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PREFACE IX

The International Seminar on the Immunological System as a
Target for Toxic Damage was held at The Commission of the
European Communities (CEC) in Luxembourg on 6-9 November
1984. It was organized by the CEC and the International
Programme on Chemical Safety of UNEP/ILO/WHO with the support
of the U.S. Environmental Protection Agency and the National
Institute of Environmental Health Sciences - USA and with the
participation of the International Society of Immunophar-
macology. These bodies are actively concerned with the
scientific and applied aspects of immunotoxicology. The
Seminar consisted of thirty-four invited papers and three
major panel discussions covering current and future test
strategies for the screening of immunotoxic substances,
hypersensitivity and the health implications of immunotoxico-
logical problems. It was attended by more than 200 scien-
tists from 27 countries representing all the Member States of
the European Economic Community and the six Regions of the
World Health Organization. These scientists represented many
different disciplines and interests.

The Seminar's principal objectives were:

- a review of recent advances in knowledge concerning the
structure, function and dysfunction of the immunological
system;

- a review of the effects of xenobiotics on the immune system
in animals and humans:

- an examination of the human health implications of
immunotoxicity;

- discussion and critical analysis of the procedures for the
assessment of immunological damage, a discussion of needs for
the further development of laboratory and epidemiological
methods and their validation, and a consideration of current
test strategies.

For the purposes of the Seminar, Immunotoxicology was defined
as the discipline concerned with the study of the events that
can lead to undesired effects as a result of interaction of
xenobiotics (of whatever origin and nature) with the immune
system. These undesired events may result as a consequence
of 1) a direct and/or indirect action of the xenobiotic
(and/or 1its biotransformation product) on the immune system:
or, 2) an immunologically-based host response to the compound
and/or 1its metabolite(s), or host antigens modified by the
compound or its metabolite(s).

This Seminar was aimed at providing clear indications to
responsible international and national organizations of
desireable further activities in the field of
immunotoxicology.
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The immune system as a potential target for foreign chemicals
has received relatively little consideration in the past.
However it can not ~only be affected immediately and
preferentially, but injury of other organs or a general
deterioration of health can also bring about alterations in
function. In turn, a specific lesion of the immune system
can likewise lead to the damage of organs even to the extent
of compromising the general well-being of the entire
organism. In addition, chemically induced tissue damage can,
under certain circumstances, trigger a specific response in
the immune system, leading to a subsequent pathological state
that 1is far more serious than the original toxic lesion.
Thus immunotoxicology must always be viewed in a wider
content because of 1its possible implications for other
apparent organ specific toxicologies.

Many people have assisted in the work associated with the
Seminar, quite apart from the actual contributors, and we are
grateful to them all for a most successful Seminar which
brought together an impressive interdisciplinary spectrum of
knowledge. Special tribute must be paid to H. Amos, G.Bekesi,
D. Gardner, J. Graham, L. Moustafa, M. Th. Van der Venne
and J. Vos. In addition we are particularly grateful for the
work of H. F. Koelbl in the preparation of the text for
publication at short notice.

Dr. E. Bennett Dr. M. Mercier

Director Manager

Health and Safety Directorate International Programme on
Commission of the European Chemical Safety

Communities World Health Organization



XI

SYNOPSIS, CONCLUSIONS & RECOMMENDATIONS.

The current concepts of T and B cell circuits, their
tinteractions 1in the regulation of immunoresponsiveness, and
their role 1in the maintenance of health were presented.
Attention was particularly focussed on newer, detailed models
of cellular interactions and control mechanisms. These
models provide a basis for elucidating Iimmunoregulatory
aspects of cellular interactions required for antigen
recognition, antigen processing and presentation, the
generation of cellular and humoral effector functions and
production of lymphokines.

A serious consequence of dysregulation of these networks
could be the development of autoimmunity which could follow
from an involvement of cellular or humoral components or
both. Selective influences of chemicals upon the different
types of cells involved in down-regulatory circuits could
result in a wide spectrum of autoimmune diseases ranging from
autoimmune - collagen vascular diseases to hypoplastic bone
marrow syndromes. Another possibility is that a suppression
of non-specific cell mediated immunity (CMI) and specific
mechanisms of resistance for example, antibody production,
could result 1in an increased susceptibility to infections,
and possibly malignancies. For instance, a poor antibody
response may favour the persistence of ciculating antigens
and the generation of immune complexes with pathologic
consequence. In this way exposure to chemicals could direct-
1y influence the immunopathology of an infectious disease.

The relationship between the immune system and cancer 1is
complex and unclear. However, it is known that immunogenici-
ty of tumour cells is essential to the development of strong
cell-mediated anti-tumour responses. The in vivo evidence
for tumour immunogenicity comes from observations of trans-
plant rejection in immunized animals, of concomitant immunity
(i.e. rejection of secondary tumour in animals bearing a
primary tumour of the same type) and from Ilymphoid cell
transfer experiments. In vitro evidence can be demonstrated
in both humans and rodents for tumour immunogenicity by the
presence of antibody and lymphocyte reactivity to tumour
cells. Immunogenecity of experimental tumours, and possibly
of human tumours, 1is a function of both the inducing agent
(e.g. chemical, UV light and virus) and of immune selection
which may occur during the early phase of tumour development.

In humans, the immunogenicity of spontaneous tumours and the
precise role of anti-tumour immunity are as yet uncertain.
Based on current knowledge the effector cells most 1likely
responsible for 1limiting tumour development in humans are
cytotoxic T-lymphocytes, natural killer cells and cytotoxic
macrophages. The role of suppressor and enhancer feedback
mechanisms 1in this process has yet to be fully elucidated.
Evidence for the in vivo immunogenicity of at least some
human tumours includes observations of occasional spontaneous
rejection of established tumours, the occurence of an in-
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creased frequency of spontaneous tumours in immunodeficient
or immunosuppressed individuals, and histological evidence
of immunologic activity in lymph nodes draining tumour sites.
Serological responses to some human tumours, for example
melanoma, has provided a rationale for developing human
monoclonal antibodies as therapeutic agents. Cell-mediated
immune reactivity, such as a proliferative, cytotoxic or
lymphokine response, has been observed to autologous tumours
in cancer patients. Furthermore positive reactivity to
autologous tumour material has been shown to correlate with a
favourable prognosis. Since certain chemicals are known to
modulate potential anti-tumour effector mechanisms, this 1is
an important aspect calling for further detailed
investigation.

1. IMMUNE DYSFUNCTION AND DISEASE

The study and treatment of congenital immunodeficiencies in
man has developed greatly over the last two decades and has
resulted 1in a great increase in the understanding of immuno-
logical mechanisms. The development of more sensitive
immunological assays and their application to a growing
number of conditions have revealed that primary immunodefi-
ciencies 1in man are more frequent than originally thought.
Deficiencies have been dicovered in the lymphocyte systems,
the phagocytic system, as well as genetic defects of comple-
ment components. Defects in the adaptative immune responses
have been assessed in patients, and these have correlated
well with the associated clinical picture.

Chemically induced immune defects can occur at any stage in
life. However, there is evidence that the newborn and the
senescent may be more susceptible to chemically induced
immunological injury. There 1s also the possibility of
damage in utero, particularly during immune organogenesis.

The identification of the apparently new infectious pheno-
menon of the acquired immunodeficiency syndrom (AIDS) in 1981
and 1its subsequent alarming spread, greatly heightened
general interest in the immune system and its importance for
general health. This syndrome is associated with the occur-
rence of 1infection with opportunistic pathogenic microbial
agents (most notably Pneumocystis carinii), and the appea-
rance of a characteristic type of neoplasm, Kaposi's sarcoma.
AIDS 1is a devastating disease with an extremely high morta-
1ity rate, which approaches 100% for those cases reported
prior to 1982. Although there is no single immune abnormali-
ty that 1is diagnostic for AIDS, depression in the absolute
numbers of peripheral blood T-lymphocytes with the
helper/inducer phenotype appears to occur in virtually all
cases of AIDS, resulting in a lowering of the normal ratio of
T-helper and T-suppressor lymphocytes. A putative etiologi-
cal agent for this syndrome is a retrovirus, human T-cell
leukemia virus III (HTLV-III) or lymphadenopathy associated
virus (LAV). These viruses have been isolated from T-helper
cells and are cytopathic for this subset of lymphocytes.
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Besides the occurrence of immunodepression in certain conge-
nital or acquired immunodeficiency disorders, immunosuppres-
sion may be iatrogenically induced either deliberately, as in
the management of organ transplant recipients, or patients
with autoimmune or collagen-vascular diseases, or obtained as
a side effect of treatment of cancer with cytotoxic drugs
and/or radiotherapy. These various states of immunodepres-
sion may be complicated not only by an increased incidence of
infections but also with increased incidence of certain kinds
of tumours. A study of organ transplant recipients showed
that certain malignancies were observed with remarkable
frequency, notably Kaposi's sarcoma, lymphomas, skin cancer
and some carcinomas notably those of the cervix, vulva, lung,
colon and breast. The incidence of Kaposi's sarcoma was
400-500 fold higher than expected, non-Hodgkin's lymphoma was
increased 28-49 fold and certain types of skin cancer were
7-21 times above those seen in the control populations.

The recognition that -immunosuppression is associated with an
increased incidence of certain tumours emphasizes the impor-
tance of the immune system 1in host defences against
neoplasia. It is noteworthy that diverse states of immunode-
ficiency have an incrased incidence of tumours arising from
the Immune cells themselves, namely lymphomas. If Kaposi's
sarcoma is a variety of lymphoreticular tumour, the situation
becomes even more intriguing. Thus studies of the various
groups of immunosuppressed patients, including those with and
without cancers, could provide clues to the etiology of the
neoplasms. This could shed light on the causes of similar
malignancies seen in the general popoulation, and on the role
of the immune system in the control of cancer.

2. IMMUNOTOXICOLOGY: HISTOPHATHOLOGY, IN VIVO AND IN VITRO
MODELS, MOLECULAR MECHANISMS

The rationale for morphological examination of the lyumphoid
system was presented and discussed on the basis of evidence
that chemically induced immune alterations may become mani-
fest as qualitative or quantitative changes in the histology
of 1ymphoid organs. This is similar to the situation in
humpral, cellular or combined immunodeficiency diseases in
man, that also have their characteristic pathomorphology.
The detection of these changes using routing histopathology
of 1lymphoid organs, based on haematoxylin and eosin staining
of formalin fixed and paraffin embedded tissues, has been
shown in many studies to be useful. Special techniques, such
as enzyme histochemistry, immunocytochemistry and electron
microscopy, can give important information about the nature
of the chemically-induced lesions in the lymphoid system. In
particular, recent progress in the development of immunopero-
xidase techniques and the availability of monoclonal antibo-
dies has enabled the identification of a number of 1lymphoid
subpopulations in tissue sections. Chemicals causing immune
suppression, immune stimulation or autoimmune alterations
have been identified by these morphological procedures.
Morphological and functional assays have been developed to
assess the following aspects of the immune system: host
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resistance, cell-mediated immunity, humoral immunity, macro-
phage function as well as general immunopathology.

A promising approach for elucidating mechanisms of hypersen-
sitivity and autoimmunity is the popliteal lymph node (PLN)
assay in rodents. This compares the reactivity of one
popliteal 1ymph node following footpad injection of a test
substance with the contralateral (control) PLN. Diphenylhy-
dantoin (DPH) and some other drugs that have been associated
with the induction of a variety of immunological diseases
reminiscent of graft-versus-host diseases were tested in this
assay to determine whether the processes involved in
graft-versus-host reactivity and sensitization to DPH are
identical. The results suggest the feasibility of this type
of approach in elucidating mechanisms of hypersensitivity and
autoreactivity, and may allow prediction of immunomodulatory
compounds. The relationship of information obtained in these
models to the actual occurrence of autoreactivity in the
animal awaits further investigation and will be-“a prerequi-
site in substantiating the usefulness of this approach.

Although many aspects of the immune system have been studied
from a toxicological viewpoint there are a number of impor-
tant areas that have received little attention, although they
are clearly of iImportance. One of these is the
gut-associated lymphoid tissue (GALT) which could be a unique
and significant target for immunotoxic chemicals, particular-
ly as there is some evidence that Peyers-patch-like lymphoid
tissue in the lower gut may be the mammalian equivalent of
the avian bursa of Fabricius. Since the oral route is one of
the most important modes of entry for the long term low level
exposures to chemicals, much more needs to be known about the
processes of uptake of toxic chemicals across the gut epithe-
lium and their possible toxic interactions with local lympho-
id tissue. Such interactions could cause an interference in
B cell production or function as well as IgA production and
secretion.

Some progress has been made in the understanding of cellular
and molecular mechanisms of Immunotoxicity by extensive
studies, both in vitro and in vivo, on the actions of speci-
fic molecules such as 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and 7,12-dimethylbenz(a)anthracene (DMBA). TCDD has
been taken as a model for the halogenated aromatic compounds
(dibenzo-p-dioxins and related compounds) that have been
shown 1in recent years to be highly toxic for animals, but
less so for man. Studies in animals have revealed that TCDD
is a potent and specific immunosuppressive agent that can act
at low doses on a variety of immune mechanisms including
tactivation of suppressor cells. Furthermore its activity
has been demonstrated to depend on the genetic backround of
the test animal.

It is of note that the immune effects 1induced by
2,3,7.8-tetrachlorodibenzofurans and dibenzofuran analogues
of TCDD are comparable to those found with TICDD, although the
number of studies with these compounds are limited. Despite
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the evidence that these compounds affect the immune system in
animals there is, as yet, no conclusive evidence that these
compounds are immunologically active in humans at the repor-
ted exposure levels. However, recent studies indicate that
the immune system was compromised in patients poisoned in
1979 in Taiwan by the consumption of rice oil contaminated
with chlorinated biphenyls and dibenzofurans.

It appears that TCDD and isosteric analgues act through a
common receptor (Ah) to produce characteristic patterns of
toxic and biochemical responses, including epidermal hyper-
keratinization and thymic atrophy. An in vitro model for
thymic atrophy has been developed that is based on the
cultivation of thymic epithelial (TE) cells, under conditions
that select against thymic fibroblasts and macrophages, and
on cocultivation of thymocytes on syngeneic TE monolayers.
It was suggested that the thymic atrophy induced by TCDD is
brought about by an alteration of the patterns of differen-
tiation 1in the TE target cells, mediated at least in part by
the Ah receptor. It was assumed that during the process of
TCDD-induced differentiation, TE cells lose the ability to
support thymocyte maturation. Impaired thymocyte maturation
and proliferation may lead to the depletion of cortical
thymocytes characteristic of TCDD-induced thymic atrophy.
However the extraordinary potency of TCDD as a tumour promo-
tor 1in animals and the evidence that T-lymphocyte cytotoxic
effector cells are one of the major cell types participating
in immune surveillance against neoplasms, suggest that
modulation of T-lymphocyte maturation (and differentiation)
by the Ah receptor may be one of the mechanisms associated
with the carcinogenic potential of TCDD. Despite these
findings in animals, there have been no reports of any such
adverse effects of TCDD on the human immune system.

Benzidine is another example of a chemical used as a model
compound. This chemical is a known human bladder carcinogen,
and there is evidence in animals of immunosuppressive
effects. In mice immune suppression occurred even at dose
levels which were below those shown to induce neoplasms. The
down-regulation in immunity caused by benzidine may LiLe
explained by the quantitive changes in arachidonic acid
conversion products via oxidative metabolism.

Studies with polycyclic aromatic hydrocarbons (PAHs) have
shown that, in general, carcinogenic PAH's are highly sup-
pressive for humoral immunity and cell-mediated immunity,
while their non-carcinogenic congeners are not. Suppression
of various immune parameters following in vivo PAH exposure
correlated with increased susceptibility to challenge with
infectious agents and transplantable tumours. In vitro
studies with the model PAH, 7,12-dimethylbenz(a)anthracence
{DMBA) have suggested that PAH-induced suppression of immu-
nity may be due, at least in part, to a selective alteration
in the function of T-helper cells, specifically their produc-
tion of the lymphokine IL-2.
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Collaborative programmes have been undertaken to develop and
validate batteries of test procedures based on models, such
as have been mentioned, that could serve as an initial
screening procedure for the assessment of the immunotoxicolo-
gical potential of certain types of chemicals. Preliminary
results have been encouraging and in particular a correlation
was observed between changes in certain in vitro functional
parameters and host susceptibility.

3. INTERACTIONS OF SPECIFIC XENOBIOTICS WITH THE IMMUNE
SYSTEM.

There 1s a wide range of xenobiotics to which man is exposed
in the workplace or in the environment and which might
interact with the immune system. In addition some therapeu-
tic substances are now known to possess unwanted immunomodu-
latory activities. The interaction of toxic chemicals with
man or animals is dependent not only on chemical structure
and exposure factors but also on age (particularly the
neonatal period and old age) and nutritional status. The
influence of these latter factors is essentially to produce
in effect, an increase in exposure at the cellular level and
thus 1increase the possibility of damage. As the cellular
elements of the immune system are designed té interact with
foreign elements, they are theoretically always in the front
line as far as exposure to chemicals is concerned; thus, the
immune system in the very young, the old and the malnourished
could be at greater risk.

The changes in the immune system that have been observed so
far to vary with age and nutrition were confined mostly to T
cells. Thus thymic atrophy has been observed in the elderly
and malnourished. However, the implication for health of
these changes is not as yet understood. This emphasizes the
need for immunotoxicological studies in laboratory animals of
different ages and immunological status.

Sulphur dioxide and oxides of nitrogen. Over the past 20
years, laboratory studies in animals on the effect of common
aiid widespread air pollutants such as S0z and NOx have shown
conclusively that these agents increase susceptibility to
respiratory infections. Interference with humoral and
cell-mediated immunity in the lung are dependent on the
concentration of the agent and the duration of exposure.
However, such studies as have been published to date can be
criticized because the conditions of the experiments still
fall far short of those that are found in actual exposure
situations. Thus at present it is not possible to assess
with any confidence the immunotoxicity of common air pollu-
tants to humans.

Asbestos. However there is one specific agent, asbestos,
where inhalation exposure produces toxicity, immunomodulation
and malignancy in humans. Recent studies have revealed two
different mechanisms of macrophage plasma membrane changes
following inhalation exposure to asbestos. These are associ-
ated with concomitant alterations in T-cell/macrophage
interactions may which result in an imbalance in immune
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response. However, the relationship between these observed
alterations in immune homeostasis and the symptoms of fibro-
sis and malignancy seen in humans with asbestosis remains to
be elucidated. So far it has been established on the basis
of clinical studies that asbestos exposure can result in
immunological diseases with the development of non-organ

specific autoantibodies. Dysfunctions were found in the
activity of natural killer cells and T-lymphocytes as well as
in humoral immunity. Patients with defective cellular

immunity were observed to have a poor prognosis; the greater
the defect the worse the prognosis. Defects in cellular
immune function appear to precede the development of malig-
nancy although no simple cause-effect relationship could be
demonstrated. Similarities have been found in the immunolo-
gical status of asbestos workers and their wives. For
example, the percentage of subjects with a positive tubercu-
lin response among control men was 10,2%, among their wives
11,9%, while among male asbestos workers it was 32,3%, and
among their wives 31,8%.

Metals and metalic compounds. Because of their widespread
use much attention has been given to the possibility of
immunomodulation by metals. Only recently, however, have
attempts been made to delineate the mechanisms responsible
for the effects observed.

Dialkyltins. Certain dialkytin compounds induce a selective
thymic atrophy which has been attributed to a direct effect
of the compound on the thymus. A selective antiproliferative
effect was observed on thymocytes in animal experiments both
after in vivo and in vitro exposures, possibly as a result of
an interaction of the chemical with membrane and/or cytoplas-
mic thiol (SH) groups. Dialkyltin reacts readily with
SH-groups and the induced disturbances 1in biological
functions, both after in vivo and in vitro exposure, can be
restored or even prevented by addition of dithiol compounds.
The dialkyltin effects on the ketoacid dehydrogenase system
are also thought to be caused by dithiol interactions;
however, the effects observed in vitro on thymocyte energy
metabolism do not appear to be involved in the observed
antiproliferative effects. The question of organ distribu-
tion of the dialkyltin compounds versus that of reactive
thiol groups on target cells remains to be answered.

Mercury. The development of autoimmune diseases through
modulation of T- and B- cell function by the interaction of
mercury with cellular thiols has been studied extensively.
It has been shown that HgCl: is a potent agent for inducing
autoimmunity in rabbits, rats and mice. The resultant
disease process includes autoimmune glomerulonephritis (all 3
species), Ilymphadenopathy together with the formation of
antinuclear antibodies, and markedly enhanced serum IgE
levels. In the rat, there are striking genetic differences
in the susceptibility to mercury-induced immunotoxicity due
to allelic differences at 2 or 3 loci, one of them being the
MHC 1locus. Dosages that affect a susceptible strain were
completely ineffective 1in a resistant strain. The genetic
susceptibility for the production of autoantibodies to the
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glomerular basement membrane and the development of glomeru-
lonephritis 1is not expressed in the kidney but in the Ilym-
phoid tissue. 1In a susceptible strain of rats, injection of
either HgClz or syngeneic lymphocytes preincubated with HgCl2
in wvitro induced popliteal lymph node (PLN) enlargement,
whereas no PLN enlargement was found in the resistant strain.
This and other observations suggest that a cellular mechanism
akin to the one operating in the graft-versus-host reaction
(GVHR) underlies the mercury-induced autoimmunity.

For some metals there 1is good experimental evidence to
suggest that a compromised immune system may underlie some of
the morbidity associated with exposure. Detailed clinical
studies should eventually ascertain the importance of the
immunotoxicological element in exposed subjects.

Polybrominated bibphenyls (PBBs). An immunotoxic syndrome
has been decribed following the accidental exposure of
Michigan farm residents to PBBs in 1973-1976. Dairy products
containing PBBs and contaminated meat were widely consumed
and subsequently PBBs were found in the serum and adipose
tissue of residents. The immunological changes observed
included: abnormal lymphocyte function, abnormal lymphocyte
surface markers and increased levels of IgG, IgA and C3. An
increased 1incidence of neoplasia was found among PBB exposed
residents examined between 1977 and 1982 with immune
dysfunction. In those with normal immunological status the
tumour incidence was 0,5% while in the group with confirmed
immune dysfunctions the incidence was 10,7%. In an occupa-
tional and age matched control the tumour incidence was 0,7%.

Contaminated cooking o0il. The recent Spanish cooking o0il
accident with its disasterous clinical sequele serves as a
reminder of the potential for large scale human exposure to
immunotoxic agents. The Spanish oil syndrome was characteri-
zed by an early and transient depression in T-suppressor
cell, evidence of cellular hyperactivity and the development
of antibodies. . The similarity of this syndrome in its later
developments to certain autoimmune connective tissue diseases
and to chronic graft-versus-host disease (GVHD) make it
highly 1ikely that an immunotoxic reaction had occurred.

4. HYPERSENSITIVITY: BASIC CONCEPTS AND CLINICAL MANIFES-
TATIONS RESULTING FROM EXPOSURE TO CHEMICALS.

Hypersensitivity is a manifestation of chemically induced
immunotoxicities that 1is a major area of clinical concern.
One of the commonest problems encountered at the clinic is
contact sensitization. In studying contact sensitivity it is
not only neccessary to identify the host factors that deter-
mine the magnitude of the response to contact sensitizers,
but also the particular chemical properties that confer the
ability to interact with host cells in a manner that elicits
contact sensitivity. Neither of these aspects are well
understood and until this information is available it will be
difficult to develop better strategies for identifying such
chemicals or predicting the sensitizing potential of new
chemicals.
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Studies in experimental animals have shown that a variety of
immunological factors are involved in determining the deve-
lopment of contact sensitivity. One of the first factors is
the activation of antigen-presenting cells, wusually of
macrophage origin. The presence of Class II major histocom-
patibility products on the surface of these cells and the
production of interleukin 1 are key requirements for these
activated cells to stimulate other Ilymphocytes. Various
substances may stimulate antigen presenting cells to produce
interleukin 1, but it is not known whether chemically reac-
tive contact sensitizers also have this capacity. The second
factor in the immune response is the production of mediators
such as interleukin 2 by activated lymphocytes. Disturbances
in the production and/or responsiveness to these molecules
can have profound consequences on the physiology of the
immune response. A third factor «controlling the immune
response 1in hypersensitivity 1is the presence of various
suppressor and possibly contra suppressor cell circuits.
Finally, genetic factors, in particular the immune response
(Ir) genes which code for class II antigens, influence the
possibility of inducing hypersensitivity.

Pseudoallergy may be defined as a type of reaction similar to
the allergic reaction but which does not involve the interac-
tion of antigen and antibody or specifically sensitized
immune cells. The classical immediate type allergic reaction
is mainly caused by the binding of allergen and specific IgE
on the mast cell, followed by the activation of the cell and
the secretion of various mediators. However, the mast cell
can be activated by mechanisms other than antigen-IgE
interaction. For instance, dextran can directly activate
mast cells from some rat strains. The clinical hypersensiti-
vity reactions to dextran are probably due to the formation
of antigen-antibody complexes and the activation of
complement. The activation of complement via the alternative
pathway and the formation of the anaphylatoxines C3a and C5a
can also result in the activation of mast cells. In vitro
experiments suggest that this mechanism may be involved 1in
the reaction to radiographic contrast material. Several
peptides are also capable of directly activating mast cells
and such a mechanism may explain, for example, the adverse
reactions to the ACTH (1-24) peptide. Here a common structu-
ral feature is a cationic head separated from a hydrophobic
tail by a suitable number of inserted amino acid residues. It
may therefore be possible to predict the 1likelihood of
pseudo-allergic reactions of this type on the basis of
chemical structure.

Drug hypersensitivity is well known but there are still many
problems in understanding the mechanisms involved in some
clinical adverse effects. A persistent problem is that of
establishing a causal relationship between particular adverse
clinical effect and a measured immune response, for example
an antibody response. The "idiosyncratic" nature and pos-
sible low incidence of these hypersensitivity reactions to a
given chemical may make them difficult to predict from animal
studies and from the limited human exposures during premarke-
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ting trials. Covert allergens in the environment, such as
those 1in toiletries and cosmetics, represent a significant
immunotix challenge to man. The role of ear-percing and
sleeper rings in initiating nickel sensitivity is well known,
and 1s an example of the need for more effective action 1in
reducing exposure and thus limiting the widespread morbidity
due to acknowledged sensitizers.

5. HEALTH IMPLICATIONS OF IMMUNOTOXIC EFFECTS

The health implications of immune dysfunctions are increased
risk of infectious diseases, development of neoplasia,
autoimmune disorders and allergies.

The “"uniqueness" of the immune system relates to its extreme
complexity and the widespread dispersion of its cellular
constituents. In the organs of the body, such as the heart,
liver or kidney, the functioning cells are in a fixed rela-
tionship to each other and the functional reserve can be
related to relatively easily determined cell parameters (eg.
cell number). A toxic chemical compromises a certain frac-
tion of the reserve and the clinical significance of such
damage is related to the size of the reserve and of the time
interval between reduction of function and the necessity for
an effective physiological response. However, when it comes
to an assessment of altered function in the immune system,
consideretion has to be given to the various subsets of
effector and regulatory cells which may exhibit different
sensitivities to  therapeutic or toxic agents, and, as a
result, the activity of the immune system may be modified
both as to the kind of response as well as its magnitude.

A seemingly toxic effect of an agent on a particular immune
response may not necessarily lead to a detectable clinical
manifestation. This may be because the immune system has,
for this mechanism, a considerable amount of reserve, as well
as, a capacity to recover from insult by a rapid regeneration
of that particular cell population. Thus a particular effect
on the immune system observed in animals and judged to be
toxic may not have such significance when seen 1in humans.
The long term consequences of immunotoxicity in humans are
likely to be those involving autoimmunity and cancer. Such a
view is supported by the incidence of certain types of cancer
following immunosuppression in patients . with organ
transplants. However carcinogenesis is a complex matter and
is 1likely to involve direct genetic effects such as those
affecting proto-oncogene or oncogene expression and the
function of differentiation factors; immunosuppression may
thus be considered as having primarily a facilitating effect
in the development of a cancer caused by other mechanisms.
However 1investigations 1into these aspects have produced
conflicting results. Thus there is a need for more basic
research and for the development of more appropriate animal
models 1in this important area. It needs to be recognized
that many of the components of the immune system are, as yet,
poorly defined and in consequence the study of their compli-
cated interactions is greatly hampered.
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Even though important information can be derived from in
vitro studies, the integrated nature of the immune system and
its fundamental importance 1in bodily defense means that
crucial information can only come from whole animal studies.
Despite the difficulties in the extrapolation of data from
animal experimentation to man, the limited availability of
clinical and epidemiological studies mean that much of the
information necessary for regulatory decisions will have to
be derived from animal studies. A particularly important
aspect of animal experimentation is the discovery and use of
animal strains with defined genetic susceptibilities. Some
of these can mimic human disease especially those occurring
in sensitive or suceptible sub-groups of the human population
(e.g. mice that are susceptible to lupus-like conditions).

6. TEST STRATEGIES FOR THE SCREENING OF CHEMICALS FOR
IMMUNOTOXIC PROPERTIES

The actions of chemicals on the immune system can result in
either Immunostimulation or immunosuppression. A number of
theoretical and practical issues should be considered in the
design of test strategies. These include: time-response and
dose-response relationships, toxicokinetics, determination of
direct versus indirect actions on the immune system, and. the
biologic relevance of in vitro tests to the actions of a
given agent in vivo. The basic questions that need to be
answered are: 1) whether the =xenobiotic alters Immune
function, 2) if it does, what is the concentration and length
of exposure required to produce a response and 3) does the
response lead to further activation of immune mechanisms with
subsequent adverse effects (e.g. autoimmune activity).

A comprehensive strategy for the assessment of immune func-
tions would ideally involve an approach in which a flexible
battery of assays is used, taking into account the 1initial
effect observed as well as the nature and intended use of the
chemical. Suspicion of potential iImmunotoxic potential
detected 1in classical toxicology studies can be confirmed or
characterized using appropriate methods selected from a
battery of validated assays. A number of methods for asses-
sing chemically-induced modulation of immune function in
laboratory animals have been described. However, there is an
urgent need for a considerable research effort to expand
knowledge of the mechanisms of chemically induced Iimmune
alterations at both the cellular and molecular level. With
such a foundation new and more effective test procedures
could be developed and subjected to an international valida-
tion process.

At present 1inbred murine strains are the species of choice
for studies on the immune system and for associated metabolic
studies because of the availability of extensive genetic
data, the availability of host resistance models and the
similarity of the murine immune system to that of man. Rats,
the mainstay of classical toxicological testing, unfortunate-
1y have no such extensive genetic or immunological data base.
Primates can also be used to assess immune dysfunction but as
the data base 1is even smaller they cannot at present be
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considered suitable for assy procedures. Overall there 1is
thus a need to develop well-defined in vitro models employing
human and other animal lymphoid tissue that can be correlated
with established in vivo responses in a variety of animals.
Studies in a given animal should include in vivo, ex vivo and
in vitro techniques.

Much more effort should be directed to studies in humans
despite the 1limitations and difficulties of such research.
Studies 1involving post-exposure surveillance could be consi-
dered in those cases in which animal data or theoretical
considerations gave rise to the suspicion that some sort of
immunological change could occur.

Although the reality of chemical interference with major
aspects immune functions has good experimental support there
is no agreement on the significance, or even existence, of
minor forms of immune dysfunction. In medical practice
little attention is paid to lesser degrees of ill health, and
priority is naturally given to 1life threatening diseases and
many distressing conditions with immunological involvement
receive scant attention. There is an urgent need to sharpen
clinical appraisals so that the criteria for an accurate
diagnosis of iImmunologically-mediated reactions can be
established and subsequently allevated.

It 1is 1likely that within a few years a consensus will be
reached on the need for a more precise investigation of
immunotoxic reactions 1in man, although the operational and
technical problems are formidable. There is concern that
perception of the problems could lead to regulatory actions
that may not be justified by the 1level of scientific
knowledge. Already the question has been raised concerning
the need for generating data specifically relevant to immune
function during toxicity testing or drug safety clearance
programmes 1in animals. Proponents of this view believe that
specific tests for immunotoxicity should be introduced into
animal toxicological testing schemes, perhaps on a tiered
system. If some problems were indicated by such tests, more
detailed studies would be called for, comprising an analysis
of interaction with immunological systems at the cellular
level. Others argue that a more classical toxicological
approach of the kind currently employed is sufficient, and
that any significant adverse effect on immunological systems
will be identified by appropriate haematological and histopa-
thological studies. Only if changes are seen should specific
investigations be undertaken. however the latter approach
may not possess adequate sensitivity while the former 1is
compromised by lack of standardization and reproducibility of
the test systems and by doubts concerning the relevance of
the findings to clinical medicine.

Regarding that part of immunotoxicology concerned with the
adverse immunological events of immunotherapeutics, the
conclusion was that these agents present novel problems with
respect to safety evaluation. These problems are derived
from the 1large heterogeneity, and - species-specificity of
these agents. Furthermore. the bioloaical activitu of manu
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such compounds, and possible adverse effects, may be influ-
enced by the immune status of the host and by the conditions
of treatment used. Although a degree of standard animal
toxicological testing appears to be necessary for such agents
prior to their human use, the conclusion was that flexibility
in the wutilization of classical preclinical toxicology is
essential to avoid performing unnecessary studies. Thus, the
objective should be integration of an intelligent use of
classical toxicology and the search for immunopathologies
induced by immunoactive therapies, taking into consideration
the characteristics of the individual agents.

In the area of hypersensitivity there appears to be a wide-
spread belief that current testing procedures for the predic-
tion of hypersensitivity reactions are largely satisfactory.
Although present animal models have been reasonably succes-

sful there is room for improvement particularly in relation
to:

- the elimination of false positives
- the development and validation of other in vitro models

- the development of predictive toxicology based on molecular
structure and metabolism

- improvements in the area of risk assessment.

In particular, the problem of animal testing, frequently
using guineapigs, for delayed contact hypersensitivity
remains controversial. There is evidence, based on experi-
ence with many sensitizing agents, that topical administra-
tion and intradermal injections may be Iless predictive
compared to applications under occlusive dressing. This
latter approach, however, demands carefully chosen experimen-
tal conditions, the use of appropriate concentrations of the
test substances and a correct interpretation of the data.

Human patch testing involves consideration of the physiolo-
gical state of the skin along with the nature and use of the
chemicals involved. In some instances, testing is necessary
at concentrations in excess of the normal application (e.g.
cosmetics) because people often apply cosmetics liberally to
skin blemishes and abrasions. This increases the effective
dose particularly if there is altered skin permeability.
Extensive efforts are being made to standardize the patch
test, thus providing a much needed lead for others to follow
in the development of human assays for hypersensitivity of
immunotoxicity. Confounding factors include cross reactivity
of certain non-sensitizing compounds and their possible
interaction with microorganisms unique to certain test
animals and man. Interpretation of such equivocal responses
in guinea-pigs can be assisted by in vitro assays of cellular
responses 1in exposed humans and other animals. It should be
noted that if a low molecular weight chemical is to initiate
a specific antibody response it must be able to form stable
covalent bonds with host proteins. The presence of such a
property in a chemical should thus raise suspicions about its
hypersensitivity potential.
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Human clinical research on the vulnerability of certain
individuals could provide extremely valuable information.
For example provocative challenges, including aerochamber
exposure, can yield valuable information by observation of a
single or dual drop in FEV1 and/or PEFR and/or a late
cough/febrile response. This can assist in identifying the
causative factors and mechanisms. There is also a major
concern regarding airway responses to chemicals. In the
sensitized asthmatic, these are characterized by an early (15
min) and late (3-6 hours) reduction in lung function, which
is associated with a non-selective increase 1in bronchial
hyperactivity. Many mediators have been identified that are
believed to be associated with cellular functions in the
alveolar region.

7. CONCLUSIONS AND RECOMMENDATIONS

The following main conclusions and recommendations emerged
from the Seminar:

Definition and domain of immunotoxicology

1. Immunotoxicology is defined as the discipline concerned
with the study of the events that can lead to undesired
effects as a result of interaction of xenobiotics with the
immune system. These wundesired events may result as a
consequence of: 1) a direct and/or indirect action of the
xenobiotic (and/or 1its biotransformation product) on the
immune system; or, 2) an immunologically-based host response
to the compound and/or its metabolite(s), or host antigens
modified by the compound or its metabolite(s).

2. Immunotoxicology is an important and rapidily developing
discipline that has not yet received adequate recognition in
scientific, medical and public health circles. The number of
individuals adequately trained in immunotoxicology is relati-
vely small and centres with the expertise and facilities
necessary to perform immunotoxicological investigations, and
to train personnel in this discipline, are limited in number
and unevenly distributed throughout the world.

Public health significance of immunotoxicology

3. Many xenobiotics, in common use, are known to produce
different kinds of hypersensitivity responses. The frequency
of such pathologies and their importance in terms of human
morbidity is now well established, but not widely
appreciated. Thus priority action should be taken by public
health bodies to control unnecessary exposure to chemicals
with known propensities to induce manifestations of
hypersensitivity.

4. There 1is increasing evidence that a large number of
xenobiotics may directly alter immune function in the absence
of any direct damage to other body systems. Given the

absolutely crucial role of the immune system in the mainte-
nance of host integrity and the requirement for continuing
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cell renewal, proliferation and differenciation it is unders-
tandable that xenobiotic-induced immune dysfunctions can
ultimately bring about severe and diverse health effects
ranging from autoimmune diseases to possible influences on
the 1incidences of cancer. In view of the wide distribution
of chemicals in the environment, and the belief that current
knowledge about adverse health effects resulting from immuno-
toxic xenobiotics may represent only the " tip of the
iceberg", the possibility that exposure to such substances
may play a greater role in disease causation than previously
suspected should be investigated as a matter of priority.

5. It 1is important to recognize that in individuals with
compromised immunity such as in malnutrition, infancy and old
age there could be a greater susceptibility to
immunotoxicants.

Immunotoxicity testing

6. Considering the complexity of the immune system and the
variety of adverse effects that may be induced by
immunotoxicants, the current testing of chemicals and drugs
for immunotoxic potential leaves much to be desired. However
it should not be overlooked that a careful analysis of
lymphoid organs for alterations in weight, morphology,
cellularity and cellular function can provide valuable
information about immunotoxicity. Although some testing
approaches show promise for the identification of at least
some types of potential immunotoxicants, there is still a
need for considerable improvement.

In particular there 1is a need for work in the following
areas:

a better understanding and improvement of the predictive
value of current immunotoxicological tests particularly
those that are concerned with immune function and host
resistance assays:;

- the development and validation of new assay systems
including in vitro tests;

- the development of a system of international validation
so that testing capabilities throughout the world can be
improved.

7. In view of the rapid development of knowledge that can be
expected in the subjects of immunology and genetics, and in
consequence, a deeper understanding of the ways that immune
mechanisms can be altered, it essential that there should be
a flexible approach to the testing of chemicals for immunoto-
xic potential.

8. Regulatory bodies undertaking the issuing or revision of
guidelines for immunotoxicity testing should note that much
more effort should be devoted to the development and valida-
tion of immune function assays. Even in the area of hyper-
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sensitivity where a number of tests are currently widely
utilized there is a recognized need for improvement.

Research and development needs in immunotoxicology

9. There is a considerable lack of knowledge regarding the
mechanisms by which chemicals can interfere with immune
functions. In view of the increasing knowledge about the

large number and diversity of severe diseases that can arise
from immune dysfunction a better understanding of the mecha-
nisms of immunotoxicity at a cellular and molecular level is
a major research priority.

10. More research is also required at various levels in the
general area of immunotoxicity testing. In view of the
health implications of immunotoxicity and in the objective of
obtaining improved means for both identifying potential
immunotoxic xenobiotics and for scientifically evaluating the
health hazards of events observed, research directed at the
refinement of existing methodologies and the development of
newer methodologies which might advance 1mmunotox1cology risk
assessment should be encouraged as a priority.

11. The following are considered to be specific areas for
research:

1) development of specific and more sophisticated animal
modes;

2) studies of toxicokinetics and dose-response relation
ships:

3) studies of the relatlonshlp between, and importance of,
local versus systemic immune responses following exposure;
and,

4) the correlation of health parameters to human exposure
situations coupled with the development of clinical
procedures for quantifying the signs and symptoms
associated with lesser degrees of ill health such as
rashes, respiratory problems and gastrointestinal upsets.

Data base development

12. The multidisciplinary nature of immunotoxicological
research raises problems concerning the communication between
scientists in the various fields. There is also the problem
of wuseful data generated in a research context being readily
available to health professions and regulatory adminis-
trators. The development of an integrated and evaluated data
base should be considered as a valuable facility not only for
the dissemination of data but also as a way of identifying
areas where additional investigation is required.
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Immunotoxicology as a discipline and its training/education
needs

13. A wider application of recently developed immunological
techniques could greatly improve the sensitivity and
specificity of many toxicological methods. Increased use

should be made of immunological techniques and reagents such
us monoclonal antibodies and immunoperoxidase histochemistry
in toxicology. Training in immunological techniques should
be encouraged among toxicologists and support be given to
programmes aimed at the refinement or development of novel
immunological techniques or reagents that would be beneficial
to toxicology.

14. In view of the basic and applied research needed in this
discipline, as well as of the wide number of xenobiotics that
appear to have the potential to interfere with the functions
of the immune system, it was recommended that suitable
training programmes in immunotoxicology be developed. It is
particularly important that training in toxicology itself
should include immunotoxicology.

15. Because of the serious health implications of immuno-
toxicity, attention should be given to ways of promoting a
greater awareness among clinicians and occupational phy-
sicians of the possibility that xenobiotics, of many
different types, can produce immune alterations which may
have undesirable health consequences. Suitable time should
be devoted to such aspects in undergraduate and post-graduate
medical teaching curricula.
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1. GENERAL CONCEPTS.

Whenever awareness about a new area of concern in toxicology
reaches a critical level, national and international public
health authorities request the immediate development of
testing procedures with which large numbers of established and
new chemicals can be evaluated. Previous experience in the
areas of teratogenicity, carcinogenicity, mutagenicity and
others has shown that toxicologists respond enthusiastically
to such demands. Unfortunately, in their eagerness to test as
many chemicals as possible, scientists often do not spend
sufficient time studying the theoretical basis and medical
relevance of their experimental models. Moreover, classical
concepts of toxicology, e.g. the compulsory use of
excessively high doses, are uncritically applied in the newly
developed tests.

As soon as enough data are generated with a few arbitrarily
selected reference compounds, expert committees convene in an
effort to assure international harmonization of testing
requirements. This inconsiderate preference of testing over a
more scientific and analytical investigation of the problems
involved and all their ramifications inevitably results in an
accumulation of data often difficult to comprehend, let alone
be extrapolated to man. Other experts must then be called in
to assess the assay procedures and to judge the relevance of
the data generated.

It is indisputable that immunotoxicology is on the verge of
becoming an important public health issue. The first
regulatory requests for immunotoxicological testing have
already emerged (Petricciani, 1983). Thus, it is high time to
consider the scientific and medical aspects of the problem, to
ask a number of pertinent questions, and to formulate some
hypotheses, before opening the flood-gates for a boundless
testing activity.

For the toxicologist, the immune system is one of many
potential targets of foreign chemicals. In some cases, it is
affected immediately and preferentially, whereas under
different conditions, the changes are secondary to injury of
other organs or to a general deterioration of health. In
turn, a specific lesion of the immune system may lead to the
damage of organs and will often compromise the general
well-being of the organism. In addition, tissue damage can,
under special circumstances, trigger a specific response in
the immune system, leading to a pathological state that is far
more serious than the original toxic lesion. Thus, it is
unrealistic to treat immunotoxicology as a speciality of its
own: instead, it must always be viewed in light of its close
interrelationship with all other branches of toxicology.



2

2. CHEMICAL SUBSTANCES

Since the compounds that alter the immmune system can,
depending on the circumstances of use, be considered
immunotherapeutics or immunotoxins, it is perhaps more
expedient to 1label them as "immunomodulators" (IM). This
neutral term is all the more appropriate because it also
describes the biphasic responses that are a trait particular
of the immune system. Another even more general term for
theses agents is "biological response modifiers" (BRM).

The chemical substances of interest in immunotoxicology are of
a very diverse nature. They may first be divided into two
groups: "intentional IM", i.e. substances developed for
therapeutic inhibition or stimulation of specific immune
responses, and "inadvertent IM", i.e. drugs and environmental
chemicals whose effects on the immunological processes are
unwanted and often undesirable. Among this latter group are
immunomodulating contaminants, which have become particularly
important as potentially sensitizing impurities in products
manufactured by recombinant DNA and other biotechnologies
(D'Agnolo, 1983). :

Both groups of IM include a large variety of organic and
inorganic small molecules, but a distinct and very peculiar
group of immunomodulating chemicals are large molecules, often
of biological origin: e.g. peptides, polysaccharides and
proteins of greatly varying complexities. Among these,
specific products of immunocompetent cells, e.g.
immunoglobulins, 1lymphokines including interferons, thymosin
etc., demand particular attention, since they are administered
to humans by  the parenteral route. The same is true for
tissue extracts, peptide hormones and enzymes injected for
therapeutic purposes. In order to judge these substances
appropriately, it is of great importance to know whether they
are of human origin or derived from another organism,
mammalian, submammalian, microorganism or plant. But even
when the substance is identical to that present in the human
organism, it is essential to ascertain that not only the
primary, but also the secondary and tertiary structures of the
molecule are unaltered. Thus, exact identification and
specification of the test substances submitted for study are
as important for immunotoxicology as they are for all other
branches of toxicology.

3. TOXICOLOGICAL TARGETS

In toxicology two working concepts can be distinguished: in
the conventional approach, the experiment comes first. A
standard test or battery of tests is performed, and the types
and degrees of hazards for humans are subsequently estimated
from the results obtained. In contrast, in the
"pharmacological approach to toxicology," the potential
targets of toxicity are identified first. The criteria for a
relevant effect are then established, wusually based on
experience with reference substances, and the experimental
model best suited to assess the pertinent toxicological



response 1is selected (Zbinden et al., 1984). In both
instances, toxicologists should have a good idea about the
nature and the symptomatology of the human diseases induced by
the chemicals with which the toxicological experiments are
conducted.

As far as immunotoxicology 'is concerned, the clinical
syndromes resulting from inhibition or overstimulation of the
most dimportant immune mechanisms by foreign chemicals are
sufficiently defined. These syndromes include
immunodeficiency due to the destruction or functional
inhibition of 1lymphoreticular organs and the consequences,
i.e. reduced resistance against infections and possibly also
facilitation of tumor growth. 1In addition, there are various
forms of humoral and cellular hypersensitivity reactions,
including cutaneous and systemic anaphylaxis, organ-directed
allergies such as hemolytic anemia and allergic myocarditis,
the Arthus reaction, serum sickness, glomerulonephritis, graft
rejection and autoimmune diseases (Sharma, 198la). However,
these phenomena represent merely the extreme manifestations of
immunotoxicological insults. It 1is probable that a 1large
number of far more subtle effects also modulate the immune
mechanisms, be it for example through influences on the
proliferation, differentiation, function and survival of
various immunocompetent cells and through alterations of their
surface receptors and biosynthetic capabilities. IM may also
act on the supply and function of components of the complement
system, on the activities of reticuloendothelial elements, the
motility and function of macrophages, etc. Changes of this
kind are known to occur in many experimental studies, but
their relevance is difficult to assess, and it is not possible
to establish a logical connection between them and clinically
well-defined disease states. For example, the H receptor
blocker c¢imetidine was shown to affect T cell function,
including suppression of natural killer cell activity. The
clinical meaning of these findings is © not known
(Ruiz-Arguelles et al., 1982). If immunotoxicological
experiments are +to become part of routine studies in the
safety evaluation of chemicals, it will be necessary to make
an effort to better define the toxicological targets, i.e. +to
describe in detail changes of the immune system which should
be recognized and measured in experimental procedures.

4. TESTING STRATEGIES.

The complexities of the immune regulatory mechanisms and the
great variety of chemical substances that must be considered
make it unlikely that a single protocol can be devised which
would cover all aspects of immunotoxicology. As far as the
inadvertent IM are concerned, the major problem lies with
their 1large number. In fact, just about all chemicals must,
until proven otherwise, be considered potential dinadvertent
IM. It follows that the first task of the toxicologist is
that of a preliminary assessment of the test compounds. This
should permit the identification of those substances that
represent a significant hazard and would, unless permanently
discarded, require more detailed analysis. For this purpose,
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it is necessary to use highly sensitive screening tests that
do not need to be very discriminative but that should cover
the foremost areas of concern, i.e. humoral and tissue
hypersensitivity, autoimmune responses and immunosuppression.
For 1large molecules, including immunomodulating contaminants,
this screening should be slanted towards hypersensitivity
reactions, whereas with small molecules the whole spectrum of
immunotoxicology should be covered equally. In order to avoid
unneccessary work, the expected route of human exposure should
be taken into account. For example, compounds applied to the
skin should be tested primarily for local sensitization and
chemicals taken by the oral route need not necessarily be
examined for their sensitizing properties by the parenteral
route.

For intentional IM a more sophisticated approach can be used.
The main purpose of the studies is not the determination of
immunomodulating properties, since these are already
established, but the tests should be aimed at evaluating risk
under the proposed conditions of use. Therefore, the
toxicological investigation will not be concerned so much with
inherent immunopharmacological properties, but will explore
the potential, undesirable consequences of the immunotherapy.
This will include the problems of resistance against
infections, tumor promotion and stimulation of autoimmune
processes, and also , naturally, the questions of allergies
against the IM and the counterreactions occurring in the
destabilized immune system.

5. SELECTION OF TEST PROCEDURES.

Experimental immunology has available a large variety of in
vitro and in vivo tests with which the number, the integrity
and the biological activities of immunocompetent cells can be
assessed and concentrations of the products synthetized by
them can be measured. Moreover, there are many different
models with which the rate of immunological reactions and the
development of immunological diseases can be studied (Street,
1981, Koller and Vos, 198l1). Toxicologists are tempted to dip
into this treasure chest quite indiscriminately and perform as
many tests as they possibly can. But such an unstructured and
vague procedure is not only problematic from the scientific
point of view, but also most wasteful, as it is sure to 1lead
to a mass of redundant information.

A more satisfactory and cost-effective solution is provided by
a hierarchical approach. This involves the use of a set of
basic tests covering the main areas of immunotoxicology.
Secondary tests are performed when it is desirable to further
characterize an observed effect.

Immunologists and toxicologists differ somewhat in their views
about the structure of such a testing system. Immunologists,
quite understandably, prefer their own models and like to work
with their favorite species, mouse and guinea pig, for which
many of +the necessary analytical reagents are available and
the most responsive strains of laboratory animals have been



identified. In order to make their tests more meaningful,
immunologists alsc like to experiment with special subjects,
e.g. newborn and immunodepressed animals and strains
genetically preconditioned to develop autoimmune diseases such
as the NZB mouse (Falchetti et al., 1983).

Toxicologists, on the other hand, prefer to use the young
adult or at most weanling, randomly-bred dogs and rats with
which the majority of conventional toxicological tests are
performed. And whenever possible, they 1like to do
immunotoxicological tests on the animals included in regular
toxicity studies.

There are advantages and disadvantages to both approaches. 1In
practice a combination of the two is likely to become the
generally accepted solution, with more emphasis on standard
toxicological methods for small molecular inadvertent IM, and
a more detailed immunopharmacological analysis for the
intentional IM and all other compounds 1likely to induce
hypersensistivity reactions. However, it must be noted that
certain immunotoxicological investigations just cannot be done
within standard toxicological studies as the protocols do not
permit the introduction of new variables. Thus, it is
impossible to investigate the development of an allergy and
the rise of immunoglobulin concentrations as a response to a
challenge with a reference antigen or with co-administration
of Freund's adjuvant. Other popular immunological tests,
including the induction of plaque-forming cells in spleen and
lymph nodes in response to antigens, allograft rejection,
graft versus host activity, delayed hypersensitivity to
tuberculin, survivival of transplanted tumor cells, clearance
of intravenously injected colloidal particles, resistance
against an experimental infection or response to an injection
of endotoxin are also excluded for the same reasons. On the
other hand, to use animals from routine toxicity experiments
for immunological investigations not only saves many animal
lives, but often permits a meaningful correlation between the

immunotoxicological effects and the changes in other organ
systems.

6. TOXICOLOGICAL PROCEDURES, POSSIBILITIES AND OPEN
QUESTIONS.

It is not the purpose of this introductory paper to suggest a
scheme for the immunotoxicological assesssment of IM. Such
proposals have already beean published (Vos. 1977, Ovtcharov
et al., 1980, Falchetti et al., 1983, Renoux, 1983) and others
are presented in this volume. There are also sound proposals
for the analysis of potentially immunomodulating contaminants
of products obtained by recombinant DNA technology (Johnson,
1982). In this paper some remarks about the current attitudes
of toxicologists towards immunotoxicology and about the needs
for futher research will be made.

In the toxicological reports on most new drugs, pesticides,
consumer products, industrial chemicals and environmental
pollutants, the potential immunotoxicological effects are
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rarely even mentioned. Notable exceptions are in reports on
chemicals that are either applied to or likely to come into
accidental contact with the skin. There are excellent animal
models for the detection of the local sensitizing properties
of such compounds. These test models have become part of the
toxicological routine (Andersen, 1983, Maurer, 1983).
However, in most other areas of safety evaluation, the
approach to testing of the immune system is haphazard or, as
for example in teratogenicity studies, practically
non/existent. Only when indisputable evidence for involvement
of the immune system is present, as illustrated by the extreme
atrophy of the 1lymphatic organs in 2,3,7,8-tetrachlorodi-
benzo-p-dioxin (TCDD)-treated animals (Vos et al., 1973), are
the toxicologists sufficiently concerned to initiate syste-
matic investigations.

The example of TCDD also shows how many different and rather
complex immunological test methods have been applied to
further characterize an effect discovered in a relatively
simple animal experiment. It is interesting to note that the
assumption, formulated on the basis of the orginal
toxicological observation, that TCDD is a potent
immunosuppressant acting preferentially on the T-cell system,
has essentially been confirmed by more sophisticated
immunopharmacological analysis (Vos, 1977, Sharma, 1981b).
This experience should inspire toxicologists with courage to
investigate immunotoxicological phenomena within their own
spere of activities.

In Table 1, investigations of the structural integrity and
function of the immune system suitable for incorporation in
standard, repeated-dose toxicity and teratogenicity studies
are listed. Some are already part of the current routine and
othes might be easily included. But for some of the tests,
the necessary reagents and techniques must still be developed.
A glance at this table shows that the targets of many of the
procedures overlap. Thus, it is not necessary to use all of
the techniques in every toxicological test.

However, not enough experience is available to determine which
of the measurements are the most sensitive and reproducible
ones. Systematic studies using suitable reference agents are
needed to settle this question.

Additional problems are created by the rigid testing protocols
of routine toxicology. For example, in all toxicological
experiments, it is required to include groups of animals
exposed to doses that cause target organ toxicity or discer-
nible deterioration of general health, or both. Experience
shows that in these animals the lymphoreticular sytem is often
atrophic. It has been established that a variety of immunolo-
gical functions are also often affected. In such instances,
it is necessary to decide whether these changes are relevant
immunotoxicological manifestations, or merely the non-specific
consequence of general toxicity, or qualitative or quantita-
tive malnutrition. This often requires special studies,



TABLE 1

POSSIBLE TEST FOR THE EVALUATION OF THE IMMUNE SYSTEM IN ROUTINE
TOXICITY STUDIES '

Measurements Time Target
Weight of lymphatic organs T general
Total cell count of lymphatic organs T general
Total cell count of bone marrow T general
Histopathology lymphatic organs,

bone marrow T general
Peripheral lymphocyte count Cc general
Total serum globulins o} humoral
Concentration of immunoglobulins (o} humoral
Antibody-forming cells in

lymphatic tissue T humoral
Lymphocyte response to B cell mitogens Cc humoral
Percentage of B lymphocytes Cc humoral
B-lymphocyte markers [ humoral
Passive cutaneous anaphylaxis (a) [o] humoral
Circulating immune complexes (o] humoral,

autoimmunity

Complement, total and fractions (b) [of humoral
Présence of plasma cells in

lymphatic organs T humoral
Lymphocyte response to T cell mitogens [ cell-mediated
Percentage of T lymphosytes Cc cell-mediated
Subpopulations of T lymphocytes (c) Cc cell-mediated
Histamine release from isolated lung
fragments upon antigen challenge T humoral (c)
Antinuclear antibodies [ autoimmunity
Peripheral monocyte count (o] macrophage system
Phagocytic activity of macrophages T macrophage system

T = terminal (at autopsy). C = current (before, during, after
treatment). (a) = feasible, but cumbersome in dogs. (b) = reagents
not available for dogs. (c) = reagents not yet available for dogs.
not widely available commercialy for rats. (d) = mediated by mast
cells, but a measure for anaphylactic, humoral immune responée; due
to IgE or IgE-like amtibodies.

including experiments with adrenalectomized animals (Vos,
1977).

Another difficulty is created by the protocol requirement to
obtain blood samples and sacrifice the animals at predeter-
mined time points. These often do not coincide with the
moment at which a particular immunotoxicological effect is at
its peak. In repeated-dose experiments, it is possible that a
change may disappear after a certain time, even though admi-
nistration of the test compound continues. For example, in
rats treated with the interferon inducer tilorone, a marked
and short-lived lymphocytopenia occurred, but only after the
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first few doses. Soon after the first dose, many abnormal
mononuclear cells appeared in the peripheral blood, but their
number gradually decreased during continued treatment, and
lymphocyte depletion in T-cell dependent areas of the 1lymph
nodes, which was also present in the early phase, disappeared
(Zbinden and Emch, 1972, Levine et al., 1974). Based on this
and similar observations, it is suggested that measurements
aimed at assessing the immune system in toxicological studies
be made not only during and at the end of treatment, but also
after the first or the first few doses. This may necessitate
the addition of more treatment groups to those required by the
standard protocol, but it is likely to provide much relevant
information, part of which might not otherwise be obtainable.

Finally, the problem of species and strain selection must be
mentioned. In routine toxicology it is advantageous to use,
whenever possible, the same randomly-bred strain of animals.
For the study of immunotoxicological problems, on the other
hand, the selection of a specifically sensitive strain of
animals for a particular test procedure has proven to be of
critical importance (Morin and Chedid, 1983).

7. STANDARD TOXICOLOGY WITH IM.

Another difficult question is whether or not standard safety
studies including single- and repeated-dose toxicity, repro-
ductive toxicity, mutagenicity and carcinogenicity experiments
should be done with IM. Furthermore, if such tests are deemed
desirable, what protocols should be used and how should the
results be  interpreted and extrapolated to man? With small
molecular IM devoid of intrinsic sensitizing properties
standard safety tests are certainly justified and can, in most
cases, be done according to conventional protocols. However,
in evaluating the results, the immunological properties must
be kept in mind, and changes related to immunomodulating
characteristics must be recognized as such and weighed
accordingly. Moreover, the fact that an immunomodulating
effect may be reversed at high doses should also be considered
(Morin and Chedid, 1983).

The problems encountered in toxicological experiments with
potentially or definitely sensitizing IM have been discussed
by Petricciani (1983). There is, in principle, no question
that such compounds could possess undesirable toxicological
properties that are unrelated to their primary . immunomodula-
ting activities. However, the question arises of whether such
qualities would be recognized in animal experiments that are
complicated by sensitizing effects of the test compound. At
this time it is not possible to give a definite answer.
However, it is possible that useful safety data can be
obtained from such studies, at 1least with some of the
compounds. Thus, an attempt should be made to conduct at
least some relatively short-term, repeated dose toxicity
experiments, and, if no anaphylactic responses or organ
lesions <c¢learly related to hypersensitivity occur, long-term
and reproductive toxicity experiments should also be
considered. At the same time, research aimed at a better



knowledge of the relevance of such animal models should be
undertaken, in particular with regard to an understanding of
the toxicological characteristics of smaller peptides, both of
human and non-human origin.

An important aspect of such studies is the detection of
potentially relevant interactions of immunomodulating
substances with other regulatory systems. Of particular
interest are influences on the function of the hypophy-
seal-adrenal axis which are evident from observations such as
the immunomodulating effects of glucocorticoids and the
corticotropin-releasing activity of thymosin (Healy et al.
1983). Another potentially important interaction is signalled
by the finding of endorphin-like activity of interferons
(Morin and Chedid, 1983). Toxicologial studies of IM should,
therefore, also include appropriate investigations of the
endocrine system, e.g. determinations of plasma
corticosteroid, corticotropin and growth hormone concen
trations and a detailed pathomorphological evaluation of
endocrine and hormone-dependent organs (Vos, 1977).

Finally, efforts should also be undertaken to mobilize forces
in clinical and pathology laboratories for the purpose of
detecting immunotoxicological characteristics of test
compounds. For exemple, immunohistochemistry can be used for
the demonstration of immune complexes in critical targets such
as the glomeruli of the kidney, and there are good laboratory
methods for identifying antinuclear antibodies (Balazs and
Robinson, 1983). Electrocardiography has been applied to
demonstrate the development allergic myocarditis in rabbits
sensitized by horse serum (Bickel, 1960). A particularly
attractive and relevant area of research is the role of IM in
the growth, promotion and metastasis formation of tumors and
oncogene expression. In this area toxicologists now have at
their disposal several elegant in vitro and in vivo models
which could be used, perhaps in a somewhat modified form, to
assess the co-carcinogenic properties of IM.
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THE CELLS OF THE IMMUNE SYSTEM,
AN UPDATE ON THEIR INTERACTIONS AND SIGNALS

L. Adorini

Laboratorio di Patologia, ENEA-CRE,
Rome, Italy.

INTRODUCTION

The definition of the two major compartments of lymphocytes, T
and B cells, followed by the detailed analysis of
immunoregulatory cell interactions, has permitted an
identification of the very precise and sophsticated mechanisms
which modulate and control the interaction, of every cellular
and soluble component of the immune system. Basically it is
possible to distinguish four different types of cellular
interactions in the immune response (Fig. 1). In the case of
macrophage-T cell interaction antigen is processed by
macrophages and selected epitopes are presented, associated
with self-MHC molecules to T cells (associated recognition).
Linked recognition refers to the necessity for two
functionally distinct cells to recognize antigenic
determinants on the same molecule in order for an effective
cellular interaction to occur. Typically, linked recognition
occurs between carrier-specific T cells and hapten-specific B
cells and is mediated by an hapten-carrier conjugate antigen
bridge. This +type of interaction is restricted by MHC
molecules since carrier-specific T cells are activated only
when antigen 1is presented in association with self MHC on
antigen-presenting cells and they can interact only with B
cells sharing the same MHC I-region haplotype as that of
antigen-presenting cells. In the case of polyclonal
interaction the initial step is also dependent on
MHC-~restricted antigenic stimulation but the interaction does
not require an antigen bridge and takes place via non-specific
mediators (lymphokines), provided that hapten and carrier
determinants, although unlinked, are present.
Idiotype-anti-idiotype interaction occurs when a cell type
recognizes on its partner immunoglobulin determinants;
idiotypes, allotypes, or isotypes. B and possibly T cells
specific for idiotypic determinants form the basis for the
network concept of immune regulation.

The +two major immunoregulatory cell types are helper and
suppressor T cells and we shall examine briefly their
interactions and signals.

HELPER T CELLS

The differentiation of B cells into antibody-forming cells
requires the cooperation of specific helper T cells which may
be mediated by different mechanisms of cellular interactions.
The antigen-bridge model postulates that a close physical
proximity of hapten-primed B cells and carrier-primed T cells
is the mandatory requisite for effective cellular interaction
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whereas in the case of polyclonal B cell activation
stimulation of B cells by the appropriate antigen (hapten
conjugated to a carrier molecule different from  that
recognized by T cells) causes the expression on the B cell
surface of membrane receptors for T cell and
macrophage-derived lymphokines. These two helper mechanisms
usually operate simultaneously and synergistically and are
mediated by two distinct types of carrier-specific helper T
cells denominated Thl and Th2 (1). Thl are carrier-specific
helper cells that require linked recognition to activate, in a
MHC-restricted fashion, B cells. Thl and Th2 can be separated
by nylon-wool adherence and although both cell subsets could
independently help B cells, the addition of a small number of
cells from one fraction to the other demonstrates a marked
synergism in the induction of antibody response. Th2 cells,
the nylon-adherent subset, were found to provide unrestricted
help to B cells stimulated with hapten conjugate to a
different carrier (polyclonal activation) and to express
determinants coded for in the I-J region of the H-2 complex.

Besides carrier-specific helper T cells, a third subset of T
cell has been described, able to cooperate with B cells by
directly recognizing isotypic allotypic or idiotypic struc-
tures of B cell surface immunoglobulins (2). This helper T
cell +type may possess a dual specificity for both the antigen
and the antigen receptor (idiotype) and could thus represent
the counterpart of carrier-specific helper cells (3).

Interactions have been described not only between Thl and Th2
cells but also between carrier-specific and idiotype-specific
helper T cells. For example, in the hen egg-white 1lysozyme
(HEL) system two distinct peptides derived from the HEL
molecule, the N-terminal C-terminal peptide. (N-C) and the L11
peptide, include epitopes that, in genetically non responder
strains (H-2P and H-2%), preferentially stimulate suppressor
and helper T cells, respectively. In genetically responder
mice both peptides induce predominantly helper T cells (4).
The HEL-specific antibodies are mostly directed against
determinants included in the N-C region of the molecule and
are characterized by a major cross-reactive idiotype (IdX).
HEL-specific and IdX-specific helper T cells can be separated
by absorption on HEL and IdX-coated plates and the coculture
of these two helper T cell subsets reconstitutes the antibody
response to HEL (5). These results imply that optimal B cell
activation requires both idiotypic complementarity and
antigen-mediated 1linked recognition. It is not known whether
these two signals reach the same B cell simultaneously or
sequentially nor whether the same or different B cell clones
are activated by the two helper T cell types.

SUPPRESSOR T CELLS

Supression of the immune response is mediated by a complex
series of cellular interactions involving different cell types
and in a suppressive circuit it is usually possible to
identify inducer, transducer (amplifier) and effector T cells.
Besides suppressor cells specific for antigen epitopes, the
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counterpart of carrier-specific helper T cells, idiotype,
allotype and isotype-specific suppressor cells have been
described. A unifying consensus model of the suppressive
pathway has not yet been delineated, given the complexity of
suppressive circuits, and we shall briefly outline some
well-defined systems of immunosuppression.

Benacerraf, Dorf, Greene and co-workers have proposed a model,
based on the analysis of anti-azobenzene arsonate (ABA) and
anti-4-hydroxy-3-nitrophenyl acetyl (NP) responses, involving
the sequential activation of three cell types, denominated
Tsl, Ts2 and Ts3 (6). In this case (Fig. 2) I-J" macrophages
present antigen, in the context of I-J molecules to pre-Tsl
cells driving them to differentiate into Tsl cells. These
idiotype-positive, antigen-specific, Lytl*, I-J* cells
produce a soluble factor, TsFl, which induces the
differentiation of pre-Ts2 cells to Ts2. The TsFl-pre-Ts2 cell
interaction is antigen-specific and is restricted by genes
mapping in the Igh-1 locus, associated to the immunoglobulin
heavy chain (Vyg) locus and in some cases also by genes mapping
in the I-J region of the H-2 complex. Ts2 cells, specific for
idiotype rather than antigen, produce a factor, TsF2, which
activates antigen-specific and idiotype-positive Ts3 effector
cells. Ts3 cells suppress T helper cells by releasing both
specific and non-specific factors.

Gershon and co-workers (7) have proposed a model of cellular
interaction, based on the analysis of suppression of the
primary anti-SRBC antibody response, involving also three
different Ts cell types: inducer (Tsi), acceptor or trans-
ducer (Tsa) and effector (Tse) (Fig. 3). Antigen first
activates Lytl', Qa-1*, 1I-J*" Tsi cells. These cells are

analogous to helper T cells but they are programmed to acti-
vate Tsa cells to differentiate into Tse cells via an
antigen-specific, I-J" factor, TsiF. Induction of Tse by TsiF
is restricted by Igh-1 genes but not by MHC genes. Tse cells
inhibit antigen-specific T helper cells by releasing an
antigen-specific, H-2 restricted, I-J- TseF. This factor may
also inhibit Tsi cells, thus generating a feedback suppression
loop. Besides this feedback suppression loop Gershon's model
describes a second regulatory mechanism denominated. contrasup-
pressor circuit. Contrasuppressor T cells (Tcs) are organized
in a circuit in which Lyt 2*, I-J* effector cells (Tcse) are

induced wvia Tcsa by Tcsi, and act by rendering helper T cells
resistant to the suppressive activity mediated by TseF.

In the suppressive circuit described by Tada and co-workers
(Fig. 4) Tsi cells release TsiF which can. suppress directly
Th2 cells or amplify the suppressive effect via the sequential
activation of Tsa and Tse which release TseF inhibiting Thl
cells (1).
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THE IDIOTYPIC NETWORK

The term idiotype was originally coined to designate unique
antigenic determinants present on immunoglobulin molecules of
a certain animal responding to a given antigen. However, the
discovery of extensive idiotypic cross-reaction has rendered
the original definition obsolete and idiotypes are currently
defined as antigenic determinants present in the
immunoglobulin chain variable domains. The concept of the
immune system as a functional idiotypic network stemmed from a
theory proposed by Jerne (8) to explain the observation that a
given idiotype may be associated with combining sites specific
for different antigens and that the same antigenic specificty
may be associated with different idiotypes. The fundamental
idea of the network theory is that each combining site not
only recognizes antigenic determinants but it is also
recognized by anti-idiotypic determinants within the same
immune system. The basic features of Jerne's network are
illustrated in Fig. 5. The induction of the first set of
idiotypes (1) is stimulated by an antigenic epitope (E) on an
immunogenic molecule. A second, idiotypically complementary
set (2) is activated when a certain threshold level is reached
and will induce suppressive or enhancing events. In addition,
two other cell types were postulated: the "internal image"
set (3) bearing idiotypic determinants recognized by the first
set, and thus similar to the antigenic epitope and the
"parallel" set (4) with the same idiotypic determinants as (1)
but with different antigenic specificity. This network theory
created a speculative framework of a radically different
nature, not only of the regulation of the immune system, but
of the immune system itself. This becomes an
antigen-independent, self-regulated network of interactions in
which all the components are in mutual equilibrium receiving
positive and negative signals from within the system. Antigen
introduction perturbs the network, and its effects reverberate
through +the entire system, until a new stable state 1is
reached.

Thus, the basic requirement for an idiotypic network
encompassing - all the lymphocytes in the immune system is the
mutual recognition of idiotypes and anti-idiotypes by T and B
cells. This requirement is clearly fulfilled by B cells
whereas T cells have not been found to express mRNA species
able to hybridize with B cell idiotypic probes in the same
antigenic system, casting some doubts on the strict idiotypic
relatedness between T and B cells. However, the structure of
T and B cell receptors for antigen is very similar and somme
type of idiotypic connectance may indeed take place. Again,
in the 1lysosyme system a model has been proposed relating
idiotypic and antigenic specificity of helper T cells,
suppressor T cells and B cells induced by HEL (9). A minimal
network model implicating four different lymphocytes Dbearing
complementary receptors is shown in Fig. 6. HEL immunization
of B10 (H-2b) non responder mice induces suppressor T cells
specific for the N-C region of the HEL molecule. These
supressor T cells would interact via idiotypic complementarity
with an IdX-specific helper T cell, or through antigen-bridge
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with carrier-specific helper T cells. As already mentioned
plate absorption experiments have demonstrated that
IdX-positive, N-C-specific B cells are optimally stimulated by
two different signals one coming from anti-idiotype positive
helper T cells (idiotypic complementarity) and the other from
carrier ( L; )-reactive helper T cells (antigen-bridge). Thus,

the antibody specificity in the response to HEL is restricted
antigenically and idiotypically. Likewise, suppressor T cells
raised in a non-responder mouse strain show a remarkably
similar restriction to this same determinant. The presence of
the same antigenic and idiotypic determinants on these two
cell populations ensures communication between suppressor T
cells and B cells via helper T cells, with complementary

idiotypic and epitopic receptors. Thus, the +two major
specific communication systems among lymphocytes engaged in
the antibody response, antigen-bridge and idiotypic

complementarity, have been integrated in a regulatory circuit.

In conclusion, a possible scenario of antigen-triggered
interactions in the regulation of the immune response may
comprise three distinct events:

1. before antigen. The system is in equilibrium
through a subtreshold level of mutually inhibitory
complementary cell interactions.

2. antigen enters. After a degree of macrophage
processing antigenic epitopes are complexed to class
ITI MHC molecules, the Ir gene products, and presented
to helper or suppressor T cells. Intercellular
communications can then take place among T cells over
a bridge of native antigen or via idiotypic comple-
mentarity, either directly or mediated by the release
of antigen-specific and non-specific products.
Accordingly, clonally restricted B cells will be
stimulated to proliferate and differentiate into
antibody-forming cells by both antigen-specific and
non-specific signals. The immunodominance of certain
epitopes, presumably the resultant of macrophage
presentation and repertoire availability, will also
influence the relative preponderance of helper or
suppressor T cells in the circuits. In this way
antigen sets the framework in which +the idiotypic
network will operate +to attain a new level of
homeostasis.

3. antigen is eliminated. After having conditioned
the system into certain options, the antigen 1looses
its primary, steering, regulatory function. The
long-term, overall regulation of the system is then
mainly sustained by a self-contained, self-limited,
"closed" idiotypic network.

LYMPHOKINES

A series of non-specific signals amplifies the antigen-
specific response from the clonal level to the effector cell
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population by promoting the proliferation and differentiation
of cells involved in the immune response.

Proteins able to +transmit non-specific proliferation and
differentiation signals are collectively termed lymphokines
and some of them have been characterized in considerable
detail and are now available as recombinant DNA products. The
rapid progress in the functional and structural characteri-
zation of lymphokines has been considerably increased by the
availability of cell lines secreting, constitutively or after
mitogen induction, high concentration of lymphokines and by
the wutilization, as target cells, of cell 1lines acutely
dependent for their proliferation on the presence of a parti-
cular lymphokine (10).

The most important and best characterzed lymhokines are:

1. Interleukin 1 (IL-1), a family of proteins
(m.w.12-16,000) produced by macrophages and several
other cell types which induce IL-2 production by T
cells. IL-1 is also a co-inducer of B cell
activation.

2. Interleukin 2 (IL-2). This protein (m.w. 16,000
in humans, (ca 22,000) in mice) promotes the growth
of T cells. Antigen, presented by macrophages in
association with MHC products, transmits a primary
activation signal- to antigen-specific T cells.
Simultaneously, macrophage-derived IL-1 induces the
differentiation of activated T cells into IL-2
producing cells. IL-2 produced by these cells induce
in other T cells the expression of IL-2 receptors and
therefore +the ability to proliferate in response to
IL-2. This indicates that antigen per se does not
induce proliferation, which is exclusively
IL-2-dependent, and that the IL-2-driven T cell
proliferation is non-specific since it will expand
any activated T cell clone.

3. Gamma interferon (IFN-J). Immune or gamma IFN
(m.w. ca 18,000) is produced by activated T cells and
amplifies the response of cytotoxic T cells, natural
killer (NK) cells and helper T cells.

4. Colony stimulating factor (CSF). This lymhokine
(m.w. 30,000) is produced by T cells and acts on
macrophages by increasing IL-1 production.

5. Interleukin 3 (IL-3). This protein (m.w.
41,000) is released by activated T cells and it
promotes the differentiation and the proliferation of
immature T cells and of cells of the
macrophage/monocyte lineage.

6. B cell growth factor (BCGF). At 1least two
distinct BCGFs have been identified, produced by T
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cell 1lines after mitogen induction. BCGF activity,
the B cell counterpart of IL-2, is restricted to the
promotion of B cell proliferation and it does not
induce B cell differentiation.

7. B cell diffferentiation factor (BCDF). The
differentiation of B cells towards antibody-forming
cells requires a class of lymphokines designated B
cell differentiation factors. At least two such
factors have been identified, one leading preferen-
tially to the secretion of IgM and another to the
secretion of IgG.

8. T cell preplacing factor (TRF). This lymphokine
is produced by Lyt 1" T cells in a macrophage and
antigen-dependent induction process and is maximally
active on B cells when added late in culture. TRF is
therefore thought to provide a terminal signal to
antigen-stimulated proliferating B cells to differen-
tiate into antibody-secreting plasma cells.

The lymphokine-mediated immunoregulatory events are summarized
in £fig. 7. Macrophages and T cells interact synergistically
in a cyclic amplification loop in which T cells produce CSF
that stimulates macrophages to produce IL-1. IL-1 gives also
a positive signal to antigen-stimulated T cells which produce
IL-2 and IL-3 proliferative and differentiation signals for T
cells. T cells also produce BCGF, BCDF and TRF lymphokines
necessary for expansion and differentiation of
antigen-specific B cell clones. All these T cell-derived
lymphokines are not produced by discrete T cell subsets but,
apparently, any Lyt 1" cell is potentially able to secrete all
T-cell lymphokines. The growing interest in 1lymphokine
research derives, in large part, from its relevant clinical
implications since several immunological defects or dysregula-
tions appear to be at the level of 1lymphokine production
and/or lymphokine receptor expression. The reconstitution of
the immunodeficient individual by administration of exogenous
lymphokines or by pharmacological agents that are able to
regulate endogenous production will certainly have an impor-
tant influence in treatment and biotechnological research.
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ASSOCIATE RECOGNITION LINKED RECOGNITION
POLYCLONAL INTERACTION IDIOTYPE ANTI-IDIOTYPE INTERACTION
lymphokines

Fig.1. Cellular interactions in the immune response. Key to
symbols: D MHC determinant; M and e carrier determinants;
- haptenic determinants; @ idiotypic determinant.
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Fig. 2. Sequential activation of suppressor T cells accor-
ding to Benacerraf and colleagues (6).
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Fig. 4. Immunosuppressive circuits according to Tada and
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j2o%e

Fig. 5. Schematic representation of Jerne's idiotypic
network. E = antigenic epitope on an immunogenic molecule.

1l = epitope recognizing set; 2 = anti-idiotypic set:

3 = "internal image" set; 4 = non antigen specific parallel
set.

idiotypic N-C antigen
complementarity bridging

Fig. 6. Cellular specificities and a possible network of
interactions in the response to HEL. The octagon represents
the HEL molecule, operationally divided into hapten (N-C) and
carrier (Ly) specific determinants. Optimal activation of
idiotypic positive, hapten specific B cells (idB) is achieved
through interaction with idiotype specific helper T cells
(aidTh) and carrier specific helper T cells (CTh). A possible
interaction between these two types of helper T cells 1is
suggested by the broken arrow indicating presentation of
idiotypic determinants by carrier specific helper cells to
idiotype specific helper cells. Idiotype positive, hapten
specific suppressor T cells (idTs) could interact via idio-

typic complementarity with idiotype specific helper T cells,
or via antigen bridge with carrier specific helper T cells.
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RELATIONSHIP BETWEEN THE IMMUNE SYSTEM AND CANCER
R.W. Baldwin

Cancer Research Campaign Laboratories
Nottingham, United Kingdom

1. INTRODUCTION.

The notion that malignant cells may be subject to control by
the immunological network of the host has been established
conclusively by showing that the adoptive immune system can
respond to experimentally induced animal tumours (1, 2). In
these systems it has been shown that immunodepression leads to
enhanced growth of +tumors and/or to increased metastatic
spread (3). Conversely, there is considerable evidence to
show that immunotherapeutic manipulation can be used to
suppress growth of local and/or metastatic tumors(4). The
relevance of the findings with primary and syngeneically
transplanted rodent tumors to human cancer remains unresolved.
This is principally because of the lack of appropriate methods
for defining human tumour antigens and detecting specific
immune responses to them in cancer patients. Contemporary
studies on tumor cell-lymphocyte interactions will probbably
provide a more acceptable approach to this problem.

In addition to +the putative specific rejection responses,
natural resistance involving macrophages and natural killer
(NK) cells can exert a significant anti-tumour response.
Natural cytotoxicity mediated by populations of non-speci-
fically sensitized 1lymphocytes, (including NK cells) : has
attracted considerable interest since they may be viewed as a
first 1line of defence against nascent tumors and may also be
cytotoxic for blood-borne tumour cells so limiting metastatic
spread (5, 6). 'NK cell mediated cytotoxic reactions have been
demonstrated ‘against animal and human tumors and numerous
agents, particularly interferon, can augment NK activity
suggesting that +this host effector cell may be manipulated
therapeutically (7).

2. SPECIFIC IMMUNE RECOGNITION OF MALIGNANT CELLS.

For a tumour to generate specifically sensitized T lymphocytes
( as well as initiate antibody production) it must express
antigens which are immunogenic in the host. This requirement
is fulfilled by many experimental animal tumours induced by
chemical carcinogens or oncogenic viruses (1,2). Tumours
induced by DNA- or RNA- containing viruses may express an
array of plasma membrane associated cellular antigens (8).
This 1is reflected in the specificity of the immunity induced
against these types of tumours which is 'wvirus related',
although not due simply to host recognition of viral antigens
associated with virus-induced tumours. These characteristics
basically differentiate virus-induced tumours from those
induced by chemical carcinogens where tumour-associated
antigens exhibit a high degree of polymorphism so that tumours
appear to express individually-distinct antigens (2).
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Tumour rejection antigens on animal tumours have been demons-
trated by showing that some form of immunization, e.g.
implantation of attenuated tumour cells, suppresses tumour
growth. This approach is not permissible in human cancer and
investigations have largely had to be limited to in wvitro
assays for cell mediated and/or antibody responses.

The original evidence cited in identifying cell mediated
responses to human tumour associated antigens was derived
primarily from studies showing that peripheral blood lymphocy-
tes from patients were cytotoxic when tested in vitro against
tumour cells derived from the lymphoctyte donor, or from other
patients with tumours of the same histological type (9).
These  studies are not now viewed as acceptable since the in
vitro cytotoxicity test measures responses mediated by natu-
rally cytotoxic (NK cells) as well as T lymphocytes which may
have been stimulated following recognition of tumour antigen.

Other tests for detecting T lymphocyte responses to human
tumours have been introduced including leucocyte migration
inhibition and leucocyte adherence inhibition assays, but none
have found widespread acceptance (10). There 1is growing
evidence, however, that T lymphocyte recognition of human
tumour associated antigens can be demonstrated using in vitro
sensitization procedures involving culture of peripheral blood
lymphocytes, and in some cases tumour-infiltrating
lymphocytes, with autologous tumour cells, i.e. mixed
lymphocyte-tumour cell culture, MLTC (11-14). MLTC has been
used to generate sensitized lymphocytes following stimulation
with autologous tumour cells derived from sarcomas (11),
malignant melanoma (12) and carcinomas of the lung (13) and
colon and breast (14). The reactivities of the sensitized
effector cells have been demonstrated using both proliferative
and cytotoxicity assays. Important questions are raised by
the autologous MLTC studies particularly with respect to the
nature of the 'auto/recognitive' antigen on malignant cells,
and further advances in this approach are anticipated follow-
ing recent developments in procedures for the in vitro mainte-
nance and expansion of T lymphocyte populations in media
containing T cell growth factors, such as interleukin-2,
(IL-2) (15). The generation of cloned lines of
tumour-reactive T 1lymphocytes in IL-2-containing media is a
major advance making it possible to delineate patterns of
anti-tumour reactivity at the clonal level (13, 14). There
are already reports, for example, of the generation of T cell
clones showing reactivity for melanoma cells used for autolo-
gous MLCT stimulation, which do not react with autologous
fibroblasts or mitogen-stimulated lymphoblasts (13). Also, in
another example, an HLA-restricted T cell 1line has been
produced whose cells are cytotoxic for the autologous human T
cell 1leukaemia/lymphoma/virus associate T cell lymphoma (16).
There are still technical problems with respect to the design
of culture conditions for maintaining long term growth of T
cell clones. In addition, the characteristics of lymphocyte
populations may undergo change in long term culture so compli-
cating identification of the tumour cell component responsible
for T lymphocyte sensitization in patients. This is illustra-
ted by recent studies on 'activated lymphocyte killer cells'
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derived from malignant melanoma-infiltrating lymphocytes by
culture in T cell growth factor (17). These effector cells
initially showed restricted cytotoxicity for the autologous
tumour, but on continuous. culture acquired cytoxicity for both
melanoma and non-melanoma derived target cells.

Effector Cells in Tumour Rejection.

A role for specifically sensitized T lymphocytes in tumour
rejection was originally deduced from studies with rodent
tumours showing that immunity could not be induced in T cell
deprived hosts, e.g. congenitally athymic mice. Adoptive
transfer experiments have also demonstrated the requirement
for specifically sensitiyed T lymphocytes in tumour rejection.
But the role of cytotoxic T cells in tumour rejection is
currently undergoing a re-appraisal (18). For example, the
non cytotoxic Lyl+ subset of T cells is required for effective
control of murine tumours (19) and cells in this subset are
also effective in chemoimmunotherapy of the Friend virus
induced 1leukaemia (20). A similar pattern is emerging with
respect to rat tumours where a non-cytotoxic T cell subset
(defined by monoclonal antibody W3/25) derived from
tumour-immunized donors adoptively transfer immunity to
virusand chemically-induced tumours (21). The precise func-
tion of the non-cytotoxic T cell populations in eliciting
tumour rejection is not clear, but one view 1is that they
collaborate, through factor production, with non-T cells
including macrophages and NK cells (18). For example, the
W3/25 T subset of rat T cells which can adoptively transfer
immunity, produces IL-2 on antigen stimulation (22) and
augments NK activity (23).

Supression of Tumour Immunity

Immunogenic tumours usually grow progressively when transplan-
ted into normal immunocompetent recipients, whereas
pre-immunization, e.g. with radiation-attenuated tumour
cells, confers effective immunity to a subsequent tumour
challenge. This suggests that a developing tumour may
'escape' host immunosurveillance in a positive manner and a
number of pathways have been proposed (1, 24,25). 'Blocking
factors' such as circulating tumour antigen or immune com-
plexes have been postulated to be involved, but the generation
of suppressor T cells (Ts) is probably the most important
pathway leading to abrogation of tumour immunity (24, 26).
The powerful influence of Ts lymphocytes is illustrated by
studies on UV-induced murine tumours which are highly immuno-
genic but are prevented from being rejected by impairment of
rejection responses through the production of suppressor cells
(27). The 'down-regulation' of tumour immunity by Ts lympho-
cytes 1is further illustrated by experiments showing that
rejection of a highly immunogenic murine fibrosarcoma, follow-
ing adoptive transfer of spleen cells from tumour immune mice,
was abrogated by the simultaneous transfer of tumour-bearer
spleen cells (28). :
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3. NATURAL KILLER CELLS.

The role of natural killer cells in host resistance against
malignant cells is being investigated in some considerable
detail since these effector cells are present in most indivi-
duals (b5) and they can be rapidly activated by agents such as
Interferon (IFN). Also NK activation does not require prior
host sensitization, as is the case with specific 1lymphocyte
responses to antigenic stimuli, and so they may be viewed as a
primitive type of host defence. Indeed the concept of NK
cells functioning as a first line of defence against nascent
malignant cells is seen as but one facet of a host surveil-
lance system which provides a means for the destruction of
infectious agents, especially virus-infected cells, and NK
cells may even be involved in allograft rejection (29).

Human natural Kkiller cells belong to a morphologically dis-
tinct 1lymphocytic population identified as 1large granular
lymphocytes, LGL (30). But this cell population is quite
heterogeneous with respect to markers which can be defined by
monoclonal antibodies such as HNK-1 (31) and VEP13 (32). It
has been shown for example, that a population of HNK-1l+ cells
lacks NK activity and this illustrates the need for more
precise typing of human NK cells. Clinical studies of NK
cells have been concerned largely with identifying activities
of various tissue compartments, including tumours and
tumour-draining lymph nodes (33, 34) and also how these can be
augmented by various agents including interferon (7). The
general conclusion is that solid tumours as well as malignant
effusions are generally deficient in infiltrating NK cells
(33). The reasons for this are complex, but one factor appears
to be active suppression by tumour infiltrating cells charac-
terized by adherent properties (35).

NK Cells in Tumour Rejection.

Much of the evidence supporting the view that NK cells modu-
late tumour growth in vivo has been derived from investiga-
tions correlating tissue and blood NK cell levels with growth
of rodent tumours (5,6,29). More direct evidence that NK
cells modulate tumour growth in vivo has been derived from
experiments showing that their depletion leads to a diminished
capacity for controlling tumours and also abrogates the
therapeutic response induced by NK-activating agents. Murine
NK cells express a neutral ganglioside (asialo-GM1
ganglio-N-tetraosylceramide) and removal of cells by treatment
with rabbit anti-asialo GM1 and complement abrogates NK cell
activity. Furthermore injection of this antiserum into mice
markedly increased the tumorigenicity of one variant of the
murine L5178Y lymphoma (cl. 27V-IC-2) selected for NK sensi-
tivity but had no effect upon an NK-resistant subline
(cl.27AV) (36). Elimination of intravenously injected murine
lymphoma (YAC) cells, labelled with 125.  iododeoxyuridine

( 2. dUrd) has also been used to assess the in vivo role of

NK cells in tumour removal (37). This technique has been
extended to show that the in vivo clearance of radioisotope
labelled 1lymphoma cells was reduced some .30-fold following
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treatment of mice with anti-asialo GMl1 antiserum (38).
Similarly mouse antisera directed against NK cell determinants
(anti-NK1) has been used to deplete NK activity in vivo and
concomitantly there was a reduction in the ability of treated
mice to eliminate intravenously injected 12s I-dUrd-labelled
lymphoma cells (39).

Murine NK cells have been established in vitro and cloned as
permanent cell 1lines so providing invaluable reagents for
elucidating the role of NK cells in tumour rejection. This
approach is typified by studies in which the effect of cloned
NK cells was assayed in a model system in which the develop-
ment of melanoma Bl6 lung colonies following intravenous
inoculation of tumour cells was assessed in mice rendered
NK-deficient by Cyclophosphamide (Cy) treatment (40). Injec-
tion of cloned NK cells 3 hours before intravenous injection
of tumour cells produced a 50 to 85% reduction in lung tumour
colonies compared with control (Cy-treated) mice wusing an
NK-sensitive melanoma 1line. In contrast, injection of cell
line-derived 1lymphoid cells 1lacking NK activity did not
influence pulmonary tumour colonies.

Adoptive transfer of cloned NK cells was also able to inhibit
the development of radiation-induced leukaemia (40). 1In this
model, 70 to 90% of C57BL/6 mice receiving four weekly doses
of low dose ¥ -irradiation from 4 weeks of age, develop lethal
thymic leukaemia 3 to 5 months after the final irradiation.
Injection of cloned NK cells immediately after +the final
irradiation was most effective in suppressing leukaemia
development whereas 1later treatment (2 to 3 months after
irradiation) was not effective. This type of split-dose
irradiation results in marked depression of NK activity and
the experiments suggest that the adoptive transfer of cloned
NK cells may effect the elimination of nascent 1leukaemogenic
cells so providing resistance to the development of
radiation-induced leukaemia.

IMMUNOCOMPETENCE AND CANCER

Experimental animal tumours

It is well established that immunosuppression induced in
several ways leads to increased incidences in experimental
animal tumours and in some cases metastatic spread (4,41).
This is well illustrated by early studies showing that selec-
tive immunosuppression with anti-lymphocyte antibodies enhan-
ces responses to oncogenic viruses. The influence of immuno-
suppression in chemical carcinogenesis is less clear and the
situation here is complicated by more recent findings indica-
ting that immunosuppression can be manipulated so as to remove
cell suppression and so enhances tumour immunity (42).

Human cancer

The influence of immunosuppression on human cancer has been
examined particularly with respect to immunosuppressive
therapies (43). There is, for example, considerable data
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indicating increased cancer incidences in organ transplant
recipients receiving immunosuppressive therapy.

The related question of the significance of immunocompetence
in cancer patients with respect to prognosis is still unclear.
Several investigations have established that patients with
solid tumours, except where widespread dissemination is
present, do not have gross defects in immune function. For
example, trials with breast cancer patients and age-matched
healthy controls revealed no major change in immunocompetence
as assessed by tests for peripheral blood T and B 1lymphocyte
levels and monocyte counts. T lymphocyte subset analysis
using monoclonal antibodies indicated that the relative numers
of cells with helper or suppressor phenotype were similar in
both groups.

Finally functional tests including con A- and PHA-induced
lymphocyte blastogenesis responses were not depressed, except
in stage IV disease (44). From these tests it was concluded
that immuno-competence was not impaired at the +time of
diagnosis. In contradistinction to this report, other groups
have reported defects in immune function in cancer patients
which have been considered to be prognostic. This is illus-
trated by one trial in which depressed PHA-induced
lympho-proliferative ' responses were seen at relapse following
surgical resection in lung cancer (46). Also, the capacity to
generate autologous tumour cell induced lymphocyte responses
has been reported to correlate with tumour-free period and
survival time in patientys with lung cancer or sarcomas. More
precise methods are required for elucidating the pathways
leading to immunosuppression in patients with recurrent or
metastatic disease. It is know for example, that peripheral
blood 1lymphocytes from patients with metastatic cancer show a
decreased capacity to produce interleukin-2 which is required
for regulation of cellular immunity (47). The related ques-
tion as to the cause of the immunodepression in patients with
recurrent or metastatic disease is also highly pertinent
especially if such changes are not observed in early disease.

CONCLUSIONS

1. Growth of malignant cells can be suppressed by host
responses. This involves, in varying degrees, activated
T cells, macrophages and natural killer cells.

2. Immunosuppression by extrinsic agents enhances growth of
both animal and human cancers.

3. Cancer patients may or may not be immunosuppressed in the
early stages 'of disease. Where metastatic cancer has
developed, frequency of immunosuppression is much
greater. it is not known, however, if the immunosuppres-
sion contributes to metastatic spread or is a consequence
of this.
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1. INTRODUCTION

Although a particular emphasis has often been given to other
aspects immunology, a protective role against infections
remains the major function of the immune system.

It is now obvious that different effector mechanisms, directly
dependant on the modalities of antigen presentation, can be
involved in different infectious diseases. Thus, with bac-
teria and some viruses, antibodies able to interact with
complement and leucocytes are especially important. In other
infections various cellular mechanisms are responsible for
protection. Therefor, the influence of "immunotoxic" substan-
ces on immunity to infections should be considered in the
context of the effector mechanisms involved.

2. T-CELL MEDIATED IMMUNE RESPONSES IN INFECTIOUS DISEASES.

Immunity‘ to many infectious agents appears to involve the
participation of specific T-cell immunity. In vitro, the main

effector mechanisms are : (a) lysis of infected target cell
expressing recognizable surface antigenic determinants ; (b)
release of lymphokines acting on macrophages and other leuco-
cytes ; (c) release of immune interferon acting on both

leucocytes and tissue parenchymal cells (1).

It was often assumed that different T-cell sub-sets were
involved in the expression of cytotoxic activity and in
lymphokine mediated reactions. At the clonal 1level, this
distinction between T-cells expressing different effector
functions is not always clear-cut. Differences in effector
functions may sometimes reflect differences in the receptor
specificity of T-cell (e.g. recognition via class I or class
II MHC antigens in association with antigens of the infectious
agent) rather than physiological differences between T-cell
subsets (2).

The relevance of these effector mechanisms to in vivo immunity
and recovery from infectious diseases often remains to Dbe
clearly established. There is evidence that class I restric-
ted virus-specific T cell are involved in recovery £from
certain acute virus infections. These cell population express
specific antiviral cytotoxic activity in vitro. It is sugges-
ted that the same phenomenon occurs in vivo. Recently,
adoptively transfered T cell clones with in vitro demonstra-
ted cytotoxic activity were shown to exert a killing effect on
virus infected cells in vivo (e.g. influenza virus, MSV)
(3,4). Their in vivo effects probably reflect the killing of
virus-infected target cells during the eclipse phase of the
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infection. However, other mechanisms such as lymphokine
production, may be operative in vivo. In models using a
facultative intracellular bacterium (L. monocytogenes) it has
been shown that class II restricted T cell population release
lymphokines after triggering with a specific antigen ; these
mediators have been shown +to activate macrophage and to
increase their bacteriacidal activity (5).

In the majority of intracellular infections, the final des-
tructive event may also depend on the activity of non-specific
cells. Two major effector mechanisms can be identified :
intracellular killing by phagocytic cells (e.g. in mycobac-
terial or toxoplasmal infection) and extracellular
cytotoxicity, mediated for example by macrophage or by
"natural killer" cells (6). A further possible role for the
lymphokine system is the activation and recruitment of
non-specific effector cells. A striking example is the
enhancement of natural killer activity by interferon.

Functionnally different T cell subpopulation may be induced
under different immunizing conditions. For example, 1live
virus may in many instances induce a potent cytotoxic T cell
response in parallel with delayed-type hypersensitivity and
helper T cell activation, whereas antigenic viral components
fail to induce cytotoxic T cells but can induce DTH T cells
and helper cells. The difference may be qualitative since
inactivated non-fusing virus, in general, does not prime for
cytotoxic T effector cells restricted by class I antigens of
the MHC, whereas inactivated fusing viruses do (3).

The finding +that DTH reflects a T cell response, but not
necessarily protection against reinfection, emphasiwes that
DTH may not be a reliable indicator of protection. For
example, killed L. monocytogenes induces DTH but no protec-
tion in mice, whereas hamsters that have recovered from
Leishmania enriettii are resistant to challenge with this
organism but show no detectable cutaneous DTH to Leishmania
antigen. Similarly, leishmania-specific T cells with helper
activity can induce a DTH reaction in Leishmania infected
mice, but, paradoxically, this leads to an increased 1local
proliferation of parasites within macrophages (7).

3. ANTIBODY-MEDIATED IMMUNE RESPONSES.

It has 1long been clear that, in many infectious diseases,
circulating antibody is the major protective mechanism, e.g.
in responses to encapsulated bacteri, toxoids, and
enteroviruses. Especially important is the capacity of an
immunized individual to give a better response to subsequent
exposure to the parasite, i.e. to develop immulogical memory.
All responses probably represent a balance between stimulation
and suppression, the latter being particularly potent where
self antigens or antigens closely resembling self are concer-
ned : some meningococcal polysaccharides may fall into this
category.
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Current knowledge of effector mechanisms suggests the desira-
bility of producing antibody isotypes that interact with the
complement system or with leucocytes, e.g. in man IgGl and
IgG3, 1In certain situations, the production of secretory IgAa,
or IgE antibodies, may be beneficial whereas in other situa-
tions these classes of antibody may have deleterious effects.
Little is known about the exact mechanisms that govern the
control of the expression of different antibody isotypes.
There 1is some evidence that a distinct subpopulation of T
helper cells controls the formation of IgE antibodies. The
same may be true for other isotypes. Many antibody responses
are controlled by suppressor mechanisms, which may be
antigen-specific or nonspecific. Some appear to be mediated
by antibodies and T cells, others by activated macrophages or
by humoral mediators such as prostaglandins or interferon.
These may be involved in the regulation of isotype expression.

The induction of appropriate antibodies depends on factors
related to the antigen (e.g. nature and amount of antigens,
route of presentation to the host, adjuvant effects, presence
of corresponding antibodies) as well as on factors related to
the host (e.g. age, genetic constitution, nutritional status,
concomitant infections). For example, meningococcal polysac-
charides with MW under 120,000 are poorly immunogenic and at
low doses may induce a tolerant state. Antibody production
against such polysaccharides will be inhibited by the presence
of cross-reacting antibodies and will also be very poor in
young children. The induction of IgA deserves special atten-
tion in view of its importance in mucosal immunity. However,
the production of specific IgA can be detrimental (e.g.,
meningococcal disease) (8). The induction of IgE appears now
to be of particular relevance to the development of protective
responses against metazoan parasites (e.g. = schistosomiasis)

(9).
4. PROTECTION AND IMMUNOPATHOLOGY

The pathological expression of infections can be directly
influenced by the immune response of the host. Immune protec-
tion against viruses and other intracellular parasites may be
mediated, at least partially, by host cell destruction. Thus
the c¢linical outcome of an infection may be determined by the
balance between viral cytopathogenicity and the competing T
cell-mediated destruction of host cells. This balance between
protective and harmful T cell effects may be influenced by
viral parameters on the one hand, or host factors on the
other. Immunization of the host can modulate this balance in
either direction. In extreme cases full or partial protection
can be accompanied by severe immunopathology.

Immunopathology can also result  from an impaired immune
response. Thus, a poor antibody response may favor the
persistance of circulating antigens and the generation of
immune complexes. Similarly, immune complexes involving low
avidity antibodies tend to persist and be pathogenic. a 1low
responsiveness to viruses or parasites of low cytopathogeni-
city can also favor the development of chronic imnmunnopatho-
logically mediated diseases (10).
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INTRODUCTION

The immune system is highly specialized in recognizing and
responding to foreign elements invading from the outside world
while no apparent immune reactions develop towards
self-constituents. Originally, it had been proposed that this
state of self-tolerance was achieved by deletion of selfreac-
tive clones during ontogeny and autoimmunity resulted from the
effect of "forbidden clones" (1). From more recent experi-
mental scrutiny, however, we know that potentially autoreac-
tive 1lymphocytes do exist in the intact, healthy immune
system. Normally, however, these cells are controlled by
mechanisms precluding their reactivity or, at least, preclu-
ding the development of harmful autoimmunity.

The existence of ‘autoreactive lymphocytes has been been
established in +the <case of B cells (2-8). At least three
different pathways, all of which involve T helper (T") cells,
can lead to activation of the autoreactive B cells and thus
cause the formation of autoantibodies (Fig. 1). the
designation autoantibody is an unambiguous one where a
serological reactivity to veritable autoantigens has been
established, e.qg. andibodies reacting with acetylcholine
receptors in myasthenia gravis, with basement membrane
structures in Goodpasture's syndrome, and so forth. Further
examples of such genuine autoantibodies are listed in the uppr
part of Table 1. Other immunological diseases are also
mediated by antibodies, but the antibodies react to foreign
determinants attached to self-constituents. An example for
this is +the autoimmune hemolytic anemia resulting from
antibodies directed to penicillin, or the pesticide dieldrinm
attached to human red blood cells (Table 1, A 1II). Thus,
although these antibodies are deleterious for
selfconstituents, such as erythrocytes, they are not, by
definition, autoantibodies. Yet another example of an
antibody-mediated immunological disease in which a
self-constituent is damaged is glomerulonephritis resulting
from deposition in the kidney of immune complexes which
contain foreign material, such as microbial antigens, combined
with the corresponding antibody. Thus, in this type of
immunological diseases the relevant antigens are foreign, but
self-constituents, such as erythroocytes and glomeruli, are
damaged as innocent bystanders of specific antibody reaction.

To induce an antibody response to most antigens, cooperation
between specific T¥ cells and B-cells is required; this is
especially so for the generation of antibodies possessing high
affinity and belonging to the 1IgG class. During their
cooperation the TY cell responds to the so-called carrier
portion of the antigen while the B cell responds to the
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so-called haptenic portion. A requirement for effective
cooperation is that both the carrier and hapten determinants
are on the same molecule so that a carrier-hapten bridge
betweeen the specific TH and B cell is formed. To relate this
to autoimmunity one must realize that normal subjects have B
cells that can respond to many self-antigens once they receive
T-cell help. However, the control mechanisms that prevent
autoreactive T" cells from being activated are much tighter.
Hence, because the required T cells are normally
unresponsive, no proliferation of and antibody production by
the autoreactive B cells can occur. The T-cell bypass
concept, developed by Allison et al. (5), describes a detour
around this restriction leading to stimulation of specific TH
cells, but not by self-antigen. Instead, the T cells
participating in certain cases of autoantibody formation
respond to foreign determinants introduced into the body.
Thereby the T-cell help required by B cells is provided and
autoantibody formation triggered.

Two variants of the T-cell bypass concept have been proposed
(5). 1In the fiirst one (Fig. 1.A), the foreign determinant F
occurs on a particular self-antigen S;. Hence, a
carrier-hapten bridge between the carier-reactive T¥ and the
autoreactive B cell is formed. Experimental examples of this
pathway are the formation of anti-thyroglobulin autoantibodies
following injection into mice of heterologous thyroglobulin
(16) or of anti-erythrocyte autoantibodies following injection
of rat erythrocytes (17). Generallly speaking, the antigenic
material injected in these experiments contains two kinds of
antigenic determinants. One kind is truly foreign because it
consists of determinants characteristic of the heterologous
donor. the other kind consists of determinants shared by both
the donor and the host. These determinants are thus
self-antigens occurrring on host thyroglobulin and
erythrocytes, respectively. The new, heterologous, antigenic
determinants will stimulate T cells so that B cells, with
receptors for self-determinants on the injected antigen, will
receive help and produce autoantibody. This mechanism
requires that the T and the B cell be contiguous and, thus,
that the self-component be physically linked to the foreign
component stimulating TH cells. Only those of the
autoreactive B cells are activated which are linked to the
activated T! cell by the carrier-hapten bridge. Thus, the
specificity of the resulting autoantibodies is confined to
those determinants occurring on the altered self-antigen Sr
(Fig. 1.A).

In the second variant of the T-cell bypass concept the foreign
antigenic determinant F is not confined to a particular
self-antigen, but is part of the immune system itself in that
it occurs on B cells (Fig. 1.B). An experimental example of
this 1is the 1lupus-like autoimmuniity induced by systemic
graft-versus-host reaction (GVHR). Clinical examples of this
pathway to autoantibody formation probably include infections
with lymphotropic viruses, such as the Epstein-Barr virus, and
cases of drug-induced systemic lupus erythematosus (SLE) (see
below). As shown in Fig. 1.B, T¥ cells react to the foreign
determinant and thus provide help to all B cell irrespective
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of the immunological specificity of the latter. Therefore, as
will be specified in detail below, several clones of autorea-
ctive B cells, each possessing receptors for a different
self-antigen, can be activated. Thus, the specificity of the
resulting autoantibodies is a different and more heterogeneous
one than that of the autoantibodies generated by the
carrier-hapten bridge.

In a third condition allowing for autoantibody formation (Fig.
1.C) both the B and the Ts cell are truly autoreactive. The
recent experimental evidence supporting that possibility has
been obtained from deliberate autoimmunization of normal
animals and subsequent analysis of their T cells proliferating
in response to the respective self-antigen (6,10).
Furthermore, 1in human patients with spontaneously occurring
myasthenia gravis T cells proliferating in vitro in response
to acetylcholine receptor have been identified (11). Whether
such proliferating autoreactive T cells can, indeed, react as
TH cells, as we assume in Fig. 1.C, has not yet been formally
established, however. the experimental evidence indicates
that, in normal animals, these autoreactive T cells are under
tight control by specific T suppressor (T5%) cells (10).

As 1is the case with antibody-mediated immunological diseases,
cell-mediated immunological 1lesions can likewise be divided
into those caused by truly autoreactive T cells and those
caused by T cells responding to foreign agents attached to
self-constituents (Table 1.B). Evidence for the existence of
truly autoreactive T cells has been provided by recent animal
experiments from the group of Irun Cohen (10). They showed
that T cells generated by autoimmunization to antigens, such
as basic protein of myelin and thyroglobulin, were able to
induce experimental allergic encephalomyelitis and
thyroiditis, respectively, when transferred to normal, other-
wise untreated, syngeneic recipients. That cell-mediated
immunological 1lesions can develop as a result of T cell
reactivity to foreign antigens associated with self-components
is indicated by a large body of experimental and c¢linical
evidence. Examples of this kind of cell-mediated immunolo-
gical lesions are the contact dermatitis caused by gold salts
or nickel, Dbut many other examples, involving different
tissues and different etiologic agents exist. Yet another
example of an immunological lesion mediated by T cells is
provided by cases of aplastic anaemia where a patient's T
lymphocytes suppress the growth of erythroid and myeloid
colonies in vitro (18, 19). Here, the eliciting antigen, if
present at all, is unknown.

The present paper focuses first on the well-defined cellular
pathogenesis of a spectrum of immunological diseases which can
be induced by T lymphocytes in genetically normal mice under-
going systemic GVHR. In this model T lymphocytes respond to
allogeneic structures of the major histocompatibity complex
(MHC), i.e. H-2. The last part of the paper deals with the
possible pathogenic mechanism(s) of GVHR-like immunological
disorders which arise after exposure to foreign compounds and
might be due to GVH-like reactions of T lymphocytes towards
self-structures rendered non-self by the etiologic agent.
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GRAFT-VERSUS-HOST REACTION (GVHR)

Experimental design

GVHR can be induced by injection of parental strain lymphocy-
tes into adult, otherwise untreated F, hybrid recipients. For
genetic reasons, the grafted cells are tolerated and not
rejected by +the semiallogeneic F, host. The injected T
lymphocytes, however, recognize alloantigens which the F, host
has inherited from the other parental strain (Fig. 2). these
alloreactive donor T lymphocytes mediate the development of
various immunological lesions. For the induction of immunolo-
gical diseases by GVHR two conditions are required. 1)
alloreactive T lymphocytes have to be present in the inoculum,
and 2) a histoincompatibility has to be present in the F,
recipient in order to activate the donor T lymphocytes. In
non-irradiated F, mice, the histoincompatibility has to be
provided by the recipient's H-2 complex.

Spectrum of GVHR-Induced Immunological Disorders

Fig. 3A shows the spectrum of pathological symptoms which can
be induced by GVHR. the majority of these alterations have
been observed as sequelae of GVHR in both man (20-21) and
laboratory animals (21-23). Two basic forms of GVHR-induced
pathological 1lesions have been distinguished. One form is
characterized by stimulatory pathological symptoms, as shown
on the left hand side of Fig. . 3A. These symptoms include a
persistent 1lymphoid hyperplasia of mainly B lymphocytes
resulting in hyper- ¥ -globulinaemia and the formation of
autoantibodies characteristic of SLE, such as antibodies
against nuclear antigens (ANA), double-stranded DNA (dsDNA),
erythrocytes, and thymocytes (3, 24-29). In addition, stimu-
latory GVH symptoms include a severe immune complex glomerulo-
nephritis (ICGN) in which antibodies agains ANA and envelope
antigens of murine leukemia virus (MuLV) are involved (30).
This ICGN may be accompanied by deposition of immunoglobulin
along the basement membrane of skin (4). These SLE-1ike GVH
symptoms may occur together with symptoms characteristic of
other collagen vascular diseases including arthritis (24, 31,
32) arthritis (32), Sjugren- and scleroderma-like lesions, and
liver changes resembling sclerosing cholangitis (31, 32).
Usually, the stimulatory GVH symptoms present themselves as
chronic GVH disease (GVHD).

The other basic form of GVHR-induced lesions is characterized
by suppressive (hypoplastic) pathological symptoms (see right
side of Fig. 3A) which clinically manifest themselves as an
acute GVHR. The suppressive GVH symptoms consist of a severe
hypoplasia of the lympho-hemopoietic compartment leading to
aplastic anaemia and hypo- -gammaglobulinaemia (27-29, 33,
34). The microbiological status of the recipients has an
influence on whether or not this form of GVHR will terminate
at lethal GVH disease.
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Subsets of Alloreactive T Lymphocytes Induce Either Stimula-
tory or Suppressive GVHR Syndromes

Several experimental approaches have been taken to analyze if
functionally different subsets of alloreactive donor T cells
are activated in the F, recipient undergoing different forms
of GVHD. One approach was to separate the donor T cells into
Lyt subsets before transferring them into F, recipients. 1In a
second approach unseparated T cells were injected into F,
recipients differing only at class I and/or II H-2 antigens
(26, 27). In addition, in vitro studies were performed to
dissect the cellular and immunogenetic requirements of allo-
help and allosuppression (35). Based on the results of thesse
experiments a general concept of the cellular pathogenesis of

GVHR-induced diseases has been elaborated, as illustrated in
Fig. 3B.

Thus, when the donor's Lyt 1:2- T-helper (T") cells (28) are

activated by class-II MHC structures of the F, recipient
persistent 1l1lymphoid hyperplasia and SLE-l1ike GVHD developed
(26, 27). Whether these class-II-reactive donor T cells also
trigger the GVH-associated malignant lymphomas (23, 36) and
symptoms of collagen vascular disease, such as arthritis,
Sjugren- and scleroderma-like disease, has not yet been
established. ’ '

The cellular interactions leading to suppressive pathological
GVH symptoms are more complex. Optimal induction of the
suppressive GVH symptoms required non-Lyt-separated donor T
cells (28) and incompatibility in the F, recipients at both
class I and class II MHC structures (27). In such parent F,
combinations there is a sequential alloactivation, first of
donor Ta cells and then T-allosuppressor/killer (T%X) cells

that cause the suppressive pathological symptoms (Fig. 3B;
27, 29, 33). Thus, after a brief initial activation of Lyt
12" donor T! cells, which results in a transient lymphostimu-

lation and B-cell activation in the first week of GVHR, class
I-specific Lyt 2' donor T% cells are induced (29, 34, 37).

The detection of these F,-reactive T% effector cells in

GVHR, mice was strictly confined, both in time -and in the
parent Fi combinations being compared, to mice exhibiting the
suppressive pathological symptoms (27, 29, 34). This estab-
lished that Fi-reactive donor T5f cells are the effector

cells causing the hypoplastic GVHR syndrome (Fig. -3A).

Mechanism of Autoantibody Formation During GVHR

There 1is general agreement that potentially autoreactive B
lymphocytes exist in healthy individuals, including geneti-
cally normal F, mice (50). Although normally silent these Fi

B cells are able to secrete IgC autoantibodies upon adequate
activation. During GVHR such an activation is delivered by
the donor's alloreactive T" cells. Host (Fi)-derived T cells,

in contrast, counteract autoimmunization by the GVHR and are
thus not required for the activation of those autoreactive B
cells ' (3, 30). The mechanism underlying the GVHR-induced
autoimmunization most likely is abnormal T-B-cell cooperation.
During normal T-B-cell cooperation for antibody production
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both T and B cells react to antigenic sites on the same
molecule (Fig. 4A). A stable carrier-hapten bridge is formed
between +the two specific cells. the haptenic part of the
immunogen is recognized by the B cell and delivers signal 1,
whereas the carrier part is recognized by the Ti cell. The T
cell secretzes helper factor(s), here designated signal 2
(38). Macrophages participate in this activation process as
antigen-presenting cells.

During abnormal T-B-cell cooperation F ;B cells receive signal
1 by specific antigen, or hapten, and signal 2, i.e. help, by
alloreactive T! cells of the parental donor strain (5, 38, 39;
Fig. 4B). The TH cells are Lyt 1727 cells recognizing
allogeneic class-II MHC antigens (35). Antibodies resulting
from abnormal T-B-cells cooperation in vivo belong mainly to
the IgG class (39, 40) and have high affinity (42).

The first investigations of abnormal T-B-cell cooperation
during GVHR were performed with non-self compounds as antigen
such as sheep red blood cells (SRBC), or haptens such as
trinitrophenyl (TNP) and dinitrophenyl (DNP), coupled to
special carrier molecules. These studies demonstrated that a
positive allogeneic effect, i.e. a maximally enhanced IgG
antibody response, induced by alloreactive T cells (39, 40)
only occured if the foreign antigen was present at the onset
of GVHR, thus providing signal 1 to the F1B cells (255, 40,
42-48). Hence, in addition to signal 2 (allohelp), signal 1
(provided by epitopes on the antigen) is required for abnormal
T-B-cell cooperation to become optimally effective.

During GVHR, alloreactive donor T™ cells provide signal 2, or
help, to the F,B cells. This type of help is undiscriminatory
because all F,B cells are semiallogeneic and can thus receive
allohelp (Fig. 4B). Nevertheless, the resulting B-cell
stimulation is a highly selective one. The reason for this is
that +the mere presence of a self-antigen is not enough to
provide an adequate signal 1 to the corresponding autoreactive
B cell. Apparently, only those kinds of self-antigen depicted
in fig. 4B 3 and 4 seem to supply an effective signal 1. By
this reasoning we try to explain the observation that auto-
antibody formation in SLE-like GVHD fails to be a random
polyclonal event (9, 16).

GVHR-LIKE IMMUNOLOGICAL DISORDERS INDUCED BY MODIFIED SELF

Concept of Pathogenesis

The basic principles established for T cell alloreactivity, as
operating in GVHR, might also operate in the cellular pathoge-
nesis of GVHR-like disease developing after exposure to an
etiologic agent. GVHR-1like cellular interactions may be
stimulated in autologous or syngeneic systems provided
cell-surface determinants of lymphohemopoietic B cells and/or
antigen-presenting cells were modified by a give etiologic
agent. These "altered-self" structures might trigger reac-
tions by autologous T cells. comparable to the reactions of
parental strain T cells toward the allogeneic structures on F,
recipient cells (Fig. 5).
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Thus, autologous or syngeneic Tu cells may be preferentially
activated if a foreign antigen X is recognized in association
with class II MHC determinants (39, 49, 50). In contrast,
T¥5 cells may be preferentially activated if the same foreign
antigen X 1is recognized in association with c¢lass I MHC
determinants (51). Thus, depending on the T cell subpopula-
tion activated, stimulatory or suppressive pathological
symptoms amy develop, as shown in Fig. 3A. Certain drugs and
viruses such as Epstein Barr, cytomegalo and rubella virus,
are suspected to create such non-self structures because they
have been found to be associated with wvarious GVHR-1like
diseases in man. -

Drugs Known to Induce GVHR-like Diseases

An array of drugs have been reported to precipitate in some
patients symptoms °~ out of the broad spectrum of GVHR-like
pathological symptoms shown in Fig. 3A. For example, the
anticonvulsant drug diphenylhydantoin (DPH) has been reported
to cause hyper-# -globulinaemia, drug-induced SLE, arthritis,
dermatitis, toxic epidermal necrolysis, B-cell lymphomas,
aplastic anemia and hypo- x globulinaemia (23, 52, 53).
Furthermore, lymphadenopathy, features of drug-induced SLE, or
thrombocytopenia and granulocytopenia developed during therapy
of rheumatoid arthritis with D-penicillamine (54) or
captopril, an anti-hypertensive drug inhibiting
angiotensin-I-converting enzyme (55). Hydralazine, another
antihypertensive drug also causes drug- induced SLE (56).

Studies on the Pathogenic Mechanism of Drug-Induced GVHR-Like
Symptoms

The popliteal 1lymph node (PLN) assay, an established method
for measuring 1local GVH and HVG reactivity, was wused to
explore the immunological effects of sensitizing drugs in
vivo. It was found that subcutaneous injection of DPH,
D-penicillamine, or captotril into the hind foot pad of mice
resulted in a significant dose-dependent enlargement of the
draining popliteal 1lymph node. T lymphocytes were required
for +triggering +this drug-induced enlargement. Congenitally
athymic nu/nu recipients, i.e. T cell-deprived mice, failed
to react to the inoculation of these drugs, whereas their +/nu
counterparts readily did so (57, and H.G., unpublished
results). Although T cells were required for the DPH-induced
PLN enlargement the majority of the proliferating cells in the
PLN were non-T cells (57, 58). These observations exclude
that the PLN reactions were caused by a direct mitogenic
effect of DPH on B lymphocytes. Furthermore, neither DPH, nor
D-penicillamine or captopril exerted non-specific mitogenic or
comitogenic effects on lymphocytes in vivo and in vitro (58,
59, 60 and H.G. unpublished results). Subcutaneous injection
of phenobarbital, a drug that is pharmacologically and chemi-
cally related to DPH, but does not cause GVHR-1ike
side-effects, failed to induce PLN enlargement (58).

Additional studies with DPH reveled that subcutaneous inocula-
tion of DPH induced a more than 100-fold increase of
IgG-secreting cells in the draining PLN as compared to the
uninjected controlateral PLN (58). Syngeneic spleen cells
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which had been penetrated with DPH in vitro also induced
significant PLN enlargement. The specificity of the
DPH-induced antibodies remains to be tested. It is unlikely,
that these antibodies are directed agains the small haptenic
compound DPH. This assumption is consistent with the finding
that DPH-specific antibodies were only rarely seen in patients
sensitized to the drug (59, 61). A DPH-specific lymphoproli-
feration in vitro was demonstrated in several patients sensi-
tized to the drug (53, 60).

The data on DPH is consistent with the concept that the parent
molecule, or its metabolites, can render membrane structures
of potentially stimulatory cells, such as dendritic cells and
B lymphocytes, "non-self". T lymphocytes would then recognize
these altered membrane determinants in conjunction with
autologous MHC structures and respond in a GVHR-like manner,
resulting in the development of the respective immunological
lesions.

The proposed immunopathogenesis induced by an etiologic agent
may also be relevant for the mechanism of mercury chloride
(HgCl2)-induced lesions in rats (62-63). Autoimmune
glomerulonephritis, splenomegaly, antinuclear and anti-DNA
antibodies were observed in HgClz-susceptible strains, but not
in strains carrying other MHC haplotypes. HgCl2-induced
B-cell activation was observed, both in vivo and in wvitro,
only in the susceptible strain. Interestingly, +the B-cell
activation in vitro was T-cell-dependent (62).

No PLN enlargement was found in several mouse strains which
had been treated with hydralazine or methyldopa, drugs that
are well known to induce SLE and autoimmune hemolytic anemia,
respectively (64, 65). The pathogenetic mechanism(s) by which
these drugs induce the immunological injuries remain to be
evaluated.

Interestingly, in man, a high association has been reported
between certain genetic factors and several etiologic agents
causing GVHR-like symptoms (Table 2). There is a preponde-
rance of both HLA-DR4 positivity and slow acetylation in
patients with hydralazine-induced SLE (56). Moreover, signi-

ficant association has been found between gold- or
D-penicillanine- induced glomerular nephropathy and HLA-DR3
and B8 (66), between vinylchloride-induced severe

scleroderma-like lesions and DR5 (67), and between DR3 and DR4
and SLE-like autoantibodies after ingestion of the Spanish
toxic oil (68). : DPH-induced IgA-deficiency is associated with
HLA-2 (69).

CONCLUSION

The genetic and cellular requirements for induction by GVHR of
a broad spectrum of immunological disorders on the one hand
and the GVHR-1like features induced by DPH (57, 58) and HgCl:2
(62, 63) on the other hand are considered relevant for the
pathogenesis that may underly some of the human GVHR-1like
diseases associated with certain HLA alleles. A give etiolo-
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gic agent is assumed to induce an antigenic site X on
cell-surface determinants ("altered-self"). In a susceptible
individual autologous T Llymphocytes 1might recognize and
respond to these antigenic sites akin to the way parental
strain T lymphocytes recognize and respond to semiallogeneic
MHC structures of F, cells in the GVHR model (Fig. 3, 9).
Thus, T! cells are preferentially by activated if the anti-
genic site X is mainly associated or seen together with
class~II HLA structures. In contrast, T*5 cells are prefe-
rentially activated if the antigenic site X is mainly associ-
ated or seen together with class-I HLA structures.
Correspondingly, immunological disorders consisting of stimu-
latory or suppressive GVHR-1like symptoms would ensue as
illustrated in Fig. 3. Certainly, a number of other immuno-
logical and non-immunological factors such as lymphokines, sex
hormones, and metabolic pathways of the etiologic
agent, also contribute to the complex processes eventually
resulting in immunopathological lesions. Therefore, in most
cases the induction of disease by an etiologic agent depends
on the presence of susceptibility alleles at a number of
different genetic loci. Assessment of the pathogenic pathways
by which identified etiologic agents induce immunological
diseases should increase our knowledge of the etiopathology of
the same diseases developing spontaneously. These investiga-
tions may help +to elaborate methods to eventually prevent
and/or cure those diseases.
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Table 1. Classification of some immunological reactions leading to

rathological symptoms

A. Antibody-mediated nathological symntoms

I. Genuine autoantibodies

Organ-srecific self-antigens Resulting disease;

involved

Ervthrocytes Autoimmune hemolytic anemia

Granulocytes Autoimmne granulocvtopenia

Thrombocytes Autoimmune  thrombocvitopenia

Glomerular basement membrane Goedpasture's syndrome

Acetylcholine receptor Myasthenia gravis

Insulin receptor Some cases of dinsulin-resistant
diabetes

Intrinsic factor Fernicious anemia

Thyroglobulin Autoimmune thyrciditis

Other hormones Autoimmune endocrinopathies

Intercellular antigens Pemphigus

in the epidermis

Ubicuitcus self-antigens

Double-stranded DNA Systemic lupus ervthematosus (SLI
Single-stranded DNA and other SLE and other collagen vascular
nuclear antigens diseases
Various cytoplasmic and cell=- SLE and other collagen vascular
-membrane antigens, such diseases

as cardiolirin

II. Antibodies to druas cor

environmental acents bound to
self-antigens

drugs, such as penicillin Immune hemolvtic anemia

Inmune granulocvtonenia
Immune thrombocvtopenia
Serum sickness

" Anaphylaxis

Pesticide (dieldrin) (14)%

Immune hemolvtic anemia

B. Cell-mediated nathological lesions

I. Cell-mediated immunitv

to self-antigens

T-cell line svecific for basic Experimental allergic
protein of myelin (10) encephalomyelitis
T-cell line specific for cross-— Experimental arthritis

reacting antigen on
Mycobact. tuberculosis and
rat joints (10)
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II. Cell-mediated immunity to drugs

or environmental agents attached

to self-antigens

Various drugs including Contact dermatitis
local anaesthetics, and/or fixed drug
penicillins, sulfonamides eruptions

Heavy metals, such as gold salts, Contact dermatitis and/or
nickel, mercurials fixed drug eruptions

Pesticides (15) Contact dermatitis

a

Selected references only are given,

Table 2. Selected reports on HLA associations with induced autoimmune phenomena

Symptoms Induced By HLA Association References
Drug-induced SLE Hydralazine DR4 56
Nephropathy D-Penicillamine DR3 and B8 66
Nephropathy Aurothiomalate DR3 and B8 66
Selective IgA Diphenylhydantoin A2 69
deficiency

Various Spanish toxic oil DR3, DR4 ‘ 68
autoantibodies

Severe scleroderma Vinyl-chloride DR5 67

like-lesions
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Ffig . 1 Depicting three different pathways leading to autoantibody formation. A
common feature of all three possibilities is that normally occurring autoreac-

tive B cells are stimulated to antibody formation by the combined action of 1)

their recognition of epitopes characteristic of self-antigen and 2) the activa-

tion of T helper (T") cells. A common feature of (A) and (B) is that foreign

antigenic determinants (F) have been introduced into the syste. Hence, the H

cell cooperating with the autoreactive B cells react, not with native self

antigen, but with foreign determinant F. 1In C). by contrast, foreign determi-

nants are lacking and both the B cell and the T# cell are autoreactive.

In EE). the foreign determinant F is located on the same molecule or cell as the
unaltered self-epitope to which the autoreactive B cell reacts.

In 52), the foreign determinant F is physically separate from the unaltered
self-antigen § to which the B cell reacts. As a result of this, only those of

the autoreactive B cells are activated that react to self-antigens possessing

repeating identical epitopes (9). This possibility is elaborated in greater

detail below (cf. Fig. 4B).

In S;). it is assumed that autoreactive T' and B cells can cooperate because of a
failure of normally occurring specific T suppressor (T3) cells. Experimental

evidence for this pathway stems from the establishment in vitro of autoreactive

T-cell lines obtained from either animals (10) or patients with myastehia gravis

(11).

As in any other immunological reaction, the reactivity of the TH cells involved

in autoantibody formation may be counteracted by specific TS cells. Direct

evidence for this is strongest in the experiments underlying pathway (A) and
C). The fine specificity of such TS cells is not depicted, however, _gecause
tE;re are several possibilities for it: (1) the T° cell may have an

anti-idiotypic receptor for the idiotype. i.e. the antigen recognition

structure, on the TH cell (12), (2) both the TS and the TH cell may have an

identical receptor and thus compete for the epitopes on the antigen, or (3) the

T3 ‘and TV cell may recognize different epitopes on a given antigen (reviewed in

13).
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Fig. 3 Spectrum and concept of cellular pathogenesis of immunological disorders
resulting from GVHR in F; mice

A. Spectrum of pathological lesions that may develop in GVH F, mice B. Concept
the basic cellular and MHC requirements for induction of stimulatc;y (left)
and suppressive (right) GVHR lesions, respectively. the F; cell depicted at the
bottom represents a stimulator/target cell situated at various anatomical sites.
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Fig. 4 Hypothesis showing essential differences between normal and abnormal
T-B-cell cooperation in order to explain the special autocantibody formation seen
in SLE-like GVHD. All B cells depicted here are unprimed; hence, their average
receptor affinity is low and stable binding of the epitopes on the antigen is
crucial.

A. In normal T-B-cell cooperation the B and the 1H cells react to antigenic
sites on the same molecule, thus a stable carrier-hapten bridge between the two
specific cells is formed. The haptenic part of the immunogen is recognized by
the B cell resulting in signal 1 to the B cell (29): the carrier part of the
immunogen is recognized by the TH‘cells which secrete helper factor(s), here
designated signal 2 (29). Macrophages also participate in normal T-B
cooperation, but are not depicted here.

B. In abnormal T-B-cell cooperation the alloreactive TH cell reacts to a
molecule, i.e. alloantigen, which is physically separate from the molecule the
B cell reacts to. This alloreaction provides help, or signal 2, to all F| B
cells irrespective of their antibody specificity. Other than in normal T-B-cell
cooperation, there is no Tﬂfcell that focuses the epitopes to the B cell. Hence
the B cell has to interact with the hapten all by itself. For an effective
gignal 1, multipoint binding between the epitopes on the hapten and the B cell
is required.

1) If there is no hapten, no signal 1 is delivered and the B cell cannot be
triggered into optiﬁal proliferation and IgG production.

~2) Antigen is a globular protein. such as autologous thyroglobulin (Tg): whose

epitopes can only bind in a monovalent fashion to the Ig receptors of the B
cell. Monovalent binding is ineffective. because it is of low avidity and does
not cross-link the Ig receptors.

3) and 4) Antigen possesses repeating identical epitopes located on either a
rigid backbone, such as DNA, or a cell surface: in addition, epitopes may be
electrically charged. This allows for multipoint high avidity binding to and
cross-linking of the Ig receptor and thus provides an adequate signal 1. B
cells are direven into clonal proliferation and maximal IgG secretion.

The difference between 1) and 2) on the one hand and 3) and 4) on the other hand
accounts for the phenomenon of selective IgG (auto)antibody formation found  in
SLE-like GVHD where autoantibodies to DNA and cell-surface epitopes. but not to
globular protein antigens. such as Tg, are formed.
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Fig. 5 Simplified scheme of T-cell reactions towards MHC structures

A. The T cell has a receptor for recognition of unaltered self-MHC structures.
However, the T cell remains inactive because the avidity of this interaction is
too low.

B. Here, the T cell also remains inactive because the complex formed between

self-MHC and the antigenic site X does not fit its receptor.

S;. The T cell is activated by specific recognition of allogeneic MHC
structures, as in GVHR.

D. The T cell is activated because the complex formed between self MHC and the
antigenic site X fits its receptor. This situation is virtually identical with
the T cell alloreactivity shown in C.

53
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PRIMARY IMMUNODEFICIENCIES
J.L. Touraine

INSERMU-80, Hospital E. Herriot Pavillon P,
Lyon, France

"To be able to correct by means of organ, cellular and
molecular engineering the defects that characterize patients
with primary immunodeficiency diseases, and to prevent in this
way the infectious and malignant diseases that destroy them,
is to provide substantial witness that the new knowledge of
immunobiology has pragmatic value"”. R.A. Good & F.H. Bach
(1974).

INTRODUCTION

The new medical field devoted to the study and treatment of
primary immunodeficiencies has developed tremendously over the
last two decades. After the initial description of severe
combined immunodeficiency diseases (1) and agammaglobulinemia
(2) in the early 50's, these and other immunodeficiency
diseases have created much interest in the scientific and
medical communities. Simultaneous studies from the clinical
side and in the laboratory have led to rapid advances. The
finding of new defects has more than once revealed the exis-
tence of a particular cell, or a particular differentiation
stage or a particular molecule. Animal models have been
developed, 1lending themselves to more complete investigations
and wider therapeutic trials.

Classification of primary immunodeficiencies has progressed
with the development of more refined immunological investiga-
tions (3,4).

PREDOMINANTLY ANTIBODY DEFECTS

1. X-linked agammaglobulinemia

The Bruton-type agammaglobulinemia is transmitted by the X
chromosome, on a recessive mode, and therefore is only seen in
boys (frequency of the order of 1 in 100,00). It results
from an instrinsic defect in the B-cell line with a lack of
differentiation Dbetween the pre-B-cell and the B-cell stages.
The cell-mediated immunity is normal.

The disease appears early in life, usually before two years of
age. Infections are vey frequent, especially with obligatory
extracellular parasitic organisms. The most frequent patho-
gens in these patients are pneumococcus, streptococcus,

meningococcus, staphylococcus, pseudomonas, hemophilus
influenzae. Respiratory infections are frequent, resulting in
bronchectasias. In addition, infections of the meninges,

ears, sinuses, skin and conjunctivae may be found. There is
also an increased frequency of septicemia and gastroenteritis
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(intestinal infections with bacteria or parasites, especially
giardia 1lamblia). Viral infections are wusually not more
frequent or severe than in normal subjects, with the exception
of wviral hepatitis which has a poorer prognosis. Other
complications observed with an increased frequency include
auto-immune manifestations (rheumatoid type of polyarthritis),
leukemias and allergic manifestations. The serum levels of
IgM, IgG, 1IgA, IgD and IgE are extremely low. The level of
secretory IgA is also low. Allo-hemaglutinins are virtually
absent. The antibody response is extremely low. B-cells and
plasma cells are absent from the the blood, the bone marrow,
the 1ymphoid organs. No lymphoid follicles are observed by
histological examination of 1lymph nodes. By contrast,
T-lymphocytes, thymus, delayed - type hypersensitivity, in
vitro tests for cell-mediated immunity are normal. Treatments
is by the intramuscular or intravenous administration of
gammaglobulins (mainly IgG). The doses given and the fre-
quency of injections or infusions may vary but it is necessary
to maintain a permanent level of serum IgG above 2.5 g/l.
Recent studies have suggested that an even more ' significant
improvement can be obtained when the level is permanently in
the normal range, i.e. above 7.5 g/1. Manifestations of
intolerance can occur but they are less frequent and severe
with the most recent preparations and with a slow
administration. In addition to immunoglobulin therapy, the
patient should receive antibiotics for each infectious
episode, with special attention to the development of
bronchiectasis.

2. Common variable hypogammaglobulinemia

This group of diseases is very heterogeneous. It includes
congenital and acquired immunodeficiencies revealed at the age
of 2-3 years or later on in life. The immunodeficiency is
less pure than in X-linked agammaglobulinemia but the fre-
quency is higher. The predominant defect may reside in the
B-cells or in the helper T-cells. In still other cases
activated suppressor T-cells are believed to play a role in
the pathogenesis. A possible association with a malignant
hemopathy should always be looked for.

3. Isolated IgA deficiency

This is one of the most frequent immunodeficiency (more “than
one out of one thousand individuals). The diagnosis can be
certain after the age of 3 years only. Sometimes a partial
deletion of chromosome 18 can be observed. The immunoglobulin
defect may be asymptomatic or can be associated with
infections, especially respiratory and intestinal infections.
It has been suggested that patients with clinical sympotoms
are especially those with an associated defect of IgG
sub-classes (5). :
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4. Agammaglobulinemia and thymoma

5. X-linked hypogammaglobulinemia with growth hormone
defi~ ciency

6. Autosomal recessive agammaglobulinemia

7. 1gG and IgA deficiency with increased IgM (and IgD)

8. Selective deficiency of IgM

9. Selective deficiency of IgG

lo. Kappa chain deficiency

11. Antibody deficiency with normal or hypergammaglobinemia

12. Transcobalamin-2 deficiency

13. Agammaglobulinemia associated with EBV infection (with a
genetic predisposition).

14. Transient hypogammaglobulinemia of infancy

PREDOMINATION CELL-MEDIATED IMMUNITY DEFECTS

1. Di George syndrome (6). This syndrome is characterized by
a congenital absence of thymus and parathyroids, associeted
with cardio-vascular abnormalities and facial malformations.
These abnormalities are due to an embryopathy resulting in the
lack of development of the third and the fourth pouch/arch.
In a few cases, the disease is observed in infants of alcoho-
lic mothers with zinc deficiency or in infants with partial
deletion of chromosome 22. In rare cases, several children of
the same family present with the disease. In most cases the

disease is sporadic and suggests an embryopathy of an unknown
origin.

Hypoparathyroidism results in hypocalcemia and convulsions.
The thymic defect results in infections with facultative
intracellular parasitic organisms early in 1life. These
organisms include salmonella, brucella, listeria
monocytogenes, tubercle bacillus, BCG, pneumocystis carinii,
mycobacterium 1leprae, toxoplasma gondii, candida, and all
viruses. Vaccinations with live viruses are contra-indicated
as . they may result in severe infections. Blood transfusions
are also contra-indicated as they can induce a
graft-versus-host reaction if blood has not been irradiated.

The thymus is lacking and is not seen on x-rays. Lymphopenia
is sometimes found. T-lymphocytes are in reduced number.
Lymphocytes are very few in the deep cortex of lymph nodes.
T-lymphocytes do not proliferate in response to phytomitogens.
Immunoglobulin levels are normal. Antibody production is only
partially reduced toward thymus dependent antigens. T lympho-
cyte precursors in the bone marrow are normal. Thymic factors
in the serum are extremely low. More frequent +than the
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complete form of the disease are the partial Di George syn-
dromes with an incomplete defect of cell-mediated immunity.
The treatment for the most severe forms of the Di George
syndrome includes a fetal thymus transplant, in addition to
cardiac surgery if necessary, and to the correction of
hypocalcemia. 1In the partial forms of the Di George syndrome,
repeated injections of thymic factors can result in a suffi-
cient restoration of cell-mediated immunity.

2. The Hong and Good syndrome. This syndrome results from an
hypoplasia of the thymus and the thyroid (lack of development
of the second and the third pouch/arch).

3. The Nezelof syndrome (7) can either be classified as a
cell mediated defect or as a combined immunodeficiency despite
the fact that immuno- globulins are quantitatively normal.

COMBINED IMMUNODEFICIENCY DISEASES

1. Severe combined immunodeficiency (SCID) with adenosine
deamimnase (ADA) deficiency (8). This autosomal recessive
disease 1is due to the effect on T-cells, and less importantly
on B-cells, of toxic metabolites due to the enzyme deficiency.
Heterozygotic 1levels of ADA are found in the parents's serum.
Severe infections with either intracellular or extracellular
organisms develop, usually after the second month of age. The
severity of such infections can result in death usually during
the first two years of age. Pulmonary and intestinal infec-
tions are especially severe. Vaccination with live vaccine or
transfusion of any blood product which has not been irradiated
are absolutely contra-indicated.

Lymphopenia is frequent, T-cell numbers are 1low and those
present are not functional. B-cells are usually decreased
and, before immunological reconstitution, they do not diffe-
rentiate into immunoglobulin-secreting plasma cells. Antibo-
dies are extremely low. Most lymphoid organs are severely
hypoplastic. The patients can be isolated in sterile
"bubbles". The most efficient +treatment is bone marrow
transplantation from an HLAS-identical family donor. 1In the
lack of such a donor the patients can be treated with fetal
liver and thymus transplantation. Repeated red cell trans-
fusions can 1lead to a partial and transient improvement.
Reconstitution of the T-cell compartment by means of bone
marrow transplantation gives a possibility for the patients'
own B-cells to differentiate into plasma cells.

The full immunological reconstitution and the good health of
the patients many years after such a transplantation demons-
trate that ADA deficiency has no severe consequences on the
other cells of the body.

2. "Bare lymphocyte syndrome" (9). This combined immunodefi-
ciency results from the lack of expression of HLA antigens at
the surface of cells of hematopoietic origin, especially
lymphocytes. This disease has demonstrated the crucial role
of HLA antigens in the development of a normal immunity. It
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has also revealed the existence of genes, outside the major
histocompatibility complex of chromosome 6, controlling the
expression of HLA determinants. Two forms of the syndrome
have been observed : type I, with a lack of expression of
class I HLA antigens, and type II, with a lack of expression
of class II HLA antigens. In both cases a combined immunode-
ficiency results from the immunogenetic defect but type I has
more severe clinical manifestations.

3. SCID in the context of reticular dysgenesis

4., SCID with low T-cell and B-cell numbers

5. SCID with low T-cell and normal B-cell numbers

6. Combined immunodeficiency with predominant T-cell defect

7. Purine nucleoside phosphorylase deficiency

8. Nezelof syndrome or thymic dysplasia with normal immuno-
globulins

9. Incomplete immunodeficiencies

a) Wiskott-Aldrich syndrome (10). The disease is transmitted
by the X chromosome on a recessive mode. It is revealed
during early childhood by hemorrhages due to thrombopenia and
thrombopathia. In addition chronic eczema develops, with
infectious manifestations (bacterial, viral or fungal
infections). IgM are usually decreased while IgA, IgG and IgE
are normal or increased. Antibody production is ‘low.
B-lymphocytes and plasma cells are found in normal numbers.
T-cells are progressively decreased in numbers and functions.

b) Ataxia-telangiectasia (11). This autosomal recessive
disease 1s revealed during early childhood. It associates a
cerebellum-~-type ataxia, conjunctival and cutaneous
telangiectasia, gonad dysgenesis, sometimes a peripheral
neuropathy and an immune deficiency accompanied by infectious
manifestations, in particular Dbacterial infections of the
respiratory tract 1leading to bronchiectasis. It frequently
results in death before adulthood, due to infections or, in
more than 10% of cases, to malignancies (12). IgM 4s fre-
guently increased (monomers). IgG, IgE are often decreased.

T-lymphocyte numbers and functions progressively decrease with
age.

The treatment of combined immunodeficiencies varies with the
type of disease and the availability of an ‘HLA-identical
family donor. Many of the diseases can be cured or signifi-
cantly improved with a bone marrow transplant from an HLA
identical family donor. In 65% of cases, however, such a
compatible donor is not found. Mismatched bone marrow trans-
plantation can be undertaken but it bears a high risk of
graft-versus-host reaction, despite methods used to remove
T-cells from the transplanted bone marrow. In all cases,
except for the complete SCID, a conditioning of the recipient
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is necessary. Patients with SCID, lacking a perfectly matched
bone marrow donor can be completely cured by the transplant of
a fetal liver and thymus from a 8 to 12 week fetus. Despite
HLA-mismatch, such a transplant can result in a complete
immune reconstitution (13).

There are a number of other lymphocyte deficiencies which
still remain difficult to classify. Several isolated T-cell
deficiencies of various types are among this group. Another
example of important immunodeficiency awaiting for a better
pathophysiological wunderstanding is the hyper-IgE syndrome
(14); these patients have atopic eczema, recurrent infections
leading to abscesses, and an increased level of serum IgE.

DEFECT OF PHAGOCYTOSIS, BACTERICIDIA OR COMPLEMENT COMPONENTS

In addition to neutropenia of different types and origins, a
number of diseases involve phagocytic cells.

Chronic granulomatous disease (15) 1is associated with a
variety of enzyme deficiencies responsible for diminished
functions of PMNs and macrophages. It is frequently trans-
mitted with the X chromosome but there are some disorders
transmitted by autosomes. Infections occur due to staphylo-
cocci, fungi and Gram-negative micro-organisms. These infec-
tions are found in the liver, lungs, lymph nodes and skin.
Bactericidia is very significantly decreased and the reduction
of the nitro-blue of tetrazolium (NBT) is abnormal. NAD(P)H
oxidase actividy is very low in most patients; Bone marrow
transplantation from an HLA-identical family donor has some-
times resulted in cure of the disease but the infectious risk
in the post-transplant period is high.

The Chediak-Higashi syndrome associates abnormalities of PMNs,
monocytes and macrophages on the one hand, and a 1lack of
natural killer cell activity on the other hand.

Complement defects have been described for most of the known
components. Sometimes they are asymptomatic. In many other
cases, there are responsible for an increased incidence of
infections, nephropathies, especially glomerulopathies,
lupus-type syndromes and angioneurotic oedema. A few patients
have been improved by transfusions of plasma or plasma
components.

This relatively short paper on primary immunodeficiencies
cannot pretend to be exhaustive and it has left aside several
diseases. The purpose was mainly to indicate that any young
patient developing infections of a particular type, if severe
or frequent should be investigated with a pathophysiological
mind in order to ascertain if it is one of the 1large group
discussed above. This approach results not only in a better
understanding of the disease process but also in an improve-
ment of therapeutic possibilities.

Finally, informations derived from the studies of such
patients are also applicable to the understanding of the many
and frequent secondary immunodeficiencies which are described
in another paper.
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INTRODUCTION

Immunodepression may be iatrogenically induced either,
deliberately, as in the management of organ transplant reci-
pients or patients with auto-immune or collagen-vascular
diseases, or inadvertently, as a side effect of treatment of
cancer with cytotoxic drugs and/or radiotherapy (Hanto et al
1983; Kinlen et al 1979; Kinlen 1982; Penn 1978 a and b;
Penn 1981; Penn 1982; Penn 1984; Sieber 1975). Immuno-
depression may also occur spontaneously in certain congenital
immunodeficiency disorders (Filipovich et al 1980; Filipovich
et al 1984) and it may be acquired as in the Acquired Immuno-
deficiency Syndrome (AIDS) (Friedman-Kien et all 1982;
Ziegler et all 1984). These various states of immunodepres-
sion are characterized by defects in cellular or humoral
immunity or by both. They are complicated by an increased
incidence of infections and of cancer. 1In this report we
shall consider the various types of malignancies that occur in
different immunodeficient states.

CANCERS IN ORGAN TRANSPLANT RECIPIENTS

Organ transplant recipients are given immunosuppressive
therapy for many months or years to prevent or treat rejection
of the organ (Penn 1978 a and b; Penn 1981; Penn 1982; Penn
1984). Most patients have been treated with a combination of
Azathioprine and Prednisone. Other commonly used medications
include antilymphocyte or antithymocyte globulin (ALG or ATG),
Cyclophosphamide, and recently, Cyclosporine, and OKT, and
other anti-T cell monoclonal antibodies. Other
immunosuppressive measures used in some patients are
splenectomy, thoracic duct fistula and local irradiation of
the graft. In bone marrow transplantation the
immunosuppressive regimen is different. The patients are
given a 1large dose of cyclosphosphamide or total body
irradiation to "condition" them to accept the graft, and then
are given relatively small doses of immunosuppressive drugs
for several months to prevent graft versus host disease.

From 1968 till May, 1984, the Cincinnati (formerly Denver)
Transplant Tumor Registry (CTTR) received information on 2,063
types of cancer that arose in 1,934 organ transplant
recipients, (Penn 1978 a and b; Penn 1981l: Penn 1982: Penn
1984). The patients included 1,882 who received kidney, 35
heart, 6 1liver, 6 bone marrow, 3 pancreas, and 2 combined
heart and lung transplants. The tumors commonly seen in the
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general population including carcinomas of the lung, prostate,
colon and rectum, female brreast, and invasive carcinoma of
the uterine cervix were not increased in incidence in
transplant recipients. Instead certain neoplasms were
observed with remarkable frequency. Skin and lip cancers were
commonly seen, but the incidence varied with the amount of
exposure to sunshine. In areas where exposure was limited.
there was a 4 to 7 fold increase, but in regions with high
sunshine exposure there was an almost 21 fold increase above
the already high incidence seen in the local control
population (Penn 1981; Penn 1982; Penn 1984). In two
epidemiologic studies the incidence of non-Hodgkin's lymphomas
was found to be 28 to 49 fold above that observed in the
age-matched population (Kinlen et al 1979; Kinlen 1982). In
situ carcinomas of the uterine cervix showed a 14 fold
increase over controls (Porreco et al 1975). Non-melanoma
skin cancers and in situ carcinomas of the uterine cervix are
excluded from most cancer statistics. If we omit them from
the CTTR data several other tumors then show striking increase
in incidence. Kaposi's sarcoma makes up 4.8% of neo-plasms in
the CTTR, in comparison with its incidence in the general
population in +the United States before the AIDS epidemic
started, when it made up only 0.02 to 0.07% of all
malignanciens (Penn 1981; Penn 1982; Penn 1984). The high
incidence of Kaposi's sarcoma in this worldwide collection of
patients is comparable +to that seen in areas of the world
where it occurs with greatest frequency, namely in the black
population of the rain forest area of Africa, where it makes
up 3 to 9% of all cancers. These findings are in keeping with
a study showing that the incidence of Kaposi's sarcoma in
renal transplant recipients is increased 400-500 fold over
that seen in a control population of the same ethnic origin
(Harwood et al 1979). Carcinomas of the vulva and perineum
make up 3.9% of tumors in the CTTR, a much higher figure than
is prevalent in the general population (Penn 1981; Penn 1982;
Penn 1984). There were also small increases in the incidence
of leukemia, carcinomas of the kidney, and carcinomas of the
liver and biliary passages (Penn 1984).

As the length of follow-up of organ transplant recipients has
increased it has become evident that certain tumors appear at
fairly distinct time intervals after transplantation.
Compared with other known oncogenic stimuli in man, which
often take 15 to 20 years or more before they produce obvious
tumors, malignancies appear a relatively short +time after
transplantation (Penn 1978 a and b; Penn 1981; Penn 1982;
Penn 1984). First to appear is Kaposi's sarcoma at an average
of 20 (range 2 1/2 to 225 1/2) months after transplantation.
Next are the lymphomas which appear at an average of 30 (range
1 to 153 1/2) months after transplantation. Other cancers
(excluding carcinomas of the vulva and perineum) appear at an
average of 60 (range 1 to 206) months following
transplantation. The tumors that are diagnosed at the longest
time after transplantation are those of the vulva and perineum
which appear at an average of 90 (range 20 to 215) months.



71

The incidence of neoplasms increases with the length of
follow-up after transplantation (Penn 1978 a and b; Penn
1981; Penn 1982; Penn 1984). Of 418 renal transplant
patients who survived at least one year 26% had tumors; at 10
years 14 of 30 survivors (47%) were so afflicted (Sheil et al
1981). Similarly, the actuarial risk of developing cancer in
124 cardiac transplant recipients, was 2.7+ 1.9% at one year
and 25.6+ 11.0% at 5 years. These statistics emphasize the

need to follow transplant patients indefinitely (Penn 1981;
Penn 1982; Penn 1984).

The malignancies affected a relative young group of patients
whose average age at the time of transplantation was 40 years
(range 7 months to 70 years). Forty-nine percent were under
the age of 40 years at the time of transplantation.
Sixty-four percent of patients were male and 36% female, in
keeping with the 2:1 ratio of male to female patients who
undergo renal transplantation.

Skin and Lip Cancers

The most common tumors arose in the skin and lips and made up
789 of 2063 (38%) types of cancer reported (Penn 1978 a and b;
Penn 1981; Penn 1982; Penn 1984). Their incidence increased
with the 1length of follow-up after transplantation. In an
Australian study skin malignancies occured in 8% of patients
who survived at least one year after transplantation, but the
neoplasms affected 17% of those who survived four vyears or
longer (Penn 1981; Penn 1982; Penn 1984). In addition, 28%
of the four-year survivors had premalignant keratoses.

The skin cancers in transplant patients showed several unusual
features in comparison with those seen 1in the general
population (Penn 1978 a and b; Penn 1981; Penn 1982; Penn
1984; Sheil et al 1981). Basal cell carcinomas outnumber
squamous cell carcinomas in the general population, but this
relationship was reversed in transplant recipients in whom
squamous cell carcinomas made up 52% and basal cell carcinomas
28%. Another 13% were made up of both types of neoplasms.
Another difference was the youth of the transplant patients,
whose average age was 30 years younger than those with similar
lesions in the community at large. In addition, multiple
tumors were present in at 1least 346 of 789 transplant
recipients (44%), an incidence in this worldwide colleciton of
patients comparable to that seen only in the areas of high
sunshine exposure. Several individuals each had more than 50
skin cancers. Malignant melanomas made up 5% of the skin
cancers in this series compared with an incidence of 2.7% in
the generral population of the United States.

Most skin neoplasms were of 1low-grade malignancy but a
significant proportion were very aggressive (Penn 1981; Penn
1982; Penn 1984). Lymph node metastases occurred in 58
patients (7%), 48 of whom had sguamous cell carcinomas, 8 of
whom had malignant melanomas and 2 of whom had Merkel's cell
tumors. Of the squamous cell carcinomas that involved 1lymph
nodes, 34 involved the skin only, 7 involved the lips only,
and 7 were cases with skin and lip involvement but in 4 of
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these instances the metastases probably arose from the skin
lesions. Metastases caused the deaths of 46 patients with
skin cancer (6%), 30 with squamous cell carcinomas, 14 with
malignant melanomas and 2 with Merkel's cell tumors. Of the
fatalities caused by squamous cell carcinomas, 22 were caused
by lesions arising in the skin, 3 by lesions from the lips and
5 from lesions involving the lips and skin, but the skin
lesions apparently were responsible for the fatal metastases
in 3 of the patients. These findings are consistent with a
more than 10 fold increased mortality from squamous cell
carcinomas in Australian renal transplant recipients (Kinlen
et al 1979). The behavior of skin cancers in the present
series is in sharp contrast with the pattern seen in the
general population, in whom they account for only 1 to 2% of
all cancer deaths, the great majority of which are caused by
malignant melanoma (Penn 1981; Penn 1982; Penn 1984).

Lymphomas

Lymphomas in transplant patients show several unusual features
when compared with their behavior in the general population
(Kinlen 1982; Penn 1978 a and b; Penn 1981; Penn 1982;
Penn 1984). They comprise 3 to 4% of all tumors seen in the
community at large, but made up 289 of 2,063 tumors (14%) in
the CTTR data base. If we exclude non-melanoma skin cancers
and in situ carcinomas of the uterine cervix, the corrected
incidence rises to 20%. Ideally we should classify lymphomas
according to the cell of origin such as T cell, B cell, null
cell, etc. In the present series 37 lymphomas and 7
lymphoproliferations, which were suspected to be lymphomas,
arose from B cells. In several other lymphomas the cells did
not demonstrate cellular immunoglobulin and could not be
characterized further. Thus far, only 2 T cell tumors have
been reported, including one case of mycosis fungoides. - Some
investigators describe a spectrum of lesions in = transplant
patients ranging from infectious mononucleosis-like polyclonal
B cell proliferations at the one extreme, to £frank mono-
clonal B cell lymphomas at the other (Hanto et al 1983). In
between there is a stage where some polyclonal B cell proli-
ferations undergo a clonal cytogenetic alteration leading to
malignant transformation and the emergence of monoclonal B
cell lymphomas.

An unusual feature of the lymphomas is the rarity of Hodgkin's
disease (Penn 1978 a and b; Penn 1981; Penn 1982; Penn
1984). There were only 11 cases among 289 patients (4%) with
lymphomas. This contrasts with its incidence in the general
population where it comprises 18% of all lymphomas. If we
exclude the 11 patients with Hodgkin's disease and another 6
with myelomas (plasma cell lymphomas), we are left with 272
patients with non-Hodgkin's lymphomas. By far the most common
tumor in these patients was reticulum cell sarcoma which
occurred 63%. The non-Hodgkin's 1lymphomas were markedly
different  from those in the general population in several
respects. Extranodal involvement. occurred in from 24 to 48%
of patients in the general population.  In the present study,
the distribution of the lymphomas was not known in 2 patients,
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but of the remaining 270 extranodal disease occurred in 208
(77%). Most of the 62 patients with nodal involvement had
widespread disease involving mainly the liver, lungs, spleen,
bone marrow, renal allograft and brain. In the 208 recipients
with extranodal disease a single organ was affected in 142
(68%). The single organ most frequently involved was the
central nervous system which was affected in 80 of 142 pa-
tients (56%). Overall 101 of the 270 patients (37%) had
central nervous system involvement. Patients with meningeal
involvement were not included in these statistics. Lesions of
the central nervous system almost always occurred in the brain
but rarely involved +the spinal cord. The brain lesions
frequently had a multicentric distribution. The remarkably
high incidence of brain involvement contrasts with a 1%
incidence of focal cerebral involvement by non-Hodgkin's
lymphomas in a series of 1,039 patients in the general popula-
tion (meningeal involvement occurred in 3.7%) (Penn 1981;
Penn 1982; Penn 1984). Another striking feature in the 270
recipients was the frequency of lymphomatous involvement of
the allograft which occurred in 43 recipients (16%), 38 renal,
2 cardiac, 2 pancreatic and 1 hepatic (Penn 1981; Penn 1982;
Penn 1984). An additional wunusual manifestation of the
lymphomas was that the tumor presented in the soft tissues at
the sites of injection of antilymphocyte or antithymocyte
globulin in at least 4 patients.

Kaposi's Sarcoma

There were 69 patients with this disorder, 46 males and 23
females. The 2:1 male to female ratio is the same as that
seen in transplant patients having other malignancies, but is
much 1less than the 9:1 to 15:1 ratio seen with Kaposi's
sarcoma in the general population. Six of the 69 patients
(9%) had other neoplasms, an incidence similar to that seen in
the community at large. Fifty of the 69 patients (72%) had
"benign" Kaposi's sarcoma involving the skin, conjunctiva or
oropharyngolaryngeal mucosa, and 19 (28%) had the "malignant"
variety with involvement of the internal organs. Of the 50
patients with "benign" disease 26 (52%) had complete
remissions following treatment. Five of these 26 remissions
(19%) occurred when the only treatment consisted of a drastic
reduction of immunosuppressive therapy (Penn 1981; Penn 1982;
Penn 1984). The other remissions followed surgery,
radiotherapy or chemotherapy. In the malignant group 3
patients (16%) had complete remissions after chemotherapy or
radiotherapy together with alteration of immunosuppressive
therapy.

Carcinomas of the Uterus

Carcinomas of the cervix occurred in 131 of the 702 women in
this series (19%). 1In situ lesions made up at least 79% of
the cases. This neoplasm is probably more common than is
realized. It is therefore, advisable that all post-adolescent
female patients undergo pelvic examinations and cervical
smears on a regular basis. Carcinomas of the body of the
uterus are uncommon. Perhaps this is because most transplant
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patients are young whereas this +tumor occurs mainly in
post-menopausal women.

Carcinomas of the Vulva and Perineum

Carcinomas of the vulva, perineum, scrotum, penis, peri-anal
skin and anus occurred in 56 patients, 41 female and 15 male.
Compared with the general population the patients were
surprisingly vyoung. The average age of the females at the
time of transplantation was 29 (range 15-55) years and of the
males 37 (range 25-51) years. In females there was sometimes
a "field effect" with involvement by cancer of the vulva and
vagina and/or cervix of the uterus. A prior history of
condyloma acuminatum or herpes genitalis suggests an etiologic
role by oncogenic viruses in these immunosuppressed patients
(Penn 1982; Penn 1984).

CANCERS IN NONTRANSPLANT PATIENTS RECEIVING IMMUNOSUPPRESSIVE
THERAPY

Immunosuppressive drug therapy has been wused to suppress
immunity or inflammatory responses in a large number of
auto-immune disorders, collagen-vascular diseases, and
disorders of obscure etiology (Kahn et al 1979; Kinlen et al
1979; pPenn 1978 a and b; Penn 1981; Penn 1982; Penn 1984).
The dosage was usually smaller and the duration of +treatment
shorter than is used in treating cancer or in the management
of organ transplant recipients. Malignancies have developed
in +these patients, but it is difficult to determine their
exact frequency as some auto-immune disorders are, per se,
associated with an increased incidence of neoplasms. By
personal communication and a review of the 1literature, the
author has collected data on 149 cancers that developed in 143
patients who were treated for the disorders mentioned above
(Penn 1978 a and b; Penn 1981; Penn 1982; Penn 1984).
Thirty percent of the malignancies were leukemias and 20% were
lymphomas, the majority of which were reticulum cell sarcomas.
In addition, there were at least 16 case reports of Kaposi's
sarcoma. Several studies demonstrate an increased incidence
of neo-plasm following immunosuppressive therapy for the
disorders mentioned above.

Fifteen of 1,853 patients (0.85%) with rheumatoid arthritis,
treated mainly with Chlorambucil or Cyclophosphamide,
developed actue leukemia (Kahn et al 1979). The cancer was
not observed in patients treated for less than 6 monts, or in
those who received a total dose of less than 1 gm of
Chlorambucil of 50 gm of Cyclophosphamide. 1In addition, 4 of
35 patients (11.4%) treated with Chlorambucil for severe
psoriatic arthropathy developed acute leukemia. In another
series 1,349 patients were given Azathioprine,
Cyclophosphamide or Chlorambucil for at least 3 months as
treatment for +the disorders mentioned above (Kinlen et al
1979). The types of tumors that subsequently developed were
similar +to those seen in transplant patients. There was an
increased incidence of NHL (4 cases observed compared with
0.34 expected), squamous cell carcinoma of  the skin (2
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observed against 0.38 expected), bladder cancer (4 observed
against 1.00 expected), and other tumors (29 observed compared
with 20.74 expected) (Kinlen et al 1979; Penn 1984). In
another study of 54 patients treated with Cyclophosphamide for
systemic 1lupus erythematosus or theumatoid arthritis, 2 cases
of bladder cancer were observed, compared with 0.02 expected
(Penn 1984).

SECOND TUMORS IN PATIENTS RECEIVING CHEMOTHERAPY FOR CANCER

Most cancer chemotherapeutic agents have immnosuppressive side
effects (Harris et al 1976; Penn 1978 a and b; Penn 1981;
Penn 1982; Penn 1984). In consequence patients are prone to
infectious complications and, paradoxically, new malignancies.
While +the 1latter probably result from direct oncogenic or
cooncogenic effects of the treatments used, we cannot exclude
immunosuppression as a possible etiologic factor.

The most common new cancers were acute leukemias, lymphomas,
and carcinomas of the urinnary bladder (Penn 1978 a and b;
Penn 1981; Penn 1982; Penn 1984). Most 1leukemias were
preceded by a period of therapy-induced marrow depression and
by a pre-leukemic phase. The mean interval from diagnosis of
the primary neoplasm to development of acute leukemia was 4 to
6 years. In some instances 1leukemias appeared after
chemotherapy had been discontinued for some months or even
years.

In several reports the incidence of acute myeloid leukemia in
treated Hodgkin's disease was 0.9% to 2% (Coleman et al 1982;
International Agency for Research on Cancer 1981; Rosner et
al 1982; Sieber 1975). The risk of developing acute myeloid
leukemia was increased 5 to 75 fold. 1In treated multiple
myeloma the incidence of this type of leukemia was 0.6% to
7.0% and the risk was increased 100 fold (Penn 1982; Penn
1984; Rosner, et al 1982; Sieber 1975). Patients treated
with Chlorambucil for polycythemia rubra vera had a 2.3 times
higher incidence of acute leukemia compared with individuals
treated with P¥ and a 13 times greater incidence than persons
treated by phlebotomy (Penn 1982; Penn 1984). An increased
frequency of acute myeloid leukemia has also been noted in
treated non-Hodgkin's lymphoma, acute lymphoblastic leukemia,
and chronic 1lymphocytic leukemia (Penn 1982; Penn 1984;
Rosner et al 1982). Three of 13 patients given adjuvant
chemotherapy with Chlorambucil for breast cancer developed
acute 1leukemia (Penn 1982; Penn 1984; Rosner et al 1982).
In another study 4 of 1,460 breast cancer patients treated
with Cyclophosphamide developed acute leukemia (Portugal et al
1979). The incidence of acute leukemia in treated owvarian
cancer was 0.2% to 1.4% (Reimer et al 1977). The risk
increased 21 to 26 fold within 2 years of treatment, but rose
to 66 to 170 fold in patients who survived more than 2 years.
We may raise the question whether the development of acute
leukemia in the above diseases represents part of the natural
history of the original cancers in patients who were kept
alive sufficiently 1long by chemotherapy or by chemotherapy
combined with radiotherapy. This viewpoint is strengthened by
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the occasional simultaneous appearance of leukemia in
untreated patients with Hodgkin's disease or multiple myeloma
(Rosner et al 1982). However, as acute myeloid leukemia was
rarely seen in patients with these two diseases before the era
of intensive therapy it seems highly likely that the patient's
treatment played a major role in the development of the
hematologic malignancy. This conclusion is strengthened by an
increase in the incidence of acute 1leukemia following
chemotherapy of ovarian cancer, a disease in which leukemia is
not considered to be part of the natural history (Penn 1982;
Penn 1984; Reimer et al 1977; Rosner et al 1982).

There are conflicting opinions about the incidence of
non-Hodgkin's 1lymphoma following the treatment of Hodgkin's
disease (Coleman et al 1982; Penn 1984). 1In 1,222 patients
with Hodgkin's disease treated with chemotherapy, radiotherapy
or combined modality therapy the actuarial risk at 10 years
for the development of subsequent second neoplasms was 9.9%.
Leukemias made up 3.5%, lymphomas 0.5% and solid tumors 5.9%.
The latent period from Hodgkin's disease to the development of
second lymphomas was as long as 15.5 years. In another study
of 579 patients treated with Hodgkin's disease 6 subseguently
development non-Hodgkin's 1lymphomas. The actuarial risk of
developing the second tumor was approximately 4.5% at 10
years. In these two series the development of non-Hodgkin's
lymphomas appears to be related to the potentially
carcinogenic treatments that were used. However, in another
series of 51 Hodgkin's disease patients, 5 developed
non-Hodgkin's lymphomas 4 to 11 years after the onset of
Hodgkin's disease, but 4 of the 5 had received no treatment,
and the investigators concluded that, in some patients with
the 1lymphocytic Predominance Nodular variety of Hodgkin's
disease, the disorder may spontaneously evolve into a more
malignant non-Hodgkin's lymphoma (Penn 1984).

A variety of other second tumors have been reported following
the treatment of various primary cancers (Coleman et al 1982;
Penn 1984; Rosner et al 1982). Most common were carcinomas
of the bladder, Kaposi's sarcoma, carcinomas of the 1lung,
skin, breast, colon, pancreas and soft tissue sarcomas.
However, most reports are of isolated cases or small numbers
of a particular neoplasms and estimations of relative risk are
not available. However, special mention should be made of the
development of cancer of the wurinary bladder following
cytotoxic therapy (Penn 1984). Of 83 cases of second tumors
following Cyclophosphamide therapy for cancer 17 were bladder
neoplasms. Another alkylating agent, Chlornaphazine, is
metabolized to yield B-naphthylamine, which is known to be a
carcinogen in the human bladder. Since several vesical
carcinomas developed in patients following its administration
Chlornaphazine was withdrawn from clinical use.

NEOPLASMS IN CONGENITAL IMMUNODEFICIENCY DISORDERS
At 1least 14 types of naturally occurring immunodeficiency

states have been identified (Filipovich et al 1980;
Filipovich 1984). Up till 1984, the Immunodeficiency Cancer
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Registry, at the University of Minnesota, has accumulated data
on 385 patients. Several disorders account for most patients
with neoplasms, namely, ataxia-telangiectasa with 130 cancer
cases, common variable immunodeficiency disease with 88 cancer
cases, Wiskott-Aldrich syndrome with 62 cancer cases, and
severe combined immunodeficiency disease with 24 cancer cases.
Sixty-six percent of patients were under the age of 20 years.
Males out-numbered females in a ratio of 2:1 largely because
several disorders were X-linked recessive syndromes.

The types of tumors seen differed significantly from those
observed in the general population (Filipovich et al 1980;
Filipovich et al 1984). Most neoplasms common to the general
childhood population, i.e., nervous system neoplasms,

rhabdomyosarcoma, Wilm's tumor, Ewing's sarcoma and
retinoblastoma have rarely been reported in immunodeficient
children. Instead the most common malignancies were

non-Hodgkin's 1lymphomas (44%), carcinomas (23%), 1leukemias
(15%) and Hodgkin's disease (7%). the non-Hodgkin's lymphomas
had several features in common with those seen in transplant
patients. The most frequent lymphoma was reticulum cell
sarcoma which comprised 42% of cases. Those malignancies
studied by modern immunologic techniques were of B cell
origin. A spectrum of 1lesions ranging from B cell
hyperplasias to frank lymphomas was seen. The brain was a
frequent primary tumor site. For example, in Wiskott-Aldrich
syndrome brain involvement by non-Hodgkin's lymphoma occurred
in 31% of patients. Lymph node and gastro-intestinal tract
involvement were also frequent.

Carcinomas of the stomach were the most common epithelial
neoplasms reported to the Immunodeficiency Cancer Registry
(22/55, 45%) (Filipovich et al 1980; Filipovich et al 1984;
Penn 1984). Of these 27% arose in patients with combined
variable immunodeficiency disease at a median age of 54 (range
15 to 67) years. The high incidence of gastric carcinoma is
in contrast with the distribution of gasto-intestinal malig-
nancies in the general population where colonic neoplasms
occur much more frequently than gastric cancers.

Leukemia occurred in 15% of patients compared with a 3%
inciddence in the general population (Filipovich et al 1984).
A notable finding was the occurrence of acute lymphocytic
leukemia before or after the diagnosis in non-Hodgkin's
lymphoma in several groups of patients.

NEOPLASMS IN THE ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS)

This syndrome consists of profound and perhaps irreversible
abnormalities in cellular immune function associated with
opportunistic infections and aggressive neoplasms
(Friedman-Kien et al 1982; Penn 1984; Ziegler et al 1984).
AIDS occurs 1in socially, ethnically and genetically diverse
hosts. The major group affected consists of homosexual men,
particularly those with numerous, anonymous sexual contacts.
Others include intravenous drug abusers, hemophiliac patients,
recipients of random blood transfusions, female sexual par-
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tners of persons with the syndrome, and prisoners. Up to 6%
do not fall into any known category. The cause of the immuno
suppression is not known. Many investigators believe that it
is caused by an infectious agent. Potential culprits are
Cytomegalovirus, Epstein-Barr virus, Hepatitis B virus, Human
T cell 1leukemia virus, lymphadenopathy associated wvirus.
African swine fever virus, and a fungus which releases a
Cyclosporine-like immunosupppressive product. At present most
suspicion focuses on the human T-cell leukemia virus and the
lymphadenopathy associated virus.

The predominant malignancy seen in AIDS is Kaposi's sarcoma
(Friedman-Kien et al 1982; Penn 1984). Much less commonly
lymphomas have been observed and epithelial neoplasms have
been reported rarely. It is not clear why only homosexual men
have a higher incidence of Kaposi's sarcoma and non-Hodgkin's
lymphoma in comparison with other AIDS risk groups. Of 3,308
patients with AIDS, 858 had Kaposi's sarcoma without
pneumocystis carinii pneumonia and another 225 had both
disorders. Thus a total of 1,083 patients (33%) had Kaposi's
sarcoma. The risk of development of Kaposi's sarcoma in AIDS
patients is approximately 100 times greater than that for the
general population. This malignancy involves the skin in the
majority of patients, but the cutaneous 1lesions frequently
look different from those seen in patients with Kaposi's
sarcoma in the general population and are frequently
overlooked or misdiagnosed. More than half the patients with
skin involvement have one or more lesions in the
gastro-intestinal tract. These are best diagnosed by upper
and lower gastro-intestinal endoscopy.

Kaposi's sarcoma in AIDS frequently involves 1lymph nodes.
Other less commonly affected sites are the mucous membranes of
the mouth and pharynx, the liver, spleen, lungs, conjunctiva,
brain, testis, pancreas, aorta, and heart. In AIDS patients
Kaposi's sarcoma may occur in virtually any organ. Kaposi's
sarcoma -in AIDS differs from that seen in transplant patients
in whom 1lymph node involvement is rare, visceral disease is
less common, and fatalities from the malignancy are less
frequent (Penn 1984). In addition, the immunosuppression in
transplant patients can be reduced or totally stopped with the
possibility of subsequent regression of the s=disease whereas,
in AIDS persistence of immunodeficiency is a major feature
(Penn 1984).

Thus far non-Hodgkin's 1lymphomas have been reported in 90
homosexual men, most of whom had AIDS or the generalized
lymphadenopathy syndrome which is regarded as a prodromata of
AIDS (Ziegler et al 1984). Their median age was 37 years,
similar to that of AIDS patients in general. The
non-Hodgkin's 1lymphomas showed many features resembling those
seen in transplant and naturally occurring immunodeficiency
patients (Penn 1984; Ziegler et al 1984). The histologic
subtypes and malignant cell pheno-types were consistent with a
B cell origin, although one neoplasm had T cell
characteristics. Serial pathologic studies of 1lymph nodes
from some patients with the generalized 1lymphadenopathy
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syndrome showed gradations from B cell proliferations to
lymphomas. Nearly all patients had extranodal disease.
Thirty-eight of 88 patients (432%) had central nervous system
involvement, with a brain mass in 21, meningeal involvement in
14, cranial or peripheral nerve involvement in 5, and
paraspinal 1lesions in 5. The bone marrow was affected in 30
patients.

Unusual sites of lymphomas, possibly related to the route of
sexual intercourse involved, were intraoral lymphomas in 4,
and anorectal 1lymphomas in 3. Cancers of the mouth and
anorectum have been reported in young homosexual men (Li et al
1982; Loazada et al 1982; Penn 1984). The location of the
lesions may be related to the route used for sexual relations,
and to preceding infections in these areas, including herpes
simplex, condyloma acuminatum, and other infections.

CAUSES OF CANCER

This 1is discussed in detail elswhere (Filipovich et al 1984;
Harris 1976 ; International Agency for Research on Cancer
1981; Penn 1978 a and b; Penn 1982; Penn 1984; Sieber
1975; Ziegler et al 1984). The neoplasms probably arise from
a complex interplay of multiple factors including depression
of immunity, 1liberation or activation of oncogenic viruses,
oncogenic or co-oncogenic effects of the immunosuppressive
agents or other treatments given to the patient, and
variations in individual susceptibility to carcinogenic
stimuli.

SUMMARY AND CONCLUSIONS

The discovery that immunosuppression is associated with an
increased incidence of certain tumors emphasizes the
importance of +the immune system in host defenses -against
neoplasia. It is curious that the diverse states of
immunodeficiency described above have in common an increased
incidence of tumors arising from the immune cells themselves,
namely lymphomas. If Kaposi's sarcoma is a variety of
lymphoreticular +tumor, as some investigators believe, the
situation becomes even more intriguing.

We should try to use immunosuppressive therapy as little as
possible. In auto-immune and other disorders such treatment
should be reserved for severe cases that fail to regspond to
other forms of therapy. However, immunosuppressive therapy is
essential for the survival and function of organ transplants.
Attempts are being made to replace the present blunderbus

attack on the immune system with more specific methods of
control of certain elements of the immune system. Ultimately,
it is hoped to develop methods of immune unresponsiveness
directed specifically, and only, at the foreign antigens of
the transplanted organ. In the field of cytotoxic therapy
attempts are being made to develop less immunosuppressive and
less carcinogenic forms of treatment.

We need to study various groups of immunosuppressed patients,
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including those with and without cancers, to obtain clues to
the etiology of the neoplasms. This information may shed
light on the causes of similar malignancies seen in the
general population, and on the role of the immune system in
the control of cancer. Hopefully such knowledge may provide
immunological methods for the prevention and cure of cancer.
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INTRODUCTION

Since June and July of 1981 when the Centers for Disease
Control (CDC) initially reported the occurrence of 5 cases of
Pneumocystis carinii pneumonia and 26 cases of Kaposi's
sarcoma in previously well homosexual men (CDC, 1981), there
has literally been an explosion in the numbers of new cases of
this devastating syndrome that we now recognize as the
acquired immunodeficiency syndrome or AIDS. By May 1984 more
than 4,400 cases of AIDS, occurring in 46 states and the
District of Columbia, had been reported to the CDC (CDC weekly
surveillance report on AIDS). Moreover, at least 700 cases
had been documented in at least 33 countries outside of the
United States (CDC, unpublished statistics).

AIDS is characterized by a variety of disorders of both
cellular and humoral immunity which render +those afflicted
susceptible to infection with a great number of opportunistic
pathogenic microbial agents. In addition, the occurrence of

one type of neoplasnm, Kaposi's sarcoma, represents a
particularly common feature of the syndrome. Thus, the
current CDC definition of AIDS (Table 1) specifically includes
the occurrence of an opportunistic infection or Kaposi's
sarcoma which are indicative of a deficiency in cellular
immunity in a previously healthy individual less than 60 years
of age. The prior use of immunosuppressive drugs or the
previous presence of an underlying malignancy known to bpe
associated with an immunodeficiency state precludes one from
making the diagnosis. The recent description of the human
T-lymphotropic retrovirus, HTLV-III in the United States
(Gallo et al., 1984) and the lymphadenopathy associated wvirus
or LAV in France (Barre'-Sinoussi et al., 1983) which were
isolated from a large number of individuals with AIDS, and
which may be the putative causative agent(s) of the syndrome,
will undoubtedly after our ability in the future to recognize
individuals with the syndrome, and thus, will surely result in
a modification of the current CDC working definition.

The most common initial manifestation of AIDS, which occurs in
about 50% of patients, is infection with Pneumoncystis carinii
(CDC weekly surveillance report on AIDS). Roughly one-quarter
of the patients initially present with Kaposi's sarcoma alone,
while 7% present with Kaposi's sarcoma and Pneumoncystis
carinii pneumonia. The remaining 17% present with another




84

There are four major population groups affflicted with AIDS
(Table 3). Homosexual and bisexual men, particularly those
who are highly promiscuous, constitute the largest group,
accounting for 70% of all cases reported in the United States.
Intravenous drug abusers, predominantly those who practice
needle-sharing, account for another 17% of the cases. The
continued high frequency of cases in these two groups, as well
as a persistent increase in the numbers of cases occurring in
hemophiliacs and in recipients of blood transfusions, strongly
suggest that the putative causative agent is both blood-borne
and sexually transmissable.

The devastating nature of AIDS is reflected in the high
mortality rate for those with the syndrome. At the time of
this writing, +the overall mortality for all cases in the
United States reported to the CDC is 44%. . However, if one
examines the mortality rate for the cases reported to the CDC
prior to 1982, it approaches 100% (CDC weekly surveillance
report on AIDS). Moreover, in view of +the absence of
documented cases of recovery from the syndrome, this disease
may prove to be ultimately fatal for all cases involved.

IMMUNOLOGIC ABNORMALITIES

At the initial <c¢linical presentation, patients with AIDS
almost invariably manifest some in vitro disorder of cellular
immunity and many exhibit abnormal humoral immunity as well
(Fauci et al., 1984). Abnormalities of immune function that
have been previously reported to occur are shown in Table 4.
While all of these abnormalities, to a variable degree, have
been characteristically associated with AIDS, the spectrum of
these abnormalities and their severity depend upon the stage
of the disease for each individual. Moreover, there is no
single 4dimmune abnormality that is diagnostic for AIDS.
Nevertheless, one abnormality, specifically a depression in
the absolute numbers of peripheral blood T-lymphocytes which
bear the helper/inducer phenotype, appears to occur

in virtually all cases of AIDS. It is this depression in the
numbers of helper/inducer T-lymphocytes in relationship to the
numbers of so-called suppressor/cytotoxic T-lympocytes which
results in a lowering of the normal ratio (usually 1.5-2:1) of
T-helper to T-suppressor cells. Helper/inducer and
suppressor/cytotoxic cells can be identified by their
abilities to bind the monoclonal antibodies OKT4 or Leu-3 and
OKT8 or Leu-2, respectively.

Use of these monoclonal antibodies has made it possible to
define a variety of other clinical conditions which can result
in an alteration of the helper to suppressor cell ratios. It
is noteworthty that systemic viral infection is often accom-
panied by a depressed helper to suppressor ratio, although it
is wusually due to an increase in the numbers of T8 or Leu-2
cells rather than a decrease in the numbers of T4 or Leu-3
cells, the latter being typical of AIDS. As an example, both



85

cytomegalovirus (CMV) (Carney et al., 1981) and Epstein-Barr
virus (EBVV) (Reinherz et al., 1980) infections are associated
with a depressed helper to suppressor T cell ratio, and in
most cases, absolute numbers of T-helper cells are either
normal or only slightly reduced, while T-suppressor/cytotoxic
cells are usually dramatically increased. This observation is
important since infection with CMV and EBV is exceedingly
common among the leading risk group for the development of
AIDS, homosexual men. Thus, when attempting to make the
diagnosis of AIDS, it is helpful to know the absolute numbers
of the different T-cell subsets in the peripheral blood rather
than simply relying upon the ratio of T-helper to T-suppressor
cells as a diagnostic index.

The precise relationship between the depression in the numbers
of helper/inducer T lymphocytes to the other observed immuno-
logic abnormalities in AIDS is presently unclear. However,
many of the abnormalities do appear to result from deficient
T-cell help, such as the inability to generate virus-specific
or alloreactive cytotoxic T cells and the inability of T cells
to provide help to B lymphocytes for the normal production of
immunoglobulins.

An underlying cause for deficient T cell help may be deficient
production of certain important immunoregulatory 1lymphokines
such as interleukin 1 and 2 and interferon-gamma. Murray and
colleagues (1984) have demonstrated that, in contrast to
normal lymphocytes, lymphocytes from AIDS patients often fail
to produce interferon-gamma in response to antigenic stimuli.
Moreover, several groups have similarly demonstrated deficient
IL-2 production by AIDS 1lymphocytes (Lane et al., 1984;
Ciobanu et al., 1984). In preliminary studies, a factor in
the serum of AIDS patients has been identified which inhibits
the producction of interleukin-2 by normal lymphocytes (Siegel
et al., 1984). This factor could contribute to the observed
deficiency in interleukin-2 production by AIDS patients.
These defects in lymphokine production are relevant to many of
the immunologic abnormalities since a variety of in vitro
immune functions can be restored to normal levels simply by
addition of 1lymphokine containing media (Rook et al., 1983;
Murray et al., 1984).

In this regard, since we have determined +that active CMV
infection can be documented in nearly all patients with AIDS
(Faucci et al., 1984), we have focused attention in our
laboratory on those immune responses which appear to be most
important for recovery from CMV * infection, specifically
cytotoxic T cells and natural killer cells, and on means by
which these immune responses can be augmented in vitro by the
addition of lymhokines. In transplant patients, the ability
to develop CMV-specific cytotoxic T cell responses and the
level of natural killer cell activity during acute CMV infec-
tion are crucial determinants of the outcome of infection
(Rook et al., 1984; Quinnan et al., 1982). Patients who fail
to develop a T-cell response and who have depressed natural
killer cell activity almost invariably have severe or fatal
infection. Thus, it is noteworthy that the vast majority of
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AIDS patients studied by us have had absent CMV-specific
cytotoxic T-cell responses despite active CMV infection and
many exhibited deficient natural killer cell activity as well.
Repeated testing over several months demonstrated that most
patients experienced a progressive decline in their natural
killer cell activity (Rook et al., submitted for publication).
A high frequency of disseminated infection with CMV is obser-
ved among AIDS patients and a profound deficiency in T cell
and natural killer cell activity probably accounts for their
susceptibility to serious disease with this virus.

In an effort to find immunostimulatory agents that might
reconstitute +the deficient cytotoxic 1lymphocyte responses,
AIDS 1lymphocytes were cultured in a variety of 1lymphokines.
The depressed cytotoxic effector mechanisms were found to be
refractory +to the in vitro effects of either interferon-

or interferon- (Figure 1). However, cultivation of AIDS
patients 1lymphocytes in the presence of interleukin-2 consis-
tently produced a marked enhancement of both CMV-specific
cytotoxicity (Figure 2) and natural killer cell activity
(Figure 3, Rook et al., 1983).In view of the potential impor-
tance of cytotoxic T cells and natural killer cells ‘as impor-
tant defense mechanisms against many microbial agents as well
as in anti-tumor surveillance, these effects of interleukin-2
have important implications for the therapy of AIDS.

In addition to the profoundly disordered. T-cell immunity
observed in AIDS, monocyte function has recently been des-
cribed +to be abnormal (Smith et al., 1984). 1In response to a
variety of chemotactic stimuli, including Cbha and
lymphocyte-derived chemotactic factor, monocyte chemotaxis of
AIDS patients is significantly impaired in comparison to
normal individuals. Further, monocyte cytotoxicity and the
ability of monocytes to release interleukin-1 in response to
lipopolysaccharide are depressed. Thus, deficient monocyte
recruitment and function at sites of infection could contri-
bute to the imparied granuloma formation in response to
microorganisms such as M. avium intracellulare, and could
lead to their dissemination which is so frequently observed in
AIDS.

The recent description of decreased numbers of Ia-positive
epidermal Langerhans' cells in the skin (Belsito et al., 1984)
have suggested indirectly that the antigen presenting capacity
of the immune system may also be disordered. Langerhans'
cells are related to dendritic cells, the latter cell type
being important for antigen presentation to helper T
lymphocytes. An abnormality in antigen presentation could
contribute to the observed in vitro abnormalities in T-cell
function. In addition, since Langerhans' cells are the major
antigen presenting cells in the skin, their dysfunction could
contribute to the pathogenesis of Kaposi's sarcoma.

The original observations that most patients with AIDS had
either elevated or normal serum levels of immunoglobulins
initially 1led to the erroneous belief that B 1lymphocyte
function was normal. However, the studies of Lane et al.
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(1983) have demonstrated that the peripheral blood B lympho-
cytes of patients with AIDS are polyclonally activated and are
secreting abnormally large quantities of immunoglobulin. In
addition, sera from most AIDS patients contain immune
complexes. The polyclonal B lymphocytes activation can be
quantitated in wvitro in a reserve hemolytic plaque-forming
cell assay (Figure 4). In addition to having increased levels
of spontaneous plaque forming cells in the peripheral blood,
the B lymphocytes of AIDS patients exhibit a decreased capa-
city to respond to activation signals, most likely due to- the
in vive state of activation. Since active EBV infection has
been documented to occur in virtually all AIDS patients
(Quinnan et al., 1984; Fauci et al., 1984), these findings of
abnormal B 1lymphocyte function may be due to activation and
transformation of peripheral blood B lymphocytes by EBV in the
absence of the normal regulatory T-lymphocyte influences.

Another common component of the abnormal B lymphocyte function
in AIDS is the inability to generate a de novo serologic
response to new protein antigens. Lane et al. (1983) demons-
trated that AIDS patients were incapable of making serum
antibody to the potent protein immunogen keyhole 1limpet
hemocyanin. The failure to produce antibodies in response to
new antigenic stimuli may, thus, confound the ability to use
serologic tests for diagnostic purposes in this population of
patients.

In addition to the abnormalities of peripheral blood mononu-
clear cell function which encompasses T, B, and natural killer
lymphocytes and monocytes, many patients with AIDS exhibit
serologic markers of altered immune function. As mentioned
above, Siegel et al. (1984) have observed the presence of a
serum factor which inhibits the production of interleukin-2 by
normal peripheral blood lymphocytes. Other serum factors have
been recognized which are capable of supressing a variety of
in vitro immune responses of normal lymphocytes
(Cunningham-Rundles et al., 1983). Other abnormalities
include the presence of an acid-labile form of inter-

feron (De Stefano et al., 1982), elevated thymosin
levels (Hersh et al., 1983) and the presence of lymphocyto-
toxic antibodies (Williams et al., 1984).

As mentioned above, the extent of the immunological abnormali-
ties in an individual with AIDS is dependent upon the stage at
which +the disease is diagnosed. What is clear is that
patients who present with Kaposi's sarcoma alone often have
fewer immune defects at the time of diagnosis than do patients
who initially present with 1life-threatening opportunistic
infections. Moreover, the degree of immune deficit at the
time of diagnosis may correlate with the overall prognosis for
survival. This is supported by the observation that patients
who initially present with Kaposi's sarcoma have a longer life
expectancy than those with opportunistic infections.
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ISOLATION OF AN ETIOLOGICAL AGENT

Attempts to isolate a putative etiological agent for this
syndrome have focused on infectious agents whose spread is
consistent with the epidemiological distribution of this
syndrome, specifically being sexually transmissable and
blood-borne, and upon agents which have the capacity to induce
aberrations of the helper T lymphocyte subpopulation. Micro-
bial agents such as hepatitis B virus, EBV and CMV are all
sexually transmissable, are all blood-borne and are all
exceedingly common among the individuals in the leading risk
groups for AIDS. In our studies at the National Institutes of
Health, all of the initial 34 patients examined had evidence
of active CMV infection documented either by virus isolation
or +the presence of IgM serum antibodies to CMV (Quinnan et
al., 1984). Yet, other laboratories have not observed the
same high frequency of CMV infection. The differences in the
results may depend upon the rapidity with which c¢linical
specimens are processed for virus culture, particulary since
CMV is labile and virus titer decreases with passage of time.
From our studies, it is nevertheless clear that CMV is a
frequent cause of morbidity among AIDS patients. Moreover, at
death, most AIDS patients have evidence of widely disseminated
CMV infection (Macher et al., 1983).

In addition, because CcMV possesses immunosuppressive
potential, much attention has been given to this virus as a
potential factor or co-factor in the pathogenesis of the
immunological abnormalities in AIDS. Active CMV infection of
normal individuals is associated with depressed 1lymphocyte
responses to mitogens (Carney et al., 1981) and the depressed
ability to release lymphokines, and, transplant patients with
CMV infection experience a high frequency of secondary super-
infections with other organisms (Rand et al., 1978). As
mentioned above, active CMV infection is characteristically
associated with a depression of the T-helper to T-suppressor
ratio; however, this is due primarilt to an increase in OKTS8
positive cells (suppressor/cytotoxic) while OKT4 positive
cells (helper/inducer) are usually normal or only slightly
decreased. At present, there is no good evidence to suggest
that CMV can infect helper T lymphocytes or result in their
depletion which is a characteristic of AIDS. Thus, while CMV
infection occurs frequently in AIDS patients, is immunosup-
pressive and is a common cause of morbidity, there is curren-
tly no direct evidence to 1link CMV with the cause of AIDS.

From the outset, the human T cell leukemia (HTLV) family of
retroviruses has been of interest in the study of AIDS,
especially because they exhibit a particular predilection to
infect and induce abnormalities in the OKT4 positive subset of
T 1lymphocytes (Broder etal., 1984). HTLV-I and II have been
associated with leukemias and lymphomas characterized by the
proliferation of OKT4 positive cells. In certain parts of the
world where HTLV-I is endemic, such as southern Japan and the
Caribbean, as much as 15% of the population demonstrates
serologic evidence of prior infection. In non-endemic areas
including much of the United States, 1% or less of the popula-
tion possess anti-HTLV serum antibodies, indicating a 1low
frequency of infection.
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In May 1983 Gelmann et al. reported the presence of inte-
grated HTLV proviral genomic sequences in the DNA of lymphocy-
tes from two of thirty-three AIDS patients studied. Gallo et
al. (1983) were able to recover a retrovirus, identified as
HTLV-I, from the T lymphocytes of one of the individuals. At
the same time, Barre'-Sinoussi and colleagues (1983) reported
the isolation of a new human retrovirus, that was distinct
from HTLV-I and II, from the lymph node cells of a homosexual
man with the chronic lymphadenopathy syndrome. Thus, it was
evident that infection with HTLV occurred with a greater
frequency among individuals with AIDS than in +the general
population, and the observations of Barre'-Sinoussi and collea-
gues indicated that a new genetic varient of the HTLV famlily
might be associated with AIDS. ’

More recently Gallo et al. (1984) were also able to isolate a
new T-lymphotropic retrovirus (HTLV-III) from the lymphoctytes
of 26 of 72 AIDS patients and from 18 of 21 individuals with
chronic unexplained lymphadenopathy and leukopenia, characte-
ristic of a pre-AIDS syndrome. In addition, most of the AIDS
sera tested in Gallo's laboratory have been found to contain
antibodies to HTLV-III, while large numbers of normal sera do
not. Similarly, LAV has been isolated with increasing fre-
quency from patients with AIDS who are being studied by
Montagnier and colleagues in France. These studies provide
strong evidence for the association of HTLV-III and LAV with
AIDS. The precise relationship between HTLV-III and the
retrovirus isolated by Barre'-Sinoussi, now referred to as LAV
(lymphadenopathy associated virus), is unclear and remains to
be determined.

At present, HTLV-III and LAV have been isolated predominantly
from T lymphocytes with the helper/inducer phenotypes (OKT4,
Leu-3). Moreover,both HTLV-III and LAV are cytopathic for
this subset of T lymphocytes and can produce the in wvitro
destruction of these cells. These observation are of interest
since one of the characteristic laboratory manifestations of
AIDS is the depletion of that T cell population. As mentioned
above, many of the immunologic abnormalities in AIDS appear to
result from a deficiency in T-Helper cell function which may
be due to HTLV-III infection of T-helper cells. Whether
abnormalities of monocyte, B-lymphocyte and natural killer
lymphocyte function arise secondarily as a result of HTLV-III
infection of T-helper cells, or result directly from infection
with an agent such as HTLV-III is an important question which
deserves future study.
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Table 1. Centers for Disease Control Definition of the
Acquired Immunodeficiency Syndrome

Presence of reliably diagnosed disease at least moderately indicative of
underlying cellular immunodeficiency (Kaposi's sarcoma in a patient

under 60 years of age, Pneumocystis pneumonia, other opportunistic
infections).

‘Absence of known causes of underlying immunodeficiency and of any other
reduced resistance reported to be associated with the disease
{immunosuppressive therapy, lymphoreticular malignancy).

Table 2. Opportunistic Infections Compatible with the CDC
Definition of the Acquired Immunodeficiency Syndrome

Protozoal and helminthic infections

Cryptosporidiosis, intestinal, causing diarrhea for more than one month
(on histologic study or stool microscopic study).

Pneumocystis carinii penumonia (on histologic study or microscopic study
of a "touch" preparation or bronchial washings).

Strongyleidosis, causing pneumonia, central nervous system infection, or
disseminated infection {on histolcgic study).

ioxoplasmosis, causing pneumonia or central nervous sytem infection (on
histologic study or microscopic study of a "touch" preparation).

Fungal infections

Landidiasis, causing esophagitis (on histologic study or microscopic
study of a “wet" preparation from the esophagus, or endoscopic findings
of white plaques on an erythematous mucosal base).

Cryptococcosis, causing central nervous system or disseminated infection
(on culture, antigen detection, histologic study, or India ink
preparation of cerebrospinal fluid).

Bacterial infections
v

"Atypical" mycobacteriosis (species other than tuberculosis or lepra),
causing disseminated infection (on culture).

Viral infections

Cytcmegalovirus, causing pulmonary, gastrointestinal tract, or central
nervous system infection (on histologic study).

Herpes simplex virus, causing chronic mucocutaneous infection with
ulcers persisting more than one month, or pulmonary, gastrointestinal
track, or disseminated infection (on culture, histologic study, or
cytologic study).

Progressive multifocal leckoencephalopathy (presumed to be caused by a
papovavirus) (on histologic study).

93
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Table 3. Hierarchial Order of Acquired Immuradeficiency Syndrome
Risk Groups, May 1984*

MALES ) FEMALES TOTAL

PERCENT Percent Percent

CASES OF MALES CASES OF FEMALES CASES OF TOTAL
Homosexual or Bisexualt 3071 77.0 0 0.0 3071 71.9
Intravenous Drug User 586 14.7 155 55.0 741 17.3
Haitian 146 3.7 27 9.6 173 4.1
Hemophiliac 30 0.8 0 0.0 30 0.7
None Apparent/Unknown 156 3.9 100 35.5 256 6.0
Total 3989 100.0 282 100.0 an 100.0

*Data are courtesy of the Centers for Disease Control.

tThe risk groups listed are hierarchically ordered; cases with multiple risk f
are tabulated only in the risk group listed fFirst. ple risk factors

Table 4. Abnormalities of Immune Function in Patients with -AIDS

1. Lymphopenia--predominantly due to a gselective defect in the
helper/inducer subset (OKT4, Leu-3) of T-lymphocytes.

2. Abnormal in vitro T-cell function

A. Decreased blast transformation.

8. Decreased antigen-specific cytotoxic T-cell function.
C. Decreased alloreactivity. .

D. Decreased ability to provide help to B-lymphocytes.

3. Abnormal natural killer cell function.
A. Decreased cytotoxicity.
B. Refractoriness to in vitro augmentation of cytotoxicity by
interferons alpha and beta.
4. Abnormal monocyte function.
A. Decreased chemotaxis.
B. Decreased cytotoxicity.
C. Decreased interleukin-1 release.
5. Polyclonal B-cell activation,
A. Elevated levels of total serum immunoglobulins and circulating

immune complexes.
B. Inability to mount a de novo serologic response tc a new

antigen.

C. Increased numbers of spantaneous immunoglobulin-secreting
cells.

D. Refractoriness to the normal in vitro signals for B-cell
activation.

6., Abnormal lymphokine production.

A. Decreased antigen simulated interleukin-2 release in vitro.

8. Decreased antigen stimulated interferon-gamma release in vitro.

C. ODecreased interleukin-1 release in response to
lipopolysaccharide in vitra.

D. Decreased virus induced interferon-alpha release in vitro.

E. Abnormal presence of acid-labile interferon-alpha in the serum.
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MONITORING THE HUMAN IMMUNE SYSTEM
G. Riethmueller , H.W.L. Ziegler-Heitbrock & E.P. Rieber

Institute of immunology , universitut,
Muenchen , F.R.G.

INTRODUCTION

The aim of this presentation is to discuss current changes
taking place in the field of monitoring the human immune
system (IS). The assessment of immune functions in a longitu-
dinal fashion in individual patients has remained a cardinal
problem for the clinical immunologist as well as for the
neophyte immunopharmacologist. The difficulties for compara-
tive, quantitative measurements arise from the peculiar nature
of the immune response itself and cur limited access to the
active elements of this complex defence system.

In its functioning the IS cannot be compared with other
adaptative organs. While the endocrine pancreas responds with
insulin release in an almost identical fashion upon repeated
glucose stimulation, an immune response based on activation,
proliferation and differrentiation of unique cell clones is by
itself a singular event. Probing the IS in vivo by intro-
ducing bona fide new antigens like the bacteriophage Jx174 or
a contact sensitizer like dinitrochlorobenzene (DNCB) gives
valid information on immunological competence; it is,
however, irreproducible, because the IS does not return to its
original state. Thus, in this respect, probing the immune
system resembles in some ways modern nuclear particle physics,
where observation of an object interferes with its natural
state. Apart from this rigorous reasoning, ethical considera-
tions preclude monitoring of the IS by induction of primary
immune responses against a series of new antigens in an
individual patient.

Another special feature of the IS is its highly individualized
"eigen"" activity which is reflected in the characteristic
broad variation of immune responses in genetically identical
individuals. If one takes the spleen cells of individual
inbred mice belonging to one litter and kept under identical
environmental conditions, performs a PHA stimulation in vitro
and measures thymidine incorporation in triplicates after
three days, a broad variation of thymidine uptake becomes
notable. Thus, it can be understood why the simple in vitro
lymphocyte activation assay has resisted the combined standar-
dization efforts of innumerable national and international
standardization committees.

Thus, to monitor the IS we have to define the problems arising
from the peculiar individual nature of this complex system and
to search for those accessible indicators which can give
quantitative information on the various interactions the IS is
undergoing with its own particular environment.
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THE DYNAMIC "EIGEN" ACTIVITY OF THE IMMUNE SYSTEM AND THE
VENOUS BLOOD SAMPLING BIAS

Early observation on natural antibodies, i.e. non-induced by
exogenous agents, and the completeness of the immunological
repertoire in germ-free animals delivered by cesarian section
gave first indications that the IS develops and unfolds in
complete isolation from the environment. Thus there is an
astounding turnover of B and T cells going on without pertur-
bations by the external environment, even in the adult
organism. In rodents experimental data show that about one
third of the blood lymphocytes have newly arrived from the
regenerating tissue. The majority of newly formed lymphocytes
transported by the blood are short-lived and rarely enter the
recirculating pool. Exogenous perturbations of the IS, 1like
primary of secondary immunization or viral infections, heavily
influence the composition of the circulating blood
lymphocytes. Moreover the turnover of lymphocytes and most
probably that of = immunoglobulins, as well, changes under
various conditions and seems to be different in young and old
organisms. Thus, it seems hazardous to base firm conclusion
on an analysis of circulating lymphocytes representing 1less
than 0.5 % of the total lymphocyte mass that is in a conti-
nuous flux of changing proportions of subpopulations. Before
entering a detailed discussion of in vitro testing the in vivo
assays should be presented first.

DELAYED TYPE HYPERSENSITIVITY SKIN TEST

This procedure is a relatively simple test giving a reliable
indication on the present state of an established cellular
immunity. Antigens which typically give positive results in a
majority of healthy adult individuals in Western Europe are

streptokinase-streptodornase, PPD, candida, trychophyton mumpsan-
tigen and tetanus.

Another procedure presently widely adopted in Europe uses
Tetanus Toxoid, Diphteria Toxoid, Steptococci, 0Old-tuberculin,
Candida, Trychophyton and Proteus furnished not as lyophilized
antigens, but adsorbed to a multiple applicator (Multitest
Merieux®). The source, nature and stability of antigens is
crucial. The FDA Panel on Review of Skin Test Antigens found
only 5 of 25 tested preparations to be reproducibly stable,
safe and effective.

Pitfalls:

A reaction of immediate type hypersensitivity has to be
distinguished from the typical delayed reaction which develops
only after 12 h and gains its maximum between 24 and 48 h.
Furthermore the test can be negative during acute wviral
infections (measles, mumps, influenza) and other generalized
infections.
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Interpretation

As to the interpretation of the reaction , a positive skin
test against PPD for instance may represent residual
cell-mediated immunity , while a de novo induction of a
cellular immune reaction is no longer possible. On the other
hand skin testing by itself may sensitize or boost an existing
immunity. Thus the procedure as such is not suitable for
monitoring on a repeat basis.

Induction of delayed hypersensitivity by contact sensitizers

Systemic sensitization +to highly reactive compounds such as
dinitro-chlorobenzene or dinitrofluorobenzene may be readily
induced by direct application of the dissolved substances to
the skin. As animal models have shown, peripheral sensitiza-
tion is an important aspect of this test. For induction of a
positive reaction the Langerhans cells of the epidermis as
well as circulating T cells have to be functioning.
Furthermore, a positive delayed-type hypersensitivity reaction
depends on a functioning mast cell system with the whole
armamentarium of vasoactive peptides and amines involved.

Induction of a primary humoral immune response

As stated in the introduction, a primary immune response is an
unique event for the individual patient and not suited for
monitoring. However, for certain diagnostic purposes immuni-
zation with a nonpathogenic bacteriophage (Jx174) or with the
immonogenic keyhole limpet haemaglutinin (KLH) may be highly
informative, particularly when the kinetics of the response,
the switch of IgM IgG antibodies and affinity of antibodies
are considered.

APPROACHES TO IN VITRO MONITORING OF LEUKOCYTE FUNCTION

Lymphocytes

The genuine domain where monitoring of the IS seems to be most
informative is the field of in vitro assays of lymphocyte
functions. However, the recognition of the extreme heteroge-
neity of lymphocytes, the variation with time of the different
circulating subpopulations puts a serious question mark behind
most of the current tests performed according to generally
accepted protocols; i.e. to a sample of blood mononuclear
cells, add plant mitogen and measure thymidine uptake.

The above mentioned inability to define a reasonable normal
range of the PHA response is clear evidence that this system
cannot detect subtle quantitative changes in lymphocyte
activation, and vyet, the task of monitoring environmental
toxic effects upon the IS makes it mandatory to detect subtle
changes 1in the regulator and effector elements of the system.
A further goal is to understand the significance of such
changes for the overall defence capacity as well as the
capability of self- non-self-discrimination. It is now clear
that the extent of 1lymphocyte activation measured after
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stimulation of unseparated cell population is a function of
the different regulatory elements present in the culture.
Suppressor or helper T cells, B lymphocytes , natural killer
cells, monocytes and various as yet undefined subpopulations
are modifying the final outcome of the in vitro response.
Thus one prerequisite for performing global lymphocyte activa-
tion tests with polyclonal activators is to define with a much
detail as possible the composition of the population of
lymphocytes to be activated. Monoclonal antibodies to wvarious
differentiation antigens are the tools of choice for defining
distinct 1lymphocyte populations. While it is common practice
to distinguish major subsets of lymphocytes by single markers,
additional important information can be drawn from multiple
parameter analysis, where expression of several
function-associated markers can give further resolution.

The detection of the Interleukin-2 receptor by a specific
monoclonal antibody is a good example of such an analysis. We
have to be aware, however, that the Interleukin-2 receptor
shows transient expression and may be present on B cells as
well as monocytes.Since expression of Interleukin-2 receptor
requires immune stimulation of T cells, additional information
is gained when a simultaneous T4 or T8 determination reveals
which subpopulation is being stimulated. Such an analysis
requires directly labelled monoclonal reagents and is perfor-
med most easily with a flow~-through-cytophotometer (FACS,
EPICS) Class II antigens of MHC may serve as another class of
activation signs for T cells. Again it will be useful in the
future +to know which subpopulations are expressing gene locus
specific DR, DQ or DP molecules.

Evidence is presently emerging that the appearance of cellular
subpopulations characterized by unexpected simultaneous
expression of two markers may serve as indicators of certain
functional states of the IS. Thus, T8+Leu7+double marker
cells are distinctly increased in several immunodeficiency
syndromes and have been found in haemophiliac patients exhibi-
ting inverted T4/T8 ratios (1).

Considering the continuous flux of T cells from generating
organs - even in adults - the emergence of a distinct
T4+T8+double marker subset in the circulation may reflect a
peculiar renewal situation or increased turnover. So far the
clinical or functional significance of the appearance of such
small populations is unknown. In addition 1little or no
information at all is available as to how the various smaller
subsets modify an overall mitogen induced proliferation. Also
the attempt is warranted to correlate both doseand
time-response kinetics of mitogen- or antigen-stimulated
cultures with the relative proportions of quiescent of acti-
vated subpopulations present at the onset of cultivation.

Instead of measuring polyclonal activation by mitogens,
activation of subclasses can be obtained by subclass specific
monoclonals. Thus, the response of T4+ and T8+-subclasses can
be separately measured by stimulating with the corresponding
monoclonal antibody specific for T3. It is foreseeable that
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plant mitogens will be replaced by monoclonal antibodies,
however, the requirements of accessory cells in antibody
induced stimulation is even more critical than with plant
mitogens.

Monitoring monocyte/macrophage function

Monocytes/macrophages carry out important modulatory functions
in the immune response. Antigen presentation is one of the
most important ones, however, the details of antigen proces-
sing required for effective presentation are still unknown.
Handling of monocytes for in vitro assays is critical, since
mere adherence of the cells suffices to induce activation.
The measurement of stimulated release of various mediators
such as prostaglandins and interleukins is fraught with such
in wvitro induced artefacts. A particular activity of mono-
cytes is their cytotoxicity against other cells. Recent
technical advances have made it possible to shorten the assay
times considerably. A survey of available monocyte cytotoxi-
city test shows that most of the current tests require incuba-
tion periods of more than 24 h. We have been able to develop
a cytotoxicity test which in addition of being of short
duration is specific for monocytes (2). The xenogeneic target
cell Wehi 164 pretreated with Actinomycin D is resistant to
lysis by natural killer cells, thus monocyte cytotoxicity can
be assessed without troublesome purification steps entailing
uncontrolled activation of cells.

B Lymphocytes

Heterogeneity of B lymphocytes is a widely discussed subject
in immunology. Thus far no clear phenotypic distinction of B
memory lymphocytes has been possible. B lymphocytes comprise
only a minor portion of total circulating lymphocytes. Mouse
data indicates that , B lymphocytes subpopulations revealing
particular markers (PanT) may - be predictive for certain
autoimmune or neoplastic disorders. The reverse hemolytic
plaque test seems to be a sufficiently sensitive method to
detect circulating Ig secreting B cells which seem to indicate
the polyclonal activation of the sessile B cell compartment.

CONCLUDING REMARKS

Monitoring the human immune system has remained a formidable
task for the clinician. The individual fluctuating "eigen"
activity of the immune system seems to be responsible for the
broad wvariation characteristic for the specific immune
respnse. In contrast to other adaptive systems the specific
immune response 1is not characterized by the production and
secretion of homogeneous factors like hormones or enzymes but
shows a wide variation of unique responding cells and reactive
molecules. Monitoring of the human IS has the big handicap
that circulating leukocytes are the only accessible elements
of the system. Though in vivo tests are available by which a
true primary immune response can be measured such tests are
not feasible for a continuous monitoring. Because of the
heterogeneity of circulating cells a finely tuned marker
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analysis 1is a crucial requirement for adequate functional
tests. Particular emphasis should be placed on multiple
parameter analysis employing function associated markers
and/or markers for developmental stages. In man, turnover
studies of subpopulations are required . At the same time the
regulatory activity in such subsets has to be determined.
Production of nonspecific factors, as well as the response to
such factors, should be considered in further monitoring
attempts. In order to circumvent ambiguities resulting from
polyclonal stimulation with plant mitogens, the use of subpo-
pulation specific monoclonal antibodies is recommended. Such
antibodies have to be carefully selected, because of require-
ments imposed by the particular recognized epitope as well as
by Fc receptor restrictions that are important for obtaining
optimal accessory cell support.

Monocyte cytotoxicity testing may now be more practical and
meaningful, because of available short term assays avoiding
troublesome purification steps. It has become clear that a
new era of immune monitoring is about to unfold. The new
technologies utilizing monoclonal antibodies as structural and
functional probes will enable us to look more precisely at
these circulating mononuclear cells , which in +themselves
represent only a small fraction of the total immune system.
They also offer the possibility of measuring lymphokine
factors and differentiation factors 1like thymic hormones which
are present at very low concentrations in the circulating
blood.
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INTRODUCTION

Twenty years ago, the study of immunodeficiency concentrated
on congenital, primary immunodeficiency in which a cell
population or molecule was genetically absent or
dysfunctional. Secondary immunodeficiency was restricted to
immunosuppressive treatment for organ transplantation and
autoimmune diseases, to lymphoid malignancies such as Hodgkins
disease, and to cytotoxic anticancer therapy. With the advent
of appropriate immunodiagnostic tests to assess the number and
function of the various components of the immune system and
other bulwarks of natural bodily defenses, our understanding
of- secondary immuno-deficiency began to grow, and now twenty
years later we have a more comprehensive and explicit view of
the extent of immunodeficiency.

Most seconday immune deficiencies involve defects more in
cellular than humoral responses i.e., those mediated by T
cells, macrophages, and natural killer (NK) cells, however, no
modification of the system by xenobiotics, either by immuno-
toxin or immunotherapeutic agent is completely selective for a
single cell population and no defect involving one cell
population is without compensatory or secondary changes in
other cell populations. The study and attempted therapy of
immunotoxicity is, therefore, by definition, extremely
complex.

In this presentation, I will summarize the major areas of
secondary immunodeficiency resulting from immunotoxic
influences, I will not discuss secondary immunodeficiencies
resulting from :(1) malnutritional (see Good, R.A., et al.
(1982) for review);(2) aging, (see Makinodan, T., et al.
(1976) for review), (3) acute and chronic infections with
pathogens which produce immunosuppressive products (see
Floersheim, G.L. (1979) for review) and (4) cancer in which
immunosuppression results from malnutrition and products of
both the tumor and the immune system (see Wanebo, H.J. (1978)
for review). I will present certain immunosuppressive and
anticancer drugs and environmental immunotoxicants and end
with a discussion on the prospects for immunorestoration.
Immunotoxicology, for this discussion will be simply defined
as the harmful effects of xenobiotics and environmental agents
on the immune system. Table I summarizes a number of drugs
and chemicals for which sufficient information exists +to
classify them as immunotoxic. These agents are discussed in
detail elsewhere (see Dean, J.H., et al. (1984); Gibson,
G.G., et al., (1983) and the other appropriate chapters in
this text).
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Table 1. IMMUNOSUPPRESSIVE INFLUENCES

Immunoimpressive Drugs

Azathioprine/6-mercaptopurine

Glucocorticosteroids

Other anticancer drugs

Prescription drugs

Abused drugs (ethanol
cannabinoids, and opiates)

IMMUNOSUPPRESSIVE DRUGS

Azathioprine/6-mercaptopurine (

Environmental Immunotoxicants

Benzene

Halogenated aromatic hydrocar-
bons (PCB's, PBB's and
dibenzodioxins)

Polycyclic aromatic hydrocar-
bons

Insecticides (organophosphates
and chlorines and carbonates)

Metals (Pb, Ni, Cd. Hg)

6MP) (see Spreafico, F., et al.

(1977) Azathioprine is usually

used in conjunction with

glucocorticoid therapy for immunosuppressive therapy in organ

transplantation
Azathioprine is
resist methylation.
prine
metabolite thioinosinic acid.
of Azathioprine are thought
inhibit DNA, RNA and protein
purine synthesis. In high

erythropoiesis, myelopoiesis,
therefore, suppressive

Primary immune response
responses.
in rodent and man is
cell-mediated responses.
sibly
not reduced.

T cells and
antimetabolic
(Dardenne,

are

its

and occasionally
a nitroimidazole modified 6MP designed to
The immunosuppressive actions of Azathio-
and 6MP are similar and thought to be mediated by the

of all aspects of the immune

in autoimmune disorders.

The immunosuppressive effects
to derive from an action to
synthesis by blocking de novo
doses Azathioprine inhibits

and lymphopoiesis and is,
system.

more inhibited than secondary

At clinically employed doses, Azathioprine therapy
particularly
Interestingly, Azathioprine
inhibits T lymphocyte function thus, T cell numbers are
The selectivity of the action of Azathioprine on
reversibility implies that more
action may be involved.
M., et al., 1973) have presented data to

for T
rever-

suppressive

than an
co-workers
indicate

Bach and

that Azathioprine preferentially binds and inactivates certain

receptor
evidence that a purine is a
(Kirkpatrick, C.H. et al.,
compounds induce
function (Hadden, J.W.,
Azathioprine

et al.

sites on T lymphocytes.

T cell differentiation and modulate T

and O6MP may bind and be

In the 1light of
component of transfer
1981) and that

recent
factor
inosine-1like
cell
that
for a

1984) it seems possible
antagonistic

4

functionally important T cell purine receptor.

Glucocorticosteroids
review)

(see

Parrillo, J.E.
Despite many years of the use of steroids

et al., 1979 for

for Dboth

immunosuppressive and anti-inflammatory therapy, their precise

mechanisms of action remain unclear.

for T cells
transient
man has been
destruction.

are more

shown to

in murine species, in man, they are
lymphopenia which follows their administration to
result from redistribution
Actions of glucocorticoids at therapeutic doses
suppressive for T cells than B cells.

While steroids are 1lytic
not. The

not

Recent evi-
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dence (Benet, L.Z., et al., 1983; Duncan, M.R., et al., 1982)
indicates that effects of glucocorticoids to inhibit the
triggering of T lymphocytes for DNA synthesis and lymphokine
production (T cell and macrophage growth factors) are central
to their suppressive action based on dose-response and immuno-
pharmacokinetic criteria. Effects to suppress macrophage and
natural killer cell function, particularly lymphokine-induced,
are probably also important. = Glucocorticoids, like
Azathioprine, used therapeutically do not destroy cells and
their effects are rapidly and completely reversed by disconti-
nuance of therapy.

Cyclophosphamide Cyclophosphamide is a cycle-specific alkyla-
ting agent with preferential effects on B 1lymphocytes and
humoral immune response. In some cases low doses may augment
cellular immune responses through action either on T-B cell
interaction and/or on suppressor T cells. Therapeutically, it
has been used in autoimmune disorders with somme efficacy. At
high doses both B and T cells are destroyed; however, B cell
numbers and function recover more slowly than those of T
cells. While the immunosuppressive effects of this agent may
persist following discontinuance of therapy, the relative
sparing of plasma cell antibody responses makes  secondary
infection from humoral immunodeficiency rare. When it
occurs, immunoglobulin therapy is corrective. Infection
secondary to neutropenia is more common with cyclophosphamide
especially with high doses used in cancers paricular
lymphomas, leukemias and lymphosarcomas.

Cyclosporin A (2) The cyclosporins, are derived from fungi and
are closed ring methylated amino acid structures. Clinical
uses to date have been in the treatment of renal allograft
rejection and graft-versus-host (GVH) disease following bone
marrow transplantation. Cyclosporin A is preferentially
suppressive for T cells and at low doses inhibits T lymphocyte
proliferation, 1lymphokine production, and cytotoxic T cell
generation. While also potentially . hepatotoxic and
nephrotoxic, it is not hematotoxic or myelotoxic.

CYTOTOXIC DRUGS USED IN CANCER

These drugs have been individually reviewed elsewhere (see
Ehrke, M.J., et al., 1984 for review). Collectively, these
drugs are cytolytic for a wide range of cell types and their
actions to inhibit malignant cell growth is frequently compli-
cated by their effect to inhibit normal cells particularly the
processes of erythropoiesis and/or myelopoiesis. these side
effects are wusually the limiting factor to the use of maxi-
mally tumoricidal doses. Their effects on the immune system
are pleomorphic. Originally, these drugs were thought to be

uniformly immunosuppressive; however, recent evidence (see
Faanes, . R.B., et al., 1980) indicates they may at times be
immunorestorative by inhibiting tumor-induced

immunosuppression. To the extent that they are immunosuppres-
sive their effects are generally greater on cellular than
humoral immune responses. In general their effects are
reversible with discontinuance. The persistence of cancer
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frequently makes discontinuance impossible and severe immuno-
suppression is common in cancer chemotherapy. More
pre-clinical and clinical experimentation is needed to deter-
mine how immunotherapy may be best employed to reverse their
immunosuppressive effects and prevent tumor recurrence and
infection (see Faanes, R.B., et al. 1980; Gillissen, G.,
1982; Spreafico, f., et al., 1983 for review).

ENVIRONMENTAL IMMUNOTOXICANTS (see Gibson, G.G, et al. 1983;
Goldstein, A.L., et al., 1982; Dean et al. in this text)

Benzene

Benzene exposure, particularly when severe is associated with
suppression of all marrow-derived elements including
erythocytes, neutrophils platelets, and lymphocytes (Dean,

J.H., et al. 1984; Lange, A., et al., 1973; Smolik, R., et
al., 1973; Wierda, D., et al., 1981) and in animals death
usually results from overwhelming infection. In animals,

experimental exposures have well documented the capacity of
benzene and/or its metabolites to suppress marrow cellularity
and function and have correlated dose-dependent 1lymphocyto-
penia with impairments of both humoral and cellular immunity.
Chronic exposure of humans to benzene has been associated with
decreased levels of serum complement, IgA and IgG but not IgM.
While these observations provide evidence that benzene is
immunotoxic for man, the nature and magnitude of the defects
remain to be clarified.

Halogenated Aromatic Hydrocarbons (Dean, J.H., et al., 1984;
McConnel, E.E., et al., 1980; Nicholson, W.J., et al., 1979;
Shigematsu, N., et al., 1978; Silkworth, J.B., et al., 1979;
Thomas, P.J., et al., 1978; Vos, J.G. et al.,)

This family of chemicals are manufactured for industrial uses
and are present as contaminants of other useful chemicals. As
pollutants, their ubiquity and biological persistence make
them of concern. In addition to their immunotoxicity most are
teratogenic and carcinogenic. The relation of their immunoto-
xicity and carcinogenicity remains to be determined.

Polychlorinated biphenyls (PCB's)

These compounds are used as heat transfer media and plastici-
zers and have yielded widespread environmental contamination.
The composition of PCB mixtures vary but it appears to be the
content of dibenzofurans which determines toxicity. High
doses of PCB's in animals induce atrophy of primary and
secondary lymphoid organs and impair immunoglobulin synthesis,
thus antibody production. Effects on cell-mediated dimmunity
are variable and further studies are needed. PCB immunotoxi-
city has been correlated in animals with increased susceptibi-
lity and mortality to challenge with viruses, bacteria, or
parasites. Decreased resistance to tumor challenge has also
been reported: however, the latter data are conflicting,.
Human exposures to PCB's through contamination of rice oil in
Japan and China have resulted in chloracne, decreased serum Ig
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levels and impaired cell mediated immunity with decreased T
cell numbers and function, in association with increased
susceptibility to respiratory infection.

Polybrominated Biphenyls (PBB's)

Flame retardants (e.g., Firemaster BP-6 or FF-1) used in
clothing manufacture contain mixtures of PBB's. In 1973 BP-6
was introduced into the food chain in Michigan when it was
accidentally substituted for magnesium oxide as a food supple-
ment for livestock. In affected cattle, sheep and chickens,
runting, infection and death resulted in association with
thymic atrophy and lymphoid depletion. Meat and dairy pro-
ducts subsequently ingested by the human population led to
high 1levels of PBB's in serum and adipose tissue of 1local
residents. Immunologic disturbances in these people included
depressed T cell numbers, increased null cells, and increased
Ig levels. This population is being monitored for 1late
sequelae. Animals exposed to sublethal levels of PBB's show
greater suppression of antibody responses than CMI responses.
PBB-exposed mice fail to show decreased resistance to infec-
tious challenges at doses comparable to those to which the
Michigan subjects were exposed.

Dibenzodioxins (see Dean, J.H., et al., 1984; Faith, R.E., et
al., 1980; Gibson, G.G., et al., 1983; Vos, J.G., et al.,
1978)

Tetrachlorodibenzo-p-dioxin (TCDD) is a contaminant of the
herbicide trichlorophenoxyacetic acid and the disinfectant
hexachlorophene. Toxic responses to TCDD in animals include
teratogenesis, wasting and thymic atrophy. Immunological
studies have shown depressed antibody responses, cell mediated
immnity and lymphoproliferative responses in association with
increased susceptibility to pathogen and tumor challenge,
particularly in neonates of exposed mothers. Considerable
human exposure has resulted from industrial accidents and
widespread use of Agent Orange as a defoliant in Vietnam;
however, despite the presence of chloracne in some of the
affected individuals, normal immune function was observed in
the majority. Mild and transient abnormalities were found in
some factory workers but a consistent and clear picture has
not yet emerged. Studies are in progress to assess the
impact, if any, of exposure of military personnel in Vietnam;
however, the 1latency between exposure and study make it
unlikely that significant results will be obtained.

Polycyclic Aromatic Hydrocarbons (PAH) (Dean, J.H., et al.,
1984; Nicholson, W.J., et al., 1979; Zedeck, M.S., 1980)

These hydrocarbons are ubiquitous pollutants derived from
fossil fuels. They consist of three or more fused benzene
rings containing only hydrogen and carbon. Examples are
methylcholanthrene, benzanthine, benzanthracine, and
benzopyrine. As a group, they are generally carcinogenic.
Experiments in - animals have demonstrated that 1longlasting
impairment of both humoral and cellular immunity are -induced
by a number of the compounds. Their immunosuppressive effects
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correlates with their carcinogenicity. Their effects particu-
larly on antibody producing cells, involve prolonged reduction
of cell number; however, their effects on T cells appear to
be 1less severe and less persistent. The impact of relatively
low but chronic levels of environmental PAH exposure in man
remain to be determined as far as immunosuppression is
concerned.

Insecticides (Dean, J.H., et al., 1984; Ercegovich, C.D
1973; Nicholson, W.J., et al., 1979)

A4

Three clases of insecticides, the organophospates (e.q.
parathion), the carbonates (e.g. carbaryl) and the organo
chlorines (DDT) that have been in wide general use have been
studied for immunutoxicity. The organophosphates and chlo-
rines at high, near lethal, levels have been shown to induce
impaired humoral and cellular immunity and resistance in
animal studies. As a class, their potential for human immuno-
toxicity 1is considered to be low; however, the 1long term
effects of environmental accumulation is difficult to assess.

Metals (Dean, J.H., et al., 1984; Nicholson, W.J., et al.,
1979 and Lawrence et al this volume)

Industrial exposure by inhalation or ingestion to a number of
metals such as lead, nickel, cadmium and mercury can lead to
morbidity and immunotoxic effects both in the 1lung and
systemically. The mechanism of their suppression may be
similar and only lead will be discussed here. Several studies
have indicated that significant lead exposure is associated
with impaired resistance to bacterial and viral challenge.
While substantial  data indicate lead exposure can inhibit
antibody formation in vitro and in vivo, effects on cell
mediated immunity are less consistent. The effects of 1lead,
as with other metals, may result from its affinity for sulfhy-
dryl groups. Sulfhydryl reagents, as well as metal chelators,
may represent the most specific therapy for toxic
accumulation. Human ingestion of leaded paint or exposure to
inhaled particulate lead has been related to increased suscep-
tibility or severity of infection.

Drugs

Drugs wused to treat non-immunologic diseases may produce
immunotoxic side effects unknown to us. Evidence is accumula-
ting to indicate that B-lactam containing antibiotics,
diphenylhydantoin, and estrogens (particularly
diethylstilbestrol) may have significant immunosuppressive
effects (Sorrell, T., et al., 1975; Gillissen, G., 1982;
Luster, M.I., et al.., 1982). Since other drugs may be
immunotoxic in ways that have not yet been analyzed, more
information is needed to assess possible side effects of drugs
on the immune system. As with the use of steroids, a degree
of immunotoxicity does not constitute an absolute contraindi-
cation for <clinical use; however, the possible effects of
drugs having immune side effects is important to understand
and monitor , particularly when they are used with intended
immunosuppressive therapy.
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Abused Drugs (Dean, J.H., et al., 1984).

Cannabinoids, ethanol, and opiates have been shown directly
and indirectly through abnormal life styles and malnutrition
to contribute to impaired immune function and resistance.

THE PROSPECTS FOR IMMUNOTHERAPY

The foregoing, seen through the eyes other than those of the
immuno-toxicologist, might imply that immunotoxic experiences
are ubiquitous and that the predicted complications are
infection, cancer, and ultimately, death. It is important to
realize that few individuals are ever exposed to levels of any
of the substances discussed which would clearly 1lead to
morbidity 1let alone mortality. While the risk can not be
ruled out, it is reassuring to learn that the human immune
system has a number of levels of protection. First 1line
bulwarks of natural defense mediated by granulocytes,
macrophages, and natural killer cells alone and collectively
offer considerable potential for defence (up to 75% ablation)
before a common pathogen exposure becomes compromising.
Similarly, both T and B cell immune systems have considerable
reserve and marked impairment is necessary before diseas
incidence or severity increases. For these reasons it is only
with a potent . irreversible immunotoxic experience or the
compounding of multiple immunotoxic influences that interven-
tion might be considered.

For many of the chemicals discussed, avoidance or removal of
the +toxin is all that is required. 1In situations 1like cancer
and acquired immunodeficiency disease syndrome (AIDS), this is
not possible. For these diseases immunotherapy has been under
development to attempt to restore immune response to improve
survival. The notion of treating a failing immune system is a
relatively recent one. However, by nature of the same 1logic
that we treat hypertensive cardiovascular disease to prevent
cerebral vascular accidents, we may expect in the future to
treat the failing immune system to prevent infection and
cancer. Once the complications develop, such treatments have
been shown to be less effective.

For many years we have successfully employed vaccines to
prevent both viral and bacterial diseases. In those with
congenital immune defects, gammaglobulin administration and
bone marrow transplantation are proven modes of therapy. In
secondary immunodeficiencies a number of experimental thera-
pies are under development. For experimental immunoprophylac-
tic therapy and immunotherapy we have available a number of
biologicals and drugs with demonstrated effects to restore or
enhance immune response , particularly of the cellular immune
system. Their actions differ in terms of the target cells and
functions involved and the therapeutic use of these agents in
a complementary or even synergistic way can be envisioned (see
Hadden, J.W., et al., 1983 for further discussion). the
suggested use of combinations of agents may startle some, yet
it is to be reminded that we treat congestive heart failure
with a variety of agents designed to attack the problem from
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different, complementary standpoints, and the same logic
applies to treatment of the immune system.

Clearly, before +this will become a c¢linical reality, the
sciences of immunopharmacology and immunotoxicology will need
to continue to mature. The first criteria for such contempla-
ted therapy will be: (1), the presence of safe, well charac-~
terized immunobiologicals and drugs which predictably modify
specific immune defects in a reproducible manner which can be
clinically monitored and (2) an immunotoxic/immunodeficiency
disease which is significant, not readily reversible and shown
to predispose to 1life threatening complications. Only in
circumstances meeting these criteria and following the appro-
priate animal experimentation would human trials under rigidly
controlled conditions be considered warranted. To provide a
background for such therapy, I will introduce briefly some of
the immunotherapeutic agents under development for use in
cancer and other immunodeficiencies. These agents have been
reviewed elsewhere in detail -and the reader is referred to
these sources (Hadden, J.W., et al., 1983; Hadden, J.W.,
1983: Hersh, E.M., et al., 1981) for more information.

IMMUNOTHERAPY AGENTS
Biologicals (see Hadden, J.W., 1983) (Table II)

Table II. IMMUNORESTORATIVE AGENTS

Biologicals Drugs

Thymic hormones thymosis Levamisole
thympoietin NPT 16416
thymulin DTC
thymostimulin Isoprinosine
thymic humoral factor NPT 15392

Muramyl dipeptides

Lymphohokines T cell growth factor Azimexon
macrophage growth factor Bestatin
macrophage activating Tuftsin

factor Pyrimidinoles

interferons

Thymic Hormones. A number of hormones have been isolated from
the thymus and have been shown to induce the maturation of T
cell precursors and to promote the differentiated and proli-
ferative functions of mature T cells (Goldstein, A.L., et al.,
1982; Schulof, R.S., et al., 1981). These hormone prepara-
tions  include thymosin fraction V, thymosin «l, thymopoietin,
thymulin (previously facteur thymique serique), and thymic
humoral factor. Of these, thymosin «l, thymopoietin and
thymulin have been purified and synthesized chemically or by
genetic engineering techniques. With the exception of thymic
humoral factor each of these factors has been shown to be
present in thymic epithelial cells based on immunofluorescence
studies. The differential biological roles of these secretory
factors have not been fully established; however, they are
thought to regulate the progressive maturation of T cells and
to contribute through their heterogeneity to differential
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regulation of various T cell functions. While their intra-
thymic role remains unclear, their presence in the circulation
and the correlation of their declining levels with increasing
age and with the development of various immune-based diseases
lends strong support to their role as hormonal regulators. In
a variety of circumstances in which animals have been rendered
thymus-deficient, (e.g., thymectomy), these hormone prepara-
tions have been show to restore, at least partially, defective
T cell function. Based upon this experimental rationale these
substances, have been employed clinically to treat both
primary and secondary immunodeficiency. The results to date
have been encouraging and while they are not specifically
indicated or licensed to treat any particular disease in the
United States, their consideration for use in treating the
deficits arising from thymus atrophy, as occurs in PBB, PAH,
and asbestos exposure, seems reasonable.

Lymphokines (Hadden, J.W., 1983). A large variety of T cell
produced soluble mediators termed lymphokines have been
described; however, space limitations do not allow an elabo-
ration here. Perhaps the lymphokines most relevant to
consider in immunologic reconstitution of patients immunosup-
pressed by immotoxicants are T cell growth factor (TCGF),
macrophage growth/colony stimulating factor (MGF/CSF), and
interferon (IFN).

TCGF. T cell growth factor has an action to promote clonal
expansion of T lymphocytes by acting as a second signal in the
initation of proliferation and by perpetuating repeated
subsequent cell divisions. It also is an inducer of natural
killer (NK) cells and increases their cytocidal activity.
Recently, we have found it to be a promoter of differentiation
of immature intrathymic lymphocytes (Chen, S$.S., et al., 1983)
and have suggested that in concert with thymic hormones it is
an essential factor in T lymphocyte maturation and exit from
the thymus to replenish the peripheral T cell pool. Defects
in TCGF production and action have been described in AIDS,
aging and autoimmune disorders. It seems logical to predict
that as chemically pure, genetically engineered TCGF becomes
available its therapeutic use in T cell lymphopenic disorders
with deficient delayed hypersensitivity will be attempted and
its wuse in conjunction with thymic hormones may yield syner-
gistic reconstitution.

MGF/CSF. This factor (macrophage growth factor/colony stimu-
lating factor) acts to promote monocyte/macrophage prolifera-
tion in the bone marrow and in the periphery (Hadden, J.W., et
al, 1981; Sadlik, J.R., et al., 1983). It is complemented in
its action by other CSF's which act on both granulocyte and
macrophage precursors. In addition, MGF/CSF has been des-
cribed +to activate macrophage bactericidal capacity (Hadden,
J.W., et al., 1981). While therapeutic application has not
been attempted in man, as purified molecular preparations
become available, their use to reconstitute the number and
function of these cell populations will be warranted. MGF/CSF
will be particularly useful to increase macrophage-mediated
resistance to facultative intracellular pathogens including
tubercle bacilli, leprosy bacilli, Salmonella and Brucella and
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various viruses, fungi and parasites.

IFN. The interferons represent a group of antiviral proteins
which inhibit the intracellular replication of viruses,
inhibit both normal and malignant cell  proliferation, and
promote Kkiller cell functions of T cells, macrophages and NK
cells (Johnson, H.M., 1982). With quantities of IFN
available, therapy of infections and tumours in both animals
and humans has been attempted. It is apparent from these
studies that pretreatment with interferon may prevent certain
viral infections. To a lesser extent, treatment after the
onset of infection may ameliorate the course of infection.
Gamma or immune interferon is a lymphokine produced by T cells
and although the most extensive <clinical experience with
interferons has involved alpha or leukocyte interferons, the
therapeutic application of immune interferon would be
calculated, based on animal experiments to be, more effective
and perhaps 1less toxic than the interferons. Within the
context of treatment of patients suffering from
immunotoxicity, general application of IFN's would not be
recommended since their antiproliferative effects may inhibit
immune reconstitution. The most appropriate applications
would be in specific infections, viral and otherwise, to which
macrophage and NK cells are critical in resistance.

Immunotherapeutic Drugs.

Levamisole (Amery, W.K., 1979; Renoux, G., 1978; Symoens,
J., et al., 1977). Levamisole (2,3,4,6~tetrahydro-6-phenyli-
midazo (2,1-b) thiazole) was one of the first
chemically-defined immunostimulants to be developed. Its
immunopharmacology includes actions on lymphocytes, macropha-
ges and granulocytes to modify their mobility, secretion and
proliferation. It can enhance or suppress immunity depending
on the dose and timing of administration. 1In vivo levamisole
treatment augments cellular more than humoral immune response,
and its effect on humoral immunity is probably dependent on
its action on T cells and macrophages. Levamisole 1is an
immunopotentiator in that demonstrable positive effects
usually require the concomitant adminsitration of a primary
stimulus such as antigen. The magnitude of its effects
appears to be greater when the stimulus is suboptimal and when
the responding immune system is suboptimal. For this 1latter
characteristic, levamisole has been = termed an
"immunonormalizing” drug. In general, its action is weak and
non-responder strains of mice and individual humans exist .
For unknown reasons it has mild side effects of metallic
taste, nervousness, nausea and vomiting . However, occasio-
nally , more severe side effects such as dermatitis and
agranulocytosis have occured , particularly in individuals
with HLA B 27 and rheumatoid arthritis.

In murine and human tumor protocols in which the primary tumor
was decreased by chemotherapy, radiation or surgery , subse-
quent levamisole treatment has been shown to increase mean
survival time and/or the number of individuals surviving. The
effect when observed in humans with cancer has been a small
increase (15%) in the number of patients remaining in remis-
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sion following +tumor reduction by other primary therapies.
Clinical efficacy in rheumatoid arthritis comparable to
penicillamine has also been reported. Reports of efficacy
have appeared in such diverse disorders as chronic and recur-
rent viral infections, herpes, chronic and recurrent bacterial
infections, aphthous stomatitis, erythema multiforme and lupus
erythematosus. Each of these disorders is immune based and,
almost without exception in each, immune disturbance has been
demonstrated which can be interpeted as contributing to the

pathogenesis. While the clinical applications can be justi-
fied and supported, the issues of less than moderate efficacy,
prolonged periods to achieve a response, a certain

non-responder frequency, and an inability to monitor effects
of this drug on the immune system simply and consistently,
have accounted for its slow acceptance. Within the context of
immunorestoration, a number of reports support the ability of
levamisole to increase defective delayed hypersensitivity. In
an animal study (Burley-Rosset, M., et al., 1979), it reversed
the effect of aging on the immune response and prevented the
otherwise high incidence of spontaneous tumor development.
Thus while active in the context of immunorestoration, toxi-
city  and inconsistent efficacy make it not the first agent to
consider.

Other sulfur-containing agents. NPT 16416. (7,8-dihydrothi-
azole-3,2,4-hypoxanthine) was synthesized by us to produce a
nontoxic drug similar in structure and action to levamisole
(Hadden, J.W., et al., 1982). NPT 16416 is less toxic than
levamisole. It increases active rosetting of T 1lymphocytes
and induces T cell differentiation in the Komuro and Boyse
assay. Like levamisole, only small effects are observable on
T cell 1lymphoproliferative responses; however, at higher
doses B cell responses to endotoxin and pokeweed are
augmented. In mice, T cell antibody responses are augmented
by low doses of NPT 16416. The immunotherapeutic effects of
this compound remain to be determined.

Sodium diethyldithiocarbamate (DTC) (Renoux, G., et al.,
1981). DTC is a less toxic sulfur containing compound than
levamisole. The cellular targets of action are presumed to be
T cells based upon effects of DTC to induce T cell differen-
tiation in wvivo. Like levamisole, DTC induces in vivo a
thymic hormone-like factor which is thought to derive from the
liver rather than the thymus. Other actions remain to be
investigated. DTC has been used safely as a treatment of
human patients with metal poisoning. In addition to pharmaco-
logic effects to protect animals against certain carcinogens
and ionizing radiation, DTC increases both humoral and cel-
lular immune responses. In vivo administration to humans has
been demonstrated to restore T cell proliferative responses to
mitogens and depressed T cell rosette forming cells, actions
shared by the thymic hormones. The therapeutic effects of
this compound remain to be determined.

Other sulfur-containing compounds (Hadden, J.W., et al., 1981)
which may prove more useful than levamisole include thia-
bendazole, thiazolobenzimidazole (WY 18251-(3-(p-chlorophenyl
(thiazole (3,2-a) benzimidazole-2-acetic acid), and cimetidine
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(N"-cyano-N-methyl-N'-2 (-methylimidazole-4yl) methylthioe-
thyl-guanidine).

Isoprinosine (Hadden, J.W., & Giner-Sorolla, A., 1981;
Hadden, J.W. et al., 1981; Ginsberg, T., et al., 1982;
Simon, L.N., et al., 1983). Isoprinosine (a complex of p-ace-
toamidobenzoic acid, N,N-dimethylamino-2-propanol and inosine
(3:3:1 molar ratio) has been developed as an antiviral agent.
The components of isoprinosine form a complex by a variety of
physico-chemical criteria and as a complex, it displays
biological activities either not apparent or weakly so when
the components are employed alone. Isoprinosine is virtually
non-toxic , with only an increase in serum uric acid 1levels
reported as a side effect. It has been applied worldwide to
treat thousands of humans with wviral or virus-related
disorders. In carefully controlled studies, significant, mild
to moderate efficacy to reduce symptoms and/or shorten disease
period or recurrences have been reported in subacute sclero-
sing panencephalitis (SSPE), and in herpes simplex type 1II,
influenza and rhinovirus infections.

While direct antiviral activity might be involved to explain
these clinical results, it seems much more likely that effects
of this compound on the immune system make a more plausible
explanation. The immunopharmacology of isoprinosine includes
actions to induce T lymphoctyte differentiation in a way
comparable to thymic hormones and to augment 1lymphocyte,
macrophage, and NK cell functions in a potentiator mode = of
action. In general, the activity, of isoprinosine both in
vitro and in vivo, has been more consistently reproducible and
of greater magnitude than. that of levamisole. While most of
the c¢linical studies have been for viral infections, a consi-
derable amount of data supports effects of isoprinosine to
augment, in patients, virus-specific immune parameters,
mitogen and 1lymphokine responses, active rosettes and skin
test responses.

Isoprinosine has been shown to be active in murine systems to
potentiate vaccine protection in L1210 leukemia, to potentiate
interferon therapy in lethal virus and tumor challenges, and
to reduce spontaneous tumor development in NZB mice with
autoimmune disease. Isoprinosine therapy has promoted resto-
ration of depressed immunologic responses in humans with
cancer treated with radiation and decreased infections in
chemotherapy-treated leukemia patients. Within the context of
immunoprophylaxis two features of isoprinosine are particu-
larly notable; the first is that it has been taken continu-
ously for up to 13 years without significant side effects, and
the second is that unlike other agents, it has not been shown
to be immunosuppressive based either on dose or frequency of
administration. These data , in addition to the animal
studies, should justify the immunoprophylactic application of
isoprinosine in immunosuppressed patients. Such trials are in
progress for patients with the recently described acquired
immunodeficiency syndrome (AIDS).

NPT 15392 (Hadden, J.W. & Giner-Sorolla, A., 1981; Simon,
L.N., et al., 1983). A structurally similar compound, NPT
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15392, (9-erythro-2-hydroxy-3-nonylhypoxanthine) shares each
of the immunopharmacological activities of isoprinosine.
Specifically, NPT 15392 at low doses induces T cell by Chedid
and co-workers in France does not induce fever and shows both
adjuvant and protective activity. The critical immunopharma-
cologic features of MDP action include promotion of macrophage
activation for tumoricidal and bactericidal activity and for
secretion of enzymes and monokines. The effect of MDP on the
macrophage is a direct one not requiring lymphokine or other

influence. In vitro studies indicate action of MDP on T
helper and suppressor function and on B cell proliferation as
well. The participation of monokines and other

macrophage-derived mediators in these functions has not been
completely ‘ruled out. In vivo MDP can augment both humoral
and cellular immunity. While the major focus on MDP has been
on its use as an adjuvant in vaccines, its immunopharmacology
strongly suggests useful applications in infections in which
the macrophage plays a role in the resistance. Synergistic
interactions with lymphokines have been described.

Azimexon (Chirigos, M.A., et al., 1982). Azimexon (BM12,531),
2-(2-cyanaziridinyl)-(1l)-(2-carbamolyaziridinyl)-(1)-propane,
is an orally active immunostimulant. Its immunopharmacology,
from in vitro studies, includes direct action on both lympho-
cytes and macrophages. In vivo studies show that it augments
cell-mediated - immunity, T cell dependent humoral immunity, NK
cell activity, and induces an expansion of the reticuloendo-
thelial system with splenomegaly. It promotes 1leukocytosis
and hastens recovery from leukopenia. In animals with cancer,
the drug is more active in increasing survivan and longevity
in adjuvant protocols with irradiaition and chemotherapy than
is 1levamisole. In human patients, it increased a variety of
depressed immune parameters. The only significant side effect
known to date is a dose-related toxic hemolytic anemia which
may limit clinical indications.

Bestatin (Umezawa, H., 1981). Bestatin (2SS, 3R)-3-amino-2-
hydroxy-4-phenylbutyryl-l1-leucine) is a non-toxic, orally

active immunostimulant extracted from Streptomyces
olivoreticuli. The cellular targets of its action appear to
be the macrophage, the bone marrow precursors for

granulocytes, NK cells, and possibly T lymphocytes. In vivo
injection of bestatin in mice increases DNA synthesis in the
spleen, +thymus, and bone marrow but not in other organs
tested. In vivo treatment of mice is associated with
increases in antibody production to sheep erythrocytes and
delayed hypersensitivity to sheep erythocytes or oxazolone.
It aslo acts to restore immune response in tumor-bearing or
chemotherapy-treated mice. Some tumor growth inhibition was
observed by bestatin treatment in animals bearing slow growing
tumors and increased survival was observed following chemothe-
rapy in L1210 leukemia or Erhlich's ascites tumor. Prophylac-
tic therapy reversed immune senescence and inhibited sponta-
neous tumor development in aged mice. Human toxicity has been
negligible and 'in some patients effects to increase NK cell
activity and E rosette forming T cells have been observed.
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Tuftsin (Najjar, V.A., et al., 1981; Nishioka, K., et al.,

1981). Tuftsin (Thr-lys-Pro-Arg) represents residues 289-292
of the heavy chain of the gamma-globulin molecule. It is
thought to be 1liberated by selective cleavage with
tuftsin-endocarboxypeptidase. Tuftsin stimulates motility,

phagocytosis, processing of antigen, and tumoricidal activity
of macrophages. Tufsin also increases neutrophil chemotaxis,
phagocytosis, and killing and, NK cell activity. As a biolo-
gical peptide, it is without significant side effects. In
vivo administration of tuftsin to mice induces macrophages
activated for tumoricidal activity and increases both T
cell-dependent or independent antibody production as well as

antibody-dependent. cytotoxicity. In murine tumor models,
tuftsin prolonged survival in both L1210 leukemia and the
Cloudman S-91 melanoma. In addition, immunoprophylactic

therapy in aged mice reduced the incidence of spontaneous
neoplasms.

Pyrimidinoles (Stringfellow, D., 1981). In general, inter-
feron inducers have been limited in their development by their
toxicity and the refractory state to interferon induction

which follows their administration. Two compounds
2-amino-5-bromo-6-phenyl-4-pyrimidinol (ABPP) and
2-amino~-5-iodo-6~-phenyl-4-pyrimidinol (AIPP), both show

antiviral and antitumor activity. While both activate macro-
phages and NK cells, only ABPP is an inducer of interferon.
The mechanism of their effects on macrophages and NK cells
remains, therefore, +to be fully clarified. The comparative
effects of AIPP to ABPP remain of great interest since it
apparently has potent immunododulating effects without inter-
feron induction as a side effect.

CONCLUSION

In general, these therapies have been remarkably safe in both
animals and man. Those agents having the greatest clinical
experience in man, (i.e., the various thymic hormone
preparations, low dose interferon, isoprinosine, and
levamisole) have been employed in literally tens of thousands
of patients with negligible or minor side effects and no
reported case of immunotoxicity that I am aware of.

Presuming therapy will be relatively safe, the efficacy of
these therapies needs to be assessed. Based upon our expe-
rience with cancer and the initial therapeutic efforts in
AIDS, none of these agents used alone offers hope of increa-
sing survival by curing active, progressive disease. In these
two circumstances and, as I predict the case will be with
intense, irreversible immunotoxic exposure, a combination
approach may be necessary (Hadden, J.W., 1983).

The relevance of the foregoing agents and strategies in
application to the therapy of immunosuppression following
immunotoxic exposure may ultimately be small in the sense that
only excessive accidential exposures will prove sufficiently
immunotoxic to justify experimental therapy. 1If, however, it
turns out that the effects of many of these environmental
chemicals to be carcinogenic depends not only on their capa-
city to be mutogenic but also the capacity to be
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immunosuppressive, immunoprophylaxis may be a meaningful
approach in those exposed and identified to be immuno-
suppressed in order to reverse the predisposition to cancer.
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