete testis fluid. Soon after this important discov
ery, the morphological basis of the b lood- tes t i s barrier was defined. 

The seminiferous tubules in most species are surrounded by a layer of 
smooth muscle-like myoid cells. These cells act as a partial barrier for 
large molecules in the rat and guinea pig, but not in pr imates . Antibody 
IgG to tubular basement membrane antigens, when injected into guinea 
pig test is , becomes bound to the basement membrane around the rete 
where myoid cells are absent but not to the basement membrane sur
rounding the seminiferous tubules (Tung et al., 1971a). The most signifi
cant barrier at the level of the seminiferous tubules is provided by the 
Sertoli cells and the multiple specialized tight junct ions be tween them. 
Dym and Fawce t t (1970) have divided the germinal epithelium of the 
seminiferous tubules into two compar tments separated by the Sertoli cell 
barrier: (1) a basal compar tment containing the preleptotene spermatocy
tes and spermatogonia , and (2) an adluminal compar tment containing the 
more mature germ cells. The tight junct ions be tween Sertoli cells have 
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been revealed by freeze-fracture technique as unique in t ramembranous 
s t rands of part icles located in grooves on the Ε face (Gilula et al., 1976). 
For ty to fifty parallel s t rands , separated from one another by —0.1 μπι , 
are located on the entire circumference of the basal port ion of Sertoli cells 
and provide what is probably the strongest t issue barrier in the body 
(Neaves , 1977). 

3. Differential Permeability of Tissue Barriers Along the 
Sperm-Containing Compartment 

The barr ier of the rete testis is more permeable to serum proteins , 
including IgG, than is the barrier at the seminiferous tubules . Apart from 
the difference in the tight junct ional complexes of the two regions, higher 
concentra t ion of IgG exists in fluid obtained from the rete as compared 
with fluid from the seminiferous tubules (Johnson and Setchell , 1968; 
Koshimies et al., 1971). After ant isperm antiserum was injected intraven
ously into normal guinea pigs, IgG (presumably antibody) was observed 
to bind to the ac rosome of sperm in the rete but not to sperm in the 
seminiferous tubules (Tung et al., 1971a). The tight junct ions of the duc
tus efferentes are scanty and do not completely surround the circumfer
ence of the cell (Suzuki and Nagano , 1978). Rete testis and ductus ef
ferentes are therefore the most likely sites for the ent rance of immune 
reactants into the sperm compar tment and for the exit of any soluble 
sperm ant igens. Although lymphoid cells are frequently detected be tween 
epithelial cells in the rete test is , ductus efferentes, and the vas (Dym and 
Romrell , 1975), it is not known whether leukocytes can penetra te the 
intact b lood- te s t i s barrier . 

B. TESTIS-SPECIFIC AUTOANTIGENS AND ASPERMATOGENIC 

ANTIGENS 

Testis-specific autoantigens are antigens in the testis that readily elicit 
antibodies and/or cell-mediated immune responses in the autologous host , 
whereas aspermatogenic antigens are testis-specific antigens that have the 
capacity to induce Ε A O . Leydig cells, Sertoli cells, and germ cells are the 
three likely sources of testis-specific autoant igens. Although serum au
toantibodies to Leydig cells and Sertoli cells have been detected in human 
auto immune diseases (including polyendocrine autoimmunity , amenor
rhea, and unexplained infertility) (Irvine et al., 1969), antigens associated 
with these cells from prepuberta l animals do not elicit an auto immune 
response in normal experimental animals even when they are incorpo
rated in C F A . In contras t , sperm and their progenitor cells readily induce 
an autoant ibody response and Ε A O . 



542 KENNETH S. Κ. TUNG AND ALAN C. MENGE 

Ϊ. Testis-Specific Autoantigens Readily Elicit Autoimmune 
Responses in the Absence of Adjuvant 

Testis-specific autoantigens develop at puber ty , and they are absent 
during the developmental stages of the immune system. Immunological 
unresponsiveness to these antigens might be incomplete, since acquired 
immunological unresponsiveness is readily induced in the neonatal but 
not the adult animals . That immunological tolerance to testis-specific au
toantigens is indeed incomplete can be demonst ra ted by the ease with 
which ant ibody to sperm and spermatid surface antigens, as well as acro
somal antigens, are elicited in guinea pigs immunized with autologous 
sperm or testicular cells. Autoant ibodies to sperm often follow testicular 
injuries resulting from obstructed vas deferens (Phadke and Padukone , 
1964), vasec tomy (Zappi et al., 1974), and testicular biopsy (Hjort et al., 
1974). 

Immunological foreignness of testis-specific autoantigens is further sup
ported by the study on the age-related incidence of naturally occurring 
serum ant ibody to sperm antigens. The age-related incidences of antibod
ies to self and foreign antibodies are quite different. Autoantibodies such 
as antinuclear and anti thyroid antibodies occur rarely in children and 
young adults but increase gradually with age (Goodman et ai, 1963; Do
niach and Roitt , 1964; Cannat and Seligmann, 1965). On the other hand, 
antibodies to foreign antigens tend to have an early onset , reach a peak 
before puber ty , and gradually decline (Friedberger and Furs tenheim, 
1929; Thomsen and Ket te l , 1929; Lewi , 1968). When a large number of 
sera from different age groups of both sexes were studied for the age-
related prevalence of ant isperm antibodies, the pat tern matched best with 
that of antibodies to foreign antigens; prevalence of antinuclear antibodies 
in the same group of individuals fit the pat tern for autoantibodies (Tung et 
al.y 1976). The high incidence of ant isperm antibodies in children probably 
results from stimulation by foreign antigens that cross-react with sperm. 

The number of testis-specific autoantigens capable of autoant ibody in
duction is more numerous than those present in other organs. In sera of 
vasectomized men , antibodies to as many as eight internal antigens in 
sperm (Tung, 1975, 1976), including nuclear protamine (Samuel et al., 
1975), were detectable (Fig. 1). Thus unlike most autoantigens, the im
mune responses of the body to sperm resemble the responses to foreign 
antigens. 

2. Cells of the Germ Cell Lineage Are the Main or Only 
Source of Testis-Specific Autoantigens 

While adult testis incorporated in C F A readily induced E A O in the 
guinea pig, Ka tsh (1960) found that testes from prepubertal animals , defi-
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FIG. 1. Antisperm antibodies from vasectomized men detectable by indirect immuno
fluorescence using(l)methanol-fixed sperm smear, and(2)sperm that have been treated with 
dithiotreitol and trypsin. Included are antibodies to diffuse acrosomal antigen (A), equatorial 
antigen (B), postacrosomal antigen (C), speckled acrosomal antigen (D), tail mainpiece 
antigen (E), tail endpiece antigen (F), nuclear protamine (F), and midpiece antigen (G). 
Reproduced from Tung (1975), with permission of the publisher. 

cient in germ cells beyond the primary spermatocytes , failed to induce 
testicular disease . Similarly, guinea pigs immunized with testes rendered 
atrophic from Ε A O did not develop testicular disease. Prepubertal guinea 
pigs immunized with adult testis in C F A did not develop E A O until sper
matogenesis of the immunized guinea pigs was fully developed (Bishop et 
al.y 1961; Johnson , 1970a). Fur the rmore , E A O can be readily induced by 
immunizat ion with epididymal sperm in C F A . When autoant isera from 
guinea pigs immunized with testis homogenates or epididymal sperm were 
used to localize testis-specific autoantigen in the guinea pigs, they reacted 
with the surface of sperm, residual body , and late spermatids (Tung et al.y 
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1979), and with the acrosomal antigens of secondary spermatocytes , sper
mat ids , and sperm. The precise ontogeny of cell-surface testis-specific 
autoantigen may differ among species. For example , rats autoimmunized 
with testicular cells or sperm developed antibody that reacted with pachy
tene spermatocytes as well (Tung and Fri tz , 1978). Specifically, Lewis 
ra ts , immunized with purified pachytene spermatocytes in C F A , devel
oped aspermatogenes is , orchit is , and antibody to spermatocytes , sper
matids , and sperm. 

The possible exis tence of autoantigens on Sertoli cells capable of elicit
ing ant ibody and cytotoxic T-lymphocyte response was suggested by the 
finding that female mice immunized with Sertoli cells from H-2-histocom-
patible males produced antibodies and cytotoxic Τ lymphocytes to H-Y 
antigen and to a second, cell-lineage-specific antigen shared be tween Ser
toli cells and ovarian follicular cells (Ciccareses and Ohno , 1978). Weke-
rle and his col laborators (Wekerle and Begemann, 1976; Weker le , 1977, 
1978a,b) found that when suspensions of rat lymph node cells or splenic 
cells were mixed with syngeneic testicular cells, the lymphocytes formed 
roset tes around a centrally located cell that was described as having the 
morphology of Sertoli cells. When the roset tes were isolated on a hypa-
que-ficoll gradient, the rosetting lymphocytes transformed into lym-
phoblasts and became cytotoxic to monolayer of testicular cells. How
ever , these findings cannot yet be regarded as evidence for the exis tence 
of autoant igens on Sertoli cells. The criteria of Sertoli cell identity were 
insufficiently r igorous. Whether they represented spontaneous roset tes 
be tween Τ cells and macrophages (Seeger and Oppenheim, 1970), or be
tween Leydig cells and lymphocytes (Rivenzon et ai, 1974), was not 
considered. Even if the cells under considerat ion were Sertoli cells, the 
surface antigens recognized by the autologous lymphocytes might never
theless have come from sperm or spermatids that were phagocytosed, 
processed by the Sertoli cells, and subsequently presented on the Sertoli 
cell surface. It will be important to determine whether Sertoli cells, iso
lated free of sperm and spermat ids , also roset te with and stimulate auto
reactive lymphocytes . 

3. Purified Aspermatogenic Antigens of Guinea Pig Testis 
and Sperm 

A number of aspermatogenic proteins and glycoproteins have been 
purified to apparent homogenei ty from the guinea pig testis and caudal 
epididymal sperm (Table II) . These antigens differ from one another in 
amino acid composi t ion, carbohydra te content , molecular weight, and 
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TABLE II 
Purified Aspermatogenic Antigens from Guinea Pig Testis and Sperm 

Antigen Source Characteristics Reference 

API Testis Protein, MW 15,000, pi 8.6; 
activity disappears after 
reduction-alkylation 

Jackson et al. (1975) 

GPl Testis Glycoprotein, MW 29,000, 
PI 3.9 

Hagopian et al. (1975) 

GP4 Testis Glycoprotein, MW 13,000 Hagopian et al. (1975) 
AP2 Sperm Protein, MW 9,500, pi 5.5 Teuscher et al. (1983a) 
AP3 Testis Protein, MW 12,500, pi 8.9; 

activity not affected by 
reduction-alkylation 

Teuscher et al. (1983b) 

isoelectric point . The first purified aspermatogenic antigen of sperm (AP2) 
was isolated from soluble acrosomal contents released from guinea pig 
sperm during calc ium-dependent , ionophore-induced acrosome reaction 
(Teuscher et al., 1983a). While API and AP3 have similar molecular 
weights and p i , they differ in amino acid composit ion. Moreover , API is 
inactive after it has been reduced and alkylated (Jackson et al., 1976), 
whereas similarly t reated AP3 remains active (Teuscher et ai, 1983b). 
That the aspermatogenic capacity of AP3 is preserved after r e d u c t i o n -
alkylation indicates that the disease-inducing determinant(s) in the AP3 
molecule is sequential ra ther than conformational . If t rue , it should be 
possible to identify and synthesize an aspermatogenic pept ide. 

Although the purified aspermatogenic proteins are highly act ive, each 
being capable of E A O induction at or below 1 μ£ , the antigen yield is 
uniformly low. Fur the rmore , the isolation procedures are technically de
manding. H e n c e , immunological studies based on these antigens have not 
yet been carried out . In the studies to be described herein, several crude 
but biologically active aspermatogenic antigenic preparat ions have been 
employed. Their isolation schemes are outlined in Table III . 

C . IMMUNOLOGICAL UNRESPONSIVENESS TO TESTIS-SPECIFIC 

AUTOANTIGENS 

Having considered the b lood- tes t i s barrier and the unusual autoim-
munogenici ty of testicular-specific autoant igens, we will evaluate the cur
rent concept of the mechanisms that may prevent E A O . 
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TABLE III 
Crude Aspermatogenic Preparations Described in This Chapter* 

Antigenic preparations Isolation procedures 

ASPM (Freund et al., 1955) GP Testis homogenate extracted in acetic acid; 
supernatant in 30% ammonium sulfate (AS); 
precipitate in 70% AS 

Τ (Toullet et al., 1973) GP Sperm in water; centrifuge (500 g); centrifuge the 
supernatant (80,000 g); sonicate and wash the 
precipitate 

S (Toullet et al., 1973) GP Sperm in water; centrifuge (500 g); centrifuge the 
supernatant after 5% trichloracetic acid (TCA); 
excluded volumn in Sephadex G-100 

Ρ (Toullet et al., 1973) GP Sperm in water; centrifuge (500 g); centrifuge the 
supernatant (80,000 g); precipitate after 5% TCA; 
aqueous phase after chloroform-butanol; 
"included" volumn in Sephadex G-100 

TCAsup (Jackson et al., 1975) GP Testis homogenized in chloroform-methanol-
acetone; extracted with HC1, pH 3, precipitated in 
80% AS; supernatant in 5% 

G75m (Teuscher et al., 1983b) TCAsup; the second peak on Sephadex G 75 (proteins 
with MW between 13,000 and 50,000) 

a Reprinted from Tung et al. (1981a), by permission of the publisher, Munksgaard, Copen
hagen. 

I. Antigen Sequestration Theory 

This has been the prevailing but unproven theory of immunological 
unresponsiveness to testis-specific autoant igens, which has been dis
cussed (Shulman, 1975; Beer and Billingham, 1976; Tung, 1977). Accord
ing to this view, the blood-testis barrier completely separates testis-spe
cific autoantigens from the immune system: The antigens do not reach the 
lymphoid t issues to stimulate an immune response , nor do immune reac-
tants reach the antigens in the testis to initiate E A O . It follows that E A O 
occurs only if and when the b lood- tes t i s barrier becomes incomplete . 
This theory probably requires modification for the following reasons . 

First , there is no proof that the testis-specific autoantigens are com
pletely sequestered. Second, if testis-specific autoantigens are indeed to
tally sequestered, it would be difficult to envisage how the disease E A O 
could adoptively be transferred by systemic injection of sensitized lym
phocytes or ant isperm ant iserum. Under these c i rcumstances , either the 
immune reactants can cross the b lood- tes t i s barrier or testis-specific au-
toangiens can reach outside the barrier. In this regard, we know now that 
the rete testis and the ductus efferentes do not provide complete barr iers 
for IgG. It will be important to determine whether soluble testis-specific 
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autoantigens exist in the lumen of the sperm compar tment and whether 
t races of the antigens are detectable outside the ductus efferentes or in 
testicular lymph. It will also be important to further define autoantigens 
on Sertoli cells. Third, the complete antigen sequestrat ion theory , as it 
s tands , excludes o ther known active control mechanisms against immune 
response to testis-specific autoant igens; that is, the barrier would not 
permit any antigen to reach the lymphoid system to stimulate and main
tain a negative or suppressive immunoregulatory response . 

2. Evidence in Support of Active Immunoreguiation 
against Testicular Autoimmunity 

a. The Presence in the Rat of Τ Lymphocytes That React with Syngeneic 
Testicular Cells and Can Adoptively Transfer EAO. Incubat ion of lymph 
nodes or spleen but not thymus lymphocytes of untreated rats with synge
neic dissociated testicular cells led to the formation of lymphocyte ro
settes a round a central testicular cell (Wekerle and Begemann, 1976; 
Weker le , 1978a,b). After 4 - 5 days , the lymphocytes in the roset te t rans
formed to lymphoblas ts . The lymphoblas ts , defined as Τ cells on the basis 
of undetectable C3b receptors , were cytotoxic to monolayers of testicular 
cells, and when adoptively transferred to the testis of syngeneic recipients 
they induced an inflammatory lesion. Exper iments using congenic strains 
of rats demons t ra ted that the cytotoxic Τ lymphocytes and the target 
testicular cells had to share the major histocompatibili ty antigens in order 
for cytotoxici ty to occur . As a control for the specificity of the cytotoxic
ity, lymphocytes that roset ted with testicular cells were found to respond 
poorly against allogeneic lymphocytes in vitro when compared with lym
phocytes that did not form roset tes . This study provided evidence for the 
exis tence in normal unimmunized animals of precursor effector Τ lym
phocytes against testicular autoant igens. 

b. Neonatal Thymectomy Is Associated with Testicular Disease Resembling 
EAO Rats thymectomized within the first week after birth were often 
infertile when they became adults (Hattori and Brandon, 1977; L ipscomb 
et al., 1979). Infertility was associated with testicular a t rophy, interstitial 
edema, mult inucleated giant spermatids within aspermatogenic seminifer
ous tubules , and empty epididymides. Interstitial cells appeared normal . 
This finding has now been confirmed and extended in a similar study in 
the mouse (Taguchi and Nishizuka, 1981). Mice of the (C57B1/6 χ A/J)Fj 
strain subjected to thymec tomy be tween days 2 and 4 after birth devel
oped severe epididymitis (70-80%) and orchitis (20%) several weeks 
later. The lesions were accompanied by heavy granular deposi ts of mouse 
IgG and C3 that resembled immune complexes along ductal and tubular 
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basement membrane . The disease could be adoptively transferred to syn
geneic, untreated recipients by spleen cells from thymectomized mice. On 
the other hand, epididymo-orchit is was prevented if the thymectomized 
animals received splenic cells from normal untreated syngeneic adults 
within 3 -4 weeks of thymec tomy. 

This interesting phenomenon can best be interpreted as the conse
quence of removal of the thymus as a central lymphoid organ. Thymec
tomy at a critical period in life depletes subpopulat ions of Τ cells that 
subserve the immunosuppress ive function (i .e. , suppressor Τ cells or 
their precursors) . Unopposed effector Τ cells that have immigrated from 
the thymus earlier may spontaneously induce epididymo-orchitis and as
permatogenes is . Fur ther evidence for the existence of suppressor Τ lym
phocytes in the prevent ion of testicular autoimmunity comes from studies 
on antigen-mediated prevent ion of E A O induction. 

c. Ant igen-Mediated Suppression of Immune Response to Testis-Specific A u 
toantigens and of EAO induction. That t reatment of guinea pigs with testis 
antigen can lead to unresponsiveness to E A O induction is best illustrated 
by the so-called immune deviation phenomenon (Asherson, 1967). Guinea 
pigs that were immunized with testis antigens in saline or in incomplete 
F reund ' s adjuvant became unresponsive to subsequent development of 
E A O when challenged with testis antigens in C F A (Chutna and Rychli-
kova, 1964; Brown et al., 1967). Chutna (1970) later demonst ra ted that the 
first injection of testis antigen in saline abrogated both the complement-
dependent , cytotoxic ant ibody response and the delayed hypersensit ivity 
reaction to sperm antigens but not the anaphylactic antibody response . 
Fur the rmore , it was shown that the state of unresponsiveness could be 
reversed if guinea pigs were given cyclophosphamide at the time of the 
first injection. 

d. Immunoregulatory Mechanisms w i th in Testis. The b lood- tes t i s bar
rier at the level of the seminiferous tubule is clearly an important immuno
logical barrier (Johnson, 1973). A study by Hur tenbach et al. (1980) sug
gested that cells within the seminiferous tubules can also impose an 
immunosuppress ive influence through the induction of suppressor Τ lym
phocytes . However , the physiological significance of this mechanism re
mains to be determined. 

D . EXPERIMENTAL ALLERGIC ORCHITIS 

Although E A O has been subjected to more detailed analysis in the 
guinea pig, some recent studies on E A O in the rat, mouse , and rabbit have 
added a new dimension to our understanding of this disease (summarized 
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in Table IV). Certain aspects of E A O in the four species of animals will 
therefore be descr ibed separately, with major emphasis on guinea pig 
studies. 

1. Guinea Pig 

a. Disease Induction Exper imenta l au to immune orchitis is most repro-
ducibly induced by a single intradermal injection of sperm, testicular 
homogena te , or their ex t rac ts , in C F A . Although C F A is not absolutely 
required, in its absence multiple large doses of testes homogenate were 
needed (Bishop, 1961), the animals were deficient in some vitamins 
(Brown and Glynn, 1973), or the soluble antigen was chemically modified 
(Pokorna and Vojtkiskova, 1964). The resultant disease is milder and its 
occur rence less predictable . Mycobacterium tuberculosis in the C F A can 
be replaced by the water-soluble adjuvant fraction isolated from the cell 
wall of M. smegmatis (Toullet et al., 1974), by its synthetic analogs, 
MDPi and M D P 2 , or by polynucleot ides (Toullet et al., 1977). 

b Immunopathology The histopathology of E A O is apparent 8 to 9 
days after immunizat ion, al though earlier lesions have been repor ted (by 
day 6) (Brown et al., 1972; Nagano and Okumura , 1973b). The his topatho
logical findings of E A O are complex and consist of any combinat ions of 
the four lesions to be described. The temporal and causal relationship 
be tween these lesions and their pathogenet ic significance remain unclear . 

Degenerative Changes of Spermatids and Exfoliation of Germinal 
Epithelium. Deformation in the acrosomal apparatus and the developing 
tail complex appear as early as day 6 or 7 after immunization (Brown et 
al., 1972; Nagano and Okumura , 1973b). Later , exfoliation of spermat ids , 
spermatocytes , and sperm is apparent . Some spermatids fuse and become 
mult inucleated giant cells. Desquamated cells accumulate in the lumen of 
seminiferous tubules , the re te , and the epididymis, which often are di
lated. Per ivascular or peri tubular infiltration of inflammatory cells is not a 
consis tent feature (Brown et al., 1963). This morphological pat tern repre
sents a common testicular response to a multi tude of testicular injuries, 
including irradiation (Vilar, 1971), cytotoxic drugs (Kierszenbaum, 1970), 
and antifertility drugs (Ericsson, 1971). Therefore, this finding is not diag
nostic of E A O . 

Mononuclear Infiltrative Lesions in the Testis. An early diagnostic 
lesion of E A O consists of focal clusters of lymphocytes and macrophages 
abutt ing the basement membrane of the seminiferous tubules (Waksman, 
1959; Tung et al., 1970). These cells then enter the lumen of the seminifer
ous tubules through holes in the tubular basement membrane and be tween 



550 KENNETH S. Κ. TUNG AND ALAN C. MENGE 

TABLE IV 
Studies and Some Findings on Experimental Allergic Orchitis Based on Different Species* 

Studies Guinea pig Rat Mouse Rabbit 

Disease induction 
Dose (number of 

antigen) 
CFA requirement 
Pertussis 

requirement 
In vitro induction of 

EAO 
Homologous versus 

heterologous 
antigen 

Thymic dependency 
By chemically 

modified antigen 
Immunopathological 

analysis 
Sequential studies 
Extrapolation to 

pathogenesis 
Antigen-related 

pathology 
Immune complexes 

in testis 
Epididymitis 
Vasitis 

In vitro study of 
pathogenesis 
MHC-restricted 

T-cell 
cytotoxicity 

Biological activities 
of antibody 

Cell-mediated 
immune response 

In vivo study of 
pathogenesis 

Passive transfer 
with serum 

Passive transfer 
with LNC 

Passive transfer 
with Τ cells 

Passive transfer 
with non-T cells 

Small (1) 

+ 

NS 

Homologous 

NS 
Yes 

Yes 
Yes 

Yes 

No 

Yes 
Yes 

NS 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Multiple 

Yes 

Large (1) 

NS 

Large (3) 

NS 

Homologous Homologous Homologous and 
heterologous 

NS 
NS 

No 
Yes 

NS 

No 

No 
No 

Yes 

NS 

NS 

NS 

Yes 

NS 

NS 

Yes 
NS 

No 
Yes 

NS 

Yes 

Yes 
Yes 

NS 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

NS 
NS 

No 
Yes 

Yes 

Yes 

No 
No 

NS 

NS 

NS 

NS 

NS 

NS 

NS 
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TABLE IV (Continued) 

Studies Guinea pig Rat Mouse Rabbit 

Passive transfer NS NS Yes NS 
with cell eluates 

Influence of the Yes NS NS NS 
blood-testis 
barrier 

Immunogenetic 
analysis NS NS Yes NS 

Antigen-mediated Yes NS NS NS 
Suppression of EAO 

a Reprinted from Tung (1980), by permission of the publisher, Elsevier Science Publishing 
Co., Inc. Abbreviations: NS, not studied; LNC, lymph node cells; CFA, complete 
Freund's adjuvant; MHC, major histocompatibility complex. 

Sertoli cells. Germinal epithelial cells adjacent to the lesions desquamate , 
resulting in focal aspermatogenes is . The fully developed orchitic lesion 
consists of heavy infiltrates of macrophages , lymphocytes , and eosino
phils in the intersti t ium and surrounding blood vessels and of polymor
phonuclear neutrophils in the lumen of blood vessels and seminiferous 
tubules . " I n v a s i v e " macrophagic lesions are associated with a decrease 
in the b lood- tes t i s barrier to systematically injected acroflavine (Johnson, 
1970b). 

Neutrophil-Rich Lesions in the Efferent Duct, the Caput, Body, and 
Cauda Epididymis, and the Vas Deferens. Numerous neutrophils , often 
containing periodic acid Schiff-positive granules, are seen be tween epi
thelial cells lining these regions of the sperm compar tment (Tung et ai, 
1970). Heavy or sparse mononuclear cellular infiltrates are found outside 
the duc ts . La te lesions include large abscesses , granulomata, and periduc
tal fibrosis. 

Complete Aspermatogenesis with Severe Atrophy of Seminiferous 
Tubules and Interstitial Fibrosis. In this end-stage lesion of E A O , one 
may find abundant mitotic activity of spermatogenic cells, represent ing 
regenerat ion (Tung et al., 1970) 

c. Pathogenesis 
Extrapolation from Immunopathological Findings of EAO. Degen

eration and exfoliation of sperm, spermat ids , and spermatocytes are be
lieved to represent a lesion mediated by humoral antibody that has 
reached the lumen of the seminiferous tubules (Brown et al., 1972; Na
gano and Okumura , 1973b; Toullet and Voisin, 1974). Fur ther support for 
this concept has been provided by the findings that sperm, with higher 
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concentrat ion of surface autoantigens than spermatids , were more sus
ceptible to complement -dependent cytotoxic antibody and that seminifer
ous tubules containing sperm and spermatids were most severely dam
aged in E A O (Johnson, 1970b). The macrophagic " i n v a s i v e " lesion in the 
testis resembles a delayed hypersensit ivity type reaction mediated by Τ 
lymphocytes (Waksman, 1959; Tung et al., 1970). Except for t races of 
IgG adjacent to the infiltrating mononuclear cells (Johnson, 1970b), there 
is no specific binding of immunoglobulin or complement to spermatids or 
sperm. The neutrophil-rich lesions of the ductus efferentes and the epidid
ymis are similar to an Arthus- type reaction involving insoluble an t igen-
ant ibody complexes and complement (Toullet et al., 1973; Tung et al., 
1970). In support of this possibility was the finding of IgG and the comple
ment component C3 bound to sperm acrosome in the re te , adjacent to the 
seminiferous tubules and cauda epididymis where neutrophil-rich lesions 
are also most commonly detected (Tung et al., 1970; Nagano and Oku-
mura , 1973b). Toullet et al. (1973) postulated that this type of lesion may 
be induced by sperm Ρ antigen, which appears selectively to induce pre
cipitating and complement-act ivat ing ant isperm ant ibody. 

Initiation of EAO. This requires the interaction be tween adequate 
amounts of immune reactants (humoral antibodies and/or sensitized lym
phocytes) with aspermatogenic antigens in the test is; this event can be 
modulated by the b lood- tes t i s barrier . On immunizing young guinea pigs 
with adult test icular homogenate in C F A , it was found that E A O did not 
occur in guinea pigs 74-80 days of age when the seminiferous tubules 
were already fully developed, but the sperm had not reached the rete or 
the excurrent duct consistently (Johnson, 1970a). However , when the 
b lood- tes t i s barrier of these testes was weakened by cadmium sulfate, by 
needling of the test is , or by intratesticular injection of Mycobacterium 
tuberculosis, orchitis at the level of seminiferous tubules appeared within 
24 h. To explain how E A O is initiated in guinea pigs immunized with 
testicular or sperm antigens in C F A , several possibilities are being consid
ered. They are not mutually exclusive. 

First , immune reactants may react with soluble aspermatogenic anti
gens present outside the b lood- tes t i s barrier. Soluble antigens may leak 
out of the rete and ductus efferentes where the b lood- tes t i s barrier is 
weak (Brown and Glynn, 1969). The reaction of sensitized lymphocytes 
with aspermatogenic antigen, presented by la-positive interstitial macro
phages , outside the ductus efferentes provides the most likely mechanism 
in adopt ive transfer of E A O by systemic injection of lymph node cells and 
peri toneal exudate cells. 

Second, immune reactants may enter the ductus efferentes or the re te , 
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by ret rograde flow (Tuck et al., 1970) to reach the antigen-containing cells 
in the seminiferous tubules . Inside the seminiferous tubules , both anti
body and sensit ized lymphocytes can react with target antigens to initiate 
different types of immune react ions . Exfoliated sperm and spermatids 
that reach the re te and ductus efferentes will greatly increase the concen
tration of target antigens in these vulnerable regions of the sperm com
par tments . This mechanism may explain why the rete testis and the duc
tus efferentes are most commonly and severely affected in E A O induced 
by active or passive immunizat ion (Waksman, 1959; Johnson , 1970b; 
Kan to r and Dixon, 1972). Alternatively, sensitized Τ lymphocytes , on 
reaction with aspermatogenic antigens in the seminiferous tubules , may 
release lymphokines that increase the permeabili ty of the b lood- tes t i s 
barrier and at t ract macrophages from the intersti t ium. The focal nature of 
these lesions may be determined by the unpredictable locations where 
sensitized Τ cells and aspermatogenic antigens meet . Although Sertoli 
cells may not contain aspermatogenic antigens, they are damaged as inno
cent bys tanders to lymphocytoxins that have been detected following the 
react ion be tween sensitized lymphocytes and sperm in vitro (Toder et al., 
1975). Thus , different immunopathological pictures may be found depend
ing on the dominant immune response in a given animal: ant ibody re
sponse leads mainly to desquamat ive lesions with minimal orchit is , and 
cell-mediated immune response leads to severe orchitis. 

Third, immune reactants may enter the ductus efferentes and proceed 
to flow only toward the epididymis where inflammatory lesions are elic
ited. In occasional animals , lesions are found exclusively in the ductus 
efferentes, the epididymis, and the vas . 

Four th , the en t rance of immune reactants to the sperm compar tment 
may be condit ioned by a second factor that weakens the b lood- tes t i s 
barrier . Pert inent to this possibility is the observat ion that C F A enhances 
the pass ive transfer of E A O by immune sera (Pokorna, 1970a; Willson et 
al., 1973; Toullet and Voisin, 1976) and may do so by weakening the 
b lood- tes t i s barr ier (Brown and Glynn, 1969). Intravenously adminis
tered horseradish peroxidase was found to enter the cytoplasm of sperma
togonia and Sertoli cells but failed to penet ra te the tight junct ions be tween 
Sertoli cells (Willson et al., 1973). Others (Voisin and Toullet , 1968; 
Brown and Glynn, 1969; Johnson , 1973) have postulated that the delayed 
hypersensi t ivi ty resulting from the react ion be tween sensitized Τ lympho
cytes and aspermatogenic antigens weakens the b lood- tes t i s barrier and 
permits ant ibody to reach aspermatogenic antigens. 

Finally, in addit ion to the seques tered aspermatogenic ant igens, there 
may be a second set of autoant igens that normally exist outside the 
b lood- tes t i s barr ier . Immunological tolerance to the nonseques tered anti-
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gen, such as molecules on Sertoli cell surface, normally prevents the 
induction of test icular autoimmunity . However , autoimmune disease en
sues when the tolerance state is terminated by immunization with appro
priate adjuvants . 

Although the above-ment ioned possibilities for initiation of E A O are 
speculat ive, they provide useful working hypotheses for future experi
mentat ion. 

The Role of T-Lymphocyte-Mediated Mechanisms. There is evi
dence for T- lymphocyte response to testicular-specific antigens in guinea 
pigs with E A O , because delayed-type hypersensit ivity to sperm or sperm 
extracts has been demonst ra ted (Baum et al., 1961; Chutna and Pokorna , 
1967; Voisin and Toullet , 1968; Brown and Glynn, 1969; Mazzolli , 1971; 
Muir et al., 1976) and because peritoneal cells from sensitized guinea pigs 
produce macrophage migration-inhibitory factor in the presence of sperm 
antigens (Mazzolli , 1971; Tung et al., 1971b; Marcus et al., 1975; Meng 
and Tung, 1983). Cell-mediated immune response to aspermatogenic anti
gen precedes the development of E A O . In guinea pigs immunized with 
G75m antigens in C F A , the proliferative response of lymph node cells in 
the presence of G75m was first detected on day 4, reached maximal activ
ity by day 7, and declined after day 15 (Meng and Tung, 1983). The 
lymphoproliferative response correlated with severity of orchitis. Peri to
neal exudate cells capable of secreting macrophage inhibitory factor in the 
presence of G75m were detected on day 7 and reached plateau activity on 
day 10. On the other hand, E A O was not detected until day 10 and 
reached a plateau incidence on day 14. Using delipidated acid extract of 
guinea pig test is , Hojo et al. (1980) found a similar temporal relation 
be tween lymph node cell proliferative response , delay ed-type hypersensi
tivity react ion, and E A O occurrence in the guinea pig. Fur thermore , in 
both studies cell-mediated immune response was found to decline by day 
18, only to be followed by a second peak of activity on day 30 (Hojo et al., 
1980). These findings provide indirect evidence for involvement of cell-
mediated immunity in E A O and point to the possible existence of sup
pressive or negative immunoregulat ion once E A O is fully developed. 

More direct evidence for a T-cell-mediated mechanism of E A O has 
come from studies based on the adoptive transfer of the disease. Systemic 
transfer of E A O was first repor ted by Stone et al. (1969). When lymph 
node cells from two donors that had been immunized 5 days previously 
with testicular homogenate in C F A were injected intraperitoneally into 1 
recipient, testicular pathology became apparent 9 days later. When Tung 
et al. (1971c) a t tempted to repeat this exper iment , only 6 of 31 (20%) of 
the recipients developed orchit is . The lesions were diffuse in 1 and focal 
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in 5 recipients . More recent ly, Carlo et al. (1976) succeeded in the transfer 
of severe E A O to 100% of strain XIII syngeneic recipients by intraperito
neal injection of mixtures of peri toneal exudate cells and lymph node cells 
from donors immunized with the purified G P l aspermatogenic antigen in 
C F A . This study demons t ra ted one useful application of purified asper
matogenic antigen in the study of E A O . 

Since all s tudies on systemic adopt ive transfer of E A O have utilized 
mixtures of Τ and Β lymphocytes , the results did not distinguish Τ lym
phocytes or humoral antibodies secreted by Β cells as the cause of disease 
in the recipients. To specifically address the quest ions of T-cell require
ment in E A O induction, Tung et al. (1971c) and Kantor and Dixon (1972) 
based their studies on the technique of local adoptive transfer in inbred 
strain XIII guinea pigs. Lymph node cells or peritoneal exudate cells and 
their subpopulat ions were injected immediately beneath the tunica albugi-
nea, using aseptic technique. 

Les ions indistinguishable from E A O were transferable with this tech
nique; > 9 0 % of the recipients of lymph node cells and all of the recipients 
of peri toneal exudate cells developed lesions in the seminiferous tubules 
and the rete test is . The adopt ive transfer of E A O apparently requires that 
aspermatogenic antigens be present in the testis of the recipient, since 
sexually immature 10-day-old recipients did not develop any evidence of 
pathology. In a successful transfer, the injected lymph node cells were 
first distr ibuted in the interstitial spaces throughout the test is , but tended 
to concent ra te in the rete . During the first 2 days , the infiltrating cells 
were predominant ly small lymphocytes , lymphoblasts , and cells in mito
sis. F r o m day 3 on, monocytes and macrophages dominated and abut ted 
the boundary t issue of the seminiferous tubules. On day 4, numerous 
clusters of mononuclear cells invaded the tubules and the rete . F rom day 
4 to day 8, spermat ids and spermatocytes adjacent to the clustered macro
phages began to desquamate and aspermatogenesis ensued. When suffic
ient numbers of cells were injected, lesions were as severe as E A O in
duced by act ive immunizat ion. Les ions produced by local adopt ive 
transfer were antigen specific, since cells from donors immunized with 
C F A alone or C F A with several irrelevant antigens did not transfer dis
ease to susceptible animals . 

The requirement of Τ lymphocytes in the adoptive transfer of E A O was 
determined by comparing the efficiency of transfer be tween highly en
riched Τ cells and non-T cells from peri toneal exudate cells (Tung et al., 
1977) and lymph node cells (Tung et al., 1981a). In these exper iments , 
guinea pig Τ cells were isolated, ei ther by roset te formation of these cells 
with rabbit e ry throcytes and separat ion from the nonroset ted cells in a 
hypaque-ficoll gradient or by depletion of macrophages and neutrophils 
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on a nylon column. The enriched T-cell fraction transferred " i n v a s i v e " 
macrophagic lesions, and the number of Τ cells correlated with the preva
lence of adopt ive transfer. These studies thus show that sensitized Τ 
lymphocytes can mediate an antigen-specific, macrophagic " i n v a s i v e " 
lesion like that in E A O . 

The Role of Non-T-Cell-Mediated Mechanisms. In adoptive t rans
fer of E A O by lymph node cells, the non-T-cell fraction, which contained 
mainly Β lymphocytes , macrophages , and presumably Κ and N K cells, 
also transferred E A O with the same efficiency as the cell populat ion 
enriched in Τ cells (Tung et ai, 1981a). Fur the rmore , the lesions transfer
red by non-T cells were indistinguishable from those induced by Τ cells. 

The Role of Humoral Antibody. Guinea pigs with E A O produce 
antibody of different immunoglobulin classes: (1) IgGi ant ibody, detected 
by immunofluorescence and anaphylact ic- type reactions (Katsh and 
Bishop, 1958; Baum et al., 1961; Chutna and Pokorna , 1967; Voisin and 
Toullet, 1968; Tung et al., 1971b); (2) IgG 2 ant ibody, detected by im
munofluorescence (Tung et al.y 1971a), complement fixation (Tung et al., 
1971b), Ar thus react ion (Baum et al.y 1961; Voisin and Toullet, 1968), and 
cytophilic activity to macrophages (Barrera et al., 1976), and (3) IgM 
ant ibody, characterized by its elution characterist ic in G-200 chromato
graphy and by its sensitivity to 2-mercaptoethanol t reatment (Chutna and 
Pokorna , 1967). These antibodies react with the acrosomal appara tus 
(Tung et al.y 1971a; Toullet et al.y 1973), as well as with the cell-surface 
antigens of sperm, residual body , and later spermatids (Tung et al.y 1979), 
and are cytotoxic to these cells (Chutna and Rychlikova, 1964; Mancini et 
al.y 1969; Johnson , 1970c; Toullet and Voisin, 1974) by rapidly inducing 
typical ul trastructural lesions on the plasma membrane and acrosomal 
membrane (LeBouteil ler et al., 1975). Ant isperm antibodies are detected 
6 days after immunizat ion. However , in animals immunized with the bet
ter-defined aspermatogenic antigen G75m, maximal antibody to G75m 
was detected at a t ime when active orchitis had subsided (Meng and Tung, 
1983). 

Passive transfer of E A O by immune sera has been reported by several 
investigators (Pokorna, 1970b; Tung et al., 1971a; Willson et al., 1973; 
Nagano and Okumura , 1973b; Toullet and Voisin, 1976). The results of 
these studies indicate that after transfer, IgG is localized on acrosomes of 
sperm in the rete and cauda epididymis and less consistently in the semi
niferous tubules ; that infiltrations of neutrophils become apparent in the 
rete and the cauda epididymis; and that mild to severe aspermatogenesis 
develops in the seminiferous tubules without mononuclear infiltrates. Fre
quent and severe lesions, however , are found only in recipients that have 
been injected with C F A . The transfer is antigen specific, since normal 
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guinea pig serum or serum from guinea pigs immunized with C F A does 
not p roduce similar changes . These results indicate that humoral antibod
ies can reach sperm in the seminiferous tubules , re te , and cauda epididy
mis , and can induce two lesions that are found in E A O . The need to inject 
recipients with C F A to produce severe lesions may be related to the 
apparent increase in permeabil i ty of the b lood- tes t i s barrier from treat
ment with C F A . The success of serum transfer of E A O may depend on 
the antigen specificity of the ant iserum used. Toullet and Voisin (1976) 
found that ant iserum to Ρ antigen transferred most efficiently (64%); anti-
T ant iserum was less efficient (40%), while anti-S serum was inefficient. 
This finding correlated well with their earlier data on the decreasing cyto
toxic efficiency of ant isera to Τ, P , and S antigens against testicular cells 
(Toullet and Voisin, 1974). 

d. Summary The immunopathological and pathogenet ic studies on 
guinea pigs with E A O suggest that E A O in this species is mediated by 
complex immunological mechanisms . The rete testis and ductus ef
ferentes are clearly the weak spots in the b lood- tes t i s barrier . Humora l 
ant ibody can enter these sites, and from there reach the sperm and sper
matids in the seminiferous tubules and the epididymis. It is possible that 
soluble aspermatogenic antigens may also leak out at this site. Whether 
ant ibody lymphocytes can t raverse the barrier at the seminiferous tubules 
under influence of C F A needs s tudy. Antibodies appear to be involved in 
eliciting neutrophil-rich lesions in the rete and epididymis and aspermato
genesis in the seminiferous tubules . Adopt ive transfer exper iments , on 
the o ther hand , show that both Τ lymphocytes and cell populat ions rich in 
Β cells, macrophage , and presumably Κ and N K cells can cause a mono
nuclear infiltrative lesion, which also leads to aspermatogenesis . Whether 
these lymphocytes reach the aspermatogenic antigens by a re t rograde 
route from the rete or outside the seminiferous tubules , or both, requires 
further s tudy. Thus , multiple immunological mechanisms are involved in 
producing the comple te picture of E A O , but each mechanism itself can 
initiate its own characteris t ic lesions. 

2. Mouse 

A highly reproducible model of murine E A O has greatly facilitated our 
unders tanding of this au to immune disease , since advantage can be taken 
of the numerous inbred strains, congenic strains, and hypothymic mice 
for precise immunogenet ic and pathogenet ic analyses . 

Although several investigators repor ted induction of E A O in the mouse 
(Pokorna et al, 1963; Bohme , 1965; Hargis et ai, 1968), these studies 
were not followed up by any incisive immunological analysis . Recent ly , 
based on a modified protocol of Pokorna et al. (1963), severe E A O has 
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TABLE V 
Influence of H-2 on the Relative Severity of Orchitis and Vasitis in Mice 

Non-//-2 H-2 
Study Mouse genes haplotype η Orchitis 0 Vasitis 0 

A A.SW/SnJ s 31 4.4 ± 2.8 0.4 ± 0.8 
NFS/N — s 53 2.6 ± 3.6 0.4 ± 0.8 
SJL/J — s 31 3.6 ± 2.6 1.7 ± 1.5 
BALB.K — k 22 0.3 ± 0.8 2.7 ± 3.7 
AKR — k 25 0.3 ± 0.6 2.3 ± 1.7 
B6/C3H — k 22 2.0 ± 2.5 3.3 ± 2.3 

Β A/J A/J a 25 4.4 ± 3.7 3.3 ± 2.5 
A.SW A/J s 31 4.4 ± 2.8 0.4 ± 0.8 
BALB/cBy BALB/c d 29 5.6 ± 4.1 2.1 ± 2.2 
BALB.K BALB/c k 22 0.3 ± 0.8 2.7 ± 3.7 

α Disease severity of orchitis and vasitis is expressed as disease indices (means ± SEM) 
derived from a range of 1 to 10. 

been induced in mouse (Bernard et ai, 1978; Sato et ai, 1981; Kohno et 
ai, 1983). Pertussis organisms or their extracts (Munoz and Arai , 1982) 
must be included as adjuvant. Induction of E A O in the mouse was thymus 
dependent . Hypo thymic BALB/c nu/nu mice failed to develop E A O . Af
ter they were reconst i tuted with thymic cells from litter mate nu /+ mice, 
hypothymic mice regained capacity to develop E A O . 

Inbred and congenic mice have been used to investigate the genetic 
influence on orchitis and vasitis development (Teuscher et al, 1985). 
Mice with the H-2S haplotype tended to develop severe orchitis with little 
or no vasitis, whereas mice with the H-2k haplotype developed mainly 
vasitis (Table V). In study that employed appropriate H-2 congenic mice, 
the H-2S haplotype appeared to code for absence of vasitis, and the H-2k 

for absence of orchit is . 
Influence of the major histocompatibili ty complex (H-2) genes on orchi

tis development was evaluated in H-2 congenic mice derived from Β A L B / 
cBy and from C57BL/10 mice. It was clear that severe orchitis was associ
ated with the H-2d haplotype (Table VI) . Moreover , results on BALB/cBy 
and C57BL/10 mice with H-2 gene recombinance suggested that gene(s) 
coding for severe orchitis could be mapped to the D end of H-2d. 

The influence of non-H-2 genes on orchitis development was evaluated 
in the Fi progeny of high and low responders and in the backcross prog
eny of the Fi with the appropria te parental strain. While BALB/cBy was a 
high responder and DBA/2 a low responder , all of the F! mice were low 
responders (Table VII) . Fur the rmore , the ratio of low responders to high 
responders among the backcross mice be tween (BALB/cBy x DBA/2) Fj 
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TABLE VI 
Orchitis Severity Can Be Mapped to the D End of Η-Ζ* in the Major Histocompatibility 
Complex (MHC)*6 

Major histocompatibility 
complex 

Study Mouse 
Non-H-2 

Genes Κ I-A I-E S D η Orchitis 0 

A B10.D2 C57BL/10 d d d d d 46 4.2 ± 3.6 
B10.BR C57BL/10 k k k k k 33 0.4 ± 0.4 
C57BL/10 C57BL/10 b b b b b 17 1.7 ± 1.4 
BALB/cBy BALB/c d d d d d 29 5.6 ± 4.1 
Β ALB. Κ BALB/c k k k k k 28 0.3 ± 0.8 
BALB.B10 BALB/c b b b b b 29 0.4 ± 0.7 

Β B10.BR C57BL/10 k k k k k 28 0.3 ± 0.8 
B10.A C57BL/10 k k k d d 11 5.3 ± 3.3 
BALB.HTG BALB/c d d d d b 25 1.5 ± 2.3 
BALB/cBy BALB/c d d d d d 29 5.6 ± 4.1 

a Shown by H-2 congenic strains of C57BL/10 and BALB/cBy mice; A studies. 
b Studies with mice with gene recombinance within the MHC; Β studies. 
c Severity of orchitis is expressed as disease indices (means ± SEM) ranging from 1 to 10. 

and B A L B / c B y was such that orchitis resis tance could be accounted for 
by the effect of a single gene locus . Since BALB/cBy and DBA/2 are both 
H-2d, the pheno type observed is controlled by gene(s) located outside H-
2. 

Also of interest was the finding that severity and prevalence of orchitis 
differed be tween substrains of BALB/c mice; the difference was as 
marked as that noted be tween responder and nonresponder inbred mice 
(Teuscher et ai, 1985b). E A O is the first example of an organ-specific 
au to immune disease with different susceptibility be tween mouse sub
strains that became diverged from one another for less than 40 years . This 
finding underlines the importance of selecting and defining sublines of 
inbred mice for biologic research, and offers additional support for rapid 
divergence of phenotypes be tween inbred mouse strains (Fitch and At-
chley, 1985). 

The genetic control of murine E A O induced by crude testis homogenate 
is complex, with dicotomy in the control of orchitis and vasitis. More
over , both H-2 and non-H-2 genes are involved in the control of orchitis 
development . 

3. Rabbit 

Severe orchitis and aspermatogenesis can be induced in rabbits with an 
active aspermatogenic antigen preparat ion (TCAsup) (Tung and Woo-
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TABLE VII 
Orchitis Severity is Controlled by Gene Locus Mapped outside the 
Major Histocompatibility Complex 

Study Mouse H-2 η Orchitis indices 0 

A BALB/cBy d 26 5.6 ± 4.1 
DBA/2 d 29 0.1 ± 0.2 
BALB/cBy x DBA/2 d/d 20 0.5 ± 1.7 
DBA/2 x BALB/cBy d/d 17 0.9 ± 2.0 

Β (BALB/cBy x DBA/2) dd/d 11 7.7 ± 1.5* 
x BALB/cBy 8 2.8 ± 1.3* 

a Severity of orchitis is expressed as disease indices (means ± SEM) 
ranging from 1 to 10. 

* The pathology indices between the two groups are significantly dis
tinguishable as high and low responders (p < .001). The number of 
gene loci = log (number of low responders/number of animals stud
ied/log 0.5, = 1.25. 

droffe, 1978). While both heterologous and homologous TCAsup in C F A 
elicited E A O , the immune response and the a t tendant testicular immuno-
pathology of the two groups differ in several respects . Guinea pig TCAsup 
elicited in all animals a high titer of antibody that reacted with antigenic 
determinants common to guinea pig and rabbit sperm. Multiple injections 
were required to induce severe disease, which consisted mainly of asper
matogenic seminiferous tubules and mild orchitis. Immunofluorescence 
revealed massive granular deposi ts in the basement membrane of rabbit 
IgG, IgM, complement component C3 , and sperm acrosomal antigen. 
When eluted from the testis by citrate buffer at p H 3.2, the testicular-
bound IgG was found to contain 13 times more ant isperm ant ibody per 
unit IgG than serum IgG. The immunopathological findings in this group 
of animals resembled the findings of orchitis in vasectomized rabbits (Bi
gazzi et al., 1976) and added further support for the immunological nature 
of pos tvasec tomy orchitis in rabbi ts . 

In contras t , rabbits immunized with homologous TCAsup antigen de
veloped serum ant isperm ant ibody of low level and infrequently. How
ever , a single injection of the antigen in C F A is sufficient to induce severe 
orchitis and aspermatogenes is . Unlike rabbits injected with heterologous 
antigens, immune complexes were not detected. 

4. Rat 
As in the mouse , induction of E A O in the rat required multiple injec

tions of test icular antigens in C F A , and this was potentiated by pertussis 
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vaccine. In the rat , E A O was studied only rarely until it was selected by 
Weker le and his co-workers as a model to investigate autoreact ive Τ 
lymphocytes . Resul ts of their work have already been described in Sec
tion I I ,C,2a . 

E. POSTVASECTOMY AUTOIMMUNE ORCHITIS 

Vasec tomy leads to au to immune responses to testis-specific autoanti
gens (Reviewed in Teuscher et al., 1981) and to au to immune orchit is . 

1. Rabbit 

Rabbits that had been vasectomized 8 to 10 months previously devel
oped evidence of immune complexes in the testis (Bigazzi et al., 1976). 
Granular IgG and C3 were present along the basement membrane of the 
seminiferous tubules . Ultrastructural ly, e lectron-dense deposi ts were 
found be tween the tubular basement membrane and Sertoli cells. In areas 
that cor responded to immune complex deposit ion, mononuclear cellular 
infiltration was evident . The IgG dissociated from the testis by phosphate-
buffered saline at 56°C reacted with sperm acrosome. It can be envisaged 
that sufficient soluble sperm antigen leaks outside the b lood- tes t i s bar
rier, reacts with interstitial ant isperm ant ibody, and forms immune com
plexes in situ. Such immune complexes then lead to inflammation and 
initiate or amplify t issue destruct ion. 

2. Guinea Pig 

Fifty percent of vasectomized inbred strain XIII guinea pigs operated 
on 16 months previously developed typical lesions of E A O , which con
sisted of macrophage invasion of seminiferous tubules (Tung, 1978). This 
finding coincides temporal ly with the development of posit ive cell-medi
ated immune response to the aspermatogenic antigen G75m, as detected 
by the macrophage migration-inhibition assay (Tung et al., 1981a). When 
peri toneal exuda te cells from the vasectomized guinea pigs were adop
tively transferred to syngeneic recipients , similar testicular lesions devel
oped in 30% of the animals . The passive transfer of testicular disease was 
specific, since peri toneal cells from sham-vasectomized guinea pigs did 
not transfer lesions. 

3. Rhesus Monkey 

Tung and Alexander (1980) compared the immunopathological findings 
in 23 long-term (5-15 years) vasectomized and 11 age-matched control 
rhesus monkeys . While orchitis and/or aspermatogenesis were detected in 
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27% of the control animals , they were found in 87% of vasectomized 
monkeys . As reported previously by Alexander (1972), granular IgA, 
IgM, and/or C3 , presumpt ive evidence of immune complexes , were found 
along the basement membrane of different parts of the sperm compart
ment . Immune complexes were most commonly detected in the regions of 
the ductus efferentes and caput epididymis in both vasectomized and 
control animals . After vasec tomy, immune complexes became detectable 
in the cauda epididymis and the rete test is . While the immunological 
nature of the testicular disease remains to be proven, the finding of im
mune complexes suggests an increase in permeabili ty to sperm antigens in 
certain regions of the sperm compar tment following vasec tomy. 

F. SPONTANEOUS TESTICULAR AUTOIMMUNE DISEASES 

1. Aspermatogenesis and Testicular Immune Complexes in 
Infertile Men 

Salomon and co-workers (1982) described the presence of electron-
dense deposi ts and discrete clusters of membranovesicular particles in 
thickened basal lamina surrounding seminiferous tubules in testicular 
biopsies of infertile men. Of 70 pat ients , 35% were posit ive. When the 
testes were studied by immunoperoxidase technique at the ul trastructural 
level, human IgG (Fig. 2) and/or C3 were clearly demonstrable in 70% of 
30 cases . The findings provided strong evidence for involvement of immu
nological mechanism in human testicular disease leading to infertility. It is 
interesting that aspermatogenesis with sperm ant igen-ant ibody com
plexes is also the immunopathological feature of rabbit E A O induced by 
heterologous testis antigen (Tung and Woodroffe, 1978), and is found in a 
subset of the dark mink with secondary infertility (Tung et al., 1981b) (see 
below). 

2. The Infertile "A" Line Beagle Dog 

The purebred beagle colony at the Division of Biological and Medical 
Research , Argonne National Labora tory , has been a closed breeding unit 
since 1960. The ancestral relationships of the animals in this colony in
clude two partially inbred lines (A and B). The A line beagle dogs, derived 
from three sibling progeni tors , have a high incidence of lymphocytic thy
roiditis (Fritz et al., 1976) and increasing evidence of male infertility. Of 
69 dogs analyzed, 22 had different degrees of nodular lymphocytic orchi
tis involving the intersti t ium and/or the seminiferous tubules . The pres-
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ence of orchitis was associated with an increased frequency of aspermato
genesis or degenerat ive changes , A ancestral gene frequency, small 
testicles, and hypospermia or azospermia . 

Lymphocyt ic thyroiditis and orchitis tended to coexist . Statistical anal
ysis indicated that the occur rence of lesions in the two organs was related 
and both diseases were in turn related to the A ancestral composi t ion. The 
A line beagle dogs represent one of the best examples of genetically 
determined au to immune disease involving the gonads and other endo
crine organs (Sotsiou et al., 1980). 

3. The T / t w , s Backcross Mouse 

In the course of raising a congenic mouse strain with the t w l 8 haplotype 
on the inbred B T B R T F / N e V (genotype + / + ) background, repeated back-
cross matings were carried out . Although the original T j / t w 1 8 b reeders 
were fertile, it was evident that the male (6%) and female (14%) backcross 
progeny with the tailless phenotype ( T / t w 1 8 genotype) were infertile 
(Dooher et al., 1981). Because of the nature of the breeding condit ions by 
which these mice were generated, the infertility was considered to be a 
consequence of genetic factors located on chromosome 17. Of 20 infertile 
T / t w 1 8 backcross males , 8 (40%) had bilateral or unilateral orchit is . The 
testicular lesions consisted of focal infiltrations of lymphocytes and 
plasma cells that were present mainly in the interstitial space. Elec t ron 
microscopic study revealed separat ion of peri tubular adventitial cells 
from the Sertoli cells by lymphocytes . Inside the seminiferous tubules , 
there were degenerat ive germ cells and phagocytosis of germ cells by 
Sertoli cells. 

4. The Infertile Black Mink 

The process of breeding mink in Utah for a fine black fur has selected 
for the undesirable phenotype of male infertility. Some mink were infer
tile soon after puber ty (primary infertility), and others became infertile 
after a period of p roven fertility (secondary infertility) (Tung et al., 
1981b). 

Mink with secondary infertility had high levels of ant isperm ant ibodies , 
detectable by indirect immunofluorescence. Many testes had severe or
chitis and/or aspermatogenesis and epididymitis. In many of these tes tes , 
there were peri tubular granular deposi ts of mink IgG and C3 , presumpt ive 
evidence of immune complexes (Fig. 3). Although sperm antigen was not 
detected in the immune complexes , the acid eluate from testes with 
immune complexes recovered IgG that was enriched (x lO) in ant isperm 



FIG. 3. Deposits of mink IgG ( A ) and C 3 (B) in the testis of a mink with secondary 
infertility. Granular deposits (evidenced in insert of B) are detectable in the tubular base
ment membrane throughout the testis, and are absent in the rete testis. Reproduced from 
Tung et al. (1981b), with permission of the publisher. 
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antibody activity. Fur the rmore , phosphate-buffered saline failed to elute 
ant isperm ant ibody from the same pool of testicular t issues. These find
ings are thus consis tent with in situ deposit ion of sperm ant igen-ant ibody 
complexes . 

While au to immune testicular disease in the secondary infertile mink is 
clearly an important feature of the infertile s tate , it is unclear how the 
au to immune disease evolves . The primary defect may lie with some non-
immunological mechanisms that determine the development and mainte
nance of normal testicular function. In this context , recent findings in 
mink with pr imary infertility are pert inent . These animals, unlike mink 
with secondary infertility, exhibited minimal evidence of testicular 
autoimmunity . The major abnormali ty is defective product ion of gonado-
tropin-releasing hormone (GnRH) (Tung et al., 1984), which may be the 
result of abnormal hypothalamic function or of defective neuroendocr ino
logical control mechanism(s) of the hypothalamus . Thus , the serum levels 
of luteinizing hormone (LH) and tes tos terone in primary infertile mink at 
the time of breeding were significantly below that of the fertile dark mink 
or mink of o ther fur colors . However , they responded to exogenous 
G n R H by prompt elevation of L H , and they responded to exogenous hCG 
by prompt elevation of tes tos terone . If a similar endocrinological defect is 
also found in mink with secondary infertility, this disease model may 
point to an associat ion be tween abnormal hormone regulation of the testis 
and testicular au to immune disease. 

III. A N T I S P E R M I M M U N I T Y A N D I N F E R T I L I T Y 

A . CLINICAL EVIDENCE 

Some clinical observat ions provide strong but indirect support for exis
tence of immunological infertility. Ant isperm antibodies are detected at a 
higher frequency in infertile than fertile couples (Jones, 1976; Menge , 
1980). Ant isperm antibodies are detected in the local secretion of the 
genital t rac ts , particularly in the cervical mucus (Soffer et al., 1976; 
Menge et al., 1977). Immunoglobulins have been identified on surface of 
ejaculated sperm (Jager et al., 1978). Some ant isperm antibody can acti
vate the complement pa thway , resulting in cytotoxicity or immobilization 
of sperm (Fjallbrant, 1968; Jager et al., 1972). In rare pat ients , spontane
ous sperm autoagglutination can be detected, and this is most likely due to 
agglutinating antibodies (Rumke and Hellinga, 1959; Fjallbrant, 1968). In 
the p resence of ant isperm ant ibody, sperm fail to penetra te cervical mu
cus , or they exhibit a peculiar 4 4 shak ing" appearance on the edge of the 
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cervical mucus (Fjallbrant, 1968; Kremer and Jager, 1976). Ant isperm 
antibodies have been shown to inhibit penetrat ion of human sperm to 
zona-free hams te r ova (Menge and Black, 1979). Vasec tomy leads to 
ant isperm ant ibodies , and some patients who have vasovasos tomy, and 
subsequent ly show an adequate sperm count , remain infertile. 

Since ant isperm antibody detect ion is increasingly used in the clinical 
evaluation of infertile pat ients , the methods and clinical significance of 
these procedures will be detailed. 

1. Methods of Antisperm Antibody Detection 

Classically, the two methods that have been used to detect sperm anti
bodies are agglutination and cytotoxici ty. Early methodology for assess
ing sperm agglutination varies with each report . Kibrick and co-workers 
(1952) published a reliable agglutination procedure that subsequent ly has 
been widely used clinically, especially in infertile men. This method , 
which allows macroscopic observat ion, has become known as the gelatin 
agglutination test (GAT). A simpler method designed originally for deter
mining sperm agglutination with human sera was published by Franklin 
and Dukes (1964). This is a microscopic procedure and has been most 
widely used with sera from infertile women . A microagglutination proce
dure was subsequent ly developed by Friberg (1974) utilizing t issue-typing 
t rays (TAT). Mammal ian sperm in the presence of cytotoxic ant ibody and 
complement lose their flagellar movement concomitant ly with the occur
rence of cell dea th , thus the term sperm-immobilizing ant ibody. The im
mobilization method most commonly used was standardized by Isojima 
and co-workers (1972). 

Presented in brief are the procedures s tandardized by a W H O Work
shop on Sperm Immunology (Rose et al., 1976) and the more recent 
p rocedures . These methods are discussed to ensure that differences 
among methods are unders tood; they are summarized in Table VIII . 

a. Sperm Agglutination Assays 
Gelatin Agglutination Test (GAT). Motile sperm cells are sus

pended in a 5 % gelatin solution in physiological saline or in a buffer (e.g. , 
Bake r ' s solution) and mixed with an equal volume of serum serially di
luted in small-bore culture tubes . The suspension in gelatin allows free 
swimming sperm to remain evenly dispersed, but formation of medium-
to-large sperm agglutinates becomes visible macroscopical ly; these tend 
to settle down , clearing the medium. Tail-to-tail or mixed type of aggluti
nation is de tec ted by the G A T . 

Tube-Slide Agglutination Test (TSAT). Former ly known as the 
F r a n k l i n - D u k e s method , the p rocedure receives its present name in that 
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the sperm and serum mixture is incubated in a culture tube , after which a 
sample is carefully wi thdrawn and transferred to a microslide for exami
nation. Serum samples are considered to be posit ive if they agglutinate 
10% or more of the motile sperm cells or if the number of agglutinates 
exceed 6 per 100 motile free sperm (Shulman, 1975). The T S A T method 
detects mainly head-to-head agglutination and to a lesser extent tail-to-
tail agglutination. The method has yielded considerable variation among 
studies and has given some high values for sera from women who are 
pregnant , taking oral cont racept ives , or possibly in the luteal phase of the 
menstrual cycle . A nonimmunoglobulin serum component with β mobility 
in e lectrophoresis and associated with steroids causes a head-to-head 
agglutination that may be observed in serum at low dilution (Boet tcher et 
al., 1970). The nonimmunoglobulin spermagglutinating componen t s , re
ferred to as /3-sperm agglutinin, has a molecular weight exceeding 
600,000, and is not a β l ipoprotein as first reported. The β-sperm aggluti
nin activity apparent ly is directed against seminal p lasma components 
absorbed loosely onto the sperm head, whereas agglutinating ant ibody 
activity is against antigens exposed on the plasma membrane of the sperm 
head, tail, or both (Ingerslev and Hjort , 1979; Kay and Boet tcher , 1980). 

Tray Agglutination Test (TAT). This procedure , although based on 
principles similar to those of the T S A T , has some definite advantages 
over the T S A T and G A T methods . Microliter quantities of reagents are 
utilized on a disposable t issue-typing t ray, serial dilutions are easily 
made , and observat ion , performed with an inverted microscope , is rapid 
and does not cause disruption of agglutinates. Both the head and tail types 
of agglutination are readily detected by the T A T . A sample is considered 
to be posit ive if two or more consecut ive dilutions show significant agglu
tination. The T A T will also detect the small head-to-head agglutinates 
caused by the /3-sperm agglutinin, but this is a problem only at serum 
dilutions of 1:16 or less (Ingerslev and Hjort , 1979). 

b. Sperm Immobilization Test (SIT). This is a complement-dependent as
say that requires a suitable source of complements . Fresh and fresh-
frozen serum samples from rabbit , guinea pig, and AB Rh-posit ive human 
volunteers have been used. Serum with natural sperm toxic factors , 
which are found commonly in guinea pig serum, should be looked for and 
if found excluded. Evaluat ion is made by determining the ratio of the 
percentage of motile sperm in control serum to the percentage in the 
unknown sample . This ratio is referred to as the sperm-immobilizing 
value (SIV) (Isojima et al., 1972). Sera with SIV of 2 or greater are 
considered to be posi t ive. This value combined with serial dilution of the 
sera allows determinat ion of t i ters . 
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The micro-SIT assay has become useful in combination with a method 
yielding sperm samples with a high percentage of motility by overlayering 
semen with a buffer containing protein and an energy source (Hellema 
and Rumke , 1978). This provides samples with lower sperm concentrat ion 
but a higher degree of motility and forward progression. Contaminat ion 
by seminal p lasma, which possesses ant icomplement activity, is also re
duced. The micro-SIT described is used in one of our laboratories (ACM) 
to detect antibodies in serum and cervical mucus samples . After the re
agents are added, the tissue-typing tray is flooded with light mineral oil. 
The micro-SIT allows for a greater number of samples to be run and 
analyzed in duplicate or triplicate. Several studies have shown that 
sperm-immobilizing activity is highly correlated with sperm cytotoxic ac
tivity (Boet tcher et al., 1977). Cytotoxic tests using a double-fluorescent 
vital staining technique (Mathur et al., 1981a) or a single fluorescent dye 
(Shepherd et al., 1982) are al ternatives to visible vital dyes . They require , 
however , an inverted fluorescent microscope. 

c. Indirect Immunofluorescence Method. In this procedure sperm cells 
are usually prepared as smears are air dried and methanol fixed (Hjort and 
Hansen , 1971). Although this is a sensitive method, indirect immunof
luorescence on fixed sperm detects submembranous antigens that most 
likely are not involved in the antifertility effects of antibodies. Indicative 
of this observat ion is the general lack of association of this method with 
agglutination and immobilization results . Antisperm antibodies generally 
react with the ac rosome and main tail piece, whereas nonspecific staining 
often occurs on the equatorial segment, neck, and midpiece. IgG and IgM 
antibodies stain the ac rosome, and IgG antibodies, the tail. 

d. Paraimmunological Techniques. These techniques involving s p e r m -
cervical mucus interactions are not highly specific for the detect ion of 
sperm ant ibodies . Descr ibed as in vitro postcoital tes ts , the methods are 
receiving more at tention and use in both clinical and experimental studies 
(Kremer , 1965; Kremer and Jager, 1976). 

Sperm-Cervical Mucus Penetration Test (S-CMPT). The procedure 
can be completed using midcycle periovulatory cervical mucus , ei ther 
drawn up into a capillary tube or placed onto a microslide and covered . 
Semen is added , and after an incubation period the distance and degree of 
penetrat ion by sperm are evaluated. Bovine estrous cervical mucus has 
been shown useful as a control in ant isperm antibody studies with human 
sperm (Mangione et al., 1981). 

Sperm-Cervical Mucus Contact Test (S-CMCT). This procedure 
may be used in conjunction with or independent of the S-CMPT. It was 
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occasionally observed that sperm on contact with or shortly after entering 
cervical mucus would lose their forward progression, but maintained, 
often for hours , a jerking/vibrating motion that suggested that they were 
bound to the mucous micelles. This type of flagellation-in-place was 
termed " shak ing p h e n o m e n o n . " The reaction was found to be associated 
with high ti ters of agglutinating antibodies in either the male or the female 
par tner . The results are based on the percentage of motile sperm exhibit
ing the shaking phenomenon . 

e. Antiglobulin Methods. These methods can be used to detect im
munoglobulin (presumed ant isperm antibody) on sperm surface from men 
suspected of having immunological infertility, or to analyze ant ibody in 
serum, seminal p lasma, or cervical mucus following reaction of the anti
body with sperm from a fertile individual. This category includes the 
mixed antiglobulin reaction (MAR), utilizing immunoglobulin-coated 
ery throcytes (Jager et al., 1978; Hendry et al., 1982) or plastic beads 
(Bronson et ai, 1982). The location of bound antibodies can be visualized 
microscopically by the presence of a t tached erythrocytes or beads on the 
sperm. Advantages of the test are the rapidity of the assay, the identifica
tion of Ig class of ant isperm ant ibody, and the assurance that antigens 
being studied are located on the cell surface. The disadvantages are that 
viable sperm with high motility must be used, and the semen must be free 
of debris and foreign cells. 

The radiolabeled antiglobulin method is the most objective method 
listed. Potential ly, it can quantify ant ibody and identify the Ig class of the 
ant ibody (Hass et al., 1980, 1982). However , the method as described 
requires multiple centrifugation and washings and handling of radioactive 
reagents . 

f. Comments of Methodology. All methods need to be well controlled, 
with the inclusion of known positive and negative serum samples and the 
use of high-quality donor semen being required. To avoid nonspecific 
effects on sperm, serum should be diluted at least 1:4, and for screening 
purposes at least two dilutions should be utilized. Based on our experi
ence with the T A T , SIT, and S-CMPT methods , the following observa
tions can be made : Microtrays must be clean and free of foreign sub
s tances ; semen donors need to be screened and their sperm cells 
examined in the sys tems before routine use ; semen should exceed 2 ml in 
volume, 80 x 10 6 sperm/ml, and 70% in initial motility, and 7 5 % of the 
motile sperm should show good forward progression and absence of spon
taneous agglutination. To ensure that a semen sample is free of aggluti
na tes , it should routinely be passed through a glass-wool column (Paulson 
and Polakoski , 1977). Despi te these precaut ions , the T A T will occasion-
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ally need to be repeated for some semen samples . When samples from a 
new sperm donor are used, it is advisable to compare the results based on 
the new sperm sample with those of a known sperm sample. It is impor
tant to be able to dilute the donor semen sample at least twice and prefera
bly more for use in the SIT, as seminal plasm contains complement-
inhibitory factors that may interfere with the system. Use of a micro-SIT 
with highly motile sperm that swim up to a layer of buffer in the semen-
overlay method eliminates this problem. 

Serum, if properly obtained and stored, should present few problems in 
terms of nonspecific sperm agglutination, except for the β-sperm aggluti
nins. Genital tract secret ions, seminal plasma, and cervical mucus from 
individuals with local infections of the reproduct ive tract may cause non
immunological sperm agglutination, sperm immobilization, or both. Dif
ferent organisms or their products have been shown to produce these 
effects directly or possible even indirectly through induction of leukocy
tosis . Neutrophi ls may be activated by seminal plasma or by infectious 
agents that may be present . Increased complement levels are associated 
with an inflammatory response that is frequently observed in the cervices 
of infertile women . It is conceivable that sperm immobilization seen is 
postcoital tests and in vitro assays is the result of an t igen-ant ibody reac
tion against microorganism, with sperm an innocent bystander . It has 
been shown that microorganisms from seminal plasma or of cervical/ 
vaginal origin bind to the sperm membrane and are t ransported through 
cervical mucus (Toth et al., 1982). 

The ideal assay for detection and quantification of sperm antibodies 
should be easy, rapid, repeatable , inexpensive, specific, quanti tat ive, ob
jec t ive , and capable of detecting the immunoglobulin class of the anti
body. Also, as individual sperm antigens are being identified, the assay 
may need to quantify antibodies against the different antigens. To date , 
none of the available methods possesses all these characteris t ics . The 
radiolabeled antiglobulin method is probably the most objective, and it is 
capable of detecting titers and class of ant isperm antibodies. The method 
currently has several d rawbacks : lack of stability of reagents , use of 
radiolabeled materials , the need for an expensive counter , and the need 
for centrifugation of sperm cells with the at tendant pitfalls. 

2. Clinical Applications of Antisperm Antibodies in the 
Diagnosis of Immunological Infertility 

a. Antisperm Antibody Prevalence 
Women. Among reports on infertile women, there exists a wide 

variation in the incidence of positive cases within each method (Table 
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IX). This may be due to the use of undiluted serum, the serum dilution 
considered posit ive by the different invest igators, the criteria used in 
evaluating posit ive resul ts , and the experimental design. Concerning the 
latter, evidently some studies have disregarded the fertility s tatus of the 
par tner when the couple was not being evaluated as a whole unit, while 
others have not included control groups . Likewise , racial background 
may influence resul ts . High incidence of immobilizing ant ibody has been 
repor ted in infertile Japanese women (Isojima et al., 1978). After the 
different variat ions have been taken into considerat ion, there remains a 
real difference in ant ibody prevalence be tween the infertile and the con
trol groups . As ment ioned above , a nonimmunoglobulin component in 
sera during pregnancy probably accounts for the high values in the preg
nant group detected by agglutination method. Thus , Ingerslev and Hjort 
(1979) found that the majority of posit ive sera with H-H agglutinins de
tected by T A T from pregnant women and presumably fertile women was 
caused by a nonant ibody component that could be removed from serum 
by absorpt ion with seminal plasma. 

Of all the techniques descr ibed, the SIT appears to be the most specific, 
with posit ive cases being limited to women from infertile couples . Useful
ness of the RIA method has still to be confirmed. The least clinically 
useful method is the immunofluorescence technique; the results do not 
correlate with fertility status or with the other methods of ant isperm 
ant ibody detect ion. 

The emphas is has shifted from analysis only of serum samples to in
clude analysis of cervical mucus for ant isperm antibodies (Table X) . With 
only one except ion, the incidence of sperm-immobilizing activity was 
higher in mucus samples than in sera from infertile women. The results 
support the content ion that the cervix is capable of antibody secret ion 
independent of the serum. Detect ion of both serum and cervical mucus 
antibodies correlates with poor sperm penetrat ion of the mucus . Antibod
ies that immobilize sperm or cause the shaking sperm phenomenon also 
correlate with poor mucus penetra t ion (Jager et al., 1978; Telang et al., 
1978; Menge et al, 1982). 

Men. Studies that evaluate ant isperm antibodies in the serum and 
seminal p lasma of men from infertile couples are summarized in Table XI . 
The G A T has been the most widely used method in analyzing sera of men. 
With this method , some fertile men were positive at low dilutions. Some 
of the variat ions in posit ive cases among reports are due to the selection 
of serum dilution considered significant. Moreover , data on control sub
jec t s have been omit ted in several s tudies. Spermagglutinins in serum and 
seminal p lasma samples of men are also readily detectable by the T A T . A 
direct compar ison of G A T and T A T results revealed a high degree of 
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TABLE IX 
Incidence of Women Positive for Serum Antisperm Antibodies3 

Unexplained Known cause 
Control % infertility of infertility Pregnant 
(number) % (number) % (number) % (number) Reference 

Tube-slide agglutination test 
9(44) 67 (67) 
20 (25) 38 (64) 
0(65) 14 (78) 
3(113) 15 (389)* 
8(83) 38 (72) 

26 (310)c 

17 (304) 
20 (51) 
9(70) 
6 (487) 

Tray agglutination test 
9(58) 
17 (134)' 

1 (150) 9 (326)' 
20 (698/ 

0 (150) 6 (95) 

Gelatin agglutination test 6 

3(112) 18 (409) 
11 (28) 34 (29) 

3 (153) 
0(66) 1 (158) 

8 (487) 
2 (326) 

6(1754) 
9(172) 

Sperm immobilization test 
0 (56) 16 (154) 

9(310) 
6 (698)* 

0 (231) 2 (304) 
10 (51) 
3 (153) 

0 (66) 2 (158) 
2 (487) 
1 (95) 

2(172) 

16 (277) 
34 (44) 

19 (93) 46 (83) 
17 (99) 18 (50) 
2 (550) 0 (221) 
16 (37) 10 (48) 
7 (154) 
6 (489) 

6(116) 

6(231) 2(116) 

25 (32) 38 (32) 

6 (489) 

1 (248) 0 (100) 
5 (99) 0 (50) 

0 (550) 
5 (37) 0 (48) 

1 (489) 
0(231) 

Dukes and Franklin (1968) 
Schwimmer et al. (1967) 
Kolodny et al. (1971) 
Shulman et al. (1978) 
Isojima et al. (1972) 
Jones (1976) 
Mettler (1977) 
Petrunia et al. (1976) 
Hanafia et al. (1972) 
Lehmann et al. (1977) 

Mettler (1977) 
Friberg (1974) 
Ingerslev and Hjort (1979) 
Menge et al. (1982) 
Ingerslev and Ingerslev 

(1980) 

Shulman et al. (1978) 
Isojima et al. (1972) 
Schoenfeld et al. (1976) 
Harrison (1968) 
Lehmann et al. (1977) 
Ingerslev and Ingerslev 

(1980) 
Rumke et al. (1980) 
Moghissi et al. (1980) 

Ansbacher et al. (1971) 

Isojima et al. (1978) 
Jones (1976) 
Menge et al. (1982) 
Mettler (1977) 
Petrunia et al. (1976) 
Schoenfeld et al. (1976) 
Harrison (1968) 
Lehmann et al. (1977) 
Ingerslev and Ingerslev 

(1980) 
Moghissi et al. (1980) 

Gelatin Agglutination and/or Immobilization Test 
11 (377) 
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TABLE IX {Continued) 

575 

Control % 
(number) 

Unexplained Known cause 
infertility of infertility 

% (number) % (number) 
Pregnant 

% (number) Reference 

Indirect immunofluorescence 
79 (80) 76 (100) 
9 (80) 22 (100)' 

62 (66) 
5(66) 
56 (48) 

Hjort and Hansen (1971) 

46 (51)* 51 (37) Petrunia et al. (1976) 
Harrison (1968) 
Wall et al. (1975) 

30 (66) 28 (158)* 
30 (64)* 51 (51) 20 (61) 

Radiolabeled antiglobulin test 
0(53) 13(318) Haas et al. (1980) 

a Serum was tested undiluted, except as noted. Reprinted from Menge (1980), by permis
sion of the publisher, Elsevier Science Publishing Co., Inc. 

* 1:4 dilution. 
c 1:5 dilution. 
d 1:8 dilution. 
' 1:32 dilution. 
f 1:16 dilution. 
Μ : 25 dilution. 

associat ion for sera with T-T agglutination, but as expected the G A T 
missed the sera with H-H agglutination (Hellema and Rumke , 1976). T w o 
of the three studies using 1:16 dilution reported similar incidences of 
posit ive cases , whereas the third study had twice the incidence. As in 
women , the SIT gave rather consis tent results with sera from infertile 
men and was negative for control men in one s tudy, whereas indirect 
immunofluorescence is of limited value. 

T w o interesting points are also presented in Table XI: (1) Results of two 
studies indicated pers is tence of a high incidence of ant isperm antibodies 
after vasovasos tomy; and (2) the exis tence of spermagglutin ant ibody in 
seminal p lasma is generally dependent on its occurrence in serum. Pene
tration of cervical mucus was significantly reduced by sperm from men 
demonstra t ing serum or seminal plasma ant isperm ant ibodies . 

b. Prognostic Significance of Antisperm Antibody Detection. An impor
tant aspect in evaluating methodology is the possible associat ion of anti
body titer with subsequent fertility. Only a limited number of such studies 
have been repor ted . 

Women. Six studies utilizing four different methods for detect ion of 
sperm antibodies are repor ted in infertile women (Table XII) . In four of 
the s tudies , a significant reduct ion in subsequent fertility was associated 
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Pregnancy incidence 

Antibody 
method 

Serum 
dilution-
positive 

Negative 
test % 

(number) 

Positive 
test % 

(number) Reference 

Tube-slide >5 56 (232) 44 (55) 
agglutination 

>5 43 (105)* 39 (31)* Jones (1979) 

>1 27 (460) 22 (27) Lehmann et al. 
(1977) 

Tray agglutination >16 46 (301) 4(75) Menge et al. (1982) 
Gelatin agglutination >4 27 (449) 24 (38) Lehmann et al. 

(1977) 
Immobilization >1 

>1 
56 
45 

(265) 
(122)* 

36 (22) 
14 (14)* Jones (1979) 

>1 27 (476) 18(11) Lehmann et al. 
(1977) 

>4 
>4 C 

40 
36 

(344) 
(146) 

12 (32) 
12 (65) Menge et al. (1982) 

> K 29 (48) 10(10) Chen and Jones 
(1981) 

Gelatin agglutination >4 52 (159) 42 (26) Ansbacher et al. 
and immobilization >1 (1973) 

Tube-slide >1 28 (61) 15(13) Mettler (1977) 
agglutination and >1 35 (37)* 0 (11)* 

Mettler (1977) 

immobilization 
Passive =>8 16 (70) 0(58) Mathur et al. (1981a) 

hemagglutination and 
cytotoxicity^ 

a Reprinted from Menge (1980), by permission of the publisher, Elsevier Science Publish
ing Co., Inc. 

* Women from couples with 3 or more years of infertility. 
c Immobilizing activity in cervical mucus. 
d Serum plus cervical mucus result. 

with posit ive ant ibody analysis . Jones (1979) and Mettler (1977) noted a 
significant influence of posit ive SIT results only in those women from 
infertile couples w h o had been followed for 3 or more years . The SIT 
results suggested a significantly lower incidence of pregnancy in women 
who have ant ibody in ei ther serum or cervical mucus . An increased inci
dence of spontaneous abort ion was also found in women with posit ive 

TABLE XII 

Incidence of Pregnancy in Women of Infertile Couples Subsequent to Antisperm Antibody 
Analysis3 
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TABLE XIII 
Incidence of Pregnancy in Couples Subsequent to Antisperm Antibody Analysis in Men 3 

Pregnancy incidence 

Serum Negative Positive 
Antibody dilution- test % test % 
method positive (number) (number) Reference 

Gelatin agglutination >16 48 (31) 
32-128 16 (58) Rumke et al. (1974) 
>256 12 (48) 

Tray agglutination >16 43 (302) 16 (74) Menge et al. (1982) 
>64 41 (334) 7(42) 

Immobilization >4 39 (350) 19 (26) Menge et al. (1982) 
Gelatin agglutination and >4 52 (159) 31 (13) Ansbacher et al. 

immobilization (1973) 
Passive hemagglutination >8 22 (51) 0(77) Mathur et al. 

and cytotoxicity* (1981b) 

a Reprinted from Menge (1980), by permission of the publisher, Elsevier Science Publish
ing Co., Inc. 

* Serum plus seminal plasma results. 

serum antibodies against sperm (Jones, 1976; Mathur et al., 1981a; Menge 
et ai, 1982). 

Men. The overall results in men appear clearer than in the women 
(Table XIII) . Serum levels of ant isperm antibodies were negatively asso
ciated with subsequent incidence of pregnancy in the couples . Sperm 
agglutinins of high titers were especially related to persistent infertility. 
Subsequent fertility was also significantly lower in situations where the 
man ' s sperm or the w o m e n ' s cervical mucus was found to give poor 
results in the S-CMPT (Menge et al., 1982). 

c. Response to Treatment with Corticosteroids. Additional support for 
the negative effect of ant isperm antibodies on fertility is the improved 
fertility rate in men after cort icosteroid t reatment (Table XIV) . While the 
average pregnancy rate for couples in which the men had ant isperm anti
bodies was 17%, the rate for men after t reatment with cort icosteroids was 
40% (Tables XIII and XIV) . Trea tment generally reduced antibody t i ters, 
but a convincing correlat ion be tween antibody titers and pregnancy rate 
was not observed . Other factors such as semen quality and amount of 
ant ibody entering the ejaculate may also play a role. 
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B. EXPERIMENTAL EVIDENCE 

I. Effects of Immunization with Sperm, Testis, or Their 
Antigens on Female Reproductive Performance in vivo 

Among 37 reports by 18 different authors (or laboratories) published 
since 1964, 33 (90%) repor ted reduced infertility following immunization 
with sperm, test is , or te ra tocarc inoma antigens. Infertility has been in
duced in many species , including rabbit , mouse , guinea pig, heifer, sheep , 
and baboon (reviewed in Tung, 1983). 

Three different approaches have been adopted. First , females that had 
been immunized with sperm, test is , or tera tocarcinoma antigens were 
mated or artificially inseminated following ovulation induction or were 
t ransplanted with embryo after being made pseudopregnant . Control ani
mals were immunized with adjuvant, with saline, or with seminal plasma 
and adjuvant. Second, ejaculated or epididymal sperm were incubated 
with serum, cervical mucus , or their IgG, Fab (of IgG), or secretory IgA 
components from homologous or heterologous animals immunized with 
sperm or test is . The mixture was then artificially inseminated into nonim-
munized animals in which ovulation had been induced. Third, ant iserum 
to sperm antigens was transferred systematically into recipients at defined 
stages of pregnancy. This approach provides evidence that humoral anti
bodies are important pathogenet ic mechanisms of infertility. For the last 
two approaches , control animals received pre immune sera, sera from 
animals immunized with adjuvant a lone, or ant isperm antisera that had 
been absorbed with sperm or test is . 

It is clear that female infertility can be induced in rabbit , mouse , guinea 
pig, and heifer. In rabbit and mouse , which have been adequately evalu
ated, the three parameters that were most consistently reduced are fertil
ization ra te , embryo survival, and litter size. 

Three purified sperm-specific enzymes have been carefully evaluated 
for their antifertility proper t ies . The enzyme LDH-C4 induced infertility 
in rabbit , mouse , and baboon . As one might expect , immunization with 
heterologous LDH-C4 resulted in a greater antibody response , and hence 
infertility, than immunizat ion with homologous LDH-C4 (Goldberg et al.y 

1981). It was found that the antifertility effects influenced both preimplan-
tation and post implantat ion events (Goldberg and Lerum, 1972). Al
though hyaluronidase readily induced antibody responses in homologous 
females, fertility reduct ion was not observed (Morton and McAnul ty , 
1979). Immunizat ion with purified homologous acrosin in the sheep dem
onstrated at best a marginal effect on fertility rate (Morton and McAnul ty , 
1979). Recent ly , a cell-surface sialoglycoprotein (RSA-1) with a molecular 
weight of 15,000 was isolated from rabbit sperm by O 'Rand and Por ter 
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(1979). Monovalent (Fab) antibodies to this antigen prevented fertilization 
in vitro and reduced fertility in vivo (O 'Rand , 1981). 

2. In Vitro Effect of Autoantibodies, Isoantibodies, or 
Monoclonal Antibodies to Sperm Antigens on 
Prefertilization and Fertilization Events. 

Bivalent or monovalent ant ibody to sperm can specifically inhibit fertil
ization in rabbit , guinea pig, hamster , and mouse . In studies where differ
ent s teps of prefertilization and fertilization events were evaluated, all 
s teps were inhibited (reviewed in Tung et al., 1981a). The data strongly 
suggest that molecules involved in the cellular recognition during fertiliza
tion are sperm specific, and that many are autoant igens. Monoclonal anti
bodies to sperm antigens have been produced by many laboratories , and 
several of these interfered with fertilization in vitro (Bellve and Moss , 
1983). 

IV . S U M M A R Y A N D C O N C L U S I O N S 

The ana tomy of the b lood- tes t i s barrier and genetic control of immune 
responses to aspermatogenic antigens are important factors that deter
mine the development of au to immune disease of the test is . There are 
regional differences in the barrier , so that the seminiferous tubules are not 
permeable to macromolecules whereas the rete testis and the ductus ef
ferentes are permeable . Although there is ample evidence for the "for
e ign" immunogenici ty of testis-specific autoant igens, these antigens need 
not be completely sequestered within the b lood- tes t i s barrier. If antigens 
in soluble form exist in the lumen of the spermatogenic compar tment , 
t race amounts can reach the immune sys tem, where they may elicit an 
antigen-mediated suppression of immune response to testis-specific au
toantigens and prevent E A O development . On the other hand, autoim
mune disease of the testis develops when animals are deliberately immu
nized with large doses of ant igens, with chemically modified ant igens, or 
with antigens in appropr ia te adjuvants . In vasec tomy, au to immune orchi
tis occurs when aspermatogenic antigens leak outside the barrier . In natu
rally occurr ing test icular autoimmuni ty , orchitis and au to immune disease 
of o ther endocr ine organs may coexist , and au to immune orchitis can also 
be found in associat ion with abnormal endocrinological control of the 
test is . 

Studies on E A O in the guinea pig have revealed the complexity of the 
immunopathology and the mult i tude of pathogenic mechanisms operat ive 
in this d isease . This is explicable in part by (1) the complex nature of 
genetic control of the disease , as evidenced in a recent study on murine 
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E A O , and (2) the unusually large number of aspermatogenic autoantigens 
that have been isolated from guinea pig testis and sperm. It is possible that 
the immune responses to different aspermatogenic antigens are under 
separate genetic controls . 

Exper imental au to immune orchitis is not merely an experimental 
model , since naturally occurring auto immune orchitis has been docu
mented in several species . More importantly, immune complexes have 
recently been detected in the testes of infertile men. This finding suggests 
that aspermatogenesis associated with infertility in men may be the end 
stage of an earlier episode of immunological orchitis. 

There is both clinical and experimental evidence that unexplained infer
tility may be associated with and caused by ant isperm antibodies. Anti
bodies to surface antigens of sperm are found more frequently in infertile 
men and women than in fertile couples . Since antibodies are also detect
able in the genital secret ions, they may be produced by the secretory 
immune system and can reach the sites where prefertilization and fertil
ization events occur . 

The clinical applications of ant isperm antibodies have helped to identify 
a subgroup of men and women who have the clinical diagnosis of unex
plained infertility. This group of pat ients appears to be less likely to 
become fertile spontaneously than infertile patients without ant isperm 
ant ibodies . Preliminary studies have suggested that infertile men with 
ant isperm antibodies may respond to t reatment with cort icosteroid. 

Although the assays based on spermagglutination and complement-de
pendent sperm immobilization are subjective and not strictly quanti tat ive, 
they are current ly the most popular and probably the most reproducible 
among ant isperm ant ibody assays . Never the less , continued efforts to im
prove these assays are clearly indicated. 
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I N T R O D U C T I O N 

There are at least two major types of autoimmune disease of skeletal 
muscle . Myas thenia gravis (MG) is character ized by reversible fatiguabil-
ity generally due to antiacetylcholine-receptor antibody (anti-AChR). By 
contras t , polymyosit is refers to a group of inflammatory disorders associ
ated with fixed weakness of proximal musculature . Whereas MG is due to 
a dis turbance of neuromuscular t ransmission, polymyositis appears to be 
the consequence of necrotizing myositis resulting in loss of muscle fibers 
per se. 

In this chapter we will compare and contrast these two different pro
cesses . It should be emphasized that the two can sometimes coexist , and 
that recent developments have suggested that there may be merit in con
sidering au to immune muscle disease as an extremely heterogeneous 
group of overlapping disorders . There may be many reactions that can 
affect skeletal muscle to produce ra ther similar clinical manifestations. 
Ultimately it should be possible to identify these different reactions and to 
treat the condit ions accordingly. 

II. C L A S S I F I C A T I O N O F A U T O I M M U N E D I S E A S E S 

O F M U S C L E 

On purely clinical grounds it is possible to recognize MG because of the 
characterist ic nature and distribution of weakness and because of its asso
ciated features. It is clear that there are several forms, and various clinical 
classifications have been proposed over the years . Restr icted ocular M G 
(ROMG) appears to be different from the generalized form (GMG). The 
neonatal type (NMG) is clearly distinct from congenital M G in terms of 
age of onset , durat ion, distribution, and associat ions. Such clinical obser
vations enabled Simpson (1960) to develop these classifications and to 
predict that G M G and N M G would prove to be due to an ant ibody that 
inhibited neuromuscular t ransmission. The antistriational autoant ibody 
(AStr) discovered at the same time did not appear to be important in te rms 
of inducing neuromuscular block, and in fact it proved to be associated 
with t hymoma rather than M G per se. The major clarification came with 
the demonst ra t ion of ant i -AChR experimentally (Patrick and Linds t rom, 
1973). Subsequent ly it was shown that ant i-AChR antibody was present in 
most pat ients with G M G and N M G , but not in patients with some of the 
other forms of myasthenia . 

Similarly, several classifications of polymyosit is and dermatomyosi t is 
have been proposed , and clinical observat ions make it clear that there are 
at least several subtypes . F o r example , juveni le dermatomyosi t is appears 
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to be quite different from the usual adult form. Again an experimental 
model was useful in providing insights. The demonst ra t ion that cell-medi
ated immunity (CMI) is important in experimental allergic myosit is 
(EAM) paved the way for the demonst ra t ion of lymphocyt ic-mediated 
myotoxici ty in some but not all adult pat ients with polymyosit is (Dawkins 
and Mastaglia, 1973). A minority of pat ients with M G had similar findings. 
Character izat ion of the autoant ibodies associated with polymyosit is and 
mixed connect ive t issue disease (MCTD) (Sharp et al., 1972) led to the 
identification of a subset of pat ients with polymyosit is and antir ibonucleo-
protein (RNP) . Accordingly, it is now possible to define the relationship 
be tween polymyosi t is and similar mult isystem auto immune diseases by 
the use of serology, and it is also possible to recognize some subtypes of 
polymyosi t is . 

III. E X P E R I M E N T A L M O D E L S 

Λ EXPERIMENTAL AUTOIMMUNE MYASTHENIA GRAVIS 

With the purification of A C h R from Torpedo and Electrophorus spp . , it 
became possible to p roduce antibodies to the AChR in experimental ani
mals . In 1973 Patr ick and Linds t rom repor ted the development of experi
mental au to immune myasthenia gravis (EAMG) in rabbits immunized 
with purified e lec t rophorus AChR. These animals developed a flaccid 
paralysis that could be temporari ly reversed by ant icholinesterase. Anti-
AChR were demons t ra ted using an assay that took advantage of the ex
quisite specificity and high affinity of the a neurotoxin from the elapid 
snake Bungarus multicinctus when reacted with AChR. Radioactively 
labelled α-bungarotoxin was used to tag the detergent-solubilized AChR, 
and ant i -AChR, bound to this complex was precipitated using antiim
munoglobulin. 

Subsequent ly several groups have repor ted the induction of E A M G in a 
variety of animals including rabbi ts , mice, goats , and monkeys using 
A C h R from either Torpedo or Electrophorus spp . ; E A M G has also been 
induced in ra ts using purified syngeneic AChR. Ant i -AChR have been 
shown to be primarily responsible for the muscle weakness in these ani
mals . In rats at least there is a t ransient acute inflammatory phase associ
ated with muscle weakness (for reviews, see Linds t rom, 1979; Vincent , 
1980). 

The induction of E A M G in mice has provided an opportuni ty to exam
ine the effects of H-2 and immunoglobulin allotype in this model . Berman 
et al. (1981) have shown that genes associated with both of these sys tems 
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help determine susceptibility to E A M G . Chris tadoss et al. (1981) have 
also demonst ra ted that genes in the / region of H-2 influence the lympho-
proliferative response to AChR. Interestingly, E A M G in mice can be 
t reated, or its induction prevented , by administration of anti-Za sera 
(Waldor et al, 1983). 

B. EXPERIMENTAL AUTOALLERGIC MYOSITIS 

General ized myosit is may be induced in experimental animals by im
munization with skeletal muscle or fractions of skeletal muscle in com
plete F r e u n d ' s adjuvant (Dawkins , 1975). These animals develop an unip-
hasic disease character ized by segmental necrosis of skeletal muscle . 
Lymphocyte-media ted cytotoxicity to cultured muscle has been demon
strated and is thought to be the pathogenic mechanism in Ε A M . Antibod
ies react ive with contracti le proteins of skeletal muscle (e.g. , actomyosin) 
are also demonst rable in sera (Dawkins , 1975). These antibodies resemble 
those found in pat ients with MG and a thymoma. Interestingly, they are 
not found in pat ients with isolated polymyosit is . 

Inflammatory muscle disease may also be induced experimentally by 
means of a number of viruses including Semliki Fores t virus, encephalo-
myocardit is virus , Ross River virus, and Coxsackie viruses (Whitaker, 
1982). Polymyosit is induced by Coxsackie B l virus in mice is strain de
pendent (Ray et al., 1979) and may provide a model to explore the immu-
nogenetic basis of some forms of polymyosit is . 

C . SPONTANEOUS MYASTHENIA GRAVIS AND MYOSITIS IN 

ANIMALS 

The breadth and complexi ty of au to immune muscle disease is illus
trated by the spontaneous disease that occurs in the African Mastomys. 
These animals appear to be predisposed to several auto immune diseases 
and thymoma. In some respects their muscle disease resembles MG plus 
polymyosi t is , and in this regard they may be similar to the occasional 
patient with coexistent thymoma, M G , and polymyosit is . 

Idiopathic canine M G has the potential to be even more valuable than 
E A M G in studying the genetics and pathogenic mechanisms of M G . The 
affected dogs exhibit the same clinical, histopathological, and autoim
mune features as seen in the human disease, and each of the various 
subgroups of disease is represented (i .e. , congenital , late onset thymoma, 
etc.) (Garlepp et al, 1979; Palmer, 1980). 
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IV . C L I N I C A L F E A T U R E S 

A . PRESENTING FEATURES 

As with o ther forms of myopa thy , the presenting feature of autoim
mune muscle disease will generally be weakness . The nature of the weak
ness will largely determine the clinician's approach. 

If there is excess ive fatiguability, that is, reversible weakness that im
proves after rest , the differential diagnosis will include disorders of the 
neuromuscular junc t ion such as M G . Clinical testing is generally suffic
ient to demons t ra te deteriorat ion with exercise and improvement after 
rest , but it is often useful to show that the patient improves after ant icho
l inesterase therapy . Elec t romyography may also assist in that it may be 
possible to demons t ra te a decrementa l response and to distinguish this 
change from that which occurs in the E a t o n - L a m b e r t syndrome and 
other d isorders associated with myasthenia . 

In o ther pat ients , the weakness may be " f ixed" in that it remains rela
tively cons tant throughout the day and from day to day. In such pat ients 
one can generally assume that there is an abnormali ty of the muscle fiber 
per se ra ther than of the neuromuscular junct ion . Other possibilities, such 
as denervat ion , need to be excluded. Evidence in favor of myofibril ne
crosis might be provided by demonstra t ion of elevated serum creat ine 
kinase activity and by biopsy. 

The distribution of weakness is also very useful. In G M G , extraocular , 
facial, bulbar , and proximal muscula ture is generally involved. In poly
myositis ext raocular muscles are spared, but proximal and truncal mus
cles are usually affected. 

Other symptoms and signs of au to immune muscle disease depend on 
the nature of the lesion. If there is an inflammatory component , the pa
tient may complain of muscle pain and tenderness , but these features are 
generally more pronounced in the presence of synovitis , tenosynovi t is , or 
interstitial inflammation. 

Associa ted features are also important . Fo r example the characteris t ic 
dermal involvement of dermatomyosi t i s is almost pa thognomonic . The 
diagnostic criteria for M G , polymyosi t is , and M C T D have been discussed 
elsewhere (Dawkins , 1983). 

B . CLINICAL SUBCLASSIFICATIONS 

Patients w h o fulfil the clinical criteria for MG may be subclassified in a 
number of ways . They may be classified according to the severity of their 
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TABLE I 
Subgroups of Myasthenia Gravis5 

Myasthenia Gravis 

Congenital 

Early onset Late onset 
(<40 years) (>40 years) 
Female predominance Males = females 
Thymic hyperplasia Thymoma 

a Patients suffering from D-Penicillamine-induced MG may present with ocular or gener
alized muscle involvement but are almost invariably anti-AChR positive. Several forms of 
congenital, familial, and juvenile myasthenia have been described. 

disease (Osserman, 1958), but often pass from one group to another as 
exacerbat ions or remissions occur . Division may also be made according 
to the muscle groups affected, that is, ocular (OMG) versus generalized. 
Although in many pat ients the disease does progress from ocular to gener
alized skeletal muscle involvement , in some weakness remains confined 
to the ext raocular muscles throughout the disease course (Drachman, 
1978). The term restr icted O M G is only appropriate after observat ion for 
~ 2 years . 

Another classification is based on the age of onset of disease (Table I) . 
A number of syndromes of myasthenia has been described during infancy 
and childhood (Fenichel , 1978; Engel et al, 1981a). Patients with adult-

TABLE II 
Clinical Subgroups of Polymyositis 

Adult polymyositis/dermatomyositis 
Juvenile dermatomyositis 
Polymyositis associated with C2 deficiency 
D-Penicillamine-induced polymyositis 
Mixed connective tissue disease 
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onset generalized M G (GMG) may then be grouped according to o ther 
character is t ics . The characterist ic patient in one group with idiopathic 
G M G is female, with disease onset prior to 40 years of age and an associ
ated hyperplast ic thymus . The other subgroup is character ized by later 
age of onset and the presence of a thymoma. D-Penicillamine (D-P)-in-
duced M G has been included as a separate subgroup based upon its 
unique immunological and immunogenet ic features (Garlepp et al., 1983). 

The clinical syndrome of polymyosit is has been variously subclassified 
according to age of onset , skin involvement , and associated features such 
as C2 deficiency (Bohan and Peter , 1975; Mastaglia and Walton, 1982; 
Dawkins , 1983). The inclusion of D-P-induced polymyosit is is again based 
on etiological and immunogenet ic features (Table II) . The diseases that 
should be considered in the differential diagnosis of polymyosit is are 
shown in Table I I I . Polymyosit is may occur together with several of these 
condi t ions, but inflammatory changes in muscle may also be seen that do 
not justify classification as polymyosi t is . 

V . H I S T O P A T H O L O G Y 

A . MYASTHENIA GRAVIS 

In M G , the organs that display notable histopathological features are 
thymus and skeletal muscle . Approximately 90% of pat ients have thymic 

TABLE III 
Differential Diagnosis of Inflammatory Muscle Disease 

Polymyositis 
Dermatomyositis 
Mixed connective tissue disease 
Systemic lupus erythematosus 
Rheumatoid arthritis 
Progressive systemic sclerosis 
Myasthenia gravis and myasthenic myopathy 
Infectious and parasitic myositis 
Muscular dystrophy 
Endocrine myopathy 
Metabolic myopathy 
Drug and toxic myopathies 
Neurogenic atrophy 
Polymyalgia rheumatica 
Granulomatous myopathy 
Carcinomatous myopathy 
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abnormali t ies . Germinal center formation is present in —60% and thy
moma in —30%. Indirect immunofluorescent staining of frozen sections of 
thymus using ASt r ant ibody usually reveals myoid cells in the thymus of 
those pat ients with hyperplasia , but these are rarely seen in those pat ients 
with thymoma. Histopathological examinat ion of skeletal muscle sections 
in M G occasionally reveals accumulat ions of mononuclear cells, predomi
nantly lymphocytes , in the intersti t ium. These have been referred to as 
" l y m p h o r r h a g e s , " are most often found in those patients with thymoma, 
and can be shown to be associated with focal myofiber necrosis . On 
occasions these changes are of the same degree as seen in polymyosit is . 

Elect ron microscopic examinat ion of the motor endplate in MG reveals 
simplification of the postjunctional folds and widening of the synaptic 
space which may contain fragments of degenerated postsynapt ic mem
brane . Immunoglobulin and complement are said to be bound to the post
synaptic membrane , but the presynapt ic membrane appears intact (Engel 
et al, 1981b). 

B. POLYMYOSITIS 

The key features of polymyosit is are segmental myofiber necrosis and 
inflammatory infiltration. The extent of these changes varies from patient 
to patient , and some muscle biopsies will prove to be negative, possibly 
reflecting a sampling problem. 

VI. IMMUNOLOGY 

A . IMMUNOLOGICAL FEATURES 

Anti-AChR are found in the serum of > 9 0 % of patients with active 
adult-onset G M G . The prevalence of anti-AChR varies in the subgroups 
of MG (see Chapter 24). Myasthenic syndromes with onset in early child
hood have been shown to have diverse etiologies that only rarely are due 
to ant i -AChR (Engel et al, 1981a). By contrast , transient neonatal M G is 
due to the transfer of ant i -AChR across the placenta. 

The difficulty in detecting ant i-AChR in R O M G might suggest qualita
tive differences from G M G . Compar ison of the autoant ibody profiles in 
R O M G and G M G shows an increase of thyroid autoantibodies and a 
decrease of ant inuclear antibodies in the former (Table IV). Fur the rmore , 
the thyrotoxicosis found in MG is associated with R O M G rather than 
G M G (Garlepp et al., 1981a). It is probable that R O M G is an auto immune 
disease mediated by an ant ibody to extraocular muscle that is not readily 
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TABLE IV 

Autoantibodies in Subgroups of Myasthenia Gravis (%) 

Active 
adult-onset Restricted Juvenile/ Healthy 

(generalized) ocular congenital controls 
Autoantibodies η = 72 η = 6\ η = 35 η = 200 

Anti-AChR 91 21 29 <1 
ANF 26 10 3 4 
Antithyroid 10 39 9 7 

detectable in the current assay (see Chapter 24). Some published data 
suggest unique antigens on extraocular muscle (Vincent and Newsom-
Davis , 1980; K o d a m a et al, 1982). 

Antistriational antibodies are found in some 30% of pat ients with M G 
and almost invariably in those pat ients with MG with a thymoma. The 
specificity of these ASt r ant ibodies , as reflected by their immunofluores-
cent staining pa t te rn , varies from patient to patient (Peers et al., 1977). 
Efforts to identify the antigenic targets have shown that the antigen is 
rarely a single contracti le protein but may result from the interaction of 
components of the sarcomere . It is notable that AStr antibodies are in
duced in —20% of pat ients t reated with D-P, although there is currently no 
evidence to indicate a thymic abnormali ty in these pat ients . Lymphocy to -
toxic antibodies may be seen in up to 50% of patients with MG, while anti-
D N A may be elevated in the absence of active systemic lupus ery thema
tosus (SLE) . 

In polymyosi t is , the most notable serological feature is the presence of 
one or more ant ibodies to nuclear ant igens. Although antinuclear antibod
ies as detected by immunofluorescence are relatively infrequent (16-35%) 
and of low titer, many sera have antibodies reactive with one or more 
saline extractable nuclear antigens that have been detected by immunodif
fusion in agarose (Table V). Antibodies to Jo-1 and PM-1 may be specific 
for polymyosit is and dermatomyosi t i s , while antibodies to Mi are said to 
be found only in dermatomyosi t i s . Antibodies to the Ku antigen may 
identify the combinat ion of polymyosit is and progressive systemic sclero
sis (Mimori et al., 1981). High titers of antibodies to R N P have been used 
as part of the definition of M C T D (Sharp et al., 1972), but there is little 
doubt that high-titer an t i -RNP is associated with inflammatory muscle 
disease occurr ing in diverse clinical si tuations. 

Nishikai and H o m m a (1977) detected antibodies to myoglobin in 70% of 
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TABLE V 
Antinuclear Antibody-Antigen Systems in Inflammatory Muscle and Connective Tissue 
Disease3 

Disease 

Antigen 
Enzyme 

sensitivity DM PM PM/PSS PSS MCTD MG SLE 

JO-1 Trypsin ± + + - - - - -
JO-2 NA - + NA NA NA NA NA 
PM-1 Trypsin + + + + + + + - - NA -
Mi Trypsin + - - - - - -
PA-1 Trypsin NA + NA NA NA NA NA 
Ku Trypsin NA - + + + - - NA -
RNP/ENA RNase, 

trypsin NA NA + - + + + - + + 
Scl-70 Trypsin NA NA NA + NA NA -
A I - D N A DNase - - - - + - + + + 
Sm Trypsin - - - - - - + + 
ANF Various + + + + + + + + + + + + + 

a From Garlepp and Dawkins (1984) with kind permission of the editor of Clinics in Rheu
matic Diseases. Abbreviations: NA, not available; - , <5%; ± , 5-10%; +, 10-30%; + + , 
30-50%; + + + , >50%. 

patients with polymyosi t is , but also found them with high frequency in 
o ther diseases (e.g. , MG) . Wada et al. (1983) reported the detect ion of 
antibodies to skeletal muscle myosin in 90% of patients with polymyosit is 
as well as in a smaller percentage of pat ients with other diseases of muscle 
(e.g. , M G , muscular dys t rophy) . Detect ion of these antibodies bore no 
relationship to the presence of AStr ant ibodies. By contras t , Car rano et 
al. (1983) were unable to demons t ra te reactivity of polymyosit is sera with 
crude ac tomyosin by an E L I S A assay, although reactivity with this anti
gen correlated with the presence of AStr antibodies in sera from pat ients 
with M G . W e conclude that antibodies to contractile proteins are rarely 
detectable in polymyosi t is , and in this respect the human disease con
trasts with Ε A M . 

B . IMMUNOLOGICAL DERANGEMENTS 

In both M G and polymyosit is extensive efforts have been made to 
detect immunological derangements . There is no convincing evidence for 
a derangement in lymphocyte subsets , al though a recent report (Berrih et 
al.f 1981) descr ibed decreased OKT8-bearing cells (suppressor/cytotoxic) 
in M G and decreased suppressor function in patients without t hymoma 
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but normal activity in those with thymoma. Interestingly, Zilko et al. 
(1979) also showed decreased suppressor function in pat ients with H L A -
B8, that is , in those who tend not to have a thymoma. In Japanese pa
t ients , al though lymphopenia was seen there was no dis turbance of the 
OKT4/OKT8 rat io. 

Hypocomplementemia in MG was repor ted by Nas tuk et al. (1960), and 
Chris t iansen et al. (1978) repor ted a marginal decrease in C4 concentra
tion in pat ients with H L A - B 8 . This decrease may, at least in par t , be due 
to the p resence of a C4 null allele as part of the HLA-A1,B8 ,C4AQ0,C4B-
l ,BfS,DR3 supra type found in these patients (Dawkins et al., 1983). 

Reduced complement concentra t ions are not a feature of polymyosit is 
(Cumming et al., 1977). If C3 and C4 concentra t ions are normal but hemo
lytic activity is low, then C2 deficiency might be suspected, particularly 
given a family history of relevant diseases (Dawkins et al., 1982a). In 
M C T D , serum complement activity is reduced in some cases . If serum C4 
is decreased and ant i -DNA antibodies are elevated, then the possibility of 
coincident S L E should be considered. 

Immunoglobulin-G concentra t ions in MG are generally normal , al
though ant ibody responses may be lower than in healthy controls 
(Dawkins et al., 1976). Polymyosi t is /dermatomyosi t is has been repor ted 
in the p resence of agammaglobulinemia and hypogammaglobulinemia, 
and some pat ients do have low or borderl ine low serum IgG concentra
tions and respond poorly to te tanus immunization. By contras t , pat ients 
classified as M C T D tend to have elevated serum IgG concentra t ions . 

C . MECHANISMS O F DAMAGE 

1. Myasthenia Gravis 

Several pieces of evidence indicate that ant i -AChR is the pr imary path
ogenic agent in M G (Table VI) . The mechanism by which the autoanti
body damages the motor endplate in vivo is less clear (Table VII) . Exper i 
mental evidence in support of each mechanism has been obtained using 
human sera, sera from animals with E A M G , and monoclonal ant i -AChR 
derived from exper imental animals (Lennon and Lamber t , 1981). It is 
possible that multiple mechanisms will p rove to be operat ive in M G , and 
that one or o ther will be especially important in different pat ients . 

Ant i -AChR from different pat ients vary in specificity (Garlepp et al., 
1981b) and are often directed at different determinants on the AChR. 
Each determinant may have part icular significance in te rms of susceptibil
ity to the various mechanisms shown in Table VII . The antigenic determi-
nant(s) against which ant i -AChR are directed may determine the thresh-
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TABLE VI 
Anti-AChR As the Pathogenic Agent in Myasthenia Gravis 

Present in majority of patients with generalized MG 
Titer fluctuates with disease activity in the individual patient 
Therapy that reduces anti-AChR titer is effective treatment 
Passive transfer (transplacental or to mice) produces disease signs 
Presence of anti-AChR in D-P-induced MG 
Presence of anti-AChR in idiopathic canine MG 
Anti-AChR responsible for disease signs in EAMG 
Monoclonal experimental anti-AChR produces signs of EAMG 

old titer that must be reached in order to produce overt signs of M G . This 
would, in par t , explain the poor relationship be tween titer and disease 
severity when different individuals are compared in contrast , to the strict 
relationship to disease activity in the individual patient (see Chapter 24). 
Anti idiotype antibodies to ant i-AChR have recently been demonst ra ted in 
patients with M G (Dwyer et al.y 1983). These might further contr ibute to 
this anomaly. Anti idiotype antibodies could inhibit, or alternatively, en
hance , ant i -AChR binding. 

A further considerat ion is that the current assay does not detect all 
antibodies acting at the motor end plate (either anti-AChR or others) 
(Table VIII) . This might provide explanations for anti-AChR-negative 
MG and the apparent absence of ant i-AChR in R O M G (see above) . The 
relative rarity of transient neonatal MG (12-20%) despite the frequent 
transfer of ant i -AChR across the placenta may also be dependent on anti-
AChR specificity and/or the presence of antiidiotype antibodies. 

2. Polymyositis 

Despite the presence of several autoantibodies in polymyosit is , none 
seems to play a role in producing the damage to skeletal muscle . The 
relevance of the recent observat ion that antibodies to Jo-1 react with 
histidine t R N A synthetase (Bernstein and Mathews , 1983) remains to be 

TABLE VII 
Possible Mechanisms of Action of Anti-AChR 

Direct blocking of access to AChR 
Complement activation and membrane destruction 
Modulation of AChR and increased degradation 
Alteration of AChR function by interference with conformational 

changes 
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TABLE VIII 
Reactivity of Human Anti-AChR with Murine AChR in vitro and in vivo 

Cross-reactivity with 
murine AChR (%) Increase in de

MG gradation rate Mean exercise 
Serum In vitro" in vivob of AChR (%y time (min)^ 

Serum 1 58 54 80 6.4 
Serum 2 2 2 0 11.5 
Serum 3 4 60 55 4.5 

a Determined by comparing the precipitation of murine and human detergent solubi
lized AChR. 

b Determined by absorption of anti AChR in vivo after passive transfer to mice. 
c The effect on turnover of AChR in cultured BC 3H-1 muscle cells compared to that 

of normal human serum. 
d Mice were given a sublethal dose of D-tubocurarine and exercised on a rotating 

drum 24 h after passive transfer of test sera. Although anti-AChR in serum 3 is 
virtually unreactive with detergent-solubilized mouse AChR, it does bind to the 
AChR in the membrane and produce an effect at the neuromuscular junction. 

determined. The presence of immunoglobulin and complement in the ne
crotic fibers in polymyosit is seems to be a consequence of the damage 
ra ther than its cause (Fig. 1). In muscle biopsies from pat ients with 
M C T D , IgG can occasionally be demonst ra ted in apparently intact myofi-
bers in the absence of complement components or fibrinogen (Dawkins et 
al., 1982a). Again the significance of this apparent " m vivo" binding of 
IgG is unclear . Cont roversy also exists as to the significance of apparent 
in vivo binding of speckled ant inuclear ant ibody seen in skin and muscle 
biopsies of pat ients with M C T D , and occasionally, dermatomyosi t i s . 
Some suggest that this is an artifact of high-titer circulating antinuclear 
ant ibody, which binds to the nuclei during processing of the biopsy. 
Others (Alarcon-Segovia et al., 1978) have demonst ra ted entry of anti-
R N P into human monocy tes via F c receptors and speculated that the 
entry of autoant ibody into viable cells in this way may be of pathological 
impor tance . 

It has been known for some years that peripheral blood lymphocytes 
from pat ients with polymyosit is may be directly cytotoxic for cultured 
muscle and p roduce lymphotoxin in response to autologous muscle (see 
Whitaker , 1982). Elec t ron microscopic examinat ion of inflammatory le
sions of muscle has shown intimate contact be tween lymphocytes and 
muscle cells with processes of lymphoid cells invaginating the sarco-
lemma of the muscle cell (Mastaglia and Walton, 1982). Peripheral blood 
lymphocytes have also been shown to proliferate in response to allogeneic 
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FIG. 1. Indirect immunofluorescent staining of immunoglobulin in a biopsy of skeletal 
muscle from a patient with polymyositis. Similar intrafiber staining was seen using antifi-
brinogen and anticomplement reagents (originally xl60). (Reproduced from Garlepp and 
Dawkins, 1984, with permission from the editor of Clinics in Rheumatic Diseases.) 

or autologous muscle ant igens. These findings when taken together sug
gest a major role for cell-mediated immunity in the pathogenesis of poly
myosit is . The demonstra t ion that similar mechanisms are operational in 
Ε A M (Dawkins , 1975) provides further support . 

A number of observat ions suggest that overlap can exist be tween the 
two mechanisms of damage to muscle . Patently, MG and polymyosit is 
can coexist in the one patient . Moreover , many patients with M G , partic
ularly those with a thymoma, will have lymphorrhages present in skeletal 
muscle that cor respond to areas of myofiber necrosis (see above) . Fur
thermore , ant i -AChR have been detected in some patients with D-P-in-
duced polymyosi t is , and in at least one case frank MG has developed 
(Carroll et al., 1982; Ess igman, 1982). The inflammatory changes in these 
patients may represent the acute phase of MG, analogous to that seen in 
E A M G . They might equally indicate the induction of both polymyosit is 
and M G in the same patient . 

Both diseases involve an immune assault on skeletal muscle . However , 
the mechanism that predominates and the clinical manifestations that 
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TABLE IX 
HLA (%) in Myasthenia Gravis3 

Frequency 

Race Subgroup of MG Antigen Disease Controls 

Caucasian Early-onset GMG Al 76 40 
B8 72 28 
DR3 60 23 
A1,B8,DR3 60 18 

Ocular DR5 57 20 
American black GMG Al 27 10 

B8 28 12 
DR3 23 24 
DR5 55 32 

Japanese GMG Bw44 37 13 
Bw51 32 13 

Asian Indian GMG B8 20 12 
Bw21 16 4 
Bw35 24 7 

a Selected antigen frequencies. Data are from Dawkins et al. (1982b, 1983). 

ensue appear to depend on the immunogenet ic makeup of the individual 
(see Sect ion VI ,D) . The factors (environmental or other) that trigger the 
abrogation of control of these responses may also be determined by ge
netic factors . 

D . IMMUNOGENETICS 

1. Myasthenia Gravis 

Although it has been clear for some years that the H L A antigens B8 and 
DR3 are increased in frequency in Caucasians with MG (Dawkins , 1980), 
the associat ion is by no means comple te ; that is, the p(T/D) does not 
approach unity. This might be due to the heterogeneity of the disease, but 
equally may be due to need for disease susceptibility genes linked to M H C 
markers . Both possibilities seem to be t rue. Myasthenia gravis is hetero
geneous , and the H L A associat ions differ be tween subgroups of disease. 
Fur the rmore , if one considers races o ther than Caucasians , then different 
H L A associat ions are seen (Table IX). 

Thus it appears that genes associated with the A l , C w 7 , B -
8 ,C4AQ0,C4Bl ,BfS ,DR3 supratype are important in determining the de
velopment of G M G in young Caucasian females. The nature of such genes 
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TABLE X 
HLA (%) in D-Penicillamine-lnduced Muscle Disease 

D-P Idiopathic Healthy 
Antigen D-P MG Polymyositis MG RA controls 

Al 44 38 64 38 42 
A2 48 54 40 60 42 

B8 22 23 54 36 28 
Bw35 33 31 14 15 11 
B27 33 0 10 8 4 

DR1 73 0 20 20 18 
DR3 9 11 46 23 23 
DR4 26 78 20 67 32 

A1,B8,DR3 7 11 46 11 18 
Bw35,DRl 27 0 3 5 5 
A2,B27,DR1 27 0 0 1.5 0.5 

is unknown. H L A - B 8 has been associated with impaired nonspecific sup
pressor function in these pat ients (Zilko et ai, 1979) as well as with high-
titer ant i -AChR (Dawkins , 1980; Keesey et ai, 1982). Such a gene might 
also opera te by conferring susceptibility to certain environmental trigger 
factors. This may be the case in D-P-induced MG, where the frequency of 
A1,B8,DR3 is reduced but DR1 is increased, probably by virtue of the 
supratypes Bw35 ,DRl and A2,B27,DR1 (Table X). Such supratypes may 
allow excessive ant i -AChR product ion after exposure to D-P. The effect 
seems to require the continued presence of D-P, since discontinuance of 
the drug usually results in a fall in ant i-AChR titer and remission of MG 
(Fig. 2). 

By contras t , in D-P-induced polymyosit is , there is no increase in DR1 
although DR4 is greatly increased (Table X). This may simply reflect the 
fact that most pat ients were being treated with D-P for rheumatoid arthri
tis (RA), but it serves to emphasise the unique association be tween the 
DR1-containing supratypes and D-P-induced M G . 

Analysis of immunoglobulin allotypes in MG again illustrates the immu
nogenetic heterogenei ty of the disease (Table XI) . In Japanese MG there 
is an increased frequency of phenotypes containing Glm(2) , whereas in 
Caucasian pat ients there is no overall dis turbance of Gm phenotype fre
quencies (Nakao et ai, 1980; Garlepp et ai, 1984a). However , Gm does 
influence autoant ibody development in Caucasian pat ients . The homozy
gous pheno type Gm(3;5) is associated with high-titer anti-AChR in fe
males with early-onset G M G , but with AStr antibody (and thymoma) in 
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TABLE XI 
Immunoglobulin Allotypes (%) and Autoantibodies in Myasthenia Gravis 

Gm phenotype 

Patient group η 1 1,2 1,2,3;5 i,3;5 3;5 

Controls 200 5 8 14.5 32.5 39.5 
Myasthenia gravis 122 6 3 8 37 46 

Females <40 years 41 2.5 5 7.5 39 46 

Males and females >40 years 78 7.5 2.5 9 36 45 

Females <40 years (high-titer 23 4.5 0 4.5 22 70 
anti-AChR) 

Males and females >40 years 45 7 0 7 22 64 
(AStr) 

the pat ients with later onset of G M G (Smith et al., 1983; Garlepp et al., 
1984a). 

2. Polymyositis 

Immunogenet ic analysis of polymyosit is also requires b reakdown of the 
disease into its various subgroups . Most studies have shown that H L A - B 8 
and -DR3 are increased in adult polymyosi t is , but Hirsch et al. (1981) 

Penicillamine Penicillamine 
* 7 5 0 mg/day | discontinued 

(2 years) 

1977 1978 1979 1980 

p 4 0 Daily 
3 6 0 MEST IN0N 

1 8 0 Dose(mg) 

FIG. 2. Titer of anti-AChR in a patient with rheumatoid arthritis treated with D-penicil-
lamine. The titer fell gradually after D-penicillamine was withdrawn. Clinical evidence of 
MG disappeared over the same period. (Reproduced from Dawkins et al., 1981, with kind 
permission of the editor of Journal of Rheumatology.) 
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TABLE XII 
HLA Associations in Polymyositis and Juvenile 
Dermatomyositis3 

Antigen frequency 
(%) 

Disease Antigen Disease Controls 

Adult PM B8 44-61 21-28 
DR3 67 24 
B14 40 8 

Juvenile DM B8 35-43 21 
DR3 43-57 23-30 
A1,B8,DR3 21 5 

a Summarized from Garlepp and Dawkins (1984). 

were unable to show an increase in a small group of patients with adult 
dermatomyosi t i s . In juveni le dermatomyosi t is it seems clear that B8 and 
DR3 are increased in frequency, most probably by virtue of the 
A1,B8,DR3 supra type (Table XII) . 

Adult dermatomyosi t i s has been reported in association with C2 defi
ciency (Leddy et al., 1975; Dawkins et al., 1982a). The supratype in both 
cases was A25,B18,DR2,BfS. The role of C2 deficiency in the induction of 
au to immune disease is unknown. 

E. LABORATORY DIAGNOSIS 

1. Myasthenia Gravis 

In most laborator ies , ant i -AChR is detected by a modification of the 
original radio immunoassay described by Linds t rom (1977). When human 
AChR is used as antigen, this assay is extremely sensitive. Assays that 
detect blocking ant i -AChR or rely on immunofluorescence or blocking of 
binding to concanaval in A are less useful diagnostically. Provided that a 
suitable reference range for ant i -AChR has been established (see Chapter 
24), the assay becomes extremely valuable in the diagnosis of M G . The 
assay is most sensitive in active adult-onset G M G . Sensitivity is lower in 
R O M G and childhood-onset M G (see Figs. 11 and 12, Chapter 24). Most 
important ly, the specificity of the assay is extremely high. A titer above 
the reference range (i .e. , > 1 . 6 units in this laboratory) is confirmatory for 
M G , although a negative result does not exclude MG. False-posit ives 
rarely if ever occur . In pat ients with S L E , Graves ' disease, or a thy
moma, ant i -AChR has been demonst ra ted in the absence of obvious M G 
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(Garlepp et al., 1982). We believe that such patients may have latent , 
early, or subclinical M G (see Figs. 13 and 14, Chapter 24). 

The assay is of value in monitoring the effect of therapy (e.g. , plas
mapheres i s , a l ternate-day steroids) or the progress of pat ients in remis
sion, since it is generally agreed that titer does correlate with disease 
activity in the individual pat ient (Vincent and Newsom-Davis , 1980; 
Dawkins et al., 1982a). Fluctuat ions in titer that exceed the threshold will 
result in exacerbat ion of d isease . Sequential titers must be obtained in 
order to provide an assessment of each individual 's threshold (see Fig. 14, 
Chapter 24). The assay may be used as a confirmatory test in D-P-induced 
M G , al though for the reasons discussed in Chapter 24 routine screening of 
pat ients with RA treated with D-P is not recommended . 

The detect ion of ASt r ant ibody by immunofluorescence (Peers et al., 
1977) is of value in relation to a t hymoma in MG. A negative result argues 
against the p resence of a thymoma. A positive result , however , has a low 
predict ive value, as ASt r ant ibody is occasionally found in the absence of 
a t hymoma (e.g. , after D-P). 

2. Myositis 

Most of the antibodies listed in Table V are detected by means of 
immunodiffusion in agarose and identified by the presence of a line of 
identity with a reference serum. The availability of quanti tat ive and refer
ence da ta is limited, so that the diagnostic utility of these antibodies is 
difficult to de termine . The /?(T/D) is low in all cases , so that none can be 
used as excluding tes ts . In polymyosit is it seems that the p(T/D) (specific
ity) for ant ibodies to Jo-1 and PM-1 is high, so that these two antibodies 
have potential as confirmatory tes ts . Similarly, antibodies to Ku in the 
"ove r l ap s y n d r o m e " of polymyosit is and progressive systemic sclerosis 
might possibly be used in this way. 

The presence of high-titer an t i -RNP is a sine qua non for the diagnosis 
of M C T D . Ant i -RNP (low- and high-titer) can be found in o ther multisys
tem au to immune diseases including dermatomyosi t i s . I ts diagnostic util
ity is further complicated by technical difficulties in its detect ion and 
quanti tat ion (Dawkins , 1983). This ant ibody may be detected initially by a 
speckled ant inuclear immunofluorescent staining pat tern . It should be 
remembered that antibodies to o ther nuclear antigens may also give rise 
to this pa t te rn , and that t rea tment with R N A a s e can lead to loss of anti
gens o ther than R N A . Most laboratories use immunodiffusion as a confir
matory test for the presence of an t i -RNP. The definition of high-titer anti-
R N P is also subject to local interpretat ion. In this laboratory, a titer > 1 in 
512 by immunofluorescence is considered of clinical and diagnostic im
por tance . 



610 ROGER L DAWKINS AND MICHAEL J. GARLEPP 

V I I . T R E A T M E N T 

A . APPROACHES TO THERAPY 

Before planning therapy, it is crucial to consider the differential diagno
sis and to exclude certain condit ions that require a different approach. 
For example , hypothyroidism can mimic polymyositis but clearly re
quires different therapy. Any deviation from the euthyroid state is said to 
make the control of M G more difficult, and it is usual to correct any 
abnormali ty at the outset . Systemic lupus ery thematosus can present as 
an inflammatory myopathy and may respond to standard therapy, but it is 
preferable to determine the extent of involvement and especially the ex
tent of glomerulonephrit is before commencing corticosteroid therapy. 

It is also important to consider the actual mechanisms of injury before 
commencing therapy. If ant i -AChR appears to be responsible for the 
neuromuscular block, it is reasonable to consider approaches that will 
lead to a fall in titer. If D-P appears to be the trigger factor, it may be 
possible to discontinue the drug and to observe in the hope that there may 
be spontaneous recovery . 

B. MYASTHENIA GRAVIS 

In adult-onset G M G , it is usual to commence therapy with anticholines
terase drugs. If symptoms can be controlled with dosages which do not 
lead to complicat ions, it may not be necessary to proceed with any addi
tional therapy. 

The role of thymectomy remains somewhat controversial . If there is 
evidence of a t hymoma and a suspicion that the tumor may be locally 
invasive, thymectomy should be performed for this indication irrespec
tive of the severity of the associated M G . If however thymic hyperplasia 
is suspected, the indications are somewhat less clear. Some patients in 
this group do appear to respond well, but an adequate controlled study 
has not been under taken and it remains unclear whether thymectomy 
should be performed soon after diagnosis or only after a trial of o ther 
forms of therapy. It is also unclear as to whether thymectomy reduces 
anti-AChR titer. 

Alternate-day cort icosteroid therapy is undoubtedly effective and can 
lead to a reduct ion in the titer of anti-AChR. The mechanism of this effect 
remains unclear; it is not necessary to induce immunosuppress ion as 
indicated by negative responses to ubiquitous antigens used for delayed-
type hypersensit ivi ty testing. The fall in anti-AChR after 100 mg of pre
dnisolone on al ternate days is illustrated in Fig. 3. 

Plasmapheresis is useful, especially in patients with severe progressive 
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FIG. 3. Sequential titers of anti-AChR in a patient identified by incidental discovery of 
AStr antibody on routine immunofluorescence screening for autoantibodies. Myasthenia 
gravis was mild initially but progressed until after the anti-AChR titer fell. As prednisone 
therapy was reduced, the myasthenia pairs became more severe. Plasmapheresis was effec
tive but anti-AChR titer rose again in parallel with further clinical deterioration. (Repro
duced from Dawkins et al., 1982a, with permission from Churchill Livingstone.) 

disease. It may be necessary to under take multiple exchanges before the 
ant i -AChR titer falls substantially, but such an approach is appropr ia te , at 
least as a means of tiding the patient over the initial period of al ternate-
day cort icosteroid therapy. It may also be appropriate in preparing the 
patient for thymec tomy. 

In t ravenous administrat ion of high-dose 7 S IgG has been reported to 
produce a fall in ant i -AChR titer and clinical improvement in a small 
group of pat ients (Fa teh-Moghadam et al., 1984). It has been suggested as 
a possible mode of therapy for emergency or refractory cases . Confirma
tion and further clinical evaluation is required. 

C . POLYMYOSITIS 

Corticosteroid therapy is the mainstay of t reatment for inflammatory 
myopa thy leading to weakness . It is usual to commence therapy with 4 0 -
80 mg prednisone each day. A sustained remission can be induced, but 
this may require at least months of therapy and relatively high doses . In 
those who fail to respond, methot rexa te and other forms of immunosup-
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pression may be useful. We use intravenous methotrexate initially, but 
the oral form may also be effective. 

Patients have been repor ted occasionally to respond to plasmapheresis , 
but the rational basis for this therapy has not been established. Conceiv
ably, titers of the associated antibodies will be reduced. 

VIII. CONCLUDING REMARKS 

In this chapter we have taken the view that autoimmune muscle disease 
is he terogeneous but that some mechanisms of injury can be identified. 

1 4 

A S t r 

IgG C O N C 

A N T I - F E V T I T E R 

FIG. 4. Sequential serological data from a dog that presented with MG in 1977. It under
went spontaneous remission and suffered an exacerbation with concomitant increases in 
anti-AChR and AStr titers following vaccination for feline enteritis virus (FEV) and an eye 
infection. Shaded areas indicate periods of active MG. 1, administration of rat AChR; 2, 
commencement of D-P (stopped October, 1978); 3, FEV vaccination; 4, eye infection; 5, 
death. Relative IgG concentrations are expressed in mm 2 and FEV antibody concentrations 
as the reciprocal of the titer. (Reproduced from Garlepp et al., 1984b, with kind permission 
of the editor of Clinical Immunology and Immunopathology.) 
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There are already suggestions that this approach has practical value in 
relation to diagnosis and therapy, and further progress can be anticipated. 
It seems highly likely that at least most forms of au to immune muscle 
disease can be considered to be the consequence of aberrant immunoregu
iation in the genetically predisposed subject. Various inducing factors 
appear important , and it should be possible to identify at least some of 
these . Fur the r s tudy of the drug-induced syndromes should be part icu
larly useful in this regard. W e also see substantial merit in the study of 
spontaneous diseases occurring in animals and have illustrated the value 
of this approach by reference to a dog studied sequentially (Fig. 4). 

IX. S U M M A R Y 

Myasthenia gravis is he te rogeneous , but at least some forms are due to 
the action of ant i -AChR. Individual subjects vary in the threshold that 
must be exceeded if clinical features are to develop. Diagnostic assays for 
M G depend on the development of appropria te reference data and some 
unders tanding of the threshold phenomenon . Monitoring the ant i -AChR 
titer is useful and provides the clinician with a rational approach to 
therapy. 

Polymyosit is is probably even more heterogeneous . In at least some 
pat ients it appears that cell-mediated mechanisms are of predominant 
impor tance , and for at least these pat ients cort icosteroid therapy may be 
effective. The distinction be tween polymyosit is as a clinical entity and 
inflammatory muscle disease associated with other clinical entities re
mains difficult, but there are suggestions that the identification of particu
lar ant inuclear antibodies will assist in the bet ter classification of these 
disorders . 
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I. I N T R O D U C T I O N 

A . THE RECEPTOR CONCEPT 

Biological signals such as hormones , neurot ransmit ters , and other 
small molecules initiate their effects by binding to specific cellular recep
tors . The receptor-based concept of signal recognition and t ransduct ion 
applies to all levels of biological communicat ion: to single- and multi-
celled organisms, to autocr ine , paracr ine , and endocrine sys tems, and to 
the t ransmission of " h a r d w i r e d " nervous system information across syn
aptic junc t ions . Fu r the rmore , the efficacy of most drugs can be at tr ibuted 
to their ability to mimic, antagonize, or modify the actions of endogenous 
biological signals at the level of receptors . 
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The prime function of a receptor is selective recognition, as evidenced 
by stereospecific and high-affinity binding of its respect ive ligand, from 
among the millions of other molecules present in the extracellular milieu. 
While recognitive specificity is the cardinal proper ty of receptors , it is by 
no means absolute . Many hormones , for example , belong to structurally 
related families and engage in "c ros s - t a lk" with each o ther ' s receptors , 
particularly when present at supraphysiological concentra t ions . In some 
cases , the specificity of l igand- receptor interactions is not only inherent 
but is also determined by local geography, as exemplified by the compart-
mentalization of neurotransmit ters to synapses . 

The binding of a ligand is followed by conformational and/or covalent 
modifications in the receptor , which lead to activation of postbinding 
(postreceptor) pa thways and bioeffects characterist ic of the ligand. For 
many of the hormones and neurotransmit ters that act initially at the cell 
surface, the l igand- receptor complex is coupled by a GTP binding protein 
to either the activation (e.g. , β ca techolamines , glucagon, ACTH) or the 
inhibition (e.g. , a-2 ca techolamines , opiates , prostaglandins) of adenyl 
cyclase located on the inner face of the plasma membrane , thereby regu
lating the product ion of c A M P , the intracellular second messenger , and 
the activity of cAMP-dependent protein kinases. However , there is a 
major group of anabolic , growth-promoting peptide hormones including 
insulin and insulinlike growth factors, growth hormone , prolactin, and 
epidermal growth factor for which the postbinding events in hormone 
action remain largely undefined, despite intensive research. 

Receptors are large glycoproteins with molecular weights in the range 
10 4 -10 6 ( i .e. , orders of magnitude greater than their ligands). General ly, 
they have a subunit s t ructure and/or are composed of functional domains 
and a hydrophobic domain necessary for membrane anchorage. Receptor 
concentra t ions range from a few hundred to 10 5 per cell and reflect a 
dynamic equilibrium be tween rates of synthesis and degradation, and for 
cell-surface receptors , ra tes of recycling and membrane insertion. 

B. HISTORICAL BACKGROUND 

It is now accepted as axiomatic that biological signals require receptors 
for their express ion. Indeed, a receptor can be regarded as a biochip 
containing all the programmed information unique for its ligand. The func
tion of the ligand or biological signal is simply to " t h r o w the swi t ch" to 
activate the program. This concept is not modern and was espoused, in 
principle, by Emile Fischer in his lock-and-key hypothesis for e n z y m e -
substrate interact ions. It formed the basis of the receptor concept intro
duced separately by Newpor t Langley (1852-1925) and Paul Ehrlich 
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(1854-1915). Langley (1878) explained the opposing actions of atropine 
and pilocarpine on saliva flow in cats by the assumption that these drugs 
competed for a specific subs tance: 

We may, I think, without much rashness, assume that there is a substance or 
substances in the nerve endings or gland cells with which both atropin and pilocar
p i are capable of forming compounds. On this assumption then, the atropin or 
pilocarpin compounds are formed according to some law of which their relative 
mass and chemical affinity for the substance are factors. 

This deduct ion was the germ of the receptor theory. Later , Langley (1905) 
in seeking to explain the antagonism be tween nicotine and curare on 
muscle , p roposed that the two drugs competed for the same " recep t ive 
s u b s t a n c e . " 

Ehrl ich (1906), after studying bacterial toxin-ant i toxin react ions , came 
to the conclusion that cells possess side chains , or receptors (Fig. 1). H e 
believed that anti toxin made by cells normally resides on cell surfaces as 
side chains and that the circulating anti toxins result from excessive pro
duction of " s i d e - c h a i n s , " triggered by toxin. H e suggested that side-chain 
specificity is based on steric complementar i ty . Fur the rmore , he distin
guished be tween toxin and toxoid, the latter being harmless but still anti
genic, and he proposed that toxin molecules contain two distinct chemical 
groupings, a hap tophore responsible for binding and a toxophore respon
sible for biological effects; toxoid molecules contained only haptophore 
(Fig. 1). Thus , Ehrl ich first addressed the question of agonism versus 
antagonism, the molecular basis of which remains a challenge to this day. 
His view of bacterial toxins as bifunctional molecules has been essentially 
validated. 

We now apprecia te that Ehr l ich ' s side chains are the antibodies on the 
surface of Β lymphocytes that act as receptors for antigen, whose expres
sion is "up - r egu la t ed" and whose secretion is stimulated by antigen, but 
progress in defining the molecular biology of receptors in the immune 
system has been relatively slow. The evolution of receptor theory and its 
validation has occurred predominant ly in pharmacology and endocrinol
ogy, disciplines that were founded on the basis of ligands ra ther than 
receptors . This is unders tandable in view of the relative ease with which 
many drugs and classic hormones can be identified, isolated, and labeled. 
Hormone receptor techniques now provide not only paradigms for immu
nology, but , ironically, have allowed the discovery of naturally occurring 
autoant ibodies against cell-surface receptors of nonimmune cells. It is 
no tewor thy that Ehrl ich proposed that side chains existed as Normalanti-
korper, whereas his con temporary Karl Landste iner held that ant ibody 
product ion was a new event , Andersleistung, that only followed exposure 



FIG. I. Ehrlich's concept of "side-chains" or receptors. (I) Receptor of first order: (a) 
haptophore complex; (b) absorbed toxin molecule with (c) haptophore group; (d) toxophore 
group. (II) Receptor of second order with (e) haptophore group, (d) zymophore group, and 
(f) absorbed nutritive molecule. (Ill) Receptor of the third order: (e) haptophore; (g) comple-
mentophile group; (k) complement with (h) haptophore; (z) zymotoxic group; (f) nutritive 
molecule. (From Ehrlich, 1906). 

to toxin. Yet Ehrlich did not believe that the body normally reacts against 
itself (his dictum of horror autotoxicus) because he had been unable to 
generate autoant ibodies by immunizing goats with their own red blood 
cells. However , within several years Donath and Landste iner (1904) dis
covered the first autoant ibody, which lysed red blood cells after binding 
with complement to a surface blood group antigen. 

C . AUTOIMMUNITY: THE UNIVERSAL SET O F RECEPTOR 

ANTIBODIES 

Autoimmune processes are now recognized as a major cause of human 
disease, and autoant ibodies are strongly implicated as prime effectors of 
pathological change in au to immune diseases . Autoantibodies have tradi
tionally been identified by indirect immunofluorescence staining or re-
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TABLE I 
Autoimmune Diseases With or Without Known Receptor Antibodies 

Disorder Tissue Receptor 

Graves' disease (goiter and 
hyperthyroidism) 

Myasthenia gravis 
Insulin-resistant diabetes 
Hypoglycemia 
Allergic asthma, "hayfever" 

Pernicious anemia (atrophic 
gastritis) 

Hypopituitarism 
Hypoparathyroidism 
Addison's disease (hypoadrenalism) 
Insulin-dependent diabetes 
Premature ovarian failure 
Infertility 
Alopecia (hair loss) 
Vitiligo (depigmentation) 
Dermatitis herpetiformis 
Pemphigus vulgaris 
Bullous pemphigoid 
Idiopathic thrombocytopenic 

purpura (ITP) 
Coeliac disease 
Rheumatoid arthritis 

Systemic lupus erythematous 

Chronic active hepatitis 
Primary biliary cirrhosis 
Glomerulonephritis 

Thyroid 

Neuromuscular endplate 
Liver, muscle, fat, etc. 
Liver, muscle, fat, etc. 
Respiratory tract, 

vascular smooth 
muscle 

Stomach 

Pituitary 
Parathyroid 
Adrenal 
Pancreatic islet β cell 
Ovary 
Sperm 
Hair follicle 
Skin 
Skin 
Skin 
Skin 
Platelets 

Small intestine mucosa 
Connective and vascular 

tissues 
Connective and vascular 

tissues 
Liver 
Liver 
Kidney 

Thyrotropin (TSH) 

Acetylcholine (ACh) 
Insulin 
Insulin 
/3-adrenergic 

Gastrin 

? 
7 
? 
? 
7 
? 
? 
7 
7 
7 
7 
7 

7 
9 

lated techniques , following exposure of t issues to serum. This approach is 
relatively insensit ive and unspecific and does not reveal the functional 
propert ies of antibodies or the submicroscopic nature of their targets . 
Howeve r , with the development of receptor-binding techniques , it be
came apparent that cell-surface receptors were prime targets for autoim
mune react ions and that the study of receptor autoantibodies would define 
specific molecular mechanisms of autoimmunity (Lennon and Carnegie , 
1971). Ant i receptor antibodies are the hallmark of a subset of au to immune 
diseases in which immune react ions are relatively restricted to defined 
cell surface receptors (Table I). Some organ-specific au to immune dis-
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eases (e.g. , thyroid/gastric) have now been redefined in terms of receptor 
rather than t issue or cell targets , and it seems reasonable to propose that 
receptor antibodies represent the tip of an autoimmune iceberg. Most , if 
not all, au to immune diseases might eventually be reclassified as receptor-
specified immune react ions . The discovery of receptor antibodies is prob
ably limited only by our inability to define relevant receptors or receptor-
related functions associated with auto immune phenomena . 

II. I M M U N E M E C H A N I S M S A N D R E C E P T O R 

A N T I B O D I E S 

A . PREAMBLE 

The details of immune regulation are dealt with more appropriately 
e lsewhere . In this section an endocrinologist 's viewpoint on several pos
sible mechanisms for the genesis of receptor antibodies is presented. At 
the outset , several points are wor th making. First , there may be a number 
of mechanisms involved in the genesis of receptor antibodies that are not 
mutually exclusive. Second, auto immune diseases are selective and are 
not associated with a generalized breakdown in self-tolerance. This is 
seen most clearly with the receptor antibody diseases. Therefore, theories 
based on general defects in suppressor T-cell function or on polyclonal B-
lymphocyte activation are untenable . Third, autoantibodies react with 
perfectly normal antigens from all sorts of humans and animals, and there 
is no evidence that the defect is at the level of the (auto)antigen. Finally, 
low levels of autoant ibodies are present in normal people and, like 
auto immune diseases , increase with age. We have recently shown, for 
example , that normal IgG can precipitate the thyrotropin (TSH) receptor , 
albeit at lower titers than IgG from patients with Graves ' disease (Heyma 
and Harr ison, 1984), a finding in accord with previous evidence that nor
mal IgG inhibits T S H binding (Beall et al, 1978; McKenzie et al, 1978; 
Kleinmann et al., 1980; Brown et al., 1983). At first glance, the assert ion 
that normal individuals have low levels of autoantibodies appears to con
flict with a prevailing view in immunology that autoimmunity is due to the 
emergence of "forbidden c l o n e s , " due perhaps to somatic mutat ions in 
the V region genes of immunocytes . However , there is no reason why 
somatic mutat ions , which are always occurring, especially at t imes of 
immune stress (e.g. , infection); could not be regulated or clonally deleted 
(e.g. , by an antiidiotypic response from a preexisting set of germ-line-
coded antibodies) . 
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Β . H L A LINKAGE 

There is a strong associat ion be tween the major histocompatibili ty anti
gens and au to immune disease, (HLA-DR3 and/or -4 and insulin-depen
dent diabetes mellitus ( IDDM), Graves ' disease hyper thyroidism, and 
Addison ' s hypoadrenal ism, postulated to be due to linkage dysequili-
br ium be tween histocompatibil i ty antigen genes and putat ive neighboring 
pathogenic immune response genes (McDevit t and Bodmer , 1974). The 
mechanisms underlying this associat ion are still the subject of specula
tion. Immune responses are thought to be initiated by cells bearing the 
class II major histocompatibil i ty ant igens, termed la in animals or H L A -
DR in man , which present antigen to Τ cells. The epithelial cells involved 
in the receptor ant ibody diseases described below do not normally ex
press H L A antigens. However , Botazzo and his colleagues (Pujol-Borrell 
et al.y 1983) repor ted that normal thyroid epithelial cells in culture can be 
induced by mitogenic lectins to express DR antigens and that thyroid cells 
from pat ients with G r a v e s ' disease actually exhibit a patchy distribution 
of DR antigen (Hanafusa et al., 1983). These findings suggest a role for 
aberrant express ion of DR antigen together with T S H receptors in the 
pathogenesis of G r a v e s ' disease. On the other hand, Campbell et al. 
(1984), in our laboratory, has shown that pure interferon γ induces the 
appearance of the Class I H-2K histocompatibili ty antigen (equivalent to 
H L A - B in human cells) in cultured mouse pancreat ic islets, a finding now 
extended to the β cells of human islets. Aberrant expression of Class I 
ant igens, in response to lymphokines such as interferon γ , would focus 
cytotoxic Τ cells and could be implicated in the β-cell destruct ion of 
I D D M . 

C . INFECTION 

Notkins and colleagues (Haspel et al., 1983) have shown that autoanti
bodies are formed in the wake of virus infections. The random but age-
related occur rence of au to immune disease would be consistent with virus-
induced autoreact ivi ty in genetically susceptible individuals. The 
increased frequency of H L A - D R 3 and/or -4 antigens in au to immune dis
ease could then reflect an increased susceptibility or responsivity to virus 
infection, increased sensitivity to interferon, or a greater capacity to syn
thesize/express D R antigen. If we assume that repeated transient induc
tion of au to immune reactivity is not uncommon , then the persis tence and/ 
or pathogenici ty of autoant ibodies must depend on other factors such as 
the number of insults , the durat ion and level of exposure , the rate of 
somatic mutat ion, the inherent or induced function of T-cell regulators , 
and the regenerat ive capaci ty of affected target cells. 
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Another mechanism to initiate au to immune reactions and one that by
passes the need for antigen presentat ion on D R + cells involves cross-
reaction be tween self-antigens and exogenous agents such as bacteria or 
viruses. Such a mechanism has been invoked to explain the association 
be tween infection with group A streptococci and rheumatic heart disease 
(Kaplan and Meyeser ian , 1962), Klebsiella and ankylosing spondylitis 
(Edmonds etal., 1981), and Shigella, Salmonella, Yersinia, and Campylo
bacter and react ive arthritis (Edmonds , 1984), as well as the very strong 
association in Scandanavia be tween agglutinins to Y. enterocolitica and 
Graves ' disease (Lidman et al., 1976). With respect to the latter, we have 
recently demons t ra ted that Y. enterocolitica possesses low-affinity bind
ing sites for T S H and that globulins from patients with Graves ' disease 
that inhibit T S H binding to human thyroid membranes also inhibit the 
binding of T S H to Yersinia (Heyma et al., 1984). Such findings do not 
provide a causal link be tween bacterial infection and thyroid autoimmun
ity, but they do demons t ra te at least a common molecular antigen. 

D . THE IDIOTYPIC NETWORK 

Antibodies themselves possess antigenic determinants called idiotopes, 
whose specificity is described by the term idiotype, on the variable region 
adjacent to or within their combining site (paratope). Specific immune 
responses can be inhibited by antiidiotypic ant ibodies. It was first shown 
that the mouse myeloma protein Τ15 bound the hapten phosphorylchol ine 
(Cosenza and Kohler , 1972) and that mice immunized with phosphoryl
choline not only produced antibodies to the hapten, as expected , but also 
produced antibodies against Τ15 (Kluskens and Kohler , 1974). This find
ing indicated that induced antibodies to phosphorylcholine had acted as 
immunogens , inducing secondary antibodies against their idiotopes. Sub
sequently, Binz and Wigzell (1975) found that Τ and Β cells that are 
react ive to the same antigen have shared idiotypes. A network of 
id iotype-ant i id iotype interactions was hypothesized by Jerne (1974) to be 
a fundamental proper ty of the immune system and to be responsible for 
clonal regulation, ei ther suppression or amplification. Thus , stimulation 
with antigen would lead to ant ibody A b l and then to ant i-Abl antiidioty
pes , Ab2. Immunizat ion of an animal with Ab2 would induce anti-anti-
idiotypes, A b 3 . Three subsets can be defined within Ab3: the first, which 
recognizes only Ab2; the second, which shares idiotypic specificities with 
A b l but does not bind antigen; and a third, which binds antigen (Urbain, 
1983). In structural te rms these antibodies can be considered as comple
mentary images. The idiotypes that mimic the antigen binding site (epi-
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tope) have been called internal images (Jerne et al, 1982), and since they 
can subst i tute for antigen they are potentially important tools for manipu
lating immune responses and could be used for vaccination. 

The natural occur rence of ant ibodies that bind to nonimmune receptors 
and mimic or block the effects of hormones and neurotransmit ters has a 
number of important implications. Thus , the " s h a p e s " for receptor " f i t " 
are not the prerogat ive of any one communicat ion system and may be 
shared be tween sys tems that evolved discretely. The activation of recep
tors by pseudol igands suppor ts the concept that the receptor is the critical 
effector molecule with all the " in fo rma t ion" for ligand action. One can 
also infer that the immune system is incredibly plastic in learning how to 
make new shapes to fit the receptors of another communicat ion sys tem. 
On the o ther hand , one might raise the quest ion whether receptor antibod
ies could have a physiological function in regulating cellular activity or in 
"c leaning u p " shed receptors . Finally, the existence of receptor autoanti
bodies begs the quest ion whether they develop as anti idiotypes via a 
ne twork response to ligand antigen (Fig. 2). There is in fact considerable 
evidence for such a mechanism (Strosberg, 1983). 

Sege and Peterson (1978) raised antibodies to bovine insulin in rats and 
purified them on an insulin affinity column. Rat antiinsulin IgG was then 
injected into rabbi ts . Rabbit IgG was purified and antibodies against com
mon determinants on rat IgG were removed , as were antiinsulin antibod
ies and insulin. Antiidiotypic antibodies in the rabbit IgG were then dem
onstra ted by their ability to compete with insulin for binding to antiinsulin 

CELL-SURFACE ANTI-INSULIN ΑΝΠ-ΑΝΤΙ-INSULIN 
INSULIN RECEPTOR INSUUN ANTIBODY ANTIBODY 

INSULIN-BINDING 
REGION "SEES" 
RECEPTOR 

Ab. "SEES" BINDING Ab 2 "SEES" EPITOPE 
REGION OF INSULIN OF Ab 1 

Ab, = RECEPTOR Ab, = INSULIN ANALOG 
ANALOG = RECEPTOR ANTIBODY 

FIG. 2. Hypothetical scheme for generating complementary antiidiotypic antibodies to 
the insulin receptor. 
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Fab fragments and to insulin receptors . Shechter et al. (1982) showed that 
immunization of mice with insulin produced not only antiinsulin antibod
ies but antibodies that blocked insulin binding and mimicked the biologi
cal effects of insulin on fat cells. Antiidiotypic antibodies have been simi
larly produced again receptors for β-adrenergic catecholamines (Hoebeke 
et al.y 1977; Schreiber et al., 1980), acetylcholine (Wasserman et al., 
1982), T S H (Farid et al., 1982), and the neutrophil formyl (Met-Leu-Phe) 
chemoat t rac tant (Marasco and Becker , 1982). Such studies indicate that 
ant i receptor antibodies do not have to be induced by receptors whose 
concentrat ions and locat ions, compared to those of their ligands, are 
probably less than optimal for inducing immune responses . 

Whether receptor antibodies in auto immune diseases develop as anti
idiotypes and by what means is unknown. Perhaps another way in which 
infectious agents could induce receptor antibodies is via antiidiotypic 
responses to antibodies to those s tructures (e.g., on a virus) that might 
need to interact with surface receptors in order to gain entry to cells. It 
has been reported that antiidiotypic antibodies raised against a mono
clonal ant ireovirus ant ibody directed at the region of the virus that binds 
to host cells both mimic and inhibit the virus binding to host cells (Fields 
and Greene , 1982). Viruses would have to recognize receptors (e.g. , for 
T S H , ACh , insulin) or s tructures with shared determinants . Certainly in 
lupus erythematos is the antigens to which autoantibodies are directed 
(e.g. , R N A - p r o t e i n complexes) are s tructures on which the viruses might 
be expected to depend on for their reproduct ion or genome insertion. 

The occurrence of polyglandular autoimmunity supports the idea that 
endocrine cells share a common antigen (? virus receptor) and indeed 
Notkins and colleagues (Onodera et al., 1981) found that newborn mice 
infected with reovirus type 1 develop polyglandular autoant ibodies . As 
pointed out by Plotz (1983), the virus-induced antiidiotypic autoant ibody 
hypothesis is perfectly testable. Would this virus mechanism incorporate 
all theories and observat ions on autoimmunity? T-cell control of idiotypes 
is said not to be l a restr icted (Bottomly and Mosier , 1981). Therefore 
idiotype dysregulat ion per se would not explain the H L A - D R associat ions 
of polyglandular and receptor autoimmunity . However , the H L A - D R 
linkage could confer susceptibility to virus infections or to the ability of 
viruses to interact with genetically determined cell surface s t ructures . 
Again, Notk ins and colleagues (Yoon et al., 1980) have shown that the 
ability of mice to develop virus-induced autoimmune disease such as 
pancreat ic diabetes is genetically determined. Finally, one could propose 
that T-cell defects repor ted to accompany autoimmune disease might 
result from antiidiotypic feedback on lymphocyte function. 
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III. R E C E P T O R A N T I B O D Y D I S E A S E S 

A . GRAVES' DISEASE.- T S H RECEPTOR ANTIBODIES 

I. Preamble 

Graves ' d isease (thyrotoxicosis) is hyperthyroidism and goiter (en
larged thyroid) , somet imes associated with eye changes (exopthalmos) 
due to retroorbital infiltration by lymphocytes and fat and, rarely, skin 
changes (pretibial myxedema) . Antibodies that mimic T S H , directed to 
sites on or close to the T S H receptor , are considered to be responsible for 
Graves ' hyper thyroidism and goiter (Major and Munro , 1962; Kriss et al., 
1964; Manley et al., 1974; Smith and Hall , 1974; Kendall-Taylor et al., 
1972; McKenz ie and Zakarija, 1976; reviewed by Manley et al., 1982; and 
by Davies and Bernardo , 1983). 

Thyroid-st imulating hormone (TSH) is secreted by basophilic cells in 
the anter ior pituitary gland. It is a glycoprotein of M r 28,000, composed of 
two pept ide subunits designated a and β. The a subunit is common to the 
other glycoprotein hormones F S H , L H , and hCG, whereas the β subunit 
is specific for T S H . Thyroid-stimulating hormone initiates thyroid hor
mone synthesis , leading to the release of thyroxine (T 4 ) and smaller 
amounts of t r i iodothyronine (T 3) (Fig. 3). At least one-third of the T 4 

produced by the thyroid is conver ted to T 3 by deiodination in peripheral 
t issues such as liver and kidneys . It is still debatable whether T 4 acts only 
after convers ion to T 3 ; T 3 initiates its act ions by binding to specific recep-

THYROID FOLLICULAR CELL 

FIG. 3 . TSH-Receptor-mediated thyroid hormone biosynthesis. 
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tors in the nucleus of target cells. In the pituitary, T S H secretion is 
regulated by negative feedback by T 3 , derived mostly from intrapituitary 
deiodination of T 4 . 

2. The TSH Receptor 

Thyroid-st imulating hormone binds to a receptor on the surface of the 
thyroid cell (Pastan et al., 1966) and activates adenyl cyclase to increase 
intracellular 3 ' , 5'-cyclic adenosine monophospha te (cAMP) (Yamashi ta 
and Field, 1970). The coupling mechanism that activates binding probably 
involves an intermediate G T P binding protein similar to that involved in 
coupling the ^-adrenergic receptor to cyclase. Cyclic A M P acts as a sec
ond messenger , activating protein kinases that phosphoryla te and thereby 
activate the enzymes necessary for thyroid hormone synthesis (Fig. 3). 

Studies of the binding of T S H to its receptor have been performed 
under a variety of condit ions (Moore and Wolff, 1974; Manley et al., \974; 
Smith and Hall , 1974; Tate et al., 1975; Amir et ai, 1976; Silverberg et al., 
1978; Pekonen and Weint raub , 1979). Earlier workers measured T S H 
binding to thyroid t issues under nonphysiological conditions and found a 
high degree of cross-reactivi ty with the related glycoprotein hormones , as 
well as with cholera toxin, gamma globulin, and thyroglobulin. However , 
careful studies by Pekonen and Weintraub (1979), performed under physi
ological condi t ions, have now defined high-affinity binding sites on thy
roid p lasma membranes specific for T S H . 

Despi te the fact that thyroid autoimmunity has been studied for over 2 
decades with the emphasis on the T S H receptor as the " a u t o a n t i g e n , " 
there is still little information on the s t ructure of the T S H receptor . Using 
T S H affinity chromatography to "pu r i fy" the T S H receptor , investigators 
have repor ted proteins ranging in size from 15,000 to 500,000 daltons 
(Rickards et al., 1981; Czarnocka et al., 1979; Iida et al., 1981; Koizumi et 
al., 1982). In our hands (Heyma and Harr ison, 1984) purification of 1 2 5 I -
labeled thyroid membranes by elution from a T S H affinity column yielded 
reduced proteins of M r 100,000-110,000, 80,000-90,000, and 60 ,000-
70,000. It is no tewor thy that two of these bands are similar in size to those 
of M r 88,000 and 66,000 isolated by Koizumi et al. (1982) using T S H 
affinity chromotography. 

3. Thyroid-Stimulating Immunoglobulins 

Adams and Purves (1956) first detected abnormal thyroid st imulators in 
the sera of pat ients with Graves ' disease. They found that the release of 
radioiodine from 1 3 1 I -pre labeled guinea pig thyroid glands could be stimu
lated by sera from patients with Graves ' disease. McKenzie (1958) then 
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developed a similar bioassay in the mouse and suggested that the stimula
tor, designated long-acting thyroid st imulator or L A T S , may have a etio
logical role in G r a v e s ' d isease . After several years , L A T S was shown to 
be an immunoglobulin (Kriss et al., 1964). Fur ther studies revealed, how
ever , that no more than 50% of pat ients with untreated Graves ' disease 
were L A T S posi t ive, and that L A T S titers did not correlate with the 
severity of thyrotoxicosis in these subjects (Major and Munro , 1962). 

Adams and Kennedy (1967) discovered another thyroid st imulator, 
which they designated long-acting thyroid st imulator/protector or L A T S 
protec tor (LATS-P) . They found that L A T S activity could be removed 
from serum by incubation with human thyroid, but if the thyroid was first 
incubated with LATS-negat ive serum from a patient with active Graves ' 
d isease , L A T S activity was retained. Thus LATS-P was assayed by its 
ability to protect L A T S (measured in the mouse bioassay) from depletion 
by human thyroid t issue. Activity of L A T S - P was shown to be in the IgG 
fraction of serum and was present in the sera nearly all pat ients with 
Graves ' d isease ; moreover , it correlated well with other indices of hyper
thyroidism (Adams and Kennedy , 1971; Adams et ai, 1974). These find
ings suggested that the immunoglobulins (Igs) probably responsible for 
stimulating the thyroid gland were he terogeneous . Also, L A T S - P was 
species specific in that it stimulated human but not mouse thyroid yet 
blocked the binding of L A T S to human thyroid. It is comforting to know 
that assays for L A T S and L A T S - P have now been superseded by a vari
ety of direct techniques discussed below. Never the less it was the discov
ery of these thyroid stimulating Igs by in vivo techniques that provided the 
first insights into the immunological basis of Graves ' disease. 

In 1974 several investigators (Manley et al., 1974; Smith and Hall , 1974; 
Mehdi and Nussey , 1975) demonst ra ted that binding of T S H to thyroid 
membranes could be inhibited by Graves ' Igs. This capacity to displace 
T S H binding is now widely used to detect Graves ' Igs, but it does not 
correlate well with the capacity of Graves ' Igs to stimulate thyroid t issue 
in vitro and hence mimic the actions of T S H (Endo et al., 1978; K u z u y a et 
ai, 1979). 

A variety of methods for detecting thyroid " s t i m u l a t o r s " have been 
developed, employing isolated human or bovine thyroid cells or mem
branes or slices of human and other mammalian thyroids . Endpoints used 
to measure thyroid stimulating activity include activation of adenyl cy
clase or product ion of c A M P , release of T 3 , and incorporat ion of 1 3 1 I or 
3 2 P . The assays and their nomencla ture are summarized in Table I I . As 
shown, the percentage of pat ients posit ive for Graves ' Igs ranges from 50 
to 100%, depending on the technique. The discrepancies obviously reflect 
variations in assay condit ions or t issue prepara t ions . However , even if 
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the condit ions were physiological, it would be unreasonable to expect 
perfect agreement , because Graves ' Igs are polyclonal and functionally 
heterospecific and the sites for binding and stimulation may not be identi
cal (Manley et al, 1982; Valente et al., 1983). 

As might be expected there is only a poor correlation between these in 
vitro a ssays , measurements of L A T S and LATS-P , and the clinical indi
ces of thyroid dysfunction. While LATS-posi t ive sera usually contain 
TSH-binding inhibitory immunoglobulins (TBII) (Ozawa et ai, 1979), 
they may also be negative for TBII (Schleusener et al., 1978); TBII-
positive sera are frequently L A T S negative. Therefore, TBII-posit ive se
rum may or may not st imulate the mouse thyroid. Fur ther evidence that 
Igs can bind to the T S H receptor but not stimulate the human thyroid is 
the finding that TBII are found in the sera of some patients with ophthal
mic Graves ' d isease , w h o have no obvious thyroid gland dysfunction, and 
in hyper thyroid pat ients made euthyroid by antithyroid drugs (Teng et al., 
1977). The TBII have also been detected in the cord blood of mothers with 
Graves ' disease whose infants did not develop thyrotoxicosis (Hales and 
Luttrel l , 1980), in some patients with Hash imoto ' s thyroiditis and hypo
thyroidism (Orgiazzi et al., 1976), and in patients with other au to immune 
diseases (Strakosch et al., 1978). Fur the rmore , thyroid-stimulating im
munoglobulins measured by c A M P stimulation in human thyroid slices 
(Onaya et al., 1973) or pr imary cultures of human thyroid (Etienne-Decerf 
and Winand, 1981) do not correlate with L A T S . 

Sera that are L A T S - P posit ive have been shown to contain thyroid-
stimulating immunoglobulin (TSI) activity in vitro (Shishiba et al., 1973; 
Holmes et al., 1979); in the original studies by Adams and co-workers 
(1974), L A T S - P showed a positive correlation with thyroid uptake of 1 3 1 I 
in untreated G r a v e s ' pat ients , and infusion of LATS-P plasma into normal 
human volunteers resulted in stimulation of thyroid function. These data 
indicate that L A T S - P serum must contain stimulating Igs. However , in 
view of recent evidence for the nonspecificity of TBII (Davies, 1981), the 
nature of L A T S - P as originally conceived by Adams and Kennedy 
(1971)—an Ig specific for human but not mouse thyroid—is open to ques
tion. An al ternative explanation could be that LATS-P is a non-species-
specific TBII , which in itself has no stimulating activity but which is 
associated with TSI . 

Although assays for L A T S and LATS-P have been replaced by more 
convenient in vitro assays (Table II) , the latter are neither s tandardized 
nor subject to inter laboratory control . A recent modification to the stan
dard TBII assay , giving improved precision, involves the use of Triton-
solubilized T S H receptors (Shewring and Rees-Smith, 1982). However , 
until the molecular specificities of the antibodies are defined, b ioassays 
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such as those using pr imary cul tures of thyroid cells would appear to be 
the most appropr ia te for measuring TSI activity in vitro. By analogy with 
the studies of autoant ibodies to acetylcholine (ACh) and insulin receptors 
discussed in Section I I I ,Β and C, it should be possible to address the 
quest ion of the specificity of Graves ' Igs and to define the s t ructure of the 
T S H receptor , if indeed it is the autoantigen. To this end we have recently 
been able to demons t ra te (Heyma and Harr ison, 1984) that Graves ' Igs 
precipitate solubilized [ 1 2 5 I ]TSH binding sites and electrophoretically de
fined proteins that are similar in size to those purified by T S H affinity 
chromatography. These findings demonst ra te the feasibility of immuno-
precipitation as an assay for T S H receptor antibodies and the utility of 
Graves ' Igs as probes of thyroid autoantigen s t ructure . They support the 
view that the T S H receptor is the target for Graves ' Igs. 

Drexhage and co-workers (1981) have described a further class of au
toant ibodies that appear to block the trophic effect of T S H on the thyroid 
in pr imary hypothyroidism. In contras t , o ther antibodies with the ability 
to mimic the t rophic effects of T S H (stimulation of [ 3 H]thymidine uptake 
into thyroid D N A ) have been detected in the sera of pat ients with goiter 
and with or without Graves ' disease (Drexhage et al., 1980; Valente et al., 
1983). Thus there exists a range of functionally defined thyroid autoanti
bodies and perhaps immune complexes (Van Der Heide et al., 1980) 
within which TSI is but one example . 

4. TSI and Antithyroid Drugs 

The thiocarbamide drugs used for the t reatment of Graves ' thyrotoxico
sis, namely carbimazole , methimazole , and propylthiouracil , were first 
in t roduced in the 1940s. These drugs block thyroid hormone synthesis by 
inhibiting incorporat ion of iodine into an organic form, thyroid perox
idase, and coupling of iodotyrosines to form iodothyronines . In addition 
there is now evidence that the thiocarbamide drugs have immunosuppres
sive effects. They impair the mitogenic activity of lymphocytes and the 
product ion of TSI by lymphocytes from thyrotoxic patients (Hallengren 
et al., 1980; McGregor et al., 1980a). 

Most thyrotoxic pat ients t reated with these drugs show improvement , 
but permanent remission after therapy is unpredictable and varies from 14 
to 70% (Marchant et ai, 1978; Wartofsky, 1973). The quest ion is whether 
remission and relapse can be predicted in subjects on anti thyroid therapy, 
because al ternative t rea tment ( 1 3 1 I or surgery) can be offered. Most inves
tigators feel that the d isappearance of TSI on drug t reatment is associated 
with an increased likelihood of remission. For example , only 1 of 37 
pat ients negative for TSI (as measured by c A M P stimulation) after treat-
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ment subsequent ly relapsed, whereas 34 of 36 patients still positive for 
TSI relapsed (McKenzie et al., 1978). Similar t rends were noted using 
TBII as a marker (Schernthaner et al., 1980). Using LATS-P , Hardis ty 
and Munro (1980) reported relapse in 21 of 24 patients positive at the 
cessat ion of carbimazole t rea tment , compared with 8 relapses in 23 pa
tients negative for LATS-P . 

A significant associat ion has been found between the presence of the 
human leukocyte antigen H L A - D R 3 and Graves ' disease (Grumet et al., 
1974; Farid et al., 1976), especially be tween HLA-DR3 and the eye and 
skin complicat ions, but no correlation has been found between H L A - D R 3 
and the titer of TSI (Bech and Nis t rup-Madsen, 1981). However , persist
ence of hyper thyroidism after a course of antithyroid drug is associated 
with both H L A - D R 3 and the closely linked locus HLA-B8 (Irvine et al., 
1977). Fur the rmore , HLA-DR3-posi t ive patients are more resistant to the 
effect of radioiodine therapy (Farid et al., 1980). The H L A antigens ap
pear to be markers for an immune-response gene that influences the sus
ceptibility to and the persis tence of Graves ' disease. A combination of 
H L A typing and a suitable assay for TSI appears to be useful in predicting 
relapse after anti thyroid drug t reatment (McGregor et al., 1980b). 

B. MYASTHENIA GRAVIS.- ACETYLCHOLINE RECEPTOR 

ANTIBODIES 

1. Preamble 

Myasthenia gravis is a disorder of neuromuscular transmission result
ing in weakness and easy fatigability, especially of facial, ocular, pharyn
geal, laryngeal, and respiratory muscles . A characterist ic feature in myas
thenia is a decrementa l e lectromyographic response to successive low 
frequency stimuli (2 -3 Hz) , the electrophysiological counterpar t of mus
cle fatigability. This phenomenon , while not completely unders tood, can 
be produced by several mechanisms including the simple functional 
blockade of ACh receptors with specific antagonists . It is reversed by the 
use of ant icholinesterase drugs, which prolong the action of ACh (re
viewed by Drachman et al., 1978; and Engel , 1979). 

Striated muscle fibers are innervated by myelinated nerve axons ex
tending from motor neuron cell bodies in the spinal cord. The synapse 
be tween the motor neuron and the muscle fiber is known as an end plate. 
In the nerve ending, ACh is stored in 500-A vesicles, each containing up 
to 10,000 ACh molecules . Depolarization of the normally negative mem
brane potential in the nerve terminal by a descending action potential 
wave causes exocytosis of 50-200 ACh vesicles into a 900-A synaptic 
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gap, opposi te the pos tsynapt ic membrane where ACh receptors are con
centra ted on folds at 20,000 binding s i tes /μιη 2 . Binding of ACh to these 
receptors triggers the opening of a cation channel through which sodium, 
calcium, and potass ium ions flow down concentrat ion gradients . The 
summat ion of potential changes from these channel openings generates 
the end-plate potential . When this exceeds a certain threshold level, an 
action potential is generated and propagated to activate muscle contract
ile p rocesses . Normal ly , the amount of ACh released and the occupancy 
of receptors greatly exceeds the minimum necessary for activation (the 
"safe ty f ac to r " ) , but the potential decays rapidly as ACh levels fall due to 
destruct ion by acetylchol inesterase and to diffusion out of the synapse . 
Even in the resting s tate , miniature endplate potentials (MEPPS) of ~ 1 
mV are recordable due to the spontaneous release of the contents of 
single vesicles. The early observat ion by Elmqvist and co-workers (1964) 
that M E P P S were deficient in myasthenic patients led many investigators 
to conclude that the defect was an inadequate release of ACh. Howeve r , 
the s t ructure of the presynapt ic membrane and the amount of Ach re
leased in myas thenia are normal . The abnormali ty is a defect in the action 
of ACh , due to reduced numbers of ACh receptors and to an altered 
s t ructure of the postsynapt ic membrane that is induced by antibodies to 
the ACh receptor (Fambrough et al., 1973; Engel et ai, 1977; Linds t rom 
and Lamber t , 1978). 

2. The ACh Receptor 

The ACh receptor was a pro to type for studies on receptor s t ructure and 
function, due to the intense effort directed toward unders tanding the 
pathogenesis of myas thenia gravis and because ACh receptors were read
ily available in a concent ra ted form in the electric organs of Electrophorus 
electricus, the electric eel , and various species of Torpedo, the electric 
ray. The receptor is an integral t r ansmembrane glycoprotein, and in Tor
pedo californica it consists of four pept ide chains of M r 40,000 (a) , 50,000 
(/3), 60,000 (γ), and 65,000 (δ) present in a mole ratio of 2 : 1 : 1 : 1 that form 
a macromolecular complex of M r 250,000 (Raftery et al., 1980). The ACh 
receptor from Torpedo spp. (but not from eel or mammalian muscle) 
exists in the pos tsynapt ic membrane predominant ly as a dimer, linked via 
disulfide bonds in the M r 65,000 chains (Hamilton et al., 1977). The mono
mer contains the ion channel and two ACh binding sites, the latter formed 
at least in part by the 40,000 chains , since these chains are affinity labeled 
by ACh analogs (Karlin et ai, 1975). As shown by Raftery and co-work
ers (1980), the four subunits have distinct but homologous sequences 
suggesting that they descended from a single ancestral gene. Electronmi-
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croscopy of freeze-fractured and negatively stained synaptic membranes 
containing ACh receptors reveals s tructures —85 A in diameter with a 
central " p i t " that is —25 A in diameter . The relationship of the channel to 
these s t ructures and to the central pit is still unclear. 

3. Autoimmunity in Myasthenia Gravis 

A number of lines of evidence , including the presence of thymic hyper
plasia and antibodies to striated muscle , changes in serum complement , 
and the occur rence of transient weakness in the newborn of some myas
thenic mothers , led to the suggestion by Simpson (1960) and Nas tuk and 
co-workers (1960) that myasthenia gravis was an auto immune disease, 
possibly mediated by autoant ibodies to the ACh receptor . The mecha
nisms of impaired neurotransmission in myasthenia remained controver
sial for another decade until ul trastructural studies by Engel and Santa 
(1971) convincingly demonst ra ted that the lesion in myasthenia was in the 
postsynapt ic membrane . The missing link in the pathogenesis was then 
provided with the fortuitous observat ion by Patrick and Linds t rom (1973) 
that rabbits immunized with ACh receptors purified from the electric 
organs of Electrophorus developed muscular weakness similar to that 
seen in humans with myasthenia gravis. This experimental model , now 
called experimental au to immune myasthenia gravis (EAMG), was associ
ated with autoant ibodies to the ACh receptor and provided the clue to the 
identification of such antibodies in the human syndrome. 

Most studies have demonst ra ted that autoantibodies to the ACh recep
tor do not act mainly as competi t ive antagonists of ACh binding, but lead 
to receptor loss by accelerating the internalization and degradation of the 
receptor and by inducing complement-mediated lysis of the postsynapt ic 
membrane (Appel et ai, 1977; K a o and Drachman, 1977; Heinemann et 
al.y 1977). Antibody-induced receptor degradation, or antigenic modula
tion, is equivalent to down-regulation of receptors induced by exposure to 
homologous ligands. Engel et al. (1981) also showed that receptor degra
dation and synthesis are both increased, but that the insertion of newly 
synthesized receptors into the end plate is impaired. The ability of ACh 
receptor antibodies to induce receptor loss requires antibody bivalency 
and therefore may depend on cross-linking of receptor subunits (Drach
man et al.y 1978). Studies of E A M G in animals also reveal that neuro
transmission is affected less by direct antibody binding than by loss of 
ACh receptor (Engel, 1979). Comprehens ive descriptions of the immuno
pathology of ACh receptors in myasthenia gravis and E A M G may be 
found in reviews by Linds t rom (1979) and Vincent (1980). 

Animals immunized with purified ACh receptor in F reund ' s and Borde-
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tella pertussis adjuvants develop an acute myasthenic syndrome after 8 -
12 days . This is associated with measurable levels of ACh receptor anti
body , and most strikingly, with intense phagocytic infiltration of the end 
plate, complement fixation, and membrane lysis, leading to rapid dener
vation. This acute phase may be an artifact or an enhanced react ion due to 
the B. pertussis since it is not usually seen in animals immunized without 
this adjuvant. The chronic phase of E A M G occurs after 30-40 days and is 
associated with high titers of ACh receptor ant ibody, loss of recep tors , 
"s implif icat ion" of the postsynapt ic membrane folds, and complement-
dependent lysis, but no phagocyt ic infiltration. This pathology resembles 
that seen in human myasthenia . In both situations the amount of ACh 
receptor , bound ant ibody, and bound C3 complement is greatest in the 
least severely affected subjects, consistent with the evidence that loss of 
ACh receptor causes impaired t ransmission. 

Exper imenta l au to immune myasthenic gravis can be passively t rans-
fered by globulins from an affected to a normal rat (Lindstrom et al., 
1976a). Transfer is rapid and within a day or two there is an intense 
phagocyt ic infiltration resembling E A M G . This indicates that antibodies 
alone (with complement) are capable of inducing a cellular response at the 
endplate . Passive transfer from human to mouse has also been accom
plished (Toyka et ai, 1975). Passive transfer and acute E A M G do not 
occur if C3 complement is depleted (by t reatment with cobra venom 
factor), even though antibodies are bound (Lennon et al., 1978). This 
demons t ra tes the impor tance of complement fixation in opsonizing the 
membrane for destruct ion by phagocytes . Antigenic modulat ion does not 
appear to depend on complement but simply on the presence of bivalent 
ant ibodies . The human counterpar t of the passive transfer exper iment is 
the t ransplacental passage of ant ibodies from some myasthenic mothers 
to their offspring; weakness in the neonate declines during 4 - 6 weeks as 
ant ibody levels decrease . 

4. ACh Receptor Antibodies 

Acetylcholine receptor antibodies in animals with chronic E A M G or in 
humans with M G are 7 S IgG, the major subclass being IgG-III (Lind
s t rom, 1979). Their product ion is T- lymphocyte dependent and is not seen 
in rats subjected to neonatal thymec tomy and X irradiation (Lennon et 
al., 1976). The responses to immunizat ion in these animals can be recon
stituted by Β plus Τ lymphocytes , but not by Β lymphocytes alone. Thy-
metomy of adult immunized rats does not , however , prevent E A M G . 

Antisera against each of the four subunits of the Torpedo californica 
receptor cross-react with receptors in human muscle and with the same 
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subunits from other species (Lindstrom et al, 1979), suggesting conserva
tion of common determinants exposed on the extracellular surface. How
ever, species specificity is also present , as indicated by the limited cross-
reactivity of M G pat ients sera with ACh receptors from rat muscle or 
electric organs . Thus , antibodies in MG sera do not react with eel ACh 
receptor , al though antibodies to eel receptor do cross-react with human 
muscle ACh receptor . In both E A M G and MG, most antibodies are 
against a main immunogenic region on the 40,000-dalton (a) subunit , but 
antibodies to many other antigenic determinants are also produced (Tzar-
tos et al, 1981). 

Linds t rom and co-workers (1979) found that E A M G in rats will develop 
after immunizat ion with any single receptor subunit . This suggests that 
there is no single myasthenogenic determinant and is in keeping with the 
evidence that the myasthenic state is due to the accelerated degradation 
of receptors triggered by ant ibody crosslinking, ra ther than to antibody 
interference with the function of a specific determinant . Most of the anti
bodies are directed at determinants other than the ACh binding site. The 
binding of a bungarotoxin to human ACh receptor is inhibited by only 
about one-third of M G sera. Fur the rmore , Lindst rom and colleagues have 
shown that a n t i b o d y - A C h receptor complexes extracted from affected 
muscle can still bind toxin, and that it makes little difference whether 
antibodies are measured by using 1 2 5 I- labeled ACh receptor as antigen or 
[ 3 H]acetyl ACh receptor , in which the toxin binding sites are free. 

A further interesting finding concerns the differences between junc 
tional receptors concentra ted at the end plate and extrajunctional recep
tors found at lower densities over the entire surface of embryonic or 
denervated adult muscle fibers. Although both forms of the receptor have 
the same gross subunit s t ructure , they differ in several respects including 
immunoreact ivi ty . Weinberg and Hall (1979) found that rat extrajunc
tional receptors have determinants not present on junct ional receptors 
that are recognized by some human MG antibodies but not by several 
ant isera to purified ACh receptors . One interpretation therefore might be 
that the au to immune reaction in MG is against an embryonic receptor , 
perhaps resembling the ACh receptor , on myoid cells of the thymus 
(Fuchs et al, 1980). 

Tzar tos and Linds t rom (1980) and Lennon and Lamber t (1980) raised 
monoclonal antibodies against purified ACh receptors and found that infu
sion of these Abs into normal rats produced myasthenia . This indicates 
that myasthenia can result from a defect in a single clone of immunocytes 
producing an ant ibody presumably against a single determinant on the 
receptor . L inds t rom and his colleagues have also used monoclonal anti
bodies to map the receptor s t ructure (Tzartos etal, 1981). Approximately 
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50% of monoclonals are species nonspecific, and many react with a main 
immunogenic region on the 40,000-dalton (a) subunit outside the ACh 
binding site. Tzar tos et al. suggest that these antibodies may be directed 
against a highly conserved immunogenic region important in receptor 
function. Delineation of the ant ibody specificities at the monoclonal level 
could lead to specific forms of immunotherapy for MG, as discussed in 
Section IV. 

5. Humoral versus Cellular Immunity 

Both humoral and cellular immune responses can be demons t ra ted in 
myasthenia , but the chief effector mechanism appears to be humoral . The 
humoral response is T-cell dependent , and animals with E A M G demon
strate delayed-type hypersensit ivi ty to the ACh receptor . L y m p h node 
cells can transfer myasthenia , but the result is not as dramatic as after 
passive transfer with antibodies (Lennon et al., 1976). Weakness is also 
much more delayed and probably results from antibody product ion in the 
recipient. Purified ACh receptors stimulate [ 3 H]thymidine uptake in pe
ripheral blood lymphocytes from M G pat ients , but this is not a universal 
finding (Lennon and Lamber t , 1980). Cellular responses to the ACh re
ceptor have also been observed in some cases of polymyosit is with the 
clinical features of M G (Conti-Tronconi et al., 1978), but ACh receptor 
antibodies have not been found in polymyosit is and are present in < 1 % of 
pat ients with o ther au to immune and neurological disorders (Lindst rom et 
al.y 1976b). The evidence for a pr imary role for ACh receptor antibodies 
in myas thenia can be summarized thus : (1) ant ibodies, not cells, are found 
at the end plates in M G and chronic E A M G ; (2) E A M G can be induced by 
passive transfer of antibodies from human to mouse or from rat to rat or 
by infusion into normal rats of monoclonal antibodies against ACh recep
tor; and (3) removal of antibodies by plasmapheresis results in clinical and 
electrophysiological improvement . 

6. Measurement of ACh Receptor Antibodies 

The frequency of ant ibody detect ion in MG patients depends on the 
assay employed and the source of ACh receptor . The most sensitive assay 
is the so-called radio immunoassay , the indirect immunoprecipi tat ion of 
solubilized receptor from human muscle labeled with [ 1 2 5 I ]bungarotoxin 
(Appel et al., 1975; Linds t rom et al., 1976b; Mittag et al., 1976; Monnier 
and Fulpius , 1977). The immunoprecipi tat ion assay is positive in > 9 0 % of 
pat ients . It does not detect antibodies against the binding site, but this is 
not a major problem since most antibodies are against o ther de terminants . 
In fact, r ecep to r - an t ibody complexes can be extracted from muscle , la-



640 LEONARD C. HARRISON 

beled with [ 1 2 5 I ] toxin, and then precipitated with ant ihuman IgG (Lind
strom et al., 1976b). 

Although the titer of antibodies is generally low in patients with local
ized (e.g. , ocular) M G , the correlat ion be tween titer and the severity of 
generalized M G is poor (Lindstrom et al., 1976b), and patients in remis
sion are repor ted to have titers within the range seen in active disease 
(Vincent, 1980). Thus the ability of antibodies to precipitate solubilized 
receptors does not a lways match their ability to impair function. Sera 
could contain additional antibodies to solubilized receptors not recog
nized by receptors in situ, especially if the auto immune response was 
maintained by the shedding of postsynapt ic membrane . Additional factors 
possibly responsible for the discrepancy be tween antibody titers and clini
cal s tatus might include the degradation on storage of specific ant ibody 
subclasses (e.g. , IgG3) responsible for functional effects, the activity of 
the complement sys tem in individual pat ients , and the ability to repair 
end-plate damage . 

7. Factors Bearing on the Treatment of Myasthenia 

Rational therapy for myasthenia gravis and for other auto immune dis
eases would aim to eradicate the clones producing autoantibodies or to 
res tore immunoreguiat ion to normal . Unfortunately, because of our igno
rance of the precipitating and sustaining factors in autoimmunity and our 
lack of detailed knowledge of the molecular bases of au to immune phe
nomena , therapy remains largely empirical. There is no evidence for an 
intrinsic receptor defect in myasthenia gravis or the other receptor anti
body diseases . However , there is evidence for impaired immunoregu
iation. 

Caucasians with M G fall into two broad classes. The majority are 
young females with a peak age of onset in the third decade ; —65% have 
thymic hyperplasia , and tissue typing reveals a significantly higher fre
quency of the H L A antigens A l , B8, and DR3 . In a minority are older 
males in whom thymoma is common; they have a high frequency of 
antibodies to striated muscle and an increased frequency of H L A antigens 
A2 and A3 . In Japanese , thymic hyperplasia is associated with HLA-B12 
and thymoma with H L A - B 5 (Yoshida et al., 1977). Thymectomy, part icu
larly in young females, is generally associated with clinical improvement , 
but the mechanism is unknown and this procedure is not usually associ
ated with a dramat ic fall in receptor antibody t i ters. The role of the thy
mus in MG is still poorly unders tood. The thymus contains ACh receptors 
on myoid cells (Fuchs et al., 1980), and it has been postulated that MG 
may be initiated there . However , thymectomy is not always beneficial 



23. ANTIRECEPTOR ANTIBODIES 641 

and so the thymus is probably not the sole source of autoantigenic stimu
lation. It is possible that in established M G the shedding of ACh receptors 
from damaged end plates could sustain the au to immune process . 

Penicillamine t rea tment of rheumatoid arthritis has been associated 
with the reversible development of MG (Bucknall et al., 1975) and ACh 
receptor ant ibodies (Masters et al., 1977). This drug has also been associ
ated with o ther au to immune responses indicating that it induces a defect 
in immunoreguiat ion (Dawkins et al., 1981). 

Cort icosteroids and other immunosuppress ive agents given to pat ients 
with M G result in clinical improvement and a decrease of ant ibody titer 
(Engel, 1979; L inds t rom, 1979; Vincent , 1980). Antibody concentra t ion 
can be decreased and a temporary clinical improvement observed after 
p lasmapheres is (exchange of the pa t ien t ' s p lasma with normal plasma) 
(Vincent, 1980). Drainage of the thoracic duct , which removes lympho
cytes as well as ant iboides, is also effective (Matell et al., 1976), but these 
p rocedures , which physically remove globulins, must be combined with 
immunosuppress ive drug t rea tment to prevent rebound synthesis of re
ceptor ant ibodies . 

C . INSULIN-RESISTANT DIABETES: INSULIN RECEPTOR 

ANTIBODIES 

1. Preamble 

Diabetes mellitus is a condit ion character ized by chronic hyperglyce
mia due to defects in insulin secret ion and/or action and, in most cases , by 
the development of obstruct ive lesions in small and large blood vessels 
leading to complicat ions especially in the eyes , k idneys , and nerves . Clin
ically, d iabetes is classified into two types : type 1 or insulin-dependent 
diabetes ( IDDM, 20% of diabetics) occurs predominantly in young per
sons and is due to a deficiency of pancreat ic insulin-producing β cells; 
type 2 or non-insulin-dependent diabetes (NIDDM, 80% of diabetics) oc
curs predominant ly in middle-aged persons who tend to be obese and is 
associated with a relative lack of insulin secretion in the face of t issue 
resis tance to the action of insulin. A large body of evidence indicates type 
1 diabetes is due to the au to immune destruct ion of pancreat ic β cells 
triggered by virus infection or possibly in some cases by exposure to 
chemical toxins (Nerup and Le rnmark , 1981). This form of diabetes is 
likely to emerge as a receptor ant ibody disease when the s tructure and 
function of the beta cell surface antigen is defined (see Section IV.) 

U n d e r the mant le of non-insulin-dependent diabetes are an increasing 
number of genetic and acquired disorders associated with " seconda ry 
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d iabe t e s " in which t issue resis tance to insulin is the common character is
tic feature (Harrison and Flier, 1980). Notwithstanding, the great majority 
of type 2 diabetics do not have an obvious predisposing disease. Their 
disorder, impaired glucose utilization through insulin-sensitive pa thways , 
could be inherent to cells (e.g. , an inborn error) or due to the effect of a 
circulating inhibitor. There is no evidence for an inherent defect in cul
tured diabetic cells (Howard et al., 1981). On the other hand, we recently 
have provided evidence for a circulating (nonantibody) inhibitor of pos-
t receptor insulin action in many type 2 diabetics (Dean et al., 1984). 

In this section I will describe an uncommon form of non-insulin-depen
dent diabetes , an au to immune syndrome of insulin resistance due to au
toantibodies to the insulin receptor . This syndrome has been studied in 
considerable detail and the insulin receptor autoantibodies have served as 
unique probes of receptor s t ructure and function. 

2. The Insulin Receptor 

The structure of the receptor has been elucidated by labeling the bind
ing sites with photoreact ive 1 2 5 I- labeled insulins (Yip et al., 1980; Jacobs 
et al., 1979; Wisher et al., 1980) or chemically cross-linked 1 2 5 I- labeled 
insulin (Pilch and Czech , 1980; Kasuga et al., 1981) or by autoant ibody 
precipitation of receptors surface-labeled with 1 2 5 I (Lang et al., 1980; 
Harr ison and Itin, 1982) or biosynthetically labeled with 3 5 S (Van Ob-
berghen et al., 1981) (Fig. 4). In addition, the receptor protein has been 
analyzed after sequential chromatographic purification on columns of im
mobilized lectins and either insulin (Jacobs et al., 1977; Fujita-Yamaguchi 
et al., 1983) or receptor antibodies (Harrison and Itin, 1980). The consen
sus from these studies is that the insulin receptor in several human and rat 
t issues is a multivalent oligomer of M r —350,000 composed of disulfide-
linked M r 130,000 (a) and 90,000 (β) subunits . The M r 130,000 subunit is 
the insulin-binding site; the M r 90,000 subunit possesses tyrosine kinase 
activity stimulated by insulin and is autophosphorylated (Kasuga et al., 
1982; Van Obberghen et al., 1983). Both subunits are surface glycopro
teins whose disappearance parallels the down-regulation of insulin bind
ing after exposure of cells to supraphysiologic concentrat ions of insulin 
(Harrison et al., 1982a). The receptor is synthesized as a single polypep
tide chain, which is glycosylated and proteolytically cleaved to yield the 
two disulfide-linked subunits (Ronnett et al., 1984). 

The stoichiometry of the disulfide-linked oligomer has not been deter
mined directly, but analysis of graded reduction products after chemically 
cross-linking 1 2 5 I- labeled insulin suggests a combination of two pairs of M r 

130,000 and 90,000 subunits (Massague et al., 1980). Several high molecu-
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FIG. 4. Isolation of insulin receptor subunits from l 2 5I-surface-labeled lymphocytes using 
receptor autoantibodies. 

lar weight, partially reduced oligomers are also observed, indicating that 
the receptor exists in a redox equilibrium (Yip and Moule , 1983; 
Heidenreich et al., 1983). We have shown that a small fraction of insulin 
specifically bound to receptor in adipocytes becomes covalently a t tached 
via a sulfhydryl-disulfide interchange (Clark and Harr ison, 1982). Disul
fide binding occurs to the M r 130,000 subunit within partially reduced 
oligomeric receptors (Clark and Harr ison, 1985), and a number of lines of 
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evidence suggest that this covalent modification is a necessary step in 
insulin action (Clark and Harr ison, 1983). 

Insulin binding is coupled to a variety of post receptor events in differ
ent t issues, and while the gross s tructure of the receptor may be the same 
in most t issues , it seems likely that fine differences must exist to subserve 
different postbinding functions. This is suggested by the fact that solubi-
lized receptors from different species and from different t issues within the 
same species exhibit different reactivities with polyclonal antisera in a 
receptor radio immunoassay (Harrison et al., 1979a). 

3. Autoimmunity and Insulin Resistance 

Autoant ibodies to the insulin receptor were discovered by Flier and co
workers in 1975 in the sera of three nonobese women with severe insulin 
resis tance and the skin disorder acanthosis nigricans (Flier et al., 1975). 
These women had evidence of generalized autoimmune disease and were 
classified as having the type Β syndrome of insulin resistance and acan
thosis nigricans, to distinguish them from type A patients with insulin 
resis tance and acanthosis nigricans who also had hirsutism and polycyst ic 
ovarian disease but who lacked receptor autoantibodies (Kahn et al., 
1976). A total of no more than 25 patients with insulin receptor autoanti
bodies have been documented thus far, making this the least common of 
the known receptor ant ibody diseases . 

Insulin receptor antibodies are polyclonal and predominantly of the IgG 
class (Flier et al., 1976). They inhibit insulin binding (Flier et al., 
1975,1976,1977), acutely mimic the actions of insulin (Kahn et al., 
1977,1978), and immunoprecipi ta te solubilized insulin receptors (Harri
son et al., 1979b). The clinical features of the patients have been reviewed 
(Kahn and Harr i son , 1981) and are summarized in Table HI . Patients have 
presented with symptomat ic diabetes resistant to extremely high doses of 
insulin (up to 24,000 U/day) . As with other auto immune diseases females 
predominate , but there are notably few Caucasians . Near ly all pat ients 
had acanthosis nigricans, a pigmented thickening of the skin over the 
extensor surfaces of the neck and jo in ts , frequently extending over the 
trunk and face and associated with multiple skin tags. The cause of acan
thosis is uncer ta in , but the lesion seems to mirror the severity of insulin 
resistance and the degree of hyperinsulinemia and thus could possibly 
represent a growth effect of supraphysiological concentrat ions of insulin. 
Most patients had evidence of generalized autoimmune disease usually 
manifested by nonspecific serological markers , and five patients had the 
classic features of systemic lupus e ry thematous . In contrast , generalized 
features of autoimmunity are uncommon in other receptor antibody dis-
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TABLE III 
Features of Patients with Insulin Receptor Antibodies3 

Total number of patients documented 18 
Females/males 14/4 
Age range: 15-62 years 
Race: 12 Black, 3 Caucasian, 2 Japanese, 1 Mexican-American 
Presenting features: 

Symptomatic diabetes 11 
"Reactive" hypoglycemia 1 
Lupus erythematosis 1 
Sjogren's syndrome 2 
Polyarthralgia 1 
Asymptomatic associated with ataxia-telangiectasia 2 

Acanthosis nigricans 13 
Severe glucose intolerance 15 
Tendancy to ketosis 8 
Severe insulin resistance 17 
Generalized autoimmune features at some time 16 

(e.g., vitiligo, alopecia, submandibular gland enlargement, 
thyroiditis, glomerulonephritis, hemolytic anemia, 
arthralgias, splenomegaly, antinuclear antibodies) 

Development of hypoglycemia 3 
Improvement or remission (with or without therapy) 9 

α From Kahn and Harrison (1981). 

eases . N o n e of the pat ients had evidence of organ or o ther receptor-
specific autoimmuni ty , and in screening sera from many patients with 
o ther au to immune diseases insulin receptor antibodies have not been de
tected (L. C. Harr i son and J. S. Flier, unpublished). 

The clinical course has been variable, although the tendency has been 
for insulin res is tance to improve and ant ibody titers to fall, with or with
out therapy (Kibata et al., 1975; Kawanishi et al., 1977; Blackard et al., 
1977; Flier et al., 1978). At least half of the patients have been given 
immunosuppress ive drugs , usually glucocorticoids with or without cy
c lophosphamide , but in only two cases could a remission be reasonably 
at tr ibuted to t rea tment (Kibata et al., 1975; Flier et al., 1978). T w o pa
tients have been t reated by p lasma exchange , and in one case this proce
dure resul ted in a progressive decrease in ant ibody titer with a concomi
tant increase in insulin binding to the pat ient ' s cells in vitro (Muggeo et 
al., 1979a). These changes were accompanied by disappearance of ketosis 
and by a slight increase in insulin sensitivity in vivo, but the results were 
short lived and the ant ibody levels rebounded within several days of the 
last exchange . T o be of practical benefit, p lasma exchange should be 
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combined with immunosuppress ive t reatment to inhibit antibody synthe
sis. 

Three pat ients have developed hypoglycemia, in one case severe and 
intractable and leading to death (Flier et al., 1978). Although the insulin 
receptor antibodies have acute insulin-like actions in vitro, they are usu
ally associated with clinical insulin resis tance, consistent with their ability 
to desensit ize cells chronically in vitro (Karlsson et al., 1979). The devel
opment of hypoglycemia in the fatal case was not accompanied by any 
apparent change in the propert ies of the receptor autoantibodies on nor
mal cells and could not be at tr ibuted to excessive levels of insulin or 
insulin-like growth factors. There was , however , a large increase in the 
insulin binding capacity of the pat ient ' s cells due to an increase in low-
affinity binding sites that were not blocked by autoantibodies in vitro. It 
seems likely that this receptor proliferation was responsible for hypogly
cemia and that the receptor antibodies failed to down-regulate or desensi
tize receptors , continuing to act as agonists in an analogous fashion to 
thyroid-stimulating antibodies in Graves ' disease. Another patient with 
receptor autoant ibodies presenting with hypoglycemia has also been re
ported (Taylor et ai, 1982) but is not included here . 

Antibodies to the insulin receptor have also been found in the N e w 
Zealand obese (NZO) mouse , an animal model of obesity and insulin-
resistant diabetes (Harr ison and Itin, 1979). These N Z O mice were inbred 
from a stock colony that had originally given rise to the N Z B and N Z B / W 
models of au to immune hemolytic anemia and systemic lupus erythema
tous , both of which have been the subject of extensive immunological 
investigations. When Marion Bielschowsky first characterized the meta
bolic syndrome in N Z O mice , she suggested that the insulin resis tance 
might be due to an antagonist of insulin action (Bielschowsky and Biels
chowsky , 1956), but the logical possibility that an antagonist might be an 
insulin receptor autoant ibody was not previously considered. In contrast 
to the human ant ibodies , those in the sera from N Z O mice are of low titer 
and are IgM class . They only partially inhibit insulin binding to human 
receptors but can be detected by their ability to immunoprecipi tate solubi-
lized receptors (Harr ison and Itin, 1979). Fur ther evidence for an immune 
basis for the N Z O syndrome is the finding of autoantibodies to single- and 
double strand D N A in N Z O sera and the demonstrat ion that N Z O kidneys 
contain dense glomerular deposi ts of IgM (Melez et al., 1980). 

4. Receptor Antibodies and Insulin Binding 

Binding of insulin to receptors on fresh circulating monocytes from 
type Β pat ients is markedly impaired. Monocytes are a convenient source 



23. ANT/RECEPTOR ANTIBODIES 647 

of receptors and probably reflect the status of insulin receptors generally 
(Bar et al., 1979). Analysis of the binding defect may be difficult because 
of the low level of binding and this itself suggests a loss of receptors . 
Howeve r , in the few patients studied, a decrease in receptor affinity has 
been the predominant feature; that is, the antibodies act like competi t ive 
antagonists . Grea ter concentra t ions of unlabeled insulin are required to 
decrease t racer 1 2 5 I - labeled insulin binding, and the Scatchard plot of 
binding shows a loss of curvilinearity due to absence of high-affinity bind
ing at low insulin concentra t ions (Fig. 5) (Muggeo et al., 1979b; Bar et al., 
1980). An "ave rage affinity profi le" shows that the receptors are 
" l o c k e d " in a low-affinity state (Fig. 5). Total binding capacity (receptor 
concentrat ion) is usually not reduced in these analyses . Similar binding 
defects can be reproduced in vitro by incubating normal cells with pa
t ient ' s serum or globulins and are partially reversed by an acid wash of 
cells designed to elute surface immunoglobulins (Flier et al., \971; Mug
geo et al., 1979b; Bar et ai, 1980). 

The lack of any major change in apparent receptor concentra t ion in 
these studies is surprising, since the antibodies are themselves rapidly 
internalized (Carpentier et al., 1979) and might be expected to down-
regulate receptors . It is assumed that insulin receptors on monocy tes are 
sensitive to regulation (e.g. , by insulin) because their concentra t ion usu
ally mirrors that on classical target t issues such as liver and fat under 

INSULIN C O N C E N T R A T I O N (ng/ml) I N S U L I N BOUND (ng/ml) OCCUPANCY (%) 

FIG. 5. [1 2 5I]insulin binding to circulating monocytes in a patient (B-6) with the type Β 
syndrome of insulin resistance and acanthosis nigricans (mean ± SEM of four basal studies). 
The impairment of insulin binding to the patient's cells (o o) is due to a decrease in 
receptor affinity, indicated by the high concentration of unlabeled insulin required to inhibit 
[1 2 5I]insulin binding by 50% (A), by the decrease in curvilinearity of the Scatchard plot (B), 
and by the flat affinity profile (C). (Data supplied by Dr. M. Muggeo: studies of 2/13/78-3/17/ 
78.) 
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FIG. 6. Comparison of three methods used to measure titers of autoantibodies to the 
insulin receptor (antireceptor sera from patients B1-B5). ϋ , Inhibition of [125I]insulin bind
ing; • , stimulation of glucose oxidation; H, immunoprecipitation of soluble receptor. 

various condit ions in vivo, but direct studies in vitro to confirm this point 
are lacking. Incubat ion of human lymphocytes (IM-9 line) for 60 min at 
22°C with ant i receptor sera causes a decrease in receptor affinity (Flier et 
ai, 1977). Howeve r , when these exper iments are performed for 3 h at 
37°C, ant i receptor sera cause a marked decrease in receptor concentra
tion (L. C. Harr ison and A. Itin, unpublished). It has also been shown that 
an affinity defect induced by brief exposure of lymphocytes to an antire
ceptor serum progresses to an apparent defect in receptor concentra t ion 
with further exposure at 37°C. These findings suggest that insulin receptor 
autoant ibodies do indeed down-regulate the receptor under physiological 
condit ions, via an effect on receptor affinity. Down-regulation has been 
demonst ra ted in hepatocytes exposed to rabbit ant iserum against partially 
purified insulin receptors (Caro and Amatruda , 1980). The observat ion 
that binding to pa t ien ts ' monocytes shows predominantly an affinity de
fect is therefore difficult to reconcile . Monocyte receptors may not be 
modulated by antibodies in similar fashion to those on other cells, but this 
seems unlikely. Alternatively, the methods of data analysis may be mis
leading, since several assumpt ions underlying the Scatchard plot are not 
met in receptor binding studies, and negative cooperativity is but one 
model of insulin binding. An alternative explanation might be that pa
t ients ' monocytes do in fact exhibit a loss of a separate class high-affinity 
receptors and a residual populat ion of low-affinity receptors whose bind
ing function is not al tered by ant ibodies . 

Any generalization about the mechanisms underlying the effects of re
ceptor antibodies must account for the fact that they are polyclonal and 
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functionally heterospecific. Flier et al. (1977) found that inhibition of 
insulin binding to lymphocytes after short- term exposure to ant i receptor 
sera was due to several mechanisms that included competi t ive occupancy 
of binding si tes, decreased rates of associat ion, increased rates of dissoci
at ion, and negatively cooperat ive effects, depending on the part icular 
ant iserum and its concentra t ion. The molecular basis of each of these 
effects is unknown, but two observat ions suggested that they may largely 
be due to allosteric mechanisms with changes in binding site conforma
tion, ra ther than to direct " c o m p e t i t i v e " effects on the binding site. First , 
one ant i receptor serum was shown to reduce receptor affinity in part icu
late placental membranes but to decrease apparent receptor number in 
solubilized placental membranes (Harr ison et al., 1979b). Second, acute 
exposure of lymphocytes in vitro to certain ant i receptor sera produced a 
right shift in the binding competi t ion curve without a decrease in binding 
of t racer 1 2 5 I - labeled insulin (Harr ison et al., 1979c), consistent with an 
increase in low-affinity binding sites presumably due to conformational 
change and exposure of cryptic binding sites. I rrespect ive of these acute 
effects, as outlined above chronic occupancy of receptors by insulin re
ceptor autoant ibodies probably induces receptor loss. 

Ant i receptor sera are approximately equipotent in inhibiting binding to 
a variety of human and other mammalian t issues but are less potent 
against nonmammal ian receptors (Flier et al., 1975). There is no apparent 
preferential effect of the pa t ien ts ' sera on binding to their own receptors , 
and pa t ien ts ' fibroblasts in culture have normal binding propert ies (Mug
geo et al., 1979b). This suggests that the underlying binding site in af
fected pat ients is normal . 

Insulin receptor autoant ibodies are specific for the insulin receptor in 
that they do not inhibit the binding of other hormones or precipitate 
receptors for o ther hormones (Harr ison et al., 1979b). However , some 
antibodies do cross-react with and precipitate receptors for the related 
insulinlike growth factor-1 (IGF-I) receptor (Jonas et al., 1982). When 
purified ant i receptor IgG was labeled with 1 2 5 I and then receptor purified 
by binding and elution from cultured IM-9 lymphocytes , the eluted 
[ 1 2 5 I ] IgG, enr iched for 1 2 5 I - labeled ant i receptor IgG, bound to a variety of 
cells in indirect propor t ion to their insulin receptor concentra t ion, and a 
major par t of the binding was specifically competed for by insulin and 
insulin analogs (Jarrett et al., 1976). This indicates that a subpopulat ion of 
the ant ibodies , at least , binds at or very close to the binding site for 
insulin. Fur the r studies have clearly demonst ra ted that a major propor
tion of the IgG antibodies in several ant i receptor sera recognize the insu
lin binding subunits in the nat ive, oligomeric receptor (Kasuga et al., 
1981; Harr i son et al., 1982a). On the o ther hand, it is likely that some 
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TABLE IV 

Insulinlike Effects of Insulin Receptor Autoantibodies 

Adipocytes 
Stimulation of glucose transport, incorporation into lipid and glycogen, and oxidation 

to C 0 2 

Stimulation of amino acid transport and incorporation into protein 
Inhibition of lipolysis 
Activation of glycogen synthase 
Inhibition of phosphorylase 
Activation of pyruvate dehydrogenase and acetyl-CoA carboxylase 

3T3-L1 fatty fibroblasts 
Stimulation of glucose transport and oxidation to C 0 2 

Activation of lipoprotein lipase 
Muscle 

Stimulation of glucose transport and incorporation into glycogen 
Activation of glycogen synthase 

Liver 
Stimulation of amino acid transport 
Activation of glycogen synthase 
Down-regulation of receptors 

IM9-Lymphocytes 
Down-regulation of receptors 

antibodies bind to determinants away from the insulin binding site (but on 
the same subunits) , because ant i receptor sera will still recognize the solu-
bilized receptor (Harr ison et ai, 1979b) and mimic the actions of insulin 
(Kahn et al.y 1977) after destruct ion of insulin binding activity by trypsin. 

5. Receptor Antibodies and Insulin Action 

The clinical state associated with insulin receptor autoantibodies has 
generally been one of insulin res is tance, in keeping with the ability of the 
antibodies to impair insulin binding. However , the acute effect of the 
antibodies in most sys tems in vitro is to mimic the actions of insulin 
(Table IV). The spectrum of ant ibody bioactivity covers all of insulin 's 
actions except the direct growth effect of high concentrat ion of insulin. It 
includes effects dependent and nondependent on glucose t ransport and on 
membrane and cytoplasmic sys tems, and chronic effects that require pro
tein synthesis . The titer of most antisera with respect to stimulation of 
glucose uptake in fat cells is higher than that determined by binding inhibi
tion and approaches the titer for immunoprecipitat ion (Fig. 6), consistent 
with the idea that some populat ions of antibodies are directed against 
determinants outside the insulin binding site. 

The studies on ant ibody bioactivity have led to several important in-



23. ANTIRECEPTOR ANTIBODIES 651 

sights into the nature of insulin action. Ant ibody bioactivity, unlike anti
body inhibition of insulin binding, requires bivalency (Kahn et al., 1978). 
Purified IgG or F (ab) 2 fragments are equally effective in their ability to 
inhibit insulin binding and mimic the actions of insulin; monovalent F a b 
fragments inhibit binding but have no intrinsic bioactivity. The bioactivity 
of F a b fragments on cells is, however , restored by the addition of anti-
F(ab )2 IgG (Fig. 7). These findings indicate that bioactivity requires not 
only receptor occupancy but also bivalent binding or cross-linking (? of 
receptor subunits) . The importance of this requirement for the modulat ion 
of acetylcholine receptors by antibodies has already been discussed. A 
further example is the IgE-mediated degranulation of mast cells leading to 
histamine release. This event requires cross-linking of the IgE receptor 
with ei ther IgE and second ant ibody, antibodies to the receptor itself, or 
chemically cross-l inked IgE dimers (Metzger, 1978). 

The suggestion was made by Kahn et al. (1978) that cross-linking might 
be involved in activation by insulin. They showed that antibodies to insu
lin somet imes enhanced the effect of suboptimal concentra t ions of insulin 
p rebound to its receptors . In addit ion, fluorescence microscopy revealed 
that insulin, like receptor autoant ibodies , can induce patching and cap
ping on the cell surface (Schlessinger et al., 1980). Anticytoskeletal 
agents , however , have no effect on the bioactivity of either receptor 
antibodies or insulin, and cell-surface events such as macroscopic aggre
gation and internalization (of fluorescent-labeled ligands) do not appear to 
be necessary for cellular activation. Also , it is important to note that the 
rates of internalization of bivalent and monovalent receptor antibodies are 
identical, al though only the former possess bioactivity (Kasuga et al., 

FIG. 7. Schematic representation of the role of cross-linking in insulin receptor activa
tion by antibody. (Courtesy Dr. C. R. Kahn.) 
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1983). N o n e of the evidence cited may be directly relevant to cross-
linking at a molecular level. Insulin circulates as a monomer , but the 
possibility that it could dimerize on a multivalent receptor is not unrea
sonable. Alternatively, the monovalent binding of insulin may be enough 
to induce an equivalent conformational change. One presumes that recep
tor antibodies and insulin exer t their bioeffects through common postre-
ceptor pa thways . Evidence that their binding interaction is not identical 
comes from studies of the disulfide binding of insulin. The ability of insu
lin to covalently a t tach to its receptor via a disulfide exchange process and 
to trigger glucose t ransport and several o ther bioeffects is inhibited by an 
externally acting thiol blocking agent that is without effect on the insulin-
omimetic act ions of receptor ant ibody (Clark and Harr ison, 1983). 

The ability of cross-linking ligands other than insulin (receptor antibod
ies and certain lectins) to mimic the actions of insulin indicates that the 
program for insulin action is contained within the receptor . It also sug
gests that insulin degradat ion or a product thereof is not required (e.g. , as 
a second messenger) for insulin action. The only action of insulin not 
mimicked by receptor autoant ibodies is growth stimuation ([ 3 H]thymidine 
incorporat ion into fibroblast D N A ) . King and co-workers (1980) showed 
that this effect of insulin, usually seen only at supraphysiological concen
trat ions in nontransformed cells, is mediated through receptors for insul
inlike growth factors (IGFs) ra ther than through the insulin receptor . 

The paradox of receptor autoant ibodies that mimic insulin in vitro and 
donor pat ients who are insulin resistant and hyperglycemic is not ex
plained by species differences, since the antibodies are bioactive in both 
human and rodent adipocytes . The explanation appears to be that the 
bioactivity is only short lived, as shown by Karlsson and co-workers 
(1979) in studies using cultured 3T3-L1 fatty fibroblasts. In these cells 
receptor antibodies inhibited insulin binding and stimulated glucose up
take and oxidat ion, as in freshly isolated adipocytes , but the insulinlike 
effects were t ransient , reaching a maximum by 1 h and then decreasing. 
After several hours basal activity returned to normal and was resistant to 
stimulation by insulin, concanaval in A, and further addition of receptor 
ant ibodies . Insulin binding remained inhibited. Although co-occupancy of 
receptors by antibodies shifts the d o s e - r e s p o n s e for insulin action to the 
right, there was also a decrease in maximum responsiveness . This desen-
sitization required ant ibody bivalence, and although the mechanism has 
not been clearly defined, the locus of desensit ization is probably close to 
the binding site since the insulinlike actions of spermine and vitamin K 5 

were unaltered (Grunfeld et ai, 1980). Densensit izat ion was not affected 
by anticytoskeletal and anti lysosomal agents , but this required that the 
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TABLE V 

Assays for Insulin Receptor Antibodies 

Direct 
Inhibition of insulin binding 
Immunoprecipitation of the solubilized receptor 
Stimulation of insulinlike effects 

Indirect 
Reversal of binding defect after acid wash of cells 
Binding of [ 1 2 5I]protein A to cells 

cells have a source of energy such as glucose, pyruva te , or a glucose 
derivative capable of being phosphoryla ted (Grunfeld et al., 1980). 

6. Measurement of Insulin Receptor Antibodies 

The assays for insulin receptor antibodies are listed in Table V. The 
ability of the antibodies to inhibit insulin binding specifically and to elicit 
insulinlike effects confers unique specificity and is the basis for two di
rect , functional assays . The other type of direct assay is based on the 
ability of the receptor antibodies to specifically immunoprecipi ta te Tri ton-
solubilized receptors labeled with [ 1 2 5 I]insulin following the addition of 
second ant ibody. Binding inhibition and immunoprecipi tat ion are the two 
most practical and specific assays currently employed. Their salient fea
tures are shown in Fig. 8. 

Immunoprecipi ta t ion measures all receptor antibodies, not only those 
that happen to impair binding or evoke insulinlike effects. Fo r this reason, 
immunoprecipi ta t ion is the most sensitive technique (Fig. 6); however , 
the immunoprecipi ta t ion titer has not been found to exceed the binding 
inhibition or bioactivity titers by more than fourfold, and we have only 
seen one patient whose ant i receptor serum immunoprecipi tated the re
ceptor but did not inhibit binding. It is of interest that antibodies raised in 
rabbits by immunizat ion with purified receptor immunoprecipi ta te the 
receptor but do not impair insulin binding. 

Many of the naturally occurring autoant ibodies are directed at determi
nants close to the insulin binding site and have probably been selected 
because of this . Their ability to compete with insulin and insulin analogs 
for binding has been discussed above . In addition, significant occupancy 
of the receptor by insulin impairs the ability of the autoant ibodies to 
immunoprecipi ta te the receptor . In the immunoprecipi tat ion assay the 
solubilized receptor labeled with only a t racer amount of 1 2 5 I - labeled insu-
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Protein A 

FIG. 8. Direct assays for (insulin) receptor antibodies. (A) Binding inhibition assay. 
Advantages: fast and easy. Disadvantages: separate assay needed to verify Ab nature; less 
sensitive; and detects only Ab that impairs insulin binding. (B) Immunoprecipitation assay. 
Advantages: more sensitive; detects Ab directed at determinants other than binding site; and 
proves Ab nature in a single assay. Disadvantages: more difficult; requires solubilized recep
tor; and will not detect non-Ab inhibitors. 

lin can be precipitated quanti tat ively. Immunoprecipi tat ion of the [ 1 2 5 I]in-
su l in - recep tor complex implies therefore that the receptor has more than 
one binding site or that some antibodies bind to determinants outside of 
the insulin binding region. The insulin receptor molecule has a complex 
subunit s t ructure and will probably turn out to have functionally distinct 
components subserving cooperat ivi ty, affinity regulation, and biological 
signal t ransduct ion, in addit ion to an insulin-binding site. It seems reason
able to p ropose that the antibodies recognize a variety of determinants on 
the receptor , some of which are demonstrably involved in insulin binding. 

Table V also includes two indirect methods for detecting receptor anti
bodies , employed for special purposes . Thus the presence of receptor 
antibodies may be inferred by the reversal of the binding defect by acid-
washing the pat ients cells, provided that underlying receptor binding is 
normal and that chronic occupancy by antibody does not accelerate re
ceptor loss. Nei ther seems to be the case in circulating monocytes ob
tained from pat ients with the type Β syndrome, where acid washing re
stores binding toward normal . The presence of antibodies may also be 
inferred by uptake of [ 1 2 5 I ]protein A onto the pat ients ' cells or onto nor
mal cells pre incubated with the pat ients ' sera. Although uptake of [ 1 2 5 I ]p-
rotein A is a sensitive means of detecting cell surface immunoglobulins, it 
gives no information about their target or functional specificity. 
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D . ALLERGY; /3-ADRENERGIC RECEPTOR ANTIBODIES 

1. Preamble 

Asthma, allergic rhinitis (hay fever), eczema, and urticaria (skin 
wheals) , together with increased levels of serum IgE, represent the vari
ous manifestations of familial allergy or atopy (Coca and Cooke , 1923). 
Pat ients with a topy also have abnormal autonomic reactivity with de
creased sensitivity to ^-adrenergic agonists and increased sensitivity to a-
adrenergic and cholinergic agonists (Szentivanyi, 1980). 

Beginning two decades ago, studies performed in vivo have docu
mented that as thmat ic subjects have an impaired response to j8-adrenergic 
agonists . The effect of epinephrine or isoproterenol on plasma levels of 
glucose, free fatty acids , and c A M P , or on pulse pressure , is less in 
as thmatics and, moreover , is inversely correlated with an enhanced effect 
of a c e t y l c h o l i n e or histamine on bronchial constriction (Parker, 1973; 
Reed, 1974; Tremba th and Shaw, 1976; Apold and Aksnes , 1977). The β-
adrenergic theory of the pathogenesis of as thma (Szentivanyi, 1968) pro
poses an imbalance in autonomic control due to decreased β-adrenergic 
sensitivity of bronchial smooth muscle , mucous glands, and mucosal ves
sels and is suppor ted by studies showing impaired cyclic A M P responses 
specifically to /3-adrenergic agonists in leukocytes from asthmatics (Logs-
don et al.y 1972; Parker and Smith, 1973; Conolly and Greenacre , 1976; 
Makino et al., 1977). 

At tempts to s tudy ^-adrenergic receptors by binding the natural agonist 
[ 3 H]epinephrine were fraught by technical problems, but with the advent 
of the high-affinity antagonists [ 3 H]dihydroalprenolol and [ 1 2 5 I ]hydroxy-
benzylpindolol ( IHYP) , it became possible in the mid-1970s to identify 
directly sites that fulfilled the criteria for specific /3-adrenergic receptors 
(for review, see Hoffman and Lefkowitz, 1980). In keeping with the pre
vious b ioresponse s tudies, it was shown that cells from asthmatics exhib
ited a reduct ion in the apparent number of β receptors (Galant et al., 1978; 
Brooks et al., 1979), al though many attr ibuted this solely to the down-
regulation of receptors induced by exposure to pharmacological concen
trat ions of /S-adrenergic drugs administered for the t rea tment of as thma. 
Drug-induced down-regulat ion (and desensit ization) clearly occurs , but 
there is also evidence from studies of untreated and asymptomat ic sub
jec t s to indicate that a defect in β-receptor binding is a basic feature of 
as thma (see Szent ivanyi , 1980). Similar conclusions also apply to atopic 
eczema, confirming earlier repor ts of impaired catecholamine responses 
in lymphocytes from such subjects (Busse and L e e , 1976). The decrease 
in ^ - recep to r binding in atopic subjects has recently been linked to an 
increase in α-adrenergic receptor binding, and the autonomic hypothesis 
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has been extended to encompass a dual receptor hypothesis (Szentivanyi, 
1980). 

2. Atopy, Autonomic Function, and Autoimmunity 

Coca and Cooke (1923) reported the clinical and familial picture of 
a topy and suspected a common immunopathological basis . Consis tent 
with this notion was the fact that the immediate hypersensit ivity of 
(atopic) individuals to extrinsic allergens could be passively transferred 
by blood or serum (Prausnitz and Kustner , 1921). However , although we 
know that certain antigens provoke IgE-mediated release of smooth mus
cle constr ic tors such as histamine from mast cells, the effector role of the 
immune system in a topy has not been defined. A possible connect ion 
be tween allergy and immunity is the discovery of autoantibodies to the β2-
adrenergic receptor in atopic subjects (Venter et al.y 1980) and the subse
quent demonst ra t ion that these antibodies are related to autonomic dys
function (Fraser et al.y 1981). 

Autoant ibodies of the IgG class that precipitated Triton-solubilized ca
nine lung 1 2 5 IHYP- labe led β receptors were first found in the sera of a 
patient with allergic rhinitis (Venter et al.y 1980). The IgG from the patient 
also inhibited the binding of I H Y P to lung and placenta but not cardiac 
membranes , indicating that at least some of the antibodies recognized 
determinants on β2 receptors in situ at or near the ligand binding site. The 
inability to totally immunoprecipi ta te all available IHYP-labeled recep
tors , and the lower titer with immunoprecipi tat ion versus binding inhibi
tion, suggested that the antibodies in this one serum were predominant ly 
directed at the I H Y P binding site in the solubilized receptor . 

In a follow-up s tudy, IgG antibodies were detected in 9 of 60 coded 
sera: 3 of 19 control , 1 of 9 preallergic, 4 of 17 as thma, 0 of 8 allergic 
rhinitis, and 1 of 7 cystic fibrosis (Fraser et al.y 1980). Most important ly, 
the presence of antibodies was associated with autonomic abnormali t ies 
(Fraser et al.y 1980, 1981). Subjects with antibodies required higher doses 
of infused isoproterenol to elevate their pulse pressure or plasma c A M P . 
Moreover , this evidence for β-adrenergic resis tance was accompanied by 
increased sensitivity to the effects of the α-adrenergic agonist pheny
lephrine on pupillary dilation and with increased sensitivity to the effects 
of the cholinergic agent carbachol on pupillary constriction (Table VI) . It 
is interesting to note that the 3 control subjects with antibodies required a 
greater dose of isoproterenol to raise pulse pressure (12 ± 1.73 ng/kg/min) 
than the 16 control subjects without antibodies (7.5 ± 0.55). 

Fur ther studies on the molecular act ions of /3-receptor antibodies are 
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TABLE VI 
/3-Adrenergic Receptor Antibody Status and Autonomic Sensitivity 

Infusion rate of Antibody 
isoproterenol in 

increase (ng/kg/min) Positive Negative 

Pulse pressure >22 15.0 ± 1.90 7.7 ± 0.40 ρ <.001 
mm Hg (n = 9) (n = 20) 

Plasma cAMP >50% 12.4 1.80 8.1 ± 0.62 ρ < .02 
(it = 9) (n = 13) 

Phenylephrine to 2.06 ± 0.30 2.55 ± 0.08 ρ < . 0 5 
dilate pupils >0.5 (n = 9) (n = 57) 
mm (%) 

Carbachol to constrict 0.61 ± 0.08 0.78 ± 0.03 ρ < .05 
pupils >0.5 mm {%) (n 9) (n = 57) 

consis tent with their role as β-receptor antagonists (Harr ison et al., 
1982b). Thus , after preincubat ion of cultured human lung cells (VA-13 
line) with ant i receptor IgG, there was a marked decrease in sensitivity 
and responsiveness of c A M P to stimulation by isoproterenol . It remains 
to be shown whe ther this effect is only due to blockade at the receptor 
level, or whe ther o ther mechanisms such as desensit ization at a post re
ceptor s tep or accelerated receptor loss are also involved. 

3. Significance of β-Receptor Autoantibodies 

These preliminary findings would be consistent with a role for /3-recep-
tor autoant ibodies in mediating autonomic dysfunction in at least some 
atopic subjects . The simplest interpretat ion is that they impair /3-receptor-
mediated relaxation of a i rways smooth muscle , unmask the opposing in
fluence of α-receptor agonists and acetylcholine, and lower the threshold 
for release of media tors such as his tamine, prostaglandins, and leuko-
tr ienes. It would be important to unders tand the influence of ^-adrenergic 
dysfunction on these biochemical pa thways and on the classical effector 
mechanism of mast cell histamine release triggered by IgE, as well as to 
determine whe ther o ther receptor autoant ibodies are present . Fur ther
more , an explanat ion is required for the anatomical localization of atopic 
manifestations to the lower airways in as thma, to the upper a i rways in 
allergic rhinitis, and to the skin in urt icaria and atopic eczema. Most 
important ly , the pre valance of β-receptor antibodies needs to be es tab
lished and their clinical correlates determined in larger populat ions. We 
have found (unpublished) that of chronic as thmatics only 15-20% have 
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circulating globulins that impair binding to particulate human lung mem
branes , and the prevalence of "/^-blocking au toan t ibodies" in children 
with bronchial as thma has been reported as being of the same order (Ble-
cher et al., 1984). It must also be considered whether β-receptor antibod
ies might develop as a secondary manifestation of the atopic state, partic
ularly as anti idiotypes in response to t reatment with β-receptor ligands 
(Homey et al., 1982; see Section I I ,D) . 

To consider a topy within the spectrum of autoimmune disorders may 
be somewhat p remature . On the other hand, if autoimmunity is a naturally 
regulated state , it may be seen as a cont inuum: from a normal state of 
regulated autoimmunity , through the emergence of (?) nonpathogenic au
toantibodies with advancing age or after exposure to certain drugs, and to 
the emergence of pathogenic autoantibodies in classic autoimmune states . 
In the latter there is usually t issue destruct ion by cells or complement , but 
there may be less pathological situations exemplified by atopy where the 
manifestations are due solely to the specific functional effects of autoanti
bodies . The implications for the t rea tment of atopic diseases are the same 
as discussed for the other receptor antibody diseases. Cort icosteroids and 
immunosuppress ive drugs that are used for intractable as thma or atopic 
eczema might act by impairing autoant ibody product ion. Plasmapheres is , 
has been repor ted to be effective in severe as thma (Gartmann et al., 
1978). 

IV . C O N C L U D I N G R E M A R K S : F U T U R E P R O S P E C T S 

The studies of autoant ibodies to T S H , ACh, and insulin receptors illus
trate the extent to which processes subserving autoimmune disease can 
be dissected and demons t ra te the utility of autoantibodies as probes of 
receptor s t ructure and function. The recognition of these receptor anti
body diseases and the premise that autoimmunity is initiated at the cell 
surface suggests that autoant ibodies against cell surface receptors will be 
found at some stage in all au to immune diseases . The quest ion is how to 
identify potential receptor targets . Where the primary target t issue is not 
even known, this is clearly difficult. However , given that the target t issue 
has been specified (e.g. , by immunofluorescence studies) and that some 
knowledge of its function is available, it might be possible to make an 
educated guess about the receptor involved. 

Lover idge and co-workers (1980) found that sera from patients with 
pernicious anemia contained antibodies to the surface of gastric parietal 
cells and that these sera inhibited acid product ion by parietal cells. It is 
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not too difficult then to deduce that the loss of parietal cells and their 
intrinsic factor (with subsequent vitamin B j 2 malabsorpt ion and anemia) 
could be initiated by autoant ibodies to surface gastrin or histamine recep
tors known to regulate acid secret ion. Lernmark and coworkers (1978) 
showed that sera from subjects with insulin-dependent diabetes contained 
antibodies to the surface of isolated pancreat ic islet cells and that these 
sera specifically impaired insulin biosynthesis (Kana tsuna et al., 1981). 
Are islet cell-surface antibodies directed against specific receptors in
volved in regulating insulin synthesis /secret ion? Candidates might include 
receptors for glucagon, somatostat in , or even insulin itself, glucose t rans
port protein, or a surface molecule yet to be defined. I r respect ive of 
whether a receptor label can be assigned, it is important to define the 
molecular s t ructure of autoantigens and to generate libraries of such 
s t ructures . Elsewhere (Harr ison, 1984) I have referred to autoant ibodies 
as " n a t u r e ' s gift to the receptor b iochemis t " because of their potential to 
pinpoint the molecular s t ructures and events underlying autoimmuni ty . 
There is no reason why receptor antibodies should not be sought in sys
temic auto immune diseases in which the notion of receptor autoimmunity 
has received little c redence . One could propose , for example , that sera 
from subjects with early rheumatoid arthritis or reactive arthrit is might 
contain antibodies against a surface component of synovial cells. 

Despi te our ignorance of the pathogenesis of auto immune disease, the 
receptor ant ibody diseases with their restricted repertoire of autoreact ive 
immune cells would appear to be the most suitable candidates for evaluat
ing specific forms of immunotherapy . It is now possible to obtain amino 
acid sequence information from picomolar amounts of purified membrane 
receptors and use this information to identify genomic or cloned receptor 
D N A . Alternat ively, polyclonal autoant ibodies can be used to screen 
D N A libraries in express ion vectors (for reviews, see Fernley et al., 1984; 
Kaufman and Tobin , 1984). These approaches should permit the isolation 
of relatively large amounts of cloned antigen and are currently being used 
to obtain parasi te surface antigens for conventional vaccines (Kemp et 
al., 1983). Howeve r , specific therapy for auto immune diseases presents a 
challenge seemingly much greater than that which faced Jenner last cen
tury in first vaccinating against the smallpox disease. Convent ional vacci
nation deliberately sets out to stimulate immunity to a defined (exo) anti
gen. Autoimmunologis ts would like deliberately to suppress immunity 
against self-antigens. H o w can one immunize against clones of receptor-
reactive lymphocytes? Current strategies are based mainly on the notion 
of an antiidiotypic ne twork (Jerne, 1974), in which autoreactivi ty is seen 
as a normal , regulated function of the immune system and, by implication, 
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ant i receptor ant ibody disease as a failure of regulation by antiidiotypic 
ant ibodies . 

There is both experimental and natural evidence for the presence of 
antiidiotypic, ant i receptor antibodies capable of modulating cell function, 
as outlined under Section I I ,D . In situations in which the idiotype is on 
the ant i receptor ant ibody, the anti idiotype is theoretically capable of ab
rogating the ant i receptor effect by blocking or complexing ant i receptor 
antibodies in the circulation, by down-regulating or suppressing the reac
tive B-cell c lones , or by inducing the formation of antigen-specific sup
pressor Τ cells. Natural ly occurring antiidiotypic antibodies have been 
found in the sera of pat ients with myasthenia gravis (Dwyer et al., 1983), 
and their level is inversely related to the level of acetylcholine receptor 
ant ibodies, which suggests a suppressive effect of antiidiotype on antire
ceptor antibodies or B-cell progeni tors . It has also been reported that 
patients with lupus erythematosis who are in remission have antiidiotypes 
against an t i -DNA antibodies (Abdou et al., 1981). 

The quest ion is whether anti idiotypes can be engineered for specific 
immunotherapy . This might depend on several factors such as the range 
of specificities involved, the degree of cross-reactivity, and the degree to 
which the disease is solely dependent on antiidiotype network control . 
Exper imenta l myas thenia gravis can, for example , result from the action 
of a monoclonal ant ibody (Lennon and Lamber t , 1980), but the human 
disease is associated with a polyclonal reaction to a receptor known to 
have hundreds of immunogenic determinants (Tzartos , 1984). It will be 
interesting to discover whether antiidiotypes must encompass the whole 
range of de terminants . One approach in humans might be to obtain a 
library of monoclonal ant i receptor antibodies by hybridization of periph
eral blood lymphocytes with myeloma cells. These ant i receptor antibod
ies would then be used to obtain libraries of monoclonal antiidiotypes for 
injection into pat ients with receptor antibody disease. Alternatively, one 
could start with purified or cloned receptors . 

It is possible that , compared with Β cells, the number of idiotypes 
recognized by T-cell receptors is limited. When a single clone of Τ lym
phocytes with specificity for myelin basic protein was irradiated and used 
to immunize ra t s , the animals resisted the induction of experimental 
autoallergic encephalomyeli t is (Ben-Nun et al., 1981). This implies that 
the suppressor T-cell response to the idiotype of the immunizing clone 
effectively combated the entire set of effector Τ cells stimulated by immu
nization with myelin basic protein. Cohen (1984) has pointed out that Τ 
cells, as the likely effectors, could be at tenuated and used as immunogens 
to induce resis tance in a number of autoimmune diseases . 
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There are many facets to the complex control of the immune system 
that bear on the quest ion of specific therapy for au to immune disease but 
that are beyond the scope of this chapter (and its author) . The reader is 
referred part icularly to a recent Springer treatise on the immunopathology 
of idiotypic interact ions edited by Lamber t (1983). 

The rapid development of knowledge of the receptor ant ibody diseases 
and the insights into cellular biochemistry and immunology afforded by 
the study and application of receptor antibodies represent a powerful 
argument for the marriage of clinical medical and basic sciences , which I 
hope has been exemplified in this chapter . 
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I. I N T R O D U C T I O N 

Although tests for autoant ibodies are performed by countless laborato
ries and appear to be useful in diagnosis, there is relatively little informa
tion that establishes their practical value. In this chapter , data on several 
autoant ibodies will be reviewed from the point of view of the clinician 
w h o wishes to use the results for diagnostic purposes . It will be shown 
that autoant ibody testing can be useful but that application of some simple 
principles could lead to major improvements . At the same t ime, some of 
the basic character is t ics of autoant ibody testing pose some interesting 
conceptual problems for the immunologist (Dawkins and Peter , 1980). 
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II. I N F O R M A T I O N N E C E S S A R Y F O R T H E 

I N T E R P R E T A T I O N O F A U T O A N T I B O D Y 

T E S T I N G 

As in other areas of laboratory medicine, it is critical for the clinician to 
have some information on the sensitivity and specificity of autoant ibody 
testing (Galen and Gambino , 1975). Sensitivity can be defined as ' 'posi t iv
ity in d i s e a s e , " or the probability of a positive test (T) given the presence 
of the disease (D), that is, p(T/D). Specificity, on the other hand, is often 
referred to as "negat ivi ty in hea l t h " or the probability of a negative test 
(T) given the absence of the disease in question (D), or p(T/D). These 
terms are best unders tood by reference to the 2 x 2 format in Table I. It 
should be clear that this table raises some critical issues: 

1. Positive and negative results must be defined so that they can be 
contrasted with each other . 

2. The disease in quest ion must be defined very clearly and must have 
some relevance to decisions made in pract ice. For example , very little is 
gained if disease is defined in such terms that no testing is necessary to 
establish the diagnosis. The clinician would like to know the sensitivity 
and specificity of antinuclear antibody (ANA) in relation to systemic lu
pus e ry thematosus (SLE) but would be misled if the 2 χ 2 table were 
const ructed by using data based only on patients who satisfied essentially 
all of the A R A criteria for S L E (Cohen et al., 1971) or who possessed 
clinical features that were essentially pathognomonic . If the operat ional 
definition of S L E , that is, that used by the clinician who will make deci
sions with respect to diagnosis and management , relates to the presence 
or absence of part icular clinical features, the 2 x 2 table should be con
structed accordingly and not as dictated by the application of epidemio
logical criteria. 

3. The calculation of specificity should not be at tempted until it is 
clear whether the reference group has been selected so as to exclude S L E 
or, al ternatively, so as to obtain a " h e a l t h y " group defined by the absence 
of any major illness. 

4. It is quite clear that the most critical information obtained in the 2 
x 2 table relates to the predictive value of positive or negative results 
ra ther than to sensitivity and specificity themselves . Predictive value of a 
positive result or p(D/T) will of course be very much influenced by the 
relationship be tween the two row totals . For example , if the table simply 
compares 100 patients with S L E and 100 healthy subjects who have been 
shown to lack S L E , the p(D/T) will approach 100%. If, on the other hand, 
the table has been const ructed so as to allow for the prevalence of S L E 
(say, 1:1000 of the populat ion as a whole) , it will be necessary to give data 
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TABLE I 
Formulae for the Evaluation of Tests3 

Test result 

Positive (T) Negative (T) Total 

Disease group (D) 
Healthy Reference a b a + b 

group (D) c d c + d 
Total a + c b + d a + b + c + d 

a p(T/D) or probability of positive test given disease 
a 

= ~ + β = sensitivity, 

p(T/D) or probability of negative test given health 
d 

= c + ^ = specificity, 
p(D/T) or probability of disease given positive test 

a = predictive value of a positive, a ι c 
p(D/T) or probability of health given negative test 

d 
= , , , = predictive value of a negative, ο + α 

on 100,000 healthy subjects if 100 pat ients are to be included. Even if 
false-positive A N A occurs in only 1% of the healthy populat ion, the p(D/ 
T) will only be —10%. Quite clearly the clinician needs to be able to 
construct a 2 x 2 table that is relevant to the use of the test . For example , 
if the test is to be used to screen a populat ion for S L E , account must be 
taken of the prevalence of the disease . Alternatively, if A N A testing is to 
be used to distinguish be tween a limited number of options on the differ
ential diagnosis (e.g. , S L E versus rheumatoid arthritis), then the relative 
prevalence of these two condit ions in that clinician's pract ice is much 
more important than the prevalence of ei ther condition in the populat ion 
as a whole . 

It follows from these simple considerat ions that autoant ibody testing 
may have been used incorrectly because the relevant information has not 
been collected, or because of substantial difficulties in defining posit ive 
and negative tests and the presence or absence of the relevant diseases . 
Examples of some of these difficulties will be given below, but the immu-
nologist w h o can solve these problems will still have to provide the re
ques tor with yet further information if the results are to have any substan
tial value. It will be shown below that most if not all autoant ibodies should 
be regarded as cont inuous variables that can be measured over a quanti ta
tive range. If it is possible to define a useful cut-off be tween posit ive and 
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negative, it will also be necessary to provide some information on the 
distribution of results on either side of this cut-off. The requestor will 
need to know the confidence with which he can accept a particular quanti
tative result (e.g. , a titer) as positive or negative. In this context he will 
need information relating to reproducibili ty. Within-laboratory precision 
must be known but so too must the relevance of the result to that obtained 
by other laboratories . It should be possible to make an est imate of accu
racy (or the degree to which the given result relates to the " t r u e " result) . 

The laboratory should also be able to provide information on the degree 
to which a part icular result should influence decision making processes . It 
seems likely that many tests for autoantibodies are done in situations in 
which the result will not have much impact on the decision made . If the 
test is of value in excluding or confirming a diagnosis, it should be used 
accordingly and differently from a test that is of value in monitoring 
disease progress or in subclassifying a disease in relation to prognosis . In 
some cases the same test may give results which can be used profitably in 
different ways . 

Finally, the laboratory will also have to be prepared to provide informa
tion on the cost-effectiveness of the test . 

III. AN APPROACH TO THE EVALUATION OF 
AUTOANTIBODY TESTING 

For simplicity it will be assumed that 

1. A given autoant ibody can be t reated as a cont inuous variable and that 
it will be present in any given serum to a greater or lesser degree; 

2. The test used to measure this ant ibody is capable of distinguishing 
be tween at least several amounts of the ant ibody; 

3. Heal th is associated with less ant ibody than disease; 
4. There will be some overlap since the amount of autoantibody will not 

be the sole determinant of whether or not disease is present at that 
part icular t ime. 

These assumpt ions have been largely or completely validated in some of 
the part icular ins tances discussed below. 

Given these assumpt ions it is convenient to approach the evaluation of 
a particular test by use of the very simple model given in Fig. 1. Essen
tially this figure represents frequency distributions of the ant ibody in 
health and disease. Depending upon the cut-off for positive and negative, 
p(D/T) and p(D/T) , e tc . , can be derived. The model can be adjusted so 
that it is more appropr ia te for a screening test as shown in Fig. 2. Here the 
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L Ε C 

FIG. I. A simple model illustrating a method for the assessment of a diagnostic assay 
that measures a continuous variable from low (L) to high (H). Cut-off points Ε and C refer to 
the excluding and confirming points. The overlap zone is between Ε and C. (Reproduced 
with permission from Garlepp et al., 1982, Journal of Neuroimmunology.) 

100,000 

10,000 

FIG. 2. Simple model illustrating a method for the assessment of a diagnostic assay after 
correcting for prevalence of disease (D) in a population. In this case the prevalence of the 
disease is taken as 50 per 100,000. The distribution in health (D) is extrapolated to 100,000. 



674 ROGER L DAWKINS 

healthy populat ion is extrapolated to 100,000, and the number of diseased 
subjects that might be expected to exist within that population is given on 
the right of the figure. 

While these models necessarily represent oversimplifications, they do 
provide a convenient method for the display of the data and allow the 
clinician to deduce probabili t ies. A further adaptat ion is provided by com
paring the frequency distributions in the diseases that might be included in 
the differential diagnosis. 

All these versions have their defects, but they do allow the laboratory 
to concentra te its activity on the critical area of the measuring range. 
Obviously the laboratory will wish to achieve maximal reproducibility 
around its cut-off for positive and negative or at least around the range of 
results that are most discriminating. In this context it is important to 
remember that a result may be used for several purposes . Thus , although 
the test may be set up in such a way as to maximize its value in distin
guishing be tween health and disease, the same result may subsequently be 
used for monitoring or some other purpose . If used for monitoring, a 
greater or lesser degree of precision may be required. Clearly the labora
tory will have to consider the appropriate uses of the results . 

The application of these models and the practical problems encoun
tered will be discussed further by reference to selected examples . 

IV . A N T I N U C L E A R A N T I B O D Y 

The term "ant inuc lear an t i body" is used in two quite distinct ways . It 
may refer to the test for antibodies reactive with nuclei and detected by 
immunofluorescence, that is, the antinuclear factor (ANF) test . The same 
term is also used to describe all antibodies reactive with nuclei, i rrespec
tive of whether they can be detected by immunofluorescence. Those anti
bodies that react with soluble or extractable nuclear antigens may not be 
detected in the routine immunofluorescence test. In this section, A N F is 
used in the original sense and refers to A N A that are demonst ra ted by 
immunofluorescence. 

A . A N F : SENSITIVITY FOR S L E 

A review of the l i terature leads to confusion rather than clarity. In the 
early 1970s most workers found that A N F was present in essentially all 
cases with S L E , and presumably many of these workers required the 
presence of A N F as a sine qua non for the diagnosis (Davis, 1981). It was 
recognized that there were several c i rcumstances in which the A N F test 
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TABLE II 
Explanations for ANF-Negative Systemic Lupus Erythematosus 

Laboratory 
Wrong cut-off for positive and negative 
Failure to detect "other ANA" (e.g., anti-DNA and anti-RNP 
Reporting error, etc. 

Clinical 
Previous corticosteroid therapy 
Hypogammaglobulinemia including nephrotic syndrome 
Lupuslike syndromes (e.g., complement deficiency) 

could be negative in the presence of definite S L E ; these are listed in Table 
I I . Therapy in the form of cort icosteroids can certainly lead to a fall in 
titer, and it was well known that t reated S L E can be A N F negative. Thus , 
as a diagnostic cri terion, positive A N F referred to the untreated patient . 
In practical t e rms , however , it is not always clear to the patient and the 
physician whe ther or not there has been previous cort icosteroid therapy. 
Ant ibody may be lost from the serum, as for example after p lasmaphere
sis, or via the kidney, in the case of renal involvement in S L E . Such cases 
can be A N F negative and may remain negative for some time after the 
major episode of immunoglobulin loss. Substantial information is not 
available but there is the impression that a positive A N F should be quali
fied by a s ta tement such as "un les s the serum IgG is l o w . " It has been 
repor ted that some lupuslike syndromes are not necessarily A N F posi
t ive. F o r example , a disease very similar to S L E can occur with inherited 
C2 deficiency but with a negative A N F . Fur ther , on at least theoretical 
g rounds , it is conceivable that A N F could be negative when antigen and 
ant ibody are at equivalence, but this phenomenon does not appear to be 
of practical impor tance . 

These and o ther situations might account for a negative A N F in the 
presence of S L E but undoubtedly the most important considerat ion re
lates to the definition of posit ive and negative. It is quite extraordinary 
that many papers describing ANF-negat ive S L E have not considered the 
above situations and have not sought to justify the cut-off used by that 
laboratory. E v e n if the appropria te cut-off had been employed, it is likely 
(see Section IV,C) that imprecision at this level of detection would lead to 
some false negat ives. 

Fo r all of these reasons it might be justifiable to consider that the 
sensitivity should be essentially 100% in untreated idiopathic S L E . High 
sensitivity at least provides a valuable starting point for the assessment of 
the specificity and predict ive value of A N F testing. 
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TABLE III 
Predictive Value Antinuclear Factor In Systemic Lupus Erythematosus3 

ANF 

Positive (T) negative (T) Total 

Untreated SLE (D) 100 0 100 
Health (D) 2900 97000 99900 
Total 3000 97000 100000 

a Specificity [p(T/D)] 
97000 
99900 

97%; 

Sensitivity [p(T/D)] 
100 
100 

100%; 

Predictive value 
WP/T)] 

100 
3000 " 

3%. 

B . A N F : SPECIFICITY FOR S L E 

Several years ago it was assumed in our laboratory that untreated S L E 
was associated with A N F . Forty-four cases were studied, and it was 
found that almost all were obviously posit ive. However , it was necessary 
to adjust the assay to ensure positivity of the entire 100% (Rigby et al., 
1978). Such adjustment was made by varying the optical condit ions. Us
ing these adjustments a study of the Bussel ton population was under taken 
(Hawkins et ai, 1979). It was found that — 3 % of the total population was 
A N F posit ive. Thus , using a 2 x 2 table corrected for a prevalence of 1 
per 1000, the specificity or p(T/D) was —97% but the predictive value of a 
posit ive, or p(D/T) , was only 100 per 3000 or - 3 % (Table III). 

Several years later the same study was repeated with essentially the 
same results in the pat ients (i .e. , a sensitivity of 100%), but the specificity 
had fallen to 89%. This change was shown to reflect two aspects . First , 
there was imprecision around the cut-off point, as will be discussed fur
ther below. Second, there had been an increase in the frequency of A N F 
positivity in the populat ion as a whole . An analysis of the populat ion 
revealed that A N F positivity was strongly correlated with prior antihy
pertensive therapy, and it was relevant that the community had been 
subjected to an intensive campaign aimed at the t reatment of early hyper
tension. Thus , any assessment of the specificity and predictive value of 
A N F will be influenced by exposure to at least those drugs that are known 
to induce A N F positivity. Other factors associated with A N F were also 
examined. Interestingly there was no evidence of mild S L E , but there was 
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TABLE IV 
Relationship between Antiviral Titers and ANF in the Population 

Percentage of group 0 

ANF-Negative ANF-Positive 
(n = 90) (n = 50) p» 

Cytomegalovirus 4 20 0.05 
Herpes simplex 41 72 0.001 

(Type I) 
Measles 26 36 NS C 

° Percentage with antiviral titers above arbitrary cutoffs in subjects 
with and without ANF using a cutoff of —10 WHO units. 

b Probability of χ 2. 
c NS, not significant. 

a weak associat ion be tween A N F positivity and a quest ionnaire response 
that suggested the presence of Raynaud ' s phenomenon . Fur ther studies 
of this type are required. 

The associat ions of A N F in the populat ion as a whole may prove to be 
of value to the pr imary care physician, but it is not yet clear whether the 
demonst ra t ion of A N F should influence management decisions. Although 
ant ihypertensive and other therapy may induce A N F positivity, only a 
small fraction of these cases will develop S L E requiring t rea tment and it 
is not known whether A N F positivity should lead to any particular action 
on the par t of the physician. Studies such as those conducted by Batche-
lor ' s group should be pursued (Batchelor et ai, 1980). If it could be shown 
that there was an identifiable genetic factor that predisposed subjects to 
the development of drug-induced S L E , A N F monitoring of such subjects 
may be warran ted . Fur ther studies are also necessary to determine 
whether the p resence of A N F is of practical consequence to the patient 
with viral infection; certainly there is an association be tween A N F posi
tivity and elevated titers to some viruses (Table IV). 

It mus t be clear that any considerat ion of the specificity of A N F will be 
complicated by changes with t ime. Fac tors such as drug therapy and viral 
infections will come and go, and many subjects will be posit ive only 
transiently. Indeed in an earlier s tudy we showed that A N F positivity 
varied substantially when subjects were followed sequentially (Hawkins 
et al.y 1979). The predict ive value of persis tent A N F could well be quite 
different from the predict ive value of an A N F that is positive at only one 
part icular t ime (see also Section VIII) . 
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C . QUALITY CONTROL 

This term is used to refer to the problems related to precision and 
accuracy. Precision relates to scat ter within or be tween runs , as depicted 
in Fig. 3. Accuracy should be used to describe the depar ture from the true 
result . In the case of autoant ibodies , the truth is somewhat difficult to 
define and must generally be conceived in terms of internationally agreed 
s tandards . As shown in Fig. 3, accuracy may vary with t ime. 

In an a t tempt to measure precision and accuracy for A N F testing, we 
have accepted the W H O A N A standard and a t tempted to develop internal 
s tandards that will be particularly relevant to the critical measurement 
zone . An international exchange program had shown very clearly that 
there was no substantial difficulty in achieving a consensus if the titer 
were high (e.g. , 100 W H O units). There was much greater difficulty, 
however , with results around the cut-off for positive and negative as used 
by most laborator ies . We therefore developed four s tandards by diluting a 
serum that was judged to have 10 W H O units with serum that appeared to 
have very little if any A N F . By this means we derived 1.25-, 2.5-, 5-, and 
7.5-unit s tandards in addition to the 10-unit s tandard. When these stan-

High 

"True" 

R e s u l t 

Low 

FIG. 3. Model illustrating precision and accuracy as seen in a plot of consecutive results 
for a specimen. Region A shows both precision and accuracy. Region Β shows precision but 
a drift in accuracy demonstrated by the downward trend of the results away from the " t rue" 
result. Region C shows a lack of both precision and accuracy. Region D shows a return to 
precision and a drift back towards the " t rue" result. Region Ε shows a return to both precise 
and accurate results. 
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Standard 
units/ml Heart Kidney Liver 

Intensity 
grade" 

1.25 ±b 0b 0 0.5 
2.5 + b 0 0 1 
5 + + 0 2 
7.5 + + ± 3 
10 + + + 4 

a See Fig. 4. 
b Composite staining patterns distinguish the standards: 0, 

negative; ± , weak positive; + , positive. 

dards were tes ted at the usual screening dilution of 1:10, it was found that 
there were perceptible differences among them (see Table V). Using these 
differences it was then possible to score test sera and to relate these 
scores to those obtained with the four s tandards on the particular day. A 
curve was d rawn as shown in Fig. 4 and results read off in units . 

Using this approach , 200 of the Bussel ton group were re tes ted; the 
frequency distribution is shown in Fig. 5. It can be seen that the popula
tion frequency of A N F will depend very much on whether posit ive is 
regarded as 10, 7.5, or 5 units . The fact that there was a predictable 
gradation provided some confirmation for the belief that it is possible to 
determine the amount of A N F present , that A N F could be t reated as a 
cont inuous variable, and that distinctions could be made without expen
sive and t ime-consuming t i t rat ions. 

As expected there was some difficulty with precision in the 5- to 10-unit 
range. Most of the difficulty could be at tr ibuted to day-to-day variat ion, 
which could be largely eliminated by defining the standard curve each day 
and reading off the results . While this approach could only be an approxi
mation of A N F , it did appear justified by its success with o ther autoanti
bodies (see Sections V and VII) . Fur ther refinement appears possible. 

When these 2.5 to 10-unit s tandards were circulated in an interlabora-
tory autoant ibody exchange , some between-laboratory variation became 
apparent . The results are shown in Fig. 6. On the most recent exchange a 
higher degree of consensus was achieved, and it appears quite practical to 
a t tempt s tandardizat ion within this critical range. 

Returning to the problem of A N F in S L E , all pa t ients ' sera were well 
above 10 uni ts . An approximat ion of the data as it would relate to the 
simple models is shown in Fig. 7. Based on our total exper ience to date 

TABLE V 

Differential Staining of Tissue Nuclei by Local Standards 

Nuclei positive 
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1.23 2.5 5 10 

ASSIGNED VALUE (Units/ml) 

20 

FIG. 4. Standard curve obtained by plotting assigned values against the intensity grades 
obtained. A test specimen with a particular grade (e.g., 3) may be reported in units (e.g., 
7.5). 

100 

80 

60 

40 

FIG. 5. Cumulative frequency plot of ANF after conversion to units. Approximately 
11% of the population have ANF of 5 units/ml or more. 
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FIG. 6. Titers obtained when ANF standards were tested by laboratories involved in a 
quality control exchange program. 

we regard 7.5 W H O units as a conservat ive excluding cutoff for S L E . 
Most if not all false negatives can be accounted for by the explanat ions 
given in Table II or by the application of ill-defined diaprostic criteria. 

V. A N T I - D N A 

Textbooks frequently state that —70% of pat ients with S L E will have 
an elevated an t i -DNA, although the proport ion may be higher in those 
with act ive glomerulonephri t is . False-posit ives (insofar as S L E is con
cerned) are found in chronic active hepati t is , rheumatoid arthri t is , myas
thenia gravis , and o ther au to immune diseases . 

Information of this type is of very limited value to the clinician. It 
would seem that a low result does not exclude S L E and that an elevated 
result does not confirm the diagnosis. Some workers claim that the result 
does not relate to activity and is of no value in monitoring. Some of the 
different opinions might reflect technical and statistical differences. There 
are numerous assays available, and some use quite different ant igens. If 
indeed the critical ant ibody is react ive with only double strand D N A , 
improvement might be relatively simple and consensus might be achieved 
quite quickly. 
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1 0 0 , 0 0 0 γ 

A N F ( Un i ts /ml ) 

FIG. 7. Approximate cumulative frequency histograms for ANF in health (open circles) 
and in SLE (solid circles). The prevalence of SLE in the population is estimated at 100 per 
100,000. The distribution in health is extrapolated to 100,000. The line drawn at 7.5 units/ml 
shows that at this ANF concentration there will be —5000 individuals with a positive ANF of 
whom only 100 will have SLE. 

Undoubtedly one problem relates to the definition of normal and abnor
mal, that is, the cut-off for positive and negative. Some authors have 
t reated their data as if normally distributed, but this is rarely if ever 
appropriate in the case of autoant ibodies , if only because lower results in 
healthy subjects are skewed since the assays are not discriminating at the 
lower end of the range of measurement . There would appear to be no 
justification to define a "no rma l r a n g e " in terms of mean ± 2 SD. Quite 
apart from the fact that the distribution is not Gaussian, this approach 
fails to take account of the relative infrequency of S L E and the large 
port ion (e.g. , 2.5%) of posit ive results in otherwise healthy subjects. 

We have adopted an alternative approach based on the models dis
cussed above . As shown in Fig. 8, an approximation of the frequency 
distribution of ant i -DNA in the healthy population can be calculated so 
that this can be compared with results obtained from patients with un
treated S L E . Accordingly, it might be reasonable to ascribe significance 
to results of 20% or higher, as determined by the membrane assay (Gins
berg and Keiser , 1973). Such results are not compatible with health but 
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DNA BINDING (%) 

FIG. 8. Approximate cumulative frequency histograms for anti-DNA in health (open 
circles) and (solid circles) SLE. The prevalence of SLE in the population is estimated at 100 
per 100,000. The distribution in health is extrapolated to 100,000. 

suggest or confirm some diagnosis such as S L E . It is not possible to define 
the lower limit of the gray zone and therefore not possible to use the anti-
D N A test to exclude S L E . Fur ther studies of the distribution of results in 
patients are warran ted . 

The results given above relate only to those obtained by the membrane 
assay and perhaps only to those obtained within this particular labora
tory. The results of a recent exchange are of some interest . It was found 
(Fig. 9) that most laboratories were able to distinguish different amounts 
of an t i -DNA in that they obtained linear plots when their results were 
plotted against the mean or assigned resul ts . However , the slopes of the 
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I n t e r p r e t a t i o n 
High 

E r r o r 
. | D C 

L a b o r a t o r y 4 
Measured 

Ant i -DNA L a b o r a t o r y 3 

C o n c e n t r a t i o n 
L a b o r a t o r y 2 

Β 

R e p o r t i n g 
L a b o r a t o r y 1 

E r r o r 

A 

Low 
Assigned Ant i -DNA C o n c e n t r a t i o n 

FIG. 9. Interlaboratory results for anti-DNA. Although linearity was obtained when each 
laboratory's results were plotted against the assigned results, the slope of each line varied 
substantially, leading to a reporting error (AB) as shown. The interpretation error (CD) is 
due to the vastly different reference ranges used (0 = cut-off point for each laboratory). If a 
serum (x) (arrow) were measured by each of the four laboratories, laboratories 1 and 2 would 
regard the result as negative whereas laboratory 4 would regard the result as positive. 

lines varied substantially, Thus serum containing a given amount of anti-
D N A ant ibody would be assigned quite different results by different labo
ratories . This problem could be avoided quite simply by standardizat ion 
and agreement on the numbers to be reported. More importantly, how
ever, the laboratories at tr ibuted vastly different significance to the results 
for a given serum. This was especially because they used such different 
reference ranges . As can be seen in Fig. 9, there was no relationship 
be tween the slope of the line and the actual reference range used. Presum
ably most laboratories used a reference range from the literature and had 
not made any local assessment . This problem can be resolved quite sim
ply. Indeed sera that describe the distribution in health are available; such 
sera could be tested by other laboratories without the need for an exhaus
tive populat ion s tudy. 

The predictive value of part icular ant i -DNA results should be deter
mined. To our knowledge, this has not been done as yet. "Fa l se -pos i t ive" 
results do occur in myasthenia gravis and other condit ions, but it is quite 
possible that at least most of these pat ients truly do have S L E in addition 
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to any o ther d isease . It is interesting that the association be tween myas
thenia gravis and S L E is well recognized. 

V I . O T H E R A N A 

Although numerous o ther antinuclear antibodies have been described 
and some of these do appear to be associated with particular diseases or 
variants of S L E , most have not been submitted to careful scrutiny. In 
general t e rms , the assays are ra ther inadequate in that they only detect 
very high t i ters . Although results can appear to be of some interest (e.g. , 
by showing a significant Chi square when the presence or absence of 
ant ibody is compared with some part icular feature or diagnosis), the sen
sitivity and specificity may be low. It would be useful if the assay could be 
adjusted so that ei ther all pat ients were positive or only pat ients were 
posi t ive. Papers that descr ibe ant inuclear antibodies and their associa
tions should give the distribution of results and should derive the predic
tive values . 

V I I . A N T I - A C E T Y L C H O L I N E - R E C E P T O R A N T I B O D Y 

Several different methods have been used to detect and quanti ta te auto
ant ibody to the acetylcholine receptor (anti-AChR). Although there might 
appear to be some ra ther different es t imates of sensitivity and specificity, 
most of these probably reflect differences in methodology. Fo r example , 
the immunofluorescence test of Sondag-Tschroots et al. (1979) quite 
clearly gives different results from those of the radioimmunoassay. 

The resul ts shown in Figs. 10 and 11 have been obtained using crude 
human AChR labeled with a bungarotoxin (Lindstrom, 1977; Garlepp and 
Dawkins , 1982). Similar assays have been used by most but not all (for 
review, see Vincent , 1980). 

The sensitivity of ant i -AChR for the adult-onset form of myasthenia 
gravis approaches 100%, but this is only t rue if the disease is defined so as 
to include pat ients with generalized involvement and clinical evidence of 
activity at the t ime of testing. Thus to achieve high p(T/D) it is necessary 
to use a specific subset of D . It will also be necessary to use an appropri
ate definition of T, that is, an appropria te cut-off for posit ive. 

As one method of defining this cut-off, we have examined the distribu
tion of results in pat ients with active adult-onset generalized myasthenia 
gravis and used a representa t ive subset of the Bussel ton populat ion as a 
reference group . Resul ts (Fig. 12) have been expressed in the manner 
descr ibed above . It can be seen that the C cut-off is of the order of 1-2 
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FIG. 10. Anti-AChR titers in patients with adult-onset generalized myasthenia gravis. 
Patients have been grouped according to disease activity at the time of assay. (A) Active 
disease; η = 72, sensitivity = 90%. (B) Normal daily activity; η = 79, sensitivity = 78%. (C) 
Asymptomatic; η = 29, sensitivity = 72%. 

units but that some pat ients with disease may have slightly lower resul ts . 
Fo r practical purposes , a cut-off of 1 unit can be used except in situations 
where the test is applied to the screening of populat ions (Garlepp et al.y 

1982). 
It is implicit in this approach that ant i-AChR can be detected in healthy 

subjects without myasthenia gravis. Very low results (e.g., < 0 . 5 units) 
might be largely or wholly attr ibutable to nonspecific binding to the 
AChR. On the o ther hand, results > 1 unit are largely if not entirely due to 
specific binding of ant i -AChR, and it seems likely that at least those 
subjects with results be tween 0.5 and 1.0 units do have specific ant ibody. 
It follows that the clinical features of myasthenia gravis reflect a certain 
amount of ant ibody ra ther than the mere presence of any ant ibody at all. 
Presumably some subjects are more or less susceptible to a given amount , 
possible reflecting genetic susceptibility, as has been shown by passive 
transfer to mice (Marzo, G&rlepp, and Dawkins , in preparat ion) . 
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FIG. 11. Anti-AChR titers in patients with ocular myasthenia gravis or congenital/juve
nile myasthenia gravis (onset <12 years). Sensitivity for ocular MG was 21%, and for 
juvenile/congenital, 29%. (Reprinted with permission from Toxicon Suppl. 3. Garlepp and 
Dawkins, "Elapid alpha-neurotoxins and myasthenia gravis," 1982, Pergamon Press.) 

There are several o ther ways that a practically useful cut-off might be 
determined. F o r example , it is valuable to examine the distribution in 
diseases that are considered in the differential diagnosis of myas thenia 
gravis. I l lustrative results are shown in Fig. 13. It can be seen that in some 
disorders there is a tendency for higher titers that are not necessari ly 
associated with clinically apparen t myasthenia gravis. 

We have had the opportuni ty to s tudy some patients who have devel
oped myas thenia gravis some years after the collection and storage of 
serum for o ther reasons . An illustrative case is shown in Fig. 14. Ret ro
spective examinat ion of the sera of two other pat ients also showed ele
vated titers prior to the development of clinically obvious myasthenia 
gravis. It would appear that the threshold in the three cases studied se-
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FIG. 12. Cumulative frequency histogram of anti-AChR titers in healthy individuals 
(dashed line), after extrapolation to 100,000 individuals, superimposed on that for active 
adult-onset generalized MG (solid line). (From Garlepp et aL, 1982, with permission from 
Journal of Neuroimmunology.) 

quentially is of the order of 1-5 units . Thus the cut-off for posit ive, if 
defined in terms of association with clinically apparent disease, might 
have to be somewhat higher than the cut-off deduced from populat ion 
studies. While it may be difficult to recognize myasthenia gravis in the 
presence of a second disease such as thyrotoxicosis or systemic lupus 
e ry thematosus , it does seem likely that patients with these disorders may 
have somewhat higher titers than the population as a whole and that they 
may be asymptomat ic—with respect to myasthenia gravis—for at least 
some years after the acquisit ion of such t i ters. 

There is some controversy as to whether anti-AChR is associated with 
restr icted persis tent ocular myasthenia gravis. Our own results are shown 
in Fig. 11. We have argued that those patients with relatively high titers 
may have associated mild generalised myasthenia gravis. At least most 
pat ients with restr icted persis tent ocular MG are negative with respect to 
ant i -AChR, that is , they are no different from the population as a whole 
(Garlepp et aL, 1981). Others have suggested that there may be some 
detectable ant i -AChR, especially if extraocular muscle is used as a source 
of antigen. Fur the r studies are required. 
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FIG. 13. Percent cumulative frequency histograms of anti-AChR titers in SLE (A), 
rheumatoid arthritis (B), and patients with high-titer thyroid autoantibodies (C). (From 
Garlepp et al., 1982, with permission from Journal of Neuroimmunology) 

As shown in Fig. 1 1 , the congenital and juveni le forms of myas thenia 
gravis are generally, if not a lways , negative. These subcategories of the 
disease have not been well defined. It is quite clear that some pat ients 
with onset soon after puber ty will be posit ive for ant i-AChR. The disease 
with an onset in the first 2 years of life is negative in our exper ience , 
al though some of these pat ients have been inactive at the t ime they were 
tes ted. Congenital myas thenia gravis contras ts with the neonatal type . 
The disease transferred from mother to baby is associated with anti-
AChR, as might be expected . H o w e v e r only a proport ion of those babies 
w h o receive maternal ant i -AChR develop clinical evidence of the disease , 
again suggesting that there is some variation in susceptibility to a given 
amount of ant ibody. 



690 ROGER L DAWKINS 

1 Μ 1 J 1 J 1 A 1 8 1 Ο 1 Ν 1 D I J 1 F 1 

1978 1980 1981 

FIG. 14. Serial anti-AChR titers in a patient who presented with thyrotoxicosis in 1978. 
Retrospective analysis of the 1978 serum revealed an anti-AChR titer of 4 units. Myasthenia 
gravis was diagnosed in February 1980, and treatment included (see arrows) thymectomy 
(1), plasmapheresis (2), and alternate-day prednisone (3). (From Garlepp et al., 1982, with 
permission from Journal of Neuroimmunology.) 

Although there is general agreement that anti-AChR has relatively high 
sensitivity, specificity, and predictive value for myasthenia gravis, there 
is some cont roversy as to the value of the test for monitoring. In our 
exper ience changes in titer relate very well to changes in clinical s tatus in 
the individual case , but there is no correlation be tween titer and severity 
if these two paramete rs are compared in a group of pat ients . This lack of 
correlation is at least partly due to the fact that young females with thymic 
hyperplasia and H L A A l , B8, DR3 have relatively high titers but often 
mild or at least remitting disease. Presumably these patients are high 
producers of ant ibody but have a relatively high biological threshold. 
Even in these cases , however , sequential testing has shown that changes 
in titer run parallel to changes in clinical severity. 

In conclusion, a titer of ant i -AChR > 5 units essentially confirms a 
diagnosis of myasthenia gravis. A result < 1 unit largely excludes this 
diagnosis, al though not inactive, t reated, congenital or ocular disease. A 
result be tween 1 and 5 will generally be found to be associated with active 
myasthenia gravis , but some pat ients , and especially those with thyrotox
icosis and systemic lupus e ry thematosus , will not have clinical evidence 
of myasthenia gravis. At this stage we would recommend a periodic re
view of such pat ients in the expectat ion that clinically apparent myasthe
nia gravis will develop. 

The relatively high sensitivity and specificity of ant i-AChR for active 
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generalized myas thenia gravis contras ts with the situation for most au
toant ibodies . Presumably this difference reflects the fact that ant i -AChR 
is directly involved in the pathogenesis of the disease. By contrast A N A 
may simply be a marker for a whole family of antinuclear ant ibodies , most 
of which are not associated with recognized disease. Ant i -DNA may or 
may not be important in the pathogenesis of S L E , but presumably it is 
dependent on o ther factors such as the availability of the appropria te 
antigen and the degree of complement activation. 

VIII. ANTITHYROID ANTIBODY 

A recent review (Strakosch et al., 1982) illustrates some of the prob
lems. Although most of the article is devoted to the presumed defect of 
immunoregulat ion, there is some discussion of thyrotropin receptor anti
bodies . It is s tated that the measurement of these antibodies is important 
but difficult and of little assis tance to the clinician in diagnosis and man
agement . It is then stated that a high titer of thyroglobulin ant ibody is 
found in 5 5 % of pat ients with Hash imoto ' s thyroiditis and that a low titer 
is found in 10-20% of normal subjects . N o quanti tat ive data are given. 
Thyroid microsomal ant ibody is said to occur in 9 5 % of pat ients with 
Hash imoto ' s thyroidit is , 90% with idiopathic myxedema, and 80% with 
Graves ' d isease . This ant ibody is apparent ly detected less often in normal 
subjects . Again, no quanti tat ive da ta are given. 

In our own studies of patients with Hash imoto ' s thyroiditis p roven by 
needle aspirat ion, it did appear that ant imicrosomal ant ibody was posit ive 
in at least 90% (Gutteridge and Orrell , 1978.) Of some practical interest , 
most of these pat ients with negative anti thyroid microsomal antibodies do 
have ant ibodies to anti thyroglobulin. Again, quanti tat ive data are not 
available. 

Given that the sensitivity of thyroid microsomal antibodies for Hashi
mo to ' s thyroiditis approaches 100%, it is of some interest to determine 
the specificity and predict ive value. In examining the frequency of these 
antibodies in the populat ion as a whole , it is clear that age and sex have a 
major impact (Hawkins et ai, 1980). So also does pers is tence of the 
ant ibody (Hawkins et al., 1979). It has generally been assumed that anti
body-posi t ive subjects in the populat ion should be regarded as "false 
pos i t i ve . " H o w e v e r , our own data suggest that a large proport ion of those 
with persis tent ant imicrosomal antibodies have or will develop hypothy
roidism. Thus the major difficulty would appear to be in defining hypothy
roidism, especially in relation to its evolution with t ime. 
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IX. O T H E R A U T O A N T I B O D I E S 

Until careful quanti tat ive studies are under taken it will be difficult to 
determine the predict ive value of most o ther autoant ibodies . Meanwhi le , 
only oversimplifications are possible . Fo r example , antibodies reactive 
with the intercellular substance of the epidermis are found in essentially 
all pat ients with pemphigus vulgaris but also in other situations such as 
extensive burns . Deposi t ion of immunoglobulin in biopsies is found in 
< 1 0 0 % of pat ients with pemphigus vulgaris, but this finding is of high 
specificity and high predictive value. By contrast the absence of serum 
autoant ibody helps to exclude pemphigus vulgaris. 

The situation in bullous pemphigoid is apparently different. Positive 
biopsy findings are more or less universal , whereas the serum antibody 
occurs with a sensitivity of somewhat less than 100%. A negative biopsy 
helps to exclude bullous pemphigoid whereas the presence of serum anti
body to the ep ide rmal -de rmal junct ion is of relatively high specificity and 
predict ive value. 

These two diseases of the skin illustrate the diagnostic promise of auto
ant ibody testing, but undoubtedly bet ter data are required. 
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I. I N T R O D U C T I O N 

A look at the future makes sense only if one studies the past . I had the 
good fortune to " b e a r o u n d , " if not at the very beginning of the saga of 
autoimmunity , then at least at the time that the field began to crystallize 
into a substantial body of scholarship. This was in the mid- to late 1950s 
when the logical interconnect ions be tween three areas of research , 
namely cellular immunology, embracing the field of immunological toler
ance , exper imental autoimmunizat ion, and human auto immune diseases 
came into full focus. It is interesting to recall the widespread animosity to 
the idea of autoimmuni ty at that t ime, particularly among clinicians, w h o , 
in the main, were content to see clinical immunology as a recondi te field 
confined to uncommon diseases such as systemic lupus e ry thematosus , 
hemolyt ic anemia , or Hash imoto ' s thyroidit is . In those days , I found 

THE A U T O I M M U N E DISEASES 695 Copyright © 1985 by Academic Press, Inc. 
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myself frequently as an advocate for autoimmunity as being truly impor
tant , but even the most optimistic of us at The Walter and Eliza Hall 
Insti tute did not predict the range of diseases that would, to a greater or 
lesser degree , become entrapped within the web of autoimmunity inside a 
quar ter of a century . 

Looking at this res is tance with the benefit of hindsight, I can see three 
reasons for it beyond the innate conservat ism of the medical profession. 
First , I believe we made too absolute a distinction between intrinsic or 
" s e l f antigens and extrinsic or " n o t s e l f antigens, and thus took 
Ehr l ich ' s " h o r r o r au to tox i cus" too literally. Of course , the carrier effect 
had not yet been discovered, nor had its corol lary—the breakage of toler
ance , including self-tolerance, by cross-reacting antigens. In a conceptual 
sense , we had failed to pick up the cues from diseases like rheumatic fever 
and Chagas ' d isease , which clearly told us that significant cross-react ions 
occurred be tween intrinsic and extrinsic antigens, antibodies to the latter 
being capable of provoking serious damage to the former. 

Second, we failed to see clearly enough that immunological tolerance 
was a quanti tat ive ra ther than an absolute concept . We were all deeply 
under the influence of P . B . Medawar (Billingham et al., 1953) and what 
he later te rmed the doctrinal tyranny of the skin graft. If a skin graft was 
rejected, even 30 or 40 days after t ransplantat ion, that was not " r e a l " 
to lerance. Failing to see that experimentally induced or self-tolerance 
could be partial and yet operationally effective in many c i rcumstances , 
we also largely failed to see the contingent t ruth, namely that some au
toantibodies could be made by healthy people without causing disease or 
signifying a total b reakdown of immunoreguiat ion. Early thinkers like 
Najjar and Grabar (Grabar , 1957) got onto the point but failed to come to 
grips with the issue of what differentiated " n o r m a l " autoantibodies (such 
as those all mice make to bromelain-treated erythrocytes) from disease-
causing autoimmuni ty . 

Third, immunologists of the late 1950s strongly resisted the then exotic 
clonal selection theory of ant ibody formation (Burnet , 1957), and this 
being so , were even less impressed with his "forbidden c l o n e " idea of 
autoimmunity (Burnet , 1959), which saw potentially antiself clones of 
immunocytes escaping from the homeostat ic mechanisms that normally 
kept them silent. In autoimmunity , these clones were seen as proliferating 
wildly in response to the sea of self-antigen surrounding them. The forbid
den clone notion has not survived as such, but , given that B-lymphocyte 
clones to tolerated antigens are clearly not physically deleted from the B-
cell repertoire (Nossal , 1983), it behooves us to ponder the regulatory 
loops that might permit activation of such tolerant cells. We now realize 
that a certain degree of polyclonal activation of Β cells can be achieved, 
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whether by mitogens like bacterial endotoxins , by lymphokine growth 
factors, or by molecules released from parasi tes , and so we have come to 
realize that antigen is by far not the only force involved in immunoregula-
tion. 

Resis tance gradually gave way to compliance, so much so, in fact, that 
we as early p romote rs of the concept of autoimmunity somet imes had to 
blow the whistle as virtually every obscure chronic disease was promoted 
by one au thor or another as a candidate addition to the growing list of 
au to immune condi t ions! This increased interest in the area has brought a 
wealth of knowledge over the past quar ter century but also its share of 
unanswered quest ions . 

II. U N A N S W E R E D Q U E S T I O N S I N T H E W A K E O F 

T H E G R E A T D I S C O V E R I E S 

A . THE G R O W I N G LIST O F AUTOIMMUNE DISEASES 

The growing list of au to immune diseases has posed serious quest ions 
about where the line should be drawn. In diseases like au to immune hemo
lytic anemia or myas thenia gravis where the association be tween autoan
tibodies and mechanism of disease is so clear cut, there are no problems. 
At the o ther end of the spect rum are diseases like rheumatoid arthritis and 
multiple sclerosis , where the number of pat ients exhibiting the relevant 
autoant ibodies but clearly not having the disease poses a real di lemma as 
to the meaning of the ant ibody. Insul in-dependent diabetes sits some
where in be tween , and the lengthy period during which relatives of pa
tients can have anti-islet-cell ant ibodies introduces the new concept of a 
prodromal or preclinical stage of the disease at which immunologically 
mediated damage perhaps remains clinically undetectable because of the 
reserve capaci ty of the target organ and/or compensa tory division among 
target cells. 

T o this must be added the issue of diseases of target organs in which 
autoant ibodies have only recently been discovered. Idiopathic hypopara
thyroidism, partial hypopitui tar ism, and idiopathic diabetes insipidus 
(with ant ivasopressin antibodies) fall in this camp. The situation in these 
condit ions is that (arguing by analogy) they will probably fall into the 
au to immune c a m p , but before this can be generally accepted , a sufficient 
weight of confirmatory evidence is required. 

In the future as in the pas t , each disease will have to be studied as an 
entity in its own right, with the au to immune component seen as only one 
in a web of causat ive factors . The grouping of the diseases into the 
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autoimmune category should not be allowed to impede the search for 
particularities that might clarify etiology in each specific case . 

B. THE GENETIC RISK FACTORS 

Undoubtedly , the unraveling of genetically transmitted risk factors , 
particularly those associated with major histocompatibility (MHC) and 
immune regulatory genes , has been one of the major discoveries in the 
field. However , I believe no one guessed jus t how complicated the genet
ics of autoimmunity would turn out to be . This is referred to in many 
chapters in this volume. It represents an area of research where clinical 
and animal studies have greatly complemented each other . Linkages to 
M H C or to immunoglobulin allotype are relatively easy to unders tand in 
that immunoregulatory or antibody structural genes are involved. But , as 
Drs . Mackay and Rose point out in their chapter (Chapter 1), a close 
dissection of animal models of autoimmunity may reveal four separate 
MHC-linked and one non-MHC-linked immunoregulatory genes involved 
without nearing the end of the story! Other genes affecting target organ 
s t ructure , B-lymphocyte-act ivat ion levels, or thymic physiology are in 
the process of being identified, and the track record to date indicates that 
still o ther genes remain to be defined. So, for the majority of auto immune 
diseases , we shall have to face up to highly multifactorial, multigenic 
effects. 

C . MECHANISMS O F IMMUNOLOGICAL DAMAGE 

In the early years of autoimmunity research, life was rather simple 
because you could take your pick be tween an ant ibody 's damaging a 
target organ directly or immune complexes ' depositing and initiating an 
inflammatory cascade involving leukocytes , platelets and the complement 
system. One of our problems today is that we have so many competing 
models for damage to target cells! The simple view of complement-fixing, 
cytolytic ant ibody has to be supplemented with those of ant ibodies ' caus
ing aggregation and pinocytosis of vital cell-surface macromolecules ; anti
bodies ' preparing cells for ant ibody-dependent cellular cytoxicity; anti
bodies that stimulate receptors ; and antibodies that block either a 
physiological signal or the damaging effects of other antibodies. On the 
cellular side, we have not only cytotoxic Τ lymphocytes capable of inflict
ing target cell damage , but also Κ cells, N K cells, A L K cells, and their 
relatives. Fur the rmore , Τ cells of the helper/inducer phenotype are 
clearly important in chronic inflammatory s ta tes , delayed hypersensit ivity 
react ions, and graft rejection, and therefore need investigation within the 
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context of autoimmuni ty . The whole quest ion of how to relate the many in 
vitro tests to the in vivo immunopathology requires a new conceptual 
approach . 

D . THE IMPORTANCE O F IMMUNOLOGICAL CROSS-REACTIONS 

The monoclonal revolu t ion—both monoclonal antibodies and antigen-
specific, functional T- lymphocyte c lones—has illustrated more dramati
cally than any theoretical argumentat ion by a clonal selectionist the de
gree to which the immune sys tem is degenerate and redundant . One 
ant ibody can recognize more than one antigen; one antigen can react with 
more than one ant ibody. The same is t rue for T-lymphocyte recognit ion. 
Hybr idomas have been made using the Β lymphocytes of both humans 
and mice with au to immune diseases (Schwartz , 1983). These have illus
trated both the extraordinary polyclonality of auto immune responses and 
the impor tance of cross-reactivi t ies. Fo r example , ant i -DNA autoant ibo
dies from lupus pat ients cross-reacted with cardiolipin and also with phos-
phorylcholine-containing bacterial ant igens, suggesting that some lupus 
autoant ibodies might be primarily antibacterial antibodies that jus t hap
pen to register with the phosphodiester-containing molecule D N A . Fur
thermore , several of the an t i -DNA monoclonal antibodies share a cross-
react ive idiotype, an interesting point for proponents of ne twork theories 
of immune regulation. Other autoant ibodies are reactive to cellular cy-
toskeletal molecules like actin and vimentin. These could be due to cross-
reactivity with viruses , as extremely similar molecules are present in the 
virions of measles and parainfluenza. 

As already ment ioned in the introduction, the marked cross-reactivit ies 
among antigens and antibodies have profound implications for the field of 
immunological to lerance and hence for the background concepts shaping 
our views on autoimmuni ty . F rom the standpoint of clonal selection, the 
simplest way of prevent ing autoimmunity would be to silence all potential 
antiself lymphocytes . This could be accomplished via an actual killing of 
the cell, ei ther through a direct encounter be tween the antigen and the 
cellular receptor for it or through the action of an antiidiotypic cytotoxic Τ 
lymphocyte , which might easily read out as a suppressor Τ cell. Alterna
tively, the antiself cell might be rendered anergic through early contact 
with antigen, but not be physically deleted from the repertoire . Whatever 
variant of these ideas is proposed , the end result would be a functional 
purging of some elements of the B- or T-lymphocyte reper toires . If that 
purging were absolute , even for cells with quite a low affinity for the 
tolerated antigen, cross-reactivity pat terns would ensure that each self-
antigen would create a sizable " h o l e " in the repertoire . Given the very 
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large number of self-antigens, as an ensemble they could well delete the 
whole reper toi re! 

I might add that this whole argument is unchanged if one places the 
onus for self-tolerance on suppressor Τ cells: At what level of B-cell 
cross-reactivity should they stop suppressing? This line of reasoning sug
gests that to lerance will never be absolutely complete , but ra ther that it is 
a concept requiring definition in terms of the numbers of immunocompe
tent precursor cells available for activation and their affinities for the 
tolerated epi tope. Converse ly , autoimmunity must be similarly defined, 
the strong probabili ty being that small amounts of low-affinity antiself 
antibodies const i tute a normal reaction to pulsatile release of self-anti
gens , aberrant antigen presentat ion, or polyclonal lymphocyte activation. 
Autoimmuni ty , on this view, must be seen as a perturbat ion of the regula
tory processes that constrain these events . 

III. F U T U R E D I R E C T I O N S O F R E S E A R C H I N 

A U T O I M M U N I T Y 

A . GENETIC ASPECTS 

I anticipate that research on the genetic aspects of autoimmunity will 
take a new turn as a result of the recombinant D N A revolution. Particu
larly in the human , the serological approach to the definition of the prod
ucts of the D-locus-related immunoregulatory genes has had severe limi
tat ions. N o w , the study of HLA gene polymorphism by restriction 
endonuclease mapping has become a reality (Cohen and Dausset , 1983). 
Using the Southern blotting technique, genomic D N A can be digested 
with various restriction endonucleases and labeled with a Class I or Class 
II MHC gene p robe . Each person gives a characterist ic , complex banding 
pat tern , and family studies have shown that the gene fragments segregate 
only with HLA haplotype. Moreover , systematic correlations with sero
logically defined alleles reveal both the expected concordance and inter
esting except ions , which should provide more definitive proof of HLA 
gene organization and polymorphism. 

The approach is already giving clues to gene segments of importance as 
risk factors for part icular diseases . For example , when the highly poly
morphic β-chain genes of the class II HLA cluster are analyzed with 
EcoRII and a /3DC probe , 15 of 16 normal healthy individuals possessing 
the serologically defined allele DR2 display a characterist ic 2.2-kb band . 
Individuals lacking DR2 lack the band. DR2 is a risk factor for multiple 
sclerosis but a protect ive factor for insulin-dependent diabetes . In fact, all 
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D/?2-positive multiple sclerosis pat ients were found to possess the band , 
but when seven D/?2-positive pat ients with diabetes were identified—a 
rare g roup—none of them possessed this band! So ZXR2-positive individ
uals with the band appear to be absolutely protected against insulin-de
pendent d iabetes . 

It is a safe predict ion that many more polymorphic differences will be 
found through this form of mapping that will correlate more closely with 
disease susceptibility than the serological associations presently avail
able. Painstaking work in this direction will pinpoint not only which HLA 
genes , but which sequences within them, are responsible for the disease 
associat ion. Through this , a technology of enormous diagnostic value but 
also one capable of shedding new light on disease mechanisms will be 
born. 

B . THE ROLE O F ANTIRECEPTOR ANTIBODIES 

Having taken some joy in the role that The Walter and Eliza Hall 
Inst i tute played in the early days of ant i receptor antibodies in autoimmun
ity (Lennon and Carnegie , 1971; Linds t rom et ai, 1976), I can now see 
that this field is entering a new era . Once again, the two new biotechnolo
gies, gene cloning and monoclonal ant ibodies , are the reasons for rapid 
progress . Three future t rends can readily be identified. First , monoclonal 
ant ibodies , including those prepared from animals or humans with 
au to immune diseases , will identify more and more cell-surface macromol
ecules as the clinically important targets for au to immune at tack. The T S H 
receptor , the acetylcholine receptor , and the insulin receptor will surely 
be followed by a long string of like examples . Moreover , the case of 
differing bioeffects of autoant ibodies to receptors will become much more 
numerous . In thyroid disease , part icular autoantibodies to the T S H recep
tor can block hormone action or mimic it, and in the latter case there is the 
suggestion that there may be differential effects on thyroid cell growth 
and thyroid cell differentiation. This raises the interesting possibility of 
different sorts of T S H receptors , capable of transmitt ing different signals 
back to the cell. 

I anticipate that bo th the s t ructure and the function of the most impor
tant target molecules for pancreat ic islet-cell autoantibodies will soon be 
defined. Antiinsulin receptor ant ibodies are operat ive only in ra re , insu
lin-resistant cases of the disease , as discussed by Dr. Harr ison e lsewhere 
in this volume (Chapter 23), but logical considerat ions suggest that anti
bodies to cell-surface macromolecules would be of greater pathogenet ic 
significance than those detected by staining cytoplasmic components in 
fixed cells or sect ions. The latter type of ant ibody is still of great impor-
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tance in the serological diagnosis of au to immune diseases , and frequently, 
in organ-specific au to immune disease , a family of tissue-specific antibod
ies is present . In such cases , a cont inued search for anti-cell-surface 
antibodies should prove worthwhi le . As more examples are found, antire
ceptor autoant ibodies will add to our knowledge of normal cellular physi
ology, which in turn will allow us to unders tand the disease mechanisms 
more fully. 

Second, gene cloning is revealing the s tructure of many important re
ceptors with breathtaking speed. This will sharpen up concepts of how 
receptors function and therefore of how autoantibodies can per turb that 
function. F o r the more important receptors , a longer term goal will be to 
produce enough material to allow crystallization and hence X-ray crystal-
lographic analysis . 

Third, as structural information about receptors increases so will at
tempts to use this new knowledge to interfere in the disease process . One 
could envisage computer-a ided drug design creating agonists and antago
nists specific for receptors , which could counterbalance whatever was the 
damaging effect of the ant ibody. It might even not be too fanciful to 
imagine active a t tempts to induce tolerance or immune suppression using 
synthetic epi topes that possess or mimic the recep tor ' s s t ructure . In this 
longer range work , models dependent on spontaneous auto immune dis
eases in mice or rats will be particularly valuable. 

While on the topic of possible therapeut ic interventions, it is wor th 
mentioning two areas that will certainly continue to be explored, namely 
monoclonal antibodies to part icular M H C gene products that function as 
restriction e lements for au to immune responses and antiidiotypic mono
clonal antibodies directed against cross-react ive idiotypes of autoant ibo
dies. Such " b r a v e new w o r l d " approaches may lack credibility today , but 
they deserve real research at tention when one considers how devastat ing 
some of the more serious au to immune disorders are . 

C . AUTOIMMUNE T-LYMPHOCYTE LINES 

The capaci ty to t ransmit autoimmunity passively and transiently by 
ant ibody (e.g. , in the case of the neonate , from an autoimmune mother) 
helped to cement the notion of autoantibodies as genuine mediators of 
disease. A recent area of research (Cohen, 1983) promises as much for the 
Τ lymphocyte . Long-term lines of Τ lymphocytes can be generated that 
possess reactivities enabling them to cause autoimmune disease on adop
tive transfer. Thus , new insights into experimental allergic encephalomy
elitis, experimental neurit is , au to immune thyroiditis, and adjuvant-in-
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duced arthritis are being obtained. The T-cell lines are generated from 
autoimmunized mice through alternative cycles of t rea tment with the au
toantigen and with T-cell growth factor in the absence of antigen. Surpris
ingly small numbers of these cells, 10,000 or so , can cause significant 
symptomatology. The Τ cells, which are predominantly of the helper/ 
inducer pheno type , are antigen specific and M H C restr icted. Their infu
sion into normal mice raises fascinating problems. In the case of E A E , 
how do they reach the brain? There may be a concentrat ion gradient of 
autoantigen at work . H o w is autoantigen presented to them? Endothel ial 
cells or certain astroglia may possess the necessary class II M H C restric
tion molecules . H o w do they breach the b lood-bra in barr ier? There are 
even some lines with suppressive potential , that is, the capaci ty to 
" swi t ch off ' autoimmunity in an antigen-specific, MHC-res t r ic ted way . 
In the arthritis model , these can successfully prevent arthritis from devel
oping and can lessen its severity once established. Artificial manipulat ion 
of the disease state by in vitro cellular engineering represents a valid long-
term goal. 

D . INDUCTION O F H L A - D R EXPRESSION AS A TRIGGER O F 

AUTOIMMUNITY 

An early event in the induction of the immune cascade is the presenta
tion of antigen to a helper/ inducer Τ lymphocyte by a cell bearing class II 
M H C molecules on it. While macrophages , dendrit ic cells, and Β lympho
cytes are the cell types most readily seen as expressing such molecules 
(e.g. , H L A - D R in the human) , it has recently been noted that a variety of 
o ther cells can be induced to become DR post ive . The chief mediator of 
this aberrant DR express ion is γ interferon. This has led to a novel hy
pothesis for the mechanism leading to organ-specific autoimmunity (Bot
tazzo et al., 1983). A local virus infection (e.g. , of an endocrine organ) 
causes interferon product ion. This leads to aberrant DR express ion on the 
relevant epithelial cell. Cellular autoant igens , for which no major degree 
of self-tolerance exists because of their low concentra t ion in the circula
tion, are now correct ly presented to helper/ inducer Τ cells within the 
damaged organ. These Τ cells lead to the activation of effector precur
sors , bo th Τ cells and Β cells, and thus to autoimmunity . 

This hypothes is is of considerable interest , if only because it focuses 
the mind on an interesting possible explanat ion for self-tolerance. Organ-
specific autoant igens , such as cell-surface receptors , may simply be toler
ated by the body because normally they do not engage the interest of the 
immune sys tem. Aber ran t D R express ion places the restriction element 
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and the self-antigen into a proximity not normally possible. It may be that 
some failure of suppressor mechanisms is also required before transient 
autoant ibody product ion turns into frank auto immune disease. 

The examples of abnormal class II antigen expression in epithelia in 
various disease states are increasing and warrant careful examinat ion in 
the light of these new ideas . 

E. HYBRIDIZATION HISTOCHEMISTRY IN THE SEARCH FOR VIRAL 

AND OTHER GENES 

A considerat ion of viruses as possible causat ive agents in autoimmunity 
leads on to one final technical point. Immunofluorescence has been a tool 
of immense value in autoimmunity research and is a linchpin of our 
present diagnostic technology. Essential ly, immunohistochemistry de
tects gene products in and on cells. A potentially even more powerful 
technique is now in its infancy. It is the use of genetic probes labeled in 
various ways as tools for the search for specific D N A or R N A sequences 
in cells or t issues . Specifically, radioactively labeled probes are being 
used extensively to search for given m R N A molecules in the cytoplasm 
and thus to identify the t issue of origin of the relevant gene product . The 
technique can equally validly be used to search for D N A viruses , or 
c D N A copies of viral R N A , that have been integrated into the host 
genome. The general name for this technology is hybridization his tochem
istry. 

It is not yet clear how widespread a use this technology will have in 
pathology and what practical advantages it will possess over immunohis
tochemist ry . It is certainly already proving of value in the search for a 
possible viral etiology of chronic diseases , including some possibly due to 
autoimmunity . It has occasioned surprises in terms of product ion of hor
mones , brain pept ides , and other molecules in previously unsuspected 
locat ions. The technique may find imaginative uses in immunopathology. 
If the s t ructure of an antigen of interest is known, it is now possible to 
make a labeled probe for its m R N A far more rapidly than it is to make an 
ant ibody! Quite apart from its re levance to a search for viral sequences , it 
may come to be regarded as an adjunct to immunohis tochemistry for 
practical reasons . 

I V . S U M M A R Y A N D C O N C L U S I O N S 

The former paradigm of the immune response centered on a first injec
tion of antigen creating a small amount of antibody and a pool of memory 
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cells, and a boos te r injection giving a secondary response with an explo
sive division and differentiation of the pr imed immunocytes . While noth
ing has invalidated this simple not ion, it has had to accommoda te to a 
large number of immunoregulatory facts, including the modulat ing influ
ence of helper and suppressor Τ cells, the markedly different effects of 
sudden pulses of an antigen versus its constant p resence , the posit ive and 
negative feedback potential of ant ibody and of anti idiotype, and the reali
ties of immune regulatory genes . These considerat ions have shaded the 
differences be tween self and nonself ant igens, which now in many re
spects seems more an operat ional than an absolute one . If to this degree 
immunological to lerance has lost its magic, so has its converse , autoim
munity . 

If autoimmuni ty then is to be viewed not as due to some single, striking 
causat ive mechanism, but ra ther as a serious failure of several e lements in 
a highly complex control sys tem, we have somehow to gear our future 
research away from an overly reductionist ic pa thway. The student of 
autoimmuni ty will not be able to afford to neglect any strand of cellular 
immunology or lmmunogenet ics and furthermore should be constant ly 
alert to clues coming from other fields where persisting antigen and an 
effective immune sys tem coexist ; parasit ic diseases and transplantat ion 
biology are the two obvious examples . More than at any previous t ime, 
these fields will be technology sensit ive. Their moving edges will shift and 
adapt as new techniques redefine the quest ions that can be asked. There
fore, the clinical researcher faced with the real-life problems of disease 
will have to maintain a high level of aler tness about what the new tech
niques can do and a high degree of connectivi ty to basic research scien
tists able to mas te r them fully. 

The biotechnological revolut ion will affect the laboratory diagnosis of 
the au to immune diseases jus t as surely. Indeed, there is a high probabili ty 
that any peek at the autoimmuni ty of the future will miss the most exciting 
deve lopments , which will depend on profound discoveries not yet made . I 
have no doubt that the next quar ter century will be jus t as stunning, both 
for the field of autoimmuni ty as a whole and for each of the major diseases 
that const i tute the loosely knit group. 
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laboratory diagnosis, 421 
nerves, 421 
spinal fluid, 420-421 
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415-416 

hyperacute EAE, 414-415 
immunogenetics of, 416 
myelomalacic EAE, 415 

of Graves' disease 
features, 189-191 
immunogenetics, 191 
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immune hypotheses and, 283-285 
macrophages, monocytes, neutrophils, 

eosinophils and mast cells in, 
280-282 

nutrition and immune response in, 282 
Insulin 

antibodies to, 239 
receptor for, 642-644 

Insulin action, receptor antibodies and, 
650-653 

Insulin binding, receptor antibodies and, 
646-650 
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Intracranial hemorrhage, treatment in 

acute ITP, 499 
Intrinsic factor, antibody to, 253, 254, 255, 

260 
Iodide, uptake by thyroid gland, 

autoimmune thyroiditis in chickens 
and, 9 

Iodothyronins, autoantibodies to, 176 
Iritis, HLA and, 284 

J 

Joints, in MCTD, 97-98 
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La (SS-B) autoantibody, characterization 
of, 154-155 

Lens, phacoantigenic uveitis and, 373-374, 
375 

Leukocytes, infiltration, insulitis and, 233 
Leukoembolization, antibody-induced, 

neutrophil destruction and, 530 
Lipoproteins, immunoregulatory, 

cardiovascular disease and, 436 
Liver 

lymphocyte counts in, chronic active 
hepatitis and, 308 

platelet destruction and, 503, 508 
protein 

antibodies to, 304-305, 324 
Long-acting thyroid stimulator, Graves' 

disease and, 186-187 
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polymyositis and, 603-604 
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vascular lesions and, 95 

clinical characteristics of, 84 
clinical controversy of, 84-88 
historical development, 82-84 
major clinical characteristics of 

differential diagnosis, 107 
general features of adult patient, 95-97 
histopathology, 103-197 
pediatric discriminations, 101-103 
specific organ involvement, 97-101 
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effect of autoantibodies on platelet 

function, 508 
evidence for autoantibodies, 503-506 
hereditary factors, 509 
hormonal influences, 509 
immune complexes, 506 
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complexes and, 496 
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laboratory diagnosis, 328-329 
mechanisms of damage, 326-327 
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