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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 
immunotoxicity; 

human health implications of 

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 its 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). 

This Seminar was aimed at providing clear indications to 
responsible international and national organizations of 
desireable further activities in the field of 
immunotoxico10gy. 



x 
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 is far more serious than the original toxic lesion. 
Thus immunotoxicology must always be viewed in a wider 
content because of its 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 
Director 
Health and Safety Directorate 
Commission of the European 
Communities 

Dr. M. Mercier 
Manager 
International Programme on 
Chemical Safety 
World Health Organization 



XI 

SYNOPSIS, CONCLUSIONS & RECOMMENDATIONS. 

The current concepts of T and B cell circuits, their 
tinteractions in the regulation of immunoresponsiveness, and 
their role in 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 immunoregulatory 
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 (eMI) and specific 
mechanisms of resistance for example, antibody production, 
could result in 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
ly influence the immunopathology of an infectious disease. 

The relationship between the immune system and cancer is 
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 lymphoid 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, is 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 likely 
responsible for limiting tumour development in humans are 
cytotoxic T-Iymphocytes, natural killer cells and cytotoxic 
macrophages. The role of suppressor and enhancer feedback 
mechanisms in 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 is 
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 in 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 in 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 $tage in 
life. However, there is evidence that the newborn and the 
senescent may be more susceptible to chemically induced 
immunological injury. There is 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 its 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 infection with opportunistic pathogenic microbial 
agents (most notably Pneumocystis carinii), and the appea
rance of a charact,eristic type of neoplasm, Kaposi's sarcoma. 
AIDS is a devastating disease with an extremely high morta
lity rate, which approaches 100% for those cases reported 
prior to 1982. Although there is no single immune abnormali
ty that is diagnostic for AIDS, depression in the absolute 
numbers of peripheral blood x-lymphocytes with the 
helper/inducer ph;enotype appears to occur in virtually all 
cases of AIDS, res~lting in a lowering of the normal ratio of 
T-helper and T-suppressor lymphocytes. A putative etiologi
cal agent forth:Ls syndrome is a retrovirus, human T-cell 
leukemia virus III (HTLV-III) or lymphadenopathy associated 
virus (LAV). These viruses have been isolated from X-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 in 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 lymphoid 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 lymphoid 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 lymphoid 
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 lymph 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 importance. 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 in 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 induced by 
2,3,7,8-tetrachlorodibenzofurans and dibenzofuran analogues 
of TCDD are comparable to those found with TCDD, although the 
number of studies with these compounds are limited. Despite 



xv 

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 in 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 in animals. and the evidence that T-Iymphocyte 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 ~d 
explained by the quantitive changes in arachidonic acid 
conversion products via oxidative metabolism. 

studies with polycyclic aromatic hydrocarbons (PARs) have 
shown that, in general, carcinogenic PAR'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 PAR exposure 
correlated with increased susceptibility to challenge with 
infectious agents and transplantable tumours. In vitro 
studies with the model PAR, 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 is 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 increase the possibility of damage. As the cellular 
elements of the immune system are designed to 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 
a.ad widespread air pollutants such as S02 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-Iymphocytes 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 in 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 HgC12 is a potent agent for inducing 
autoimmunity in rabbits, rats and mice. The resultant 
disease process includes autoimmune glomerulonephritis (all 3 
species), lymphadenopathy 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 locus. Dosages that affect a susceptible strain were 
completely ineffective in 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 is not expressed in the kidney but in the lym
phoid tissue. In a susceptible strain of rats, injection of 
either HgC12 or syngeneic lymphocytes preincubated with HgC12 
in vitro 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 is 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 
t~ssue of residents. The immunological changes observed 
included: abnormal lymphocyte function, abnormal lymphocyte 
surface markers and increased levels of IgG, IgA and C3. An 
increased incidence 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 oil. The recent Spanish cooking oil 
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 likely 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 is 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 we~~ 
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, usually 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 lymphocytes. 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 in hypersensitivity is 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 in 
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 likelihood 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 in toiletries and cosmetics, represent a significant 
immunotix challenge to man. The role of ear-perc~ng and 
sleeper rings in initiating nickel sensitivity is well known, 
and is an example of the need for more effective action in 
reducing exposure and thus limiting the widespread morbidity 
due to acknowledged s·ensitizers. 

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 hav~ such significance when seen in 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 likely 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 investigations into these aspects have produced 
conflicting results. Thus there is a need for more basic 
research and for the development of more appropriate animal 
models in 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 in 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: I) 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 initial 
effect observed as well as the nature and intended use of the 
chemical. Suspicion of potential immunotoxic potential 
detected in 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 immune 
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 inbred 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
ly have no such extensive genetic or immunological data base. 
Primates can also be used to assess immune dysfunction but as 
the data base is even smaller they cannot at present be 
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~onsidered suitable for assy procedures. Overall there is 
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 limitations and difficulties of such research. 
Studies involving 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 life 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 immunologically-mediated reactions can be 
established and subsequently allevated. 

It is likely that within a few years a consensus will be 
reached on the need for a more precise investigation of 
immunotoxic reactions in 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 level 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 in 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 is 
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 large heterogeneity, and species-specificity of 
these agents. Furthermore, the bioloaical activitu of manu 



XXIII 

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 utilization 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 less 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 in 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 FEVl 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 in 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 undesired events may result as a 
consequence of: 1) a direct and/or indirect action of the 
xenobiotic (and/or its 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 is 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 incidences 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 is 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 is 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 immunotoxicology 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 
ships; 

and dose-response relation 

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

4) the correlation of health parameters to human 
situations coupled with the development of 
procedures for quantifying the signs and 
associated with lesser degrees of ill health 
rashes, respiratory problems and gastrointestinal 

Data base development 

exposure 
clinical 
symptoms 
such as 
upsets. 

12. The multidisciplinary nature of immunotoxicological 
research raises problems concerning the communication between 
scientists in the various fields. There is also the problem 
of useful 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 

l3~ 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. 

IS. 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 wh~ch 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. 
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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 label them as "immunomodulators" (1M). 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 1M", i.e. substances developed for 
therapeutic inhibition or stimulation of specific immune 
responses, and "inadvertent 1M", 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 1M 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, lymphokines 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, usually based on 
experience with reference substances, and the experimental 
model best suited to assess the pertinent toxicological 
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response is selected (Zbinden et aol. , 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 overstimulatibn of the 
most important immune mechanisms by foreign chemicals are 
sufficiently defined. These syndromes include 
immunodeficiency due to the destruction or functional 
inhibition of lymphoreticular organs and the consequences, 
i.e. reduced resistance against infections and possibly also 
facilitation of tumor growth. In 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, 1981a). However, 
these phenomena represent merely the extreme manifestations of 
immunotoxicological insults. It is probable that a large 
number of far more subtle effects also modulate the immune 
mechanisms, be 0

0
• 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. 1M 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 cimetidine 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, Le.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 1M are concerned, the major problem lies with 
their large number. In fact, just about all chemicals must, 
until proven otherwise, be considered potential inadvertent 
1M. It follows that the first task of the toxicoiogist 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 large 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 1M 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 1M 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, 1981). 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 lead 
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 
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identified. In order to make their tests more meaningful, 
immunologists also 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 like to do 
immunotoxicological tests on the animals included in regular 
toxicity studies. 

There are advantages and disadvantages to both approaches. In 
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 1M, and 
a more detailed immunopharmacological analysis for the 
intentional 1M and all other compounds likely 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 immunolog~cal 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 1M. Such 
proposals have already beeanpublished (Vos. 1977, Ovtcharov 
et a1., 1980, Falchetti et a1., 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 lymphatic 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 appliea 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 

Weight of lymphatic organs 

Total cell count of lymphatic organs 
Total cell count of bone marrow 
Histopathology lymphatic organs. 

bone marrow 

Peripheral lymphocyte count 
Total serum globulins 
Concentration of immunoglobulins 
Antibody-forming cells in 

lymphatic tissue 
Lymphocyte response to B cell mitogens 
Percentage of B lymphocytes 

B-Iymphocyte markers 
Passive cutaneous anaphylaxis (a) 
Circulating immune complexes 

Complement. total and fractions (b) 
Presence of plasma cells in 

lymphatic organs 
Lymphocyte response to T cell mitogens 
Percenta-ge of T lymphosytes 
Subpopulations of T lymphocytes (c) 
Histamine release from isolated lung 
fragments upon antigen challenge 
Antinuclear antibodies 
Peripheral monocyte count 
Phagocytic activity of macrophages 

Time Target 

T general 

T general 
T general 

T 

C 

C 

C 

T 

C 

C 

C 

C 

C 

C 

T 

C 

C 

C 

T 

C 

C 

T 

general 
general 
humoral 
humoral 

humoral 
humoral 
humoral 

humoral 
humoral 
humoraL 
autoimmunity 
humoral 

humoral 
cell-mediated 

cell-mediated 
cell-mediated 

humoral (c) 
autoimmunity 
macrophage system 
macrophage system 

T = terminal (at autopsy). C = current (before. during. after 
treatment). (a) = feasible. but cumbersome in dogs. (bl = 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 response. due 
to IgE or IgE-like amtibodies. 

including 
1977) • 

experiments with adrenalectomized animals 

7 

(Vos, 

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 lymph 
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 1M. 

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 1M. 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 1M 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 1M 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 primaryimmunomodula
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 least 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 clearly related to hypersensitivity occur, long-term 
and reproductive toxicity experiments should also be 
considered. At the same time, research aimed at a better 
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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 1M 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 1M 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 1M. 
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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 is 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 recogn1z1ng 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 lysozyme 
(HEL) system two distinct peptides derived from the HEL 
molecule, the N-terminal C-terminal peptide (N-C) and the Lll 
peptide, include epitopes that, in genetically non responder 
strains (H-2b and H-2s ), 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 linked 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, LytP, 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-l locus, associated to the immunoglobulin 
heavy chain (VH ) 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 Ts3effector 
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-l+, I-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-l 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 via 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 suppres~ 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 is 
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 8 
cells. This requirement is clearly fulfilled by 8 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 lysosyme 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 bearing 
complementary receptors is shown in Fig. 6. HEL immunization 
of 810 (H-2b) non responder mice induces suppressor T cells 
specific for the N-C region of the HEL molecule. These 
sqpressor 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 
through a subtreshold level of mutually 
complementary cell interactions. 

equilibrium 
inhibitory 

2. antigen enters. After a degree of macrophage 
processing antigenic epitopes are complexed to class 
II 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 looses 
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 
specific 

of non-specific signals amplifies the antigen
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 af.ter 
mitogen induction, high concentration of lymphokines and by 
the utilization, as target cells, of cell lines 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-l 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-~). 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 least two 
distinct BCGFs have been identified, produced by T 
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cell lines 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-l. IL-l 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 lymphokine 
research derives, in large part, from its relevant clinical 
implications since several immunological defects or dysregula
tions appear to be at the level of lymphokine 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 

O{) 

POL YCLONAL INTERACTION IDIOTYPE ANTI-IDIOTYPE INTERACTION 

Iymphokines 

Fig.l. Cellular interactions in the immune response. Key to 
symbols: D MHC determinant; • and. carrier determinants; 

-> haptenic determinants; • idiotypic determinant. 

Lyt l+,I-J~id+ I-J+.id+ Lyt 1+,23+ 

-.8~8-. 8 J-J+. Lyt :;3+ 
T52 anti-id+ 

MHC restriction 
V H restriction J-J+ ~ MHC(I-J) restriction 

anti-id+ T VH restriction 

8 Lyo l+.id+ 

~ MHC(I-J) restriction 
~ VH restriction 

G 
Fig. 2. Sequential activation of suppressor T cells accor
ding to Benacerraf a.nd colleagues (6). 
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Fig. 3. Suppressor and contrasuppressor circuits according 
to Gershon and colleagues (7). 
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Fig. 4. Immunosuppressive circuits according to Tada and 
colleagues (1). 
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Fig. 5. Schematic representation of Jerne's idiotypic 
network. E = antigenic epitope on an immunogenic molecule. 
1 = epitope recognizing set; 2 = anti-idiotypic set; 
3 "internal image" set; 4 = non antigen specific parallel 
set. 

Fig. 6. Cellular specificities and a possible network of 
interactions in the response to HEL. The octagon represents 
the HEL moJecule, operationally divided into hapten (N-C) and 
carrier (L II ) specific determinants. Optimal activation of 
idiotypic positive, hapten specific B cells (idB) is achieved 
t!Irough 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 is 
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
~ypic complementarity with idiotype specific helper T cells, 
or via antigen bridge with carrier specific helper T cells. 
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Fig.7. The lymphokine cascade. 
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RELATIONSHIP BETWEEN THE IMMUNE SYSTEM AND CANCER 
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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 lymphocytes, (including NK cells) has 
attracted considerable interest since they may be viewed as a 
first line 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 is reflected in the specificity of the immunity induced 
against these types of tumours which is 'virus 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 vitro 
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 is 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 (II), 
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 lymphocytes 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 line has been 
produced whose cells are cytotoxic for the autologous human T 
cell leukaemia/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 are-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 leukaemia (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 
virus and 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 is 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 is 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 (5) 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 lymphocyte 
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 killer cells belong to a morphologically dis
tinct lymphocytic population identified as large 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-l (31) and VEP13 (32). It 
has been shown for example, that a population of HNK-l+ 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-GMI 
ganglio-N-tetraosylceramide) and removal of cells by treatment 
with rabbit anti-asialo GMI and complement abrogates NK cell 
activity. Furthermore injection of this antiserum into mice 
markedly increased the tumorigenicity of one variant of the 
murine L5178Ylymphoma (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 1251_ iododeoxyuridine 
( 1251_ 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 lymphoma cells was reduced some 3D-fold following 
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treatment of mice with anti-asialo GM1 antiserum (38). 
Similarly mouse antisera directed against NK cell determinants 
(anti-NKl) 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 125 I-dUrd-labelled 
lymphoma cells (39). 

Murine NK cells have been established in vitro and cloned as 
permanent cell lines 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 deyelop
ment of melanoma B16 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 using an 
NK-sensitive melanoma line. In contrast, injection of cell 
line-derived lymphoid cells lacking 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). In 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 later 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 leukaemogenic 
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 lymphocyte 
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 a~ 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 lymphocytes 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 6ells. 

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

3. Cancer patients mayor 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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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 level, 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 be 
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, live 
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 local 
proliferation of parasites within macrophages (7). 

3. ANTIBODY-MEDIATED IMMUNE RESPONSES. 

It has long 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, In certain situations, the production of secretory IgA, 
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 is 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 clinical 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 low 
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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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 lymphocytes 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 (TH) 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 auto antigens has been 
established, e.g. 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 II). 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-cdnstituent 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 TH cells and B-cells is required; this is 
especially so for the generation of antibodies possessing high 
affinity and belonging to the IgG class. During their 
cooperation the TH 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 TH cells from being activated are much tighter. 
Hence, because the required TH 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 TH 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). In the fiirst one (Fig. 1.A), the foreign determinant F 
occurs on a particular self-antigen SF' Hence, a 
carrier-hapten bridge between the carier-reactive TH 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 TH 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 TH 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 TH cell by the carrier-hapten bridge. Thus, the 
specificity of the resulting autoantibodies is confined to 
those determinants occurring on the altered self-antigen SF 
(Fig. 1.A). 

In the second variant of the T-cell bypass concept the foreign 
antigenic determ~nant 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 is the lupus-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, TH 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 theB and the TH 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, in 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 (TS) cells (10). 

As is the case with antibody-mediated immunological diseases, 
cell-mediated immunological lesions 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 lesions 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 clinical 
evidence. Examples of this kind of cell-mediated immunolo
gical lesions are the contact dermatitis caused by gold salts 
or nickel, but 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 j hybrid recipients. For 
genetic reasons, the grafted cells are tolerated and not 
rejected by the semiallogeneic F j host. The injected T 
lymphocytes, however, recognize alloantigens which the F j 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 j 

recipient in order to activate the donor T lymphocytes. In 
non-irradiated F j 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 lesions 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 lymphoid 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-like GVH 
symptoms may occur together with symptoms characteristic of 
other collagen vascular diseases including arthritis (24, 31, 
32) arthritis (32), Sj~gren- and scleroderma-like lesions, and 
liver changes resembling sclerosing cholangitis (31, 32). 
Usually, the s.timulatory 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. In 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 (TH) cells (28) are 
activated by class-II MHC structures of the F\ recipient 
persistent lymphoid hyperplasia and SLE-like 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 Fl 
combinations there is a sequential alloactivation, first of 
donor TH cells and then T-allosuppressor/killer (T S/K) cells 
that cause the suppressive pathological symptoms (Fig. 3B; 
27, 29, 33). Thus, after a brief initial activation of Lyt 
1+2- donor THcells, which results in a transient lymphostimu
lation and B-cell activation in the first week of GVHR, class 
I-specific Lyt 2+ donor T S/K cells are induced (29, 34, 37). 
The detection of these F\-reactive T S/K effector cells in 
GVHR, mice was strictly confined, both in time and in the 
parent Fl combinations being compared, to mice exhibiting the 
suppressive pathological symptoms (27, 29, 34). This estab
lished that Fl-reactive donor TS/K cells are the effector 
cells causing the hypoplastic GVHR syndrome (Fig. ·3A). 

Mechanism of Autoantibody Formation During GVHR 

There is general agreement that potentially autoreactive B 
lymphocytes exist in healthy individuals, including geneti
cally normal F\ mice (50). Although normally silent these Fl 
B cells are able to secrete IgC autoantibodies upon adequate 
activation. During GVHR such an activation is delivered by 
the donor's alloreactive TH cells. Host (Fl)-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 TH 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 TH cell. The TH 
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 FIB cells receive signal 
1 by specific antigen, or hapten, and signal 2, i.e. help, by 
alloreactive TH cells of the parental donor strain (5, 38, 39; 
Fig. 4B). The TH cells are Lyt 1+2- 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 TH 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 TH cells provide signal 2, or 
help, to the FIB cells. This type of help is undiscriminatory 
because all FIB 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-like 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 FI 
recipient cells ( Fig. 5) . 
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Thus, autologous or syngeneic TH cells may be preferentially 
activated if a foreign antigen X is recognized in association 
with class II MHC determinants (39, 49, 50). In contrast, 
'I K/S . cells may be preferentially activated if the same foreign 
antigen X is recognized in association with class 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 assoqiated with various GVHR-like 
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- /l -globulinaemia, drug-induced SLE, arthritis, 
dermatitis, toxic epidermal necrolysis, B-cell lymphomas, 
aplastic anemia and hypo- /l 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 lymph node (PLN) assay, an established method 
for measuring local GVH and HVG reactivity, .was used 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 lymph 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-like 
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 
(HgC12)-induced lesions in rats (62-63). Autoimmune 
glomerulonephritis, splenomegaly, antinuclear and anti-DNA 
antibodies were observed in HgC12-susceptible strains, but not 
in strains carrying other MHC haplotypes. HgC12-induced 
B-cell activation was observed, both in vivo and in vitro, 
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-DR4positivity 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-like features induced by DPH (57, 58) and HgC12 
(62, 63) on the other hand are considered relevant for the 
pathogenesis that may underly some of the human GVHR-like 
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 lymphocytes lmight recognize and 
respond to these antigenic sites akin to the way parental 
strain T lymphocytes recognize· and respond to semiallogeneic 
MHC structures of FJ cells in the GVHR model (Fig. 3, 9). 
Thus, TH 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 K/S 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-like 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, inmost 
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 so~e ~nunological reactions leading to 

~athological sym~toms 

A. Antibody-mediated nathological svmntoms 

I. Genuine autoantibodies 

Organ-specific self-antigens 

involved 

Erythrocytes 

Granulocytes 

Thrombocytes 

Glomerular basement merrbrane 

Acetylcholine receptor 

Insulin receptor 

IntriYlsic factor 

. Thyroglobulin 

Other hOrI'!1ones 

Intercellular antigens 

in the epidermis 

UhiauitOUG self-antiacns 

Double-stranded DNA 

Single-stranded DNA and other 

nuclear antigens 

Various cyto!'lasrnic and cell

-melTlbrane antigens, such 

as cardiolipin 

II. Antibodies to druos or 

environmental aoents bound to 

self-antigens 

dru9s, such RS penicillin 

Pesticide (dieldrin) (14)" 

B. Cell-mediated natholoqical lesions 

I. Cell-mediated immunity 

to self-antigens 

T-cell line specific for basic 

protein of rayelin (10) 

T-cell line specific for cross

reacting antigen on 

Hycobact. tuberculosis and 
rat joints (10) 

Resulting diseases 

... ~utoimmune hemolytic anemia 

Autoimmne granulocytopenia 

Autoirr~une ~~rombocytopenia 

Goodpasture's syndrome 

!Iyas~~enia qravis 

Some cases of ·insulin-resistant 

diabetes 

Fernicious anemia 

Autoimmune thyroiditis 

Autoimmune endoorino!,athies 
Pemphigus 

Systemic lupus erythematosus (SLI 

SLE and other collagen vascular 

diseases 

SLE and other collagen vascular 

diseases 

Immune !lernolytic anemia 

ILUTIune granulocyto~cnia 

Immune thrombocytopenia 

Serum sickness 
Anaphylaxis 
Immune hemolytic anemia 

Experimental allergic 

encephalomyelitis 
Experimental arthritis 



II. Cell-mediated immunity to drugs 

or enviro~~ental agents attached 

to self-antigens 

Various drugs including 

local anaesthetics, 

penicillins, sulfonamides 

Heavy metals, such as gold salts, 

nickel, mercurials 

Pesticides (15) 

a 
Selected references only are given, 

Contact dermatitis 

and/or fixed drug 

eruptions 
Contact dermatitis and/or 

fixed drug eruptions 

Contact dermatitis 
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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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Fig. 1 Depicting three different pathways leading to autoantihody 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 se1f-antigen and 2) the activa

tion of T helper (TH) cells. A common feature of (A) and (8) is that foreign 

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

cell cooperating with the autoreactive 8 cells react, not with native self 

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

nants are lacking and both the 8 cell and the TH cell are autoreactive. 

In ~), 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 ~), the foreign determinant F is physically separate from the unaltered 

self-antigen S to which the B cell reacts. As a result of this, only those of 

the autoreactive B cells are activated that react to self-a~tigens possessing 

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

detail below (cf. Fig. 4B). 

In C). it is assumed that autoreactive TH and B cells can cooperate because of a 

failure of normally occurring specific '1' suppressor (T S ) 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 (~) and 
(~). The fine specificity of such TS ce~ls is not depicted, however, because 
there are several possibilities for it: (1) the TS 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 

TS and TH cell may recognize different epitopes on a given antigen (reviewed in 

13) , 
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Fig. 2 Induction of GVHR in Fl mice. Parental strain T lymphocytes. injected 

into Fl recipients. react to MHC-incompatible structures derived from the 
opposite parent. 
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Fig. 3 Spectrum and concept of cellular pathogenesis of immunological disorders 

resulting from GVHR in F'l mice 

A. 

of 

Spectrum of' pathological lesions that may develop in GVH Fl mice B. 
the basic cellular and MHC requirements for induction of stimulatory 

Concept 

(left) 

and suppressive (right) GVHR lesions. respectively. the Fl cell depicted at the 

bottom represents a stimulator/target cell situated at vario~s anatomical sites, 
such as lympho-hemopoietic tissue~ endothelium, synovia, skin, sa~ivary gland, 

bile ducts. gut and lungs. 
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A. normal "fBcell ~!!!!_!!!!!. ________ _ 

CD 

QY 
8. abnormal T-B cell cooparaUan tGvHR' 

Fig. 4 Hypothesis showing essential differences between normal and abnormal 

T-B-cell cooperation in order to explain the special autoantibody formstion seen 

in SLE-like GYHD. All B ce~s 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 
~unogen is recognized by the ~Hlce11s which secrete he1per 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 Fl B 

cells irrespective of their antibody specificity. Other than in normal T-B-cell 
cooperation. there is no THicell that·focuses the epitopes to the B cell. Hence 

the B cell has to interact with the hapten all by itself. For an effective 

signal 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 opti~al 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 svidity 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. 



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. 

c. 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. 
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"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, lending 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 between 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 lamblia). Viral infections are usually not more 
frequent or severe than in normal subjects, with the exception 
of viral 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, IgA, 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 lymphoid organs. No lymphoid follicles are observed by 
histological examination of lymph 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 gil. 
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 gil. 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). 



4. Agammaglobulinemia and thymoma 

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

6. Autosomal recessive agammaglobulinemia 

7. IgG and IgA deficiency with increased IgM (and IgD) 

8. Selective deficiency of IgM 

9. Selective deficiency of IgG 

10. Kappa chain deficiency 

11. Antibody deficiency with normal or hypergammaglobinemia 

12. Transcobalamin-2 deficiency 
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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 life. These 
organisms include salmonella, brucella, listeria 
monocytogenes, tubercle bacillus, BCG, pneumocystis carinii, 
mycobacterium leprae, 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. In 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 (SeID) with adenosine 
deamimnase (ADA) deficiency (8). This autosomal recessive 
disease is due to the effect on T-cells, and less importantly 
onB-cells, of toxic metabolites due to the enzyme deficiency. 
Heterozygotic levels 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 low 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. In the 
lack of such a donor the patients can be treated with fetal 
liver and thymus transplantation. Repeated red cell trans
fusions can lead 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 is 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 bacterial infections of the 
respiratory tract leading to bronchiectasis. It frequently 
results in death before adulthood, due to infections or, in 
more than 10% of cases, to malignancies (12). IgM is fre
quently 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 SeID, 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 understanding 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) is 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 lack 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 glomeru10pathies, 
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 I 

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 large 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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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 al1979; 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 
in9idence of infections and of cancer. In 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 OKTs 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 large 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 1981: Penn 1982: Penn 
1984). The patients included 1,882 who received' kidney, 35 
heart, 6 liver, 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 
ma1ignanciens (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. 
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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 a1 
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 ye.ars. 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 length 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 years 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 in 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 least 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 low-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 lymph 
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 3to 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 lymphomas were markedly 
different from those in the general population in several 
respects. Extranodal involvement occurred in from 24 to 48% 
of pat:ients 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 unusual manifestation of the 
lymphomas was that the tumor presented in the soft tissues at 
the sites of injection of antilymphocyte or anti thymocyte 
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 less 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%). In 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 young. 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 genital is 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 used to suppress 
immunity or inflammatory responses in a large number of 
auto-immune disorders, collagen-vascular diseases, and 
disorders of obscure etiology (Kahn et a1 1979; Kin1en et a1 
1979; penn 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 literature, 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 etal 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. In 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 lupus 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 latter 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 leukemias 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 leukemias 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. In 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 a1 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 32 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 lymphocytic leukemia (Penn 1982; Penn 1984; 
Rosner et al 1982). Three of 13 patients given adjuvant 
chemotherapy with Chlorambucil for breast cancer developed 
acute leukemia (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 ovarian 
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 long 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 leukemia 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 lymphoma following the treatment of Hodgkin's 
disease (Coleman et al 1982; Penn 1984). In 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 subsequently 
development non-Hodgkin's lymphomas. 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 lymphocytic 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 lung, 
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 urinary 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 least 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 
.chilqren. . Instead the most common malignancies were 
non-H:odgkin's lymphomas (44%), carcinomas (23%), leukemias 
(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 lesions 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 in 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 leukemia virus, lymphadenopathy associated virus. 
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 car1n11 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 lesions 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 lymph 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 lymph 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 lymphomas 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 lymphomas 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 lymph nodes 
from some patients with the generalized lymphadenopathy 
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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 lesions 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 lymphomas 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 is 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, liberation 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 re9Pond 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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Since June and July of 1981 when the Centers for Disease 
Control (CDC) initially reported the occurrence of 5 cases of 
Pneumocystis carinll 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 neoplasm, 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 oe 
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 virus 
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 
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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 clinical 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 immune 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 usually due to an increase in the numbers of T8 or Leu-2 
cells rather theina decrease in the numbers of T4 or Leu-3 
cells, the latter 'being typical of AIDS. As an example, both 
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cytomegalovirus (CMV) (Carney et al., 1981) and Epstein-Barr 
virus (EBVV) (R~inherz 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 lymphokines 
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 lymphocytes (Lane et al., 1984; 
Ciobanu et a1., 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 lymphokine 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 
cyto~oxic T cells and natural killer cells, and on means by 
which these immune responses can be augmented in vitro by the 
addi~ion 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 a1., 1982). Patients who fail 
to develop a T-cell response and who have depressed natural 
ki1ler 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 lymphocyte responses, 
AIDS lymphocytes were cultured in a variety of lymphokines. 
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 lymphocytes 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). In response to a 
variety of chemotactic stimuli, including C5a 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 la-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 led to the erroneous belief that B lymphocyte 
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 vitro 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 vivo 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 lymphocyte 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 limpet 
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 life-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 clinical 
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 CMV 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 lymphocyte 
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 OKT8 
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 link 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 lymphocytes (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 
wor1d 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 low 
frequency of infection. 
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In May 1983 Gelmann et ale 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 
ale (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 ale (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 vitro 
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-Iymphocyte 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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Figure 1. The effect of in vitro IFN-Beta on the NK cell 
activity of lymphocytes from normal subjects and AIDS 
patients in a standard 16 hour 5ler release assay using 
K562 cells as targets. 
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Figure 2. The effect of in vitro IL-2 on the CMV-specific 
cytotoxic lymphocyte activity of AIDS patients. Assays 
were 16 hour 51Cr release employing pairs of CMV-infected 
and uninfected human diploid skin fibroblasts as targets. 
Each experiment had at least one pair of partially 
HLA-matched and one pair of HLA-mismatched targets for 
each group of effector PBL to determine if the response 
was HLA-restricted or non-HLA-restricted. The % 
CMV-specific lysis was calculated by subtracting % lysis 
uninfected fibroblasts from % lysis of CMV-infected 
fibroblasts. 
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Figure 4. Enumeration of spontaneous plaque-forming cells in 
patients with Koposi's sarcoma, patients with opportunis
tic infections only, healthy homosexual men, and hetero
sexual controls. (From Lane et al.; reprinted by 
permission of the New England Journal of Medicine 
309:453-458, 1983). 



Table 1. Centers for Disease Control Definition of the 
Acquired Immunodeficiency Syndrome 

Pl'esence of reliably diagnosed disease at least moderately indicative of 
underlying cellula~ immunodeficiency (Kaposi I 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). 

lable 2. Opportunistic Infections Compatible with the COC 
Definition ofothe 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 microscop,ic study 
of a "touch" preparation or bronchial washings). 

St~ongyloi.:losis, causing pneumonia, central nervous system infection, or 
disseminated infection (on histologic study). 

Yoxop.lasmosis, causing pneumonia or central nervous sytem infection (on 
hlstrJloqi(~ study or microscopic study of a "touch" preparation). 

I~~.92.! infect ion~ 

Candidiasis, causing esophagitis (on histologic study or microscopic 
study of a "\~et" preparation from the esophagus, or endoscopic findings 
0>' white plGques on an erythematous mucosal base). 

Cryptococcosis. causing central nenous system or disseminated infection 
(on cultur.e, antigen detection, histologic study, or India ink 
p~epa~ation of cerebrospinal fluid). 

Bacterial infections , 
"Atypical" mycobacteriosis (species other than tuberculosis or lepra), 

causing disseminated infection (on culture). 

Viral infections 

Cytcmegalovirlls, 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 
tract, or disseminat.ed infection (on culture, histologic study, or 
cytologic study). 

Progressive multi focal leukoencephalopathy (presumed to be caused by a 
papo~aVil'U5) (on hist.ologic study). 
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Table 3. Hierarchial Order of Acquired Immunodeficiency Syndrome 
Risk Groups, Hay 196il* 

HALES FEMALES 

PERCENT Percent 
~ .QE...!:1.ill£ ill£ OF fEMALES 

Homosexual or e isexual t J071 77.0 0 0.0 

Intravenous Drug User 586 14.7 155 55.0 

Haitian 146 3.7 27 9.6 

Hemophiliac 30 0.8 a 0.0 

Nene Apparent/Unknown 156 3.9 100 35.5 

Total 3989 100.0 282 100.0 

·Oata are courtesy of the Centers for DisBase Control. 

TOTAL 

Percent 
~ Of TOTAL 

J071 71.9 

741 17.3 

173 {~. 1 

30 0.7 

256 6.0 

4271 100.0 

tThe risk groups listed are hierarchically ordered' cases with multiple risk factors 
are tabulated only in the risk group listed first: 

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

1. Lymphopenia--predominantly due to a selective defect in the 
helper/inducer subset (OKT4, Leu-J) of T-Iymphocytes. 

2. Abnormal in vitro T-cell function 

A. Decreased blast transformation. 
B. Decreased antigen-specific cytotoxic T-cell function. 
C. Decreased alloreactivlty. 
D. Decreased ability to provide help to B-lymphocytes. 

J. 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 interleuk!n-1 release. 

5. Polyclonal B-cell activation. 

A. Elevated levela of total serum immunoglobulins and circulating 
immune complexes. 

B. Inability to mount a de novo serologic response to a new 
antigen. 

C. Increased numbers of spontaneous immunoglobulin-secreting 
cells. 

D. Refractoriness to the normal in vitro signals for 8-cell 
activation. 

6. Abnormal lymphokine production. 

A. Decreased antigen simulated intedeukin-2 release in vitro. 
B. Decreased antigen stimulated interferon-gamma release in vitro. 
C. Decreased interleukin-1 release in response to 

lipopolysaccharide in vitro. 
D. Decreased virus induced interferon-elpha 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 I 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 our 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 bacteriophage0x174 or 
a contact sensitizer like dinitrochlorobenzene (DNeB) 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 thymidin~ incorporation in triplicates after 
three days, a broad variation of thymidine uptake becomes 
notable. Thus, it c'an 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 ar~s~ng 
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 Band 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, like 
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 less 
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 glvlng 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, trychophy ton mumpsan
tigen and tetanus. 

Another procedure presently widely adopted in Europe uses 
Tetanus Toxoid, Diphteria Toxoid, steptococci, Old-tuberculin, 
Candida, Trychophyton and Proteus furnished not as lyophilized 
antigens, but adsorbed to a multiple applicator (Multitest 
MerieuxR ). 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 l2 h and gains its maximum between 24 and 48 h. 
Furthermore the test can be negative during acute viral 
infections (measles, mumps, influenza) and other generalized 
infections. 
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Interpretatien 

As to. the interpretatien ef the reactien , a pesitive skin 
test against PPD fer instance may represent residual 
cell-mediated immunity , while a de neve inductien ef a 
cellular immune reactien is no. lenger pessible. On the ether 
hand skin testing by itself may sensitize er beest an existing 
immunity. Thus the precedure as such is net suitable fer 
menitering en a repeat basis. 

Inductien ef delayed hypersensitivity by cent act sensitizers 

Systemic sensitizatien to. highly reactive cempeunds such as 
dinitre-chlerebenzene er dinitrefluerebenzene may be readily 
induced by direct applicatien ef the disselved substances to. 
the skin. As animal medels have shewn, peripheral sensitiza
tien is an impertant aspect ef this test. Fer inductien ef a 
pesitive reactien the Langerhans cells ef the epidermis as 
well as circulating T cells have to. be functiening. 
Furthermere, a pesitive delayed-type hypersensitivity reactien 
depends en a functiening mast cell system with the whele 
armamentarium ef vase active peptides and amines invelved. 

Inductien ef a primary humeral immune respense 

As stated in the intreductien, a primary immune respense is an 
unique event fer the individual patient and net suited fer 
menitering. Hewever, fer certain diagnestic purpeses immuni
zatien with a nenpathegenic bacteriephage (0x174) er with the 
immenegenic keyhele limpet haemaglutinin (KLH) may be highly 
infermative, particularly when the kinetics ef the respense, 
the switch ef IgM IgG antibedies and affinity ef antibedies 
are considered. 

APPROACHES TO IN VITRO MONITORING OF LEUKOCYTE FUNCTION 

Lymphecytes 

The genuine demain where menitering ef the IS seems to. be mest 
infermative is the field ef in vitro. assays ef lymphecyte 
functiens. Hewever, the recegnitien ef the extreme heterege
neity ef lymphecytes, the variatien with time ef the different 
circulating subpepulatiens puts a serieus questien mark behind 
mest ef the current tests perfermed accerding to. generally 
accepted pretecels; Le. to. a sample ef bleed menenuclear 
cells, add plant mitegen and measure thymidine uptake. 

The abeve mentiened inability to. define· a reasenable nermal 
range ef the PHA respense is clear evidence that this system 
cannet detect subtle quantitative changes in lymphecyte 
activatien, and yet, the task ef menitering envirenmental 
texic effects upen the IS makes it mandatery to detect subtle 
changes in the regulater and effecter elements ef the system. 
A further geal is to. understand the significance ef such 
changes fer the everall defence capacity as well as the 
capabili ty of self- nen-self-discriminatie'n. It is new clear 
that the extent ef lymphecyte activatien 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 various 
differentiation antigens are the tools of choice for defining 
distinct lymphocyte 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 TB 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, DO 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, TB+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+TB+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 little 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 TB+-subclasses can 
be separately measured by stimulating with the corresponding 
monoclorral antibody specific for T3. It is foreseeable that 
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plant mitogens will be replaced by monoclonal 
however, the requirements of accessory cells 
induced stimulation is even more critical than 
mitogens. 

Monitoring monocyte/macrophage function 

antibodies, 
in antibody 
with plant 

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 vitro 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 thqt 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 predicti ve 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 variation characteristic for the specific immune 
respnse. In contrast to other adaptive systems the specific 
immune response is not characterized by the production and 
secretion of hdmogeneous factors like hormones or enzymes but 
shows a wide va~iation 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 is 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 imm~ne 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 like 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 defiriition, 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. 
Immunotoxico10gy, 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 a1 .. (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 

Environmental Immunotoxicants 

Benzene 
Halogenated aromatic hydrocar
bons (PCB' 5, PBB' sand 
dibenzodioxins) 

Polycyclic aromatic hydrocar
bons 

Insecticides (organophosphates 
and chlorines and carbonates) 

Metals (Pb, Ni, Cd, Hg) 

Azathioprine/6-mercaptopurine (6MP) (see Spreafico, F., et al. 
(1977) Azathioprine is usually used in conjunction with 
glucocorticoid therapy for immunosuppressive therapy in organ 
transplantation and occasionally in autoimmune disorders. 
Azathioprine is a nitroimidazole modified 6MP designed to 
resist methylation. The immunosuppressive actions of Azathio
prine and 6MP are similar and thought to be mediated by the 
metabolite thioinosinic acid. The immunosuppressive effects 
of Azathioprine are thought to derive from an action to 
inhibit DNA, RNA and protein synthesis by blocking de novo 
purine synthesis. In high doses Azathioprine inhibits 
erythropoiesis, myelopoiesis, and lymphopoiesis and is, 
therefore, suppressive of all aspects of the immune system. 
Primary immune response are more inhibited than secondary 
responses. At clinically employed doses, Azathioprine therapy 
in rodent and man is particularly suppressive for T 
cell-mediated responses. Interestingly, Azathioprine rever
sibly inhibits T lymphocyte function thus, T cell numbers are 
not reduced. The selectivity of the action of Azathioprine on 
T cells and its reversibility implies that more than an 
antimetabolic action may be involved. Bach and co-workers 
(Dardenne, M., et al., 1973) have presented data to indicate 
that Azathioprine preferentially binds and inactivates certain 
receptor sites on T lymphocytes. In the light of recent 
evidence that a purine is a component of transfer factor 
(Kirkpatrick, C.H. et al., 1981) and that inosine-like 
compounds induce T cell differentiation and modulate T cell 
function (Hadden, J.W., et a1., 1984) it seems possible that 
Azathioprine and 6MP may bind and be antagonistic for a 
functionally important T cell purine receptor. 

Glucocorticosteroids (see Parrillo, J.E. et al., 1979 for 
review) Despite many years of the use of steroids for both 
immunosuppressive and anti-inflammatory therapy, their precise 
mechanisms of action remain unclear. While steroids are lytic 
for T cells in murine species, in man, they are not. The 
transient lymphopenia which follows their administration to 
man has been shown to result from' redistribution not 
destruction. Actions of glucocorticoids at therapeutic doses 
are more suppressive for T cells than B cells. 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 Tlymphocytes 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 lymphocytes 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 Band 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, lymphokine 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 usually 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 
revetsible 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 lymphocyto
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., 
McConnel, E.E., et al., 1980; Nicholson, W.J., et al., 
Shigematsu, N., et al., 1978; Silkworth, J.B., et al., 
Thomas, P.J., et al., 1978; Vos, J.G. et al.,) 

1984; 
1979; 
1979; 

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 immunity 
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-l) 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 levels of PBB's in serum and adipose tissue of local 
residents. Immunologic disturbances in these people included 
depressed T cell numbers, increased null cells, and increased 
Ig levels. This population is being monitored for late 
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 latency 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 longlasting 
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 less 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; 
1973; Nicholson, W.J., et al., 1979) 

Ercegovich, C.D., 

Three clases of insecticides, the organophospates (e.g. 
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 is considered to be low; however, the long 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 lung 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 lead, 
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 used 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 lead to 
morbidity let 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 line 
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 comprom~s~ng. 
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. In situations like 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 logic 
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 clinical 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 life 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 

Thymic hormones thymosis 
thympoietin 
thymulin 
thymostimulin 

Lymphohokines 

thymic humoral factor 

T cell growth factor 
macrophage growth factor 
macrophage activating 

factor 
interferons 

Drugs 

Levamisole 
NPT 16416 
DTC 
Isoprinosine 
NPT 15392 
Muramyl dipeptides 
Azimexon 
Bestatin 
Tuftsin 
Pyrimidinoles 

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 aI, thymopoietin, 
thymulin (previously facteur thymique serique), and thymic 
humoral factor. Of these, thymosin aI, 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 use 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 
aI, 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 killer 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 less 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) thiazo1e) 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. In 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 is 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 latter 
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 lymphocytes 
and induces T cell differentiation in the Komuro and Boyse 
assay. Like levamisole, only small effects are observable on 
T cell lymphoproliferative 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 vivo. 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 levamis01e include thia
bendazole, thiazolobenzimidazole (WY 18251-(3-(p-chloropheny1 
(thiazole (3,2-a)benzimidaz01e-2-acetic acid), and cimetidine 
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methylthioe-

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 levels 
reported as a side effect. It has been applied worldwide to 
treat thousands of humans with viral 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 II, 
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 lymphocyte, 
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 clinical 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 lymphokine responses, active rosettes and skin 
test responses. 

Isoprinosine has been shown to be active in murine systems to 
potentiate vaccine protection in L12l0 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 MOP action include promotion of macrophage 
activation for tumoricidal and bactericidal activity and for 
secretion of enzymes and monokines. The effect of MOP on the 
macrophage is a direct one not requiring lymphokine or other 
influence. In vitro studies indicate action of MOP 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 
completeiy ruled out. In vivo MOP can augment both humoral 
and cellular immunity. While the major focus on MOP 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)-(1)-(2-carbamolyaziridinyl)-(1)-propane, 
is an orally activeimmunostimulant. 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 leukocytosis 
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 levamisole. In human pati~nts, 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 (2S, 3R)-3-amino-2-
hydroxy-4-phenylbutyryl-1-leucine) is· a non-toxic, orally 
active immunostimulant extracted from streptomyces 
olivoreticulL 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 ONA 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 liberated 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. If, 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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THE ROLE OF HISTOPATHOLOGY IN ASSESSMENT OF IMMUNOTOXICITY 

J.G. Vos 

National Institute of Public Health and Environmental Hygiene 
Bilthoven, The Netherlands 

INTRODUCTION 

The lymphoid tissue can be structurally divided in to primary 
and secondary lymphoid organs or tissues. In the primary 
organs, the antigen-independent proliferation of lymphocytes 
takes place. Generation of T-lymphocytes from stem cells 
occurs in the thymus. In birds, the bursa of Fabricius has 
been shown to be the primary organ that supports extensive 
lymphopoiesis of B cells (the mammalian equivalent of the 
bursa of Fabricius may exist in different sites, e.g. the 
bone marrow or as suggested by Hall in this volume , in the 
~ower gut) The secondary lymphoid tissue, in which the complex 
cellular interactions take place which form the basis of the 
immune response, includes the spleen, lymph nodes and the 
mucosa associated lymphoid tissues in the alimentary and 
respiratory tracts. 

The rationale for morphologic examination of the lymphoid 
system in immunotoxicity testing rests in the belief that 
chemically-induced immune alterations may become manifest as 
qualitative or quantitative changes in the histology of 
lymphoid organs. This is similar to the situation in humoral, 
cellular or combined immunodeficiency diseases in man, in 
which a characteristic· pathomorphology has been described 
(Heymet et aI, 1977). For the detection of these changes 
routine histopathology has been shown in many studies to be 
valuable. For in depth investigation enzyme and immune 
histochemistry are proving their worth as powerfull tools. 

In this paper, an outline is given of the architecture of the 
lymphoid tissue; various histological techniques are 
discussed; and examples are presented of chemicals that cause 
immune alterations as identified by these morphological 
procedures. . 

STRUCTURE OF LYMPHOID ORGANS 

Thymus The thymus derives embryologically from the endoderm of 
the third and fourth branchial pouches, and reaches its 
maximum size during neonatal life, after which a gradual 
process of involution begins. Histologicaly, the thymus is a 
lymphoepithelial organ consisting of many lobules, each 
containing a cortex and medulla. stem cells, which originate 
from the bone marrow, undergo extensive proliferation particu
larly in the periphery of the cortex. Lymphocytes 
(thymocytes) of varying size are closely packed in the cortex, 
together with epithelial cells and macrophages. Thymocytes 
migrate from the cortex, to the medulla where they further 
differentiate, before they migrate to the peripheral lymphoid 
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system of mature cells. Like the cortex, the medulla contains 
many epithelial cells. Direct contact of thymocytes with the 
epithelial cells, and/or thymic hormones produced by these 
epithelial cells, are thought to be necessary for thymocytes 
differentiation. Medullary epithelium is also organized into 
Hassall's corpuscles the precise furiction of which is not 
known. 

Lymph nodes Lymp~ nodes are secondary lymphoid organs that 
contain lymphocytes within a reticular stroma. They receive 
lymph from a neighbouring region of the body by way of affe
rent lymphatics which enter the nodes at the subcapsular 
sinus. Within the nodes, lymph flows through the superficial 
and deep cortex and medullary sinuses towards the efferent 
lymphatics. 

In the node, there is compartmentation of Band T lymphocytes. 
The superficial cortex contains follicular aggregations made 
up predominantly of B cells. Following antigenic stimulation 
primary follicles enlarge to secondary follicles having a 
pale-staining central area of macrophages and proliferating 
lymphocytes. In these so-called germinal centres 
B-lymphocytes differentiate to plasma blasts, and become 
antibody producing plasma cells in the medullary cords which 
lie between the medullary sinuses. T lymphocytes are confined 
to the interfollicular and deep cortical regions, referred to 
as thymus-dependent or paracortical area. In nude (athymic) 
mice and rats the thymus-dependent area is largely devoid of 
lymphocytes. Following stimulation with an antigen that 
evokes a T cell-mediated response, the paracort!cal area 
enlarges with lymphoblasts becoming evident. The paracortical 
area contains postcapillary venules'lined by specialized high 
endothelium through which circulating lymphocytes enter the 
node. This is the main place where blood lymphocytes enter 
the lymphatiC circulation, enabling a continuous circulation 
from blood to lymph and back to blood. Drainage of lymph 
fluid by cannulation of the thoracic duct thus results in a 
severe depletion of Circulating lymphocytes and of the 
thymus-dependent area. 

Spleen The spleen is the largest lymphoid organ in the circu
lation which functions to clear particulate materials from the 
blood by its abundant number of phagocytes and also concentra
tes blood-born antigens. It is also the site of erythrocyte 
storage and of removal of effete erythrocytes and leukocytes. 
Histologically, the spleen is divided into the white pulp, the 
major lymphoid mass surrounding small arteries and arterioles, 
and the red pulp containing cellular cords with many macropha
ges and erythrocyte-filled venous sinuses. As in the lymph
nodes , T and B cell areas are segregated. The diffuse 
lymphoid tissue immediately surrounding the arteriole is 
populated predominantly by recirculatipg small T cells, the 
so-called peri arteriolar lymphocyte sheath (PALS), which may 
be functionally similar to the paracortical area of lymph 
nodes. The B cell area comprises the follicles which after 
antigenic stimulation enlarge to secondary follicles with a 
germinal centre, and the so-called marg.inal zone (MZ) that is 
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separated from PALS and follicles by a marginal sinus. The MZ 
is a broad band of medium-sized lymphocytes that borders the 
red pulp. Plasma cells in the spleen are mainly found in the 
red pulp cords. 

Mucosa associated lymphoid tissue The digestive, respiratory 
and genito-urinary tracts contain lymphoid tissue which is 
organized into non-encapsulated accumulations of lymphocytes 
or occurs diffusively in the subepithelial lamina propria. 
The former includes tonsils, small intestinal Peyer's patches 
and caecal appendix which show separation of lymphocytes into 
B cell (follicles) and T cell areas, whereas the latter 
includes isolated solitary follicles as well as lymphocytes, 
macrophages and plasma cells (mainly producing immunoglobulin 
A class antibodies) scattered in the loose connective tissue 
under the mucossaal surfaces. 

HISTOLOGICAL METHODS 

Conventional histopathology In many studies it has been shown 
that routine histopathology of lymphoid organs, as based on 
hematoxylin and eosin staining of formalin fixed and paraffin 
embedded tissue, is quite useful in assessing the ,immunotoxici ty 
of a chemical; in particular when these results are combined 
with the effects observed on the weight of thymus, spleen and 
lymph nodes (Vos, 1977; Dean et aI, 1982; Luster et aI, 1982 
& Dean et aI, 1984). Depending on the route of exposure it 
may also be necessary to examine the mucosa associated lym
phoid tissue, e.g. the Peyer's patches in the small intestine 
in orally exposed animals. A proper evaluation of intestinal 
lymphoid tissue can be facilitated by preparing so-called 
Swiss rolls of the intestinal tract (Moolenbeek & Ruitenberg, 
1980). Since the bone marrow is an integrated part of the 
immune system, containing stem cell populations that are 
precursor cells for Band T lymphocytes and macrophages, 
morphologic examination of bone marrow is an essential in any 
immunotoxicity assessment Morphological analysis can be 
done on tissue sections (preferably l~m sections of plastic 
embedded materials) on marrow smears or on cytospin prepara
tions e.g. of cells collected by flushing the femoral cavity. 
the latter technique has the advantage that cell viability 
(e.g. by a dye exclusion test) and cell number may be deter
mined as well. Similarly, enumeration and characterization of 
free alveolar cells obtained by lung lavage appears to be a 
good quantitative method to detect the effect of inhalation 
expo'sure to a compound. Evaluation of bronchoalveolar lavage 
has yielded important information on immune and inflammatory 
processes in the human lung (Hunninghake et aI, 1979). 

In the morphological assessment of lymphoid tissues, changes 
in the number of lymphoid cells may be indicative of 
immunotoxicity. Thus, atrophy and lymphocyte depletion of the 
thymic cortex appears to be a sensitive parameter of many 
immunosuppressive compounds. Because of the structural 
division of secondary lymphoid organs into thymus-dependent 
and thymus-independent areas, an indication can be obtained 
regarding the relative effect of the chemical for T or B cell 
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compartments. Suppression or stimulation of cell-mediated 
immunity may be reflected microscopically in hypoplasia or 
hypercellularity of the paracortical area in lymph nodes and 
of PALS in the spleen. The number of lymphoid follicles, 
germinal centers and plasma cells in lymph nodes and spleen, 
and size and cellularity of the marginal zone in the spleen 
can provide indications whether the B cell system is affected. 
Microscopical evaluation may indicate a cytotoxic action of 
the chemical, reflected by cellular degeneration. Confirma
tion of cytotoxicity can be obtained by a dye exclusion test 
using cell suspensions. 

In the evaluation of changes in lymphoid tissues of chemically 
exposed animals, it is necessary to correlate these findings 
with other toxicological parameters (Vos, 1977; Dean et aI, 
1982; Luster et aI, 1982 & Dean et aIm 1984). For example, 
thymic atrophy is not necessarily a specific indicator of 
immunotoxicity, since stress, severe weight loss or general 
toxicity can also induce a similar lesion. 

Although routine histopathology may be useful for the identi
fication of an immunotoxic compound, special techniques may be 
required for a better understanding of the nature of the 
chemically-induced lesion in the lymphoid system. These 
techniques, such as enzyme histochemistry, immunocytochemistry 
and electron microscopy, mostly rely on the use of special 
fixation or embedding procedures. 

Enzyme histochemistry This histological method depends on the 
production of an intensely stained precipitate at the site of 
enzymatic activity, by the action of the enzyme on a specific 
substrate. Enzyme histochemistry has been shown to be valu
able for the identification and enumeration of macrophages by 
staining for nonspecific esterase activity (Koski et aI, 
1976), e.g. in lung lavage fluid.This technique is normally 
performed on unfixed cryostat sections of tissue frozen in 
liquid nitrogen. Recent advances in fixation and embedding 
techniques have enabled the characterization of rnacrophages by 
enzyme histochemical markers, even in l-2ttm plastic sections, 
which greatly improved the cytological detail (Souflevis et 
aI, 1982). 

Immunohistochemistry This is a technique for detection and 
localization of antigen in tissue sections by the use of 
specific antibodies, which are coupled to a marker sucn as the 
fluorescent dye fluorescein isothiocyanate. Currently, enzyme 
markers (e.g. peroxidase) are widely used, as they enable 
the visualization of the reaction product by ordinary light 
microscopy. For the localization of antigen at the ultrastruc
tural level, electron dense markers (e.g. ferritin) are used. 

In the immunoperoxidase technique, there are different ways in 
which the test is carried out, i.e. the peroxidase labelled 
antibody method that can be divided in a direct and an indi
rect method, the unlabelled antibody method of peroxidaseanti
peroxidase (PAP) and the avidinbiotin-peroxidase complex (ABC) 
method (reviewed in Falini & Taylor, 1983). In all tech-
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niques, peroxidase is localized through an antigenantibody 
reaction in areas where specific antigen is present. The 
sites of peroxidase localization are visualized by addition of 
a substrate solution which is transformed by the peroxidase 
label to an insoluble colored product. 

Most cytoplasmic antigens e.g. immunoglobulins, are readily 
demonstrated in formalin-fixed paraffin sections. In 
particular, fixation with formalin containing mercuric chlo
ride (sublimate) offers good preservation of antigens. Cell 
surface antigens, which are only present in small amounts, are 
better preserved in frozen sections (e.g. surface markers of 
macrophages, T helper and T suppressor cells that can be 
identified with monocolonal antibodies). However, with a 
proper fixative, paraffin and even plastic embedding can now 
also be employed (Gendelman et aI, 1983; Ward et aI, 1983 & 
Franklin, 1984) which enables the cutting of thinner (1-2 m) 
tissue sections in which enhanced cytological detail of 
lymphoid tissues can be observed. 

Quantification of tissue lesions A difficulty for the patholo
gist in the evaluation of often minor chemically-induced 
lesions is making objective classifications. By randomizing 
and coding the slides, bias in reading can be avoided and 
qualitative analysis is possible. Classification is being 
improved by morphometric analysis since quantitative measure
ments on cells and tissues can be made by this method. In 
this context, it is of interest to mention that recent deve
lopments in monoclonal antibodies, computer processing and 
cytometric instrumentation has led to the new field of clini
cal flow cytometry. this field has already found specific 
applications in diagnostic immunopathology, including the 
study of congenital and acquired immune deficiency diseases 
(reviewed in Lovett et aI, 1984). The application of this 
technique to immunotoxicology may be of great value e.g. in 
the enumeration of bone marrow stem cell populations, which 
can currently only be identified by complex culture methods, 
and of lymphocyte subpopulations. 

CHEMICALLY INDUCED ALTERATIONS 

The value of histopathology in the identification and elucida
tion of the immunotoxic property of a compound can be illus
trated by results of toxicity experiments with chemicals 
causing different lesions. 

Halogenated aromatic compounds The group of halogenated 
chemicals includes biphenyls, dibenzodioxins and dibenzofurans 
which have been shown to be capable of altering 
immunocompetence, in particular thymus-dependent immune 
responses (reviewed in Dean et aI, 1982; Dean et aI, 1984; 
vos et aI, 1980 & Vos, 1985 , see also Vecchi, this volume.) 
The prototype for these compounds is 2,3, 7, 8-tetrachlorodi
benzo-p-dioxin (TCDD). Experimental studies indicate that 
TCDD and isost.eric analogs act through a common receptor 
protein to produce characteristic toxic responsesm including 
thymus atrophy in all species investigated. Histopatholo-
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gically, the thymus atrophy is characterized by lymphocyte 
depletion of the cortex, without evidence of thymocyte 
destruction. Recent data indicates that TCDD can act directly 
on thymic epithelial cells which thereby lose the ability to 
promote thymocyte maturation (see paper by Greenlee, Dold and 
Osborne in this volume). 

Although major attention has been given to the effects of 
halogenated aromatic hydrocarbons on thymus and 
thymus-dependent cellular immunity, humoral responses are 
affected as well. In this regard it is of interest to note 
that the first indication for immunotoxicity of brominated 
biphenyls came from a study in chickens showing lymphocyte 
depletion in the bursa of Fabricius, the central lymphoid 
organ of the B cell system in birds ;and subsequently it was 
shown that the humoral immune response to tetanus toxoid was 
suppressed in guinea pigs following exposure to this fire 
retardant, has been demonstrated by an indirect immunofluores
cent antibody technique and by serum antibody titrations (Vos 
& Genderen, 1973). 

Organotin compounds It is now well established that certain 
organotin compounds e.g. di-n-butyltin dichloride and 
di-n-octyltin dichloride are potent immunotoxic chemicals 
(Seinen & Penninks, 1979). In short-term feeding studies in 
rats, these dialkyltins produced lymphocyte depletion of the 
thymic cortex and of the thymus-dependent areas in spleen and 
lymph nodes, due to a selective lymphocytoxicity. No myeloto
xicity or involvement of non-lymphoid organs was noted. As a 
consequence thymus-dependent cellular and humoral immune 
responses appeared suppressed (Seinen & Penninks, 1979). 
Bis(tri-n-buty1tin)oxide (TBTO) has been recently shown to 
cause similar effects on thymus and on thymus-dependent 
immunity (Krajne et aI, 1984; Vos et aI, 1984). Evidence for 
a direct toxic action of TBTO for thymocytes was obtained by 
light microscopic evaluation of plastic embedded thymic tissue 
. Lymphocyte depletion of T cell areas in spleen was confirmed 
by immunohistochemistry and by flow cytometric analysis of T 
and B lymphocytes using monoclonal antibodies. TBTO appeared 
not only to suppress specific immunity, but also nonspecific 
resistance as evidenced by a reduced activity of natural 
killer cells and macrophages. In addition, a pronounced 
feature in TBTO-exposed rats, which was not observed in the 
studies with dialkyltins, was the occurrence of rosettes of 
erythrocytes around macrophages in the medullary sinuses of 
mesenteric lymph nodes .Although the mechanism of rosette 
formation is as yet unclear, it might be a morphological 
expression of deficient phagocytosis of dying erythrocytes. 
This is supported by the finding of decreased bacterial 
clearance. 

Hexachlorobenzene The immune effects of hexachlorobenzene 
(HCB) are exceptional as HCB exposure leads to lymphoid tissue 
hyperplasia in rats, both in young-adult animals and after 
pre- and postnatal treatment (Vos et aI, 1979 & Vos et aI, 
1983), and in dogs (Gral1a et aI, 1977), whereas corresponding 
histological effects do not occur in HCB-exposed mice 
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(reviewed in Loose et aI, 1978). The splenomegaly in rats is 
characterized by enlarged marginal zones, prominent follicles 
and extramedullary haemopoiesis. Enlarged mesenteric and 
popliteal lymph nodes revealed an increase in the number of 
high endothelial venules in the paracortica1 area with many 
lynphocytes migrating through the endothelium , a phenomenon 
that normally occurs in antigen-stimulated lymph hodes. A 
similar effect was observed in the high-endothelial venules' in 
the interfollicular area of Peyer's patches. Upon functional 
testing, these morphological changes indeed reflect immune 
stimulation, as evidenced by increased humoral and cellular 
immune responses (Vos et aI, 1979 & Vos et aI, 1983). On the 
other hand, suppression of various functional immune parame
ters has been observed in the mouse (Louse et al, 1978). The 
effect of HCB on endothelial cells of the rat was not limited 
to lymphoid organs, as proliferation of the lining endothelial 
cell~ was observed in lung capillaries and venules accompanied 
by perivascular infiltrates of lymphocytes and mast cells, and 
focal accumulation of macrophages in the alveoli (Vos et al, 
1983). Tbis latter findingt indicates that HCB in some way 
affects the mononuclear phagocyte system of the rat, although 
in function tests no clear effects were found. On the other 
hand, there are experimental data showing that HCB decreases 
the Fc receptor activity of rat alveolar macrophages (Ziprin & 
Fowler, 1977). 

Nitrogen dioxide The lung is a primary target organ for air 
pollutants such as the oxidant gases nitrogen dioxide (N02) 
and ozone. In several studies it has been shown that these 
agents alter host resistance of mice as evidenced by increased 
mortality following aerosol challenge with bacteria. De
creased resistance is thought to be due to impaired phagocytic 
and bactericidal activity of pulmonary macrophages (re- viewed 
in Gardner, 1984; vide Gardner & Graham, this volume). In 
experiments in which the influence of concentration, exposure 
pattern and length of N02 exposure on degree and extent of 
morphological alterations in rat lung was studied, it appeared 
that influx of macrophages occurred early after continuous 
exposure , the accumulation of macrophages in the lung alveoli 
being a sensitive parameter (Rombout et al, 1985). 

Mercury Immunological alterations caused by exposure to heavy 
metals,industrial chemicals or drugs, and resulting in autoim
mune or hypersensitivity reactions, have received increasing 
attention in the last decade (reviewed in Dean et al, 1984 & 
Greally & Silano, 1983). Mercury is one of the heavy metals 
which has been shown to cause autoimmune processes. Depending 
on the rat strain used, immune complex glomerulonephritis with 
the appearance of antinuclear antibodies, or anti-glomerular 
basement membrane nephritis may be induced (Druet et al, 
1982). Regarding the mechanism of this autoimmune phenomenon, 
recent studies in the PVG/c rat strain indicate that mercury 
inhibits the generation of T suppressor lymphocytes. This 
interference with the regulatory T cell system seems to be of 
pathogenetic significance in the observed anti-self response 
(Weening et al, 1981; see also Lawrence, this volume). 
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This report summarizes our experience over the past two years 
in selecting and validating methodology for the immunotoxicity 
assessment of chemicals. Methods to assess lesions of humoral 
or cell-mediated immunity, natural resistance and host suscep
tibility to tumor cell or bacterial challenge are described. 
A major focus of this report will be the limitations and 
utility of methods proposed, selection of appropriate 
controls; assay variation and indications for data trans~ 
formation, a quality control program; correlations between 
altered immune function and susceptibility to bacterial or 
tumor cell challenge; the concept of a functional immune 
reserve and its estimation; and, the need for an interna
tional interlaboratory validation of methods. 

The sensitivity and utility of the immune system for detecting 
subclinical toxic injury has been recognized since Vos (1977) 
focused attention on the immune system as an important target 
organ of toxic insult. The susceptibility of the immune 
system to toxic injury may stem from several factors: funct
ionally immunocompetent cells are required for host resistance 
to opportunistic infectious agents or spontaneous neoplasia; 
immunocompetent cells require continued proliferation and 
differentiation for self-renewal and are, thus, sensitive to 
agents which affect cell proliferation or differentiation; 
and finally, the immune system is a tightly regulated organi
zation of lymphoid cells which are interdependent in function. 
Immunocompetent cells communicate through soluble mediators 
and cell-cell interactions. Any agent altering this delicate 
regulatory balance, affecting a particular cell type or 
altering intercellular communiciations can lead to immune 
alteration. An imbalance of the immune system resulting from 
cellular injury might be expressed as either immune enhance~ 
ment (e.g., leading to autoimmunity or hypersensitivity) or 
immune suppression (e.g., or altered host resistance). Some 
believe that any immune alteration observed in rodents follo
wing xenobiotic exposure is of potential consequence for man. 
Others are more conservative and believe that only immune 
alteration associated with hypersensitivity or altered host 
resistance to infectious agents or neoplastic cells in rodents 
are of potential concern. 

Experience by various workers over the past 8 years has shown 
that toxicological manifestations in the immune system follo
wing xenobiotic exposure in experimental animals may appear as 
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changes in lymphoid organ weights and/or histology; quantita
tive or qualitative changes in cellularity of lymphoid tissue, 
bone marrow or peripheral leukocytes; impairment of immune 
cell function; and, altered host resistance. A major cause 
of previous failures in identifying immunotoxic compoounds 
during routine toxicity assessment was the failure to include 
even simple indicators of immunotoxicity such as thymus weight 
or spleen and bone marrow cellularity measurements. 

IMMUNOTOXICITY ASSESSMENT 

Practical Consideration 

In designing protocols for immunotoxicity assessment, special 
attention should be given to the choice of species and age of 
animals as well as duration, dosage and route of exposure. 

The rationale for selecting the B6C3Fl mouse for immunotoxi~ 
city studies at the National Toxicology Program (NTP) was 
based on the fact that the immune system of the mouse is best 
characterized of all rodents, functional assays are better 
defined, challenge models have been developed and monoclonal 
antibodies are available to analyze lymphoid subpopulations. 
Although the rat is more frequently used for toxicity 
assessment, there is adequate precedent for selecting a 
species other than the rat for special studies (e.g., dog for 
drug evaluation, rabbit for teratology). Tumor resistance 
models are more difficult in the rat because of the number of 
animals required and the lack of well-defined transplantable 
tumor models. Additionally, many of the immunological methods 
used in the mouse are available or can be easily adapted for 
subsequent work in the rat and human. 

The exposure interval required for a chemical to produce 
immune dysfunction depends on the type of immunological 
injury, chemical threshold, toxicokinetics of the compound, 
and the functional reserve of the immune parameteer affected. 
In general, a subacute repeat exposure regimen of 14-30 days 
is employed in young adult animals (6-8 weeks) for assessment 
of chemically-induced alterations in immune competence. Few 
systematic studies have examined the effects of chronic 
exposure on immune function and such studies are desperately 
needed, since low level chronic exposure may produce no effect 
or more severe or persistent effects than subacute exposure. 
Additionally exposure regimens and dosages should be selected 
commensurate with the intended use of the compound. 

Dose selection is critical in immunotoxicity assessment. High 
doses producing overt toxicity should be avoided, since severe 
stress and malnutrition are known to impair immune responses. 
For proper dose selection, information on the effect of the 
chemical on general toxicological parameters (e.g., LD50, 
LD10, type of acute or subchronic toxicity associated with 
exposure) is important. To establish dose-effect relation
ships, three exposure levels are recommended. Ideally, the 
highest dose should be less than the LD10 (e. g., O. 1 LD10) , 
and have no associated mortality. The lowest dose ideally 
should cause no alteration in immune function. 
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The route of exposure should, if possible, be the same as the 
natural route of exposure in man. for the majority of envi
ronmental chemicals, oral exposure (i.e., feeding or gavage) 
is preferred. When an accurate delivered dose is desirable, 
parenteral exposure is used. In the case of airborne agents, 
inhalation exposure is recommended. 

A Tier Approach 

Procedures currently used to detect immunotoxicity in rats 
include: weight and histOlogy of thymus, spleen and mesen
teric or popliteal lymph nodes; peripheral lymphocyte and 
monocyte counts; and, serum immunoglobulin levels (Vos, 
1977). Functional measurements include induction of delayed 
hypersensitivity, proliferative responsivenesss to mitogens or 
allogeneic leukocytes, NK cell activity, macrophage 
phagocytosis, and splenic clearance of Listeria. However, 
results of early immune assessment in rats exposed to 17 
different pesticides (Vos et al., 1983a; 1984a,b), which 
induced alterations in lymphoid organ weights, histology, or 
cellularity of lymphoid organs, did not always equate with 
functional immune alterations. Likewise, House et al. (1985) 
reported thymus atrophy in mice following exposure to ethylene 
glycol monomethyl ether and its principal metabolite, methoxy
acetic acid, which did not result in a functional immune 
defect in short term follow-up. Collectively, these, and 
other examples, demonstrate the need for functional assessment 
in addition to quanti tat ion of lymphoid cells and examination 
of lymphoid tissue histOlogy to assure that the significance 
of descriptive findings are understood in functional terms. 

A flexible tiered approach for immunotoxicity assessment was 
proposed for the mouse which encompassed functional assays as 
well as host challenge models (Dean et a1.,1979). The screening 
portion of this tier was adapted by the National Toxicology 
Program as part of their Special Studies Panel for Immunotoxi
city Assessment (Deanb et al., 1982; Moore et al., 1982) and 
has since undergone validation. The screening panel currently 
used at the Chem~cal Industry Institute of Toxicology (CIIT) 
and in the National Toxicology Program for immunotoxicity 
evaluation in tpe mouse is shown in Table 1 and encompasses 
both in vivo and: in vitro measures of quantitative and func
tional changes in immune statuts. 

Methodology 

Routine histophathology of lymphoid organs is useful in 
assessing the immunotoxicity of a chemical, particularly when 
these data are combined with effects observed on the weight 
and cellularity of thymus, spleen and peripheral lymph nodes. 
Because of the structural division of the spleen and lymph 
nodes into thymus-dependent and thymus-independent areas, 
careful microscopic examination may indicate preferential 
effects of the chemical for T or B cells. 

Morphological examination of the spleen and bone marrow is 
essential in immunotoxicity assessment and can be performed on 
t~ssue sect~ons, marrow smears or on oytooentrifuge prepara-
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tions of single cell suspensions from these tissues. The 
latter technique allows the determination of cell numbers and 
viability. The paper by Vos in these proceedings, describes 
these approaches to immunopathology assessment. 

Recent developments in monoclonal antibodies, computer proces
sing and cytometric instrumentation have found application in 
immunotoxico10gy and may be of potential value through the 
enumeration of bone marrow stern cell populations, quantitation 
of T and B lymphocytes and subpopu1ation of each in the 
spleen, lymph nodes or peripheral blood, or the identification 
of cells in various stages of activation using newly emerging 
reagents (Irons et al., 1983). Recently, observations of 
altered T and Bce11 distribution have been made in mice 
exposed to tumor promoting phorbo1 diesters (Murray et a1., 
1984). These techniques will not quickly replace functional 
analysis since Dean et a1. (1984b) reported functional 
defects in mice exposed to dimethyl benzanthracene even though 
the percentages of T and B subpopuluations were unaltered. 

Immune Function Tests 

During the past 10 years, a number of assays have been deve
loped and refined to examine cell-mediated immunity, humoral 
immunity and natural resistance. The assembly of these assays 
into a tier is slightly different among the various groups 
working in immunotoxico10gy, partly because of the use of 
different animal species. This is particularly true for 
bacterial, viral and tumor challenge models. Selection of 
functional assays also depends on whether inbred or 
random-bred animals are employed. For example, at the Natio
nal Institute of Public Health, The Netherlands, random-bred 
Wistar rats are utilized in toxicity testing, and immunotoxi
city screening is based on assessment of immunopathology 
parameters included as part of a subacute toxicity study 
protocols. When the results of screening studies indicate 
that a chemical may be immunotoxic, function tests are perfor
med as part of a confirmatory tier in the same random-bred 
strain. Technical details of these methods are provided 
elsewhere (Vos, 1977). In contrast, initial screening (Tier 
I) for immunotoxicity at CIIT and in the NTP's Special Studies 
Panel for Immunotoxicity (Dean et al., 1982b; Moore et a1., 
1982) includes functional as well as host resistance assays 
(Table 1). It should be noted that the in vitro assays 
described in this Tier are performed following in vivo expo
sure of the animal to the test compound (ex vivo). Detailed 
information on these assays (Luster et al., 1982) and the 
effects of environmental chemicals on immune function in 
rodents should be obtained from several reviews (Vos~ 1977; 
Dean et al., 1982a, 1984a) Assays to examine CMI at CIIT or in 
the NTP protocol include the in vitro techniques of lymphocyte 
proliferation and generation of one-way mixed lymphocyte 
responses. Lymphoproliferative responses are widely used 
correlates of eMI and can be defective in the absence of 
lymphocytopenia (Oppenheim and Rosenstreich, 1976). In the 
microculture assay, T or B cell mitogens (e.g. plantlectins, 
bacterial products), or allogeneic leukocytes (e.g., tissue 
transplantation antigens) are used to stimulate lymphocyte 
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proliferation as measured by (3H)TdR incorporation into DNA. 
Depressed responses in humans or animals with normal numbers 
of lymphocytes are usually interpreted as a defect in cell 
activation. . 

Tumoricidal effector function assays have been evaluated at 
CIIT and recently incoporated in the NTP protocol. These 
assays quantitate both natural and acquired tumor resistance 
mechanisms (Figure 1). Spontaneous natural cytotoxicity is an 
important cytolytic effector mechanism in tumor resistance 
(Warner and Dennert 1982), limiting viral infections (Bukowski 
et al., 1983) and in resistance to intracellular parasites 
(Hatcher and Kuhn, 1982). NK tumoricidal activity is assessed 
in a four-hour microcytotoxicity assay by culturing spleno
cytes or peripheral blood lymphocytes with a slCr-labeled cell 
line sensitive to NK lysis (e.g., YAC-1 lymphoma cells). 

The generation of cytotoxic T lymphocytes (CTL) is another 
manifestation of CMI which represents an important acquired 
effector mechanism in resistance to viral infections and 
surveillance against neoplastically transformed cells (Figure 
1). Induction of CTL can be accomplished in vivo by immuni
zation with allogeneic lymphocytes or tumor cells, or in vitro 
in a one-way mixed lymphocyte culture (MLC) or mixed 
lymphocyte-tumor cell interaction (MLTI). At CIIT, CTL-medi
ated-tumor cytolysis is assessed in a four hour slCr-release 
assay following a 5 day in vitro sensitization to allogeneic 
tumor cells (Murray et al., 1984b). In contrast to the ease 
with which mouse lymphocytes can be sensitized, it is rather 
difficult to generate CTL in rats (Weiss and Fitch, 1977). 

Measurement of CTL activity has proven to be a valuable tool 
in immunotoxicity testing and has been reported to be suppres
sed by exposure to polycyclic aromatic hydrocarbon carcinogens 
(Dean et al., 1984b; Wojdani, 1983) and extremely low doses 
of TCDD (Nagarkatti, et al., 1984; Clark et al., 1981). The 
CTL assay is still used primarily for mechanistic studies, but 
will probably become an important component of Tier I follo
wing additional validation. Before this assay becomes routi
nely used, further correlation of its in vivo relevance and 
reserve capacity must be established. 

Functional assessment of humoral immunity is most commonly 
accomplished by quantitating the number of antibody 
plaque-forming cells (PFC), or specific serum antibody titers. 
The Cunningham (1965) antibody plaque assay is extensively 
used for quantitating the number of antibody PFC. In this 
assay, lymphoid cells from an animal immunized 4 days previ
ously with the T-dependent antigen, sheep red blood cells 
(SRBC), are incubated in a slide chamber with the target SRBC 
plus lytic complement. Plaques (hemolysis) in the SRBC lawn 
will be seen around each antibody-producing cell due to 
complement fixation and subsequent lysis of SRBCs that become 
coated with specific antibody produced by sensitized B cells 
(IgM). The PFC assay can also be applied to the measurement 
of IgG plaques. The PFC response to T-independent antigens 
(e.g., endotoxin or TNP-Ficoll) can also be measured by 
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coating the surface of SRBCs with the sensitizing antigens. 
The PFC assay has proven to be a sensitive method for detec
ting chemical-induced alterations in humoral immunity. 

It is now well established that cells of the mononuclear 
phagocyte system (MPS) not only provide nonspecific phagocytic 
and cytotoxic functions but are also directed and regulated by 
T-cell products (e.g., lymphokines). They also produce 
factors having regulatory roles in immune responses (e.g., 
prostaglandins and monokines). Dysfunction of the MPS can 
lead to indirect tissue damage through altered host resistance 
to infectious agents or neoplastically transformed cells, or 
through direct tissue injury by the mononuclear phagocytes 
themselves or their products (e.g., reactive oxygen 
intermediates). Xenobiotics, especially fibers, particulates 
and gases (see review Loose etal., 1981; Dean and Adams, 
1985). The effects on macrophage function have been difficult 
to characterize precisely. This difficulty may be 
attributable, in part, to the fact that macrophage functions 
are closely related to their stage of maturation and that 
their development follows a complex and dynamic cascade of 
differentiation starting with bone marrow precursors (Adams 
and Dean, 1982; Adams and Marino, 1984). The effects of 
xenobiotic exposure are also often pleiotropic, so that a 
rational basis for studying and characterizing dysfunction of 
the MPS has been difficult to establish. A knowledge of 
macrophage function is pivotal to our understanding of immune 
responses and assessment of chemically-induced immunotoxicity. 

Assessment of MPS function in vivo involves the measurement of 
RES clearance using the uptake of 12sI-triolein (DiLuzio and 
Riggi, 1964) or the clearance of colloidal carbon (Stuart, et 
al., 1973). In vitro assessment includes phagocytosis of 
radiolabelled SRBC, macrophage bactericidal capacity (e.g., 
infection with Listeria monocytogenes). Besides their cap'aci
ty of intracellular digestion, macrophages can destroy cells 
by a process of exocytosis, which is thought to play a role in 
the surveillance against malignancies (Higgs, 1977; Adams and 
Synderman, 1979). Tumor cytOlysis activity of macrophages is 
commonly assessed in a microcytotoxicityassay by measuring 
the release of radioisotope from tumor target cells added to 
cultures of adherent peritoneal effector cells. More recent
ly, the measurement of macrophage ecto- or lysosomal enzymes 
appears to offer another promising approach (Morahan et al., 
1981). 

For assessment of macrophage function it is recommended that 
peritoneal cells from mice treated with phylogistic agent or 
lymphokine should be given to a subset of control and exposed 
animals to determine activation potential following chemical 
exposure as well as basal function. Agents frequently used 
for in vivo act1vation include pyran copolymer (MVE-2), 
Cornybacterium parvum or the bacillus of Calmett and Gueirn 
(BeG) while macrophage activation factor and 1ipopo1ysaccha
ride are more frequently used as in vitro activating agents. 
The activational status of the macrophage appears to provide a 
more sensitive indicator than does basal level of macrophage 
injury following chemical exposure. Some 'have proposed using 
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discrete markers for activation to assess the mechanism of 
chemical induced lesions of the mononuclear phagocyte system 
(Adams and Dean, 1982). 

The application of one or more host resistance assays follo
wing exposure to chemicals has indicated that certain chemi
cals can alter host resistance to bacteria, viruses and 
parasites in rodents (see reviews of VOs, 1977; Faith et al., 
1980; Bradley and Morahan, 1982; Dean et al., 1982b). 
Workers have utilized such infectious agents as Klebsiella 
pneumoniae, Listeria monocytogenes, streptococcus pyogenes, 
Salmonella bern, Salmonella typhimurium, pseudorabies virus, 
duck heptitis virus, encephalomyocarditis virus, Trichinella 
spiralis and Plasmodium berghei. Resistance in most models 
appears to require T-cell immunity and functional mononuclear 
phagocytes. Resistance to Streptococcus pyogenes and Plasmo
dium berghei are exceptions, and require phagocytic cells 
whose function is facilitated by opsonizing antibodies. 

Resistance to Listeria monocytogenes involves a combination of 
nonspecific phagocytosis by macrophages, which limits the 
growth or kills the organism during the first few days (1-3 
days) after infection, and CMI which develops from day 2 
postinfection (Tripathy and Mackaness, 1969; Cheers, et al., 
1978). Nonspecific phagocytosis and killing can be measured 
on days 1 and 2 aft·er an intravenous inoculation of Listeria, 
at a time when acquired CMI is not yet developed. Challenge 
of mice and rats with~. monocytogenes and the subsequent 
determination of mortality over 14 days has proven to be a 
reproducible model for detecting altered macrophage or T-cell 
function after chemical exposure (Dean, et al., 1980, 1982; 
Vos, et al., 1984a). 

The ability of an animal to reject a challenge inoculation (TD 
10-30%) of tumor cells can be a sensitive in vivo measure of 
general immunocompetence following chemical exposure (Dean et 
al., 1980, 1982b; see review Murray et al., 1984). Tumor 
challenge models using MKSA sarcoma (BALB/c background) and 
PYB6 sarcoma (C57BL/6 background) cells have been validated 
for detecting immune alterations following in vivo administra
tion of the immuno-suppressive chemotherapeutic agent, cyclo
phosphamide (Dean et al., 1979b). Likewise, exposure to a 
variety of immunotoxic chemicals has been found to alter host 
susceptibility to tumor cells which can be correlated with 
deficits in T-lymphocyte function (Dean et al., 1982b). 
Chemically-induced immune suppression is expressed in these 
models as an increased incidence of. tumors, a decreased 
latency to tumor appearance, an increased tumor growth rate, 
and/or decreased mean host survival time. Conversely, agents 
which stimUlate immune function may facilitate resistance to 
tumor development through enhancement of transplantation 
rejection and/or immunosurveillance mechanisms. Immune 
enhancement can be detected in these models by using a higher 
challenge level of tumor cells (e.g., TD 70-90%). 

Sever~l metastatic models adaptable for host tumor resistance 
evaluation are available. The B16FlO melanoma model provides 
a conven~ent and reproducible means for detecting modulation 
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of host resistance parameters involved in solid, transplan
table tumor growth , and the establishment of spontaneous or 
experimental metastases as well as in vivo assessment of NK 
activity. Intravenous challenge with the B16FlO subline 
results in hematogenous dissemination of tumor cells, and 
their subsequent growth in the lungs (i.e. experimental 
metastasis). Since the B16 melanoma forms pigmented metasta
tic foci, visual quantitation of organ-associated metastases 
is relatively simple. Alternatively, radioisotopic labelling 
of tumor cells in vivo provides a reliable means of determi
ning relative organ tumor burden between control and treated 
mice. In this method (Murray et al., 1984a), after an initial 
tumor growth period (21 days) animals receive an intraperito
neal injection of 1 Ci of 125I-iododeoxyuridine, a radiolabel
led DNA precursor which is incorporated into the nuclei of 
proliferating cells. The mice are killed 18 hours after the 
isotope injection and organs are removed and counted for 
radioactivity. 

ASSAY VALIDATION 

Appropriate Controls 

The selection of appropriate control groups is critical in 
interpreting the data. For most studies, naive and vehicle 
control animals must be included. These are animals of the 
same strain and birth date as the exposed groups which receive 
either nothing (naive) or vehicle using the same dosing 
schedule as is used for the exposed animals. Since corn oil 
or phosphate buffered saline are frequently used as vehicles 
in toxicology studies and these have not been shown to produce 
alterations in the fun0tion assays assessed in Tier I, a 
separate naive group is not always included when either of 
these two vehicles are employed. 

A positive control group should also be considered, especially 
during the development of a new assay, or when dealing with a 
chemical of unknown immune status. Animals exposed to 
cyclophosphamide, dexamethasone or cyclosporin A have fre
quently been used to verify the detection limits of the in 
vitro assays, for a relative comparison between the test 
chemical and a known immunosuppressant, or determining the 
sensitivity of the challenge models. The inclusion of cyclo
phosphamide (180 mg/kg) in all challenge assays of infectious 
agents or tumor cells is recommended, especially when one is 
using an LD20 challenge dose, as this dose is subject to some 
variation. By including a cyclophosphamide control group in 
experiments employing low challenge inoculation we have been 
able to utilize certain data although no mortality was noted 
in the vehicle control group. Positive controls such as 
cyclophosphamide have also frequently been used to determine 
if the challenge model was sensitive to immunosuppression. We 
periodically titrate our tumor models in cyclophosphamide 
treated animals to determine if the tumor has drifted antige
nically and is no longer sensitive to immunosuppression. 
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Assay Variation and Quality Control Procedures 

Assay variation is an enigma of most in vitro biological 
methods. Immune function measurements are no exception. Some 
assays have more inherent variation than others, and the 
ultimate goal during assay refinement is to develop procedures 
that minimize variation. A minimization of variation can be 
accomplished by preliminary screening of serum, media and 
reagent lots; through the use of electronic cell counters to 
obtain accurate and reproducible cell counts; and, by careful 
pipetting of all reagents using repeating pipettes. Care 
should be taken not to use viral1y infected rodents, as 
certain rodent viruses will contribute to variation or failure 
of immune function assays. For example, mouse hepatitis virus 
induces suppressor macrophages (Boorman et al., 1982) and 
Sendai virus results in depressed lymphopro1iferative and PFC 
responses (Kay, 1978). Although assay variation can be 
minimized, in vitro immune function assays will always include 
some inherent variation. 

When the routine evaluation of chemicals is necessary it may 
be important to set up a quality control (QC) program to track 
assay variation and drift. To accomplish this, the responses 
of normal animals can be plotted over time as the mean + 2 
standard deviations (SD) (e.g., 95% confidence interval) as is 
shown in Figure 2. This figure presents data from natural 
killer cytolysis in control mice from the previous 2 1/2 
years. Note that only lout 39 assays was outside the accep
table limits (+ 2SD( during this period, and this outlier was 
from animals that exhibited elevated NK activity for which no 
biological explanation was found. in other assays, (e.g., 
lymphopro1iferative responses) the data were distributed over 
a range of several logs and frequently lacked normal 
distribution. Since these data are bounded by zero and skewed 
away from zero (i.e., not normally distributed), they should 
be transformed (e.g., normalized) to 10g10 or square root 
before standard comparisons are performed or quality control 
plots are developed. Figure 3 present histograms of lympho
proliferation data from control animals obtained over the 
preceding two years before (3A) and after log transformation 
(3B). Note the skewed distribution (i.e., non-normal) of the 
data prior to log transformation (Figure 3A). When trans
formed these data become normally distributed and can be 
statistically analyzed. Alternatively, for combining repeated 
experiments it may be possible to also use data expressed as a 
percentage of control response or percentage of suppression. 

By developing the same type of quality control program 
frequently used in clinical hematology and chemistry, it 
should be possible to analyze the performance of each of the 
assays utilized in Tier I and determine if an assay has failed 
during the course of the immunological assessment of a 
chemical. On this basis, an objective decision as to the 
success or failure of an assay could be arrived at. This 
would allow one to rationally discard a particular test. 
Figure 4 demonstrates our experience for the past two years 
with the other measurement included in our Tier I panel. Note 
that some assays such as the plaque-forming cell response 
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(Panel B), can be used after a several month lay-off with 
results similar to values obtained previously. This probably 
indicates a small inherent variation in this assay. Other 
assays in which transformation of the data is required are 
also illustrated in this figure. Data presented in this 
figure which have not been transformed and were normally 
distributed by the Wilk-Shapiro test. The frequency of assays 
outside the acceptable limits was quite low in all cases. 

Reporting Parameter 

It is frequently desirable to express some immune function 
data for publication as both absolute counts and as a percen
tage of the response of the control animals. this allows the 
reader to assess the performance of the assay and also allows 
a comparison of these data with similar studies using the same 
assays. When describing the response of a cell population 
(e.g., the number of plaque-forming cells per 106 lympho
cytes), these values should also be expressed on an organ 
basis (e.g., the number per spleen or the absolute values). 
Absolute values may have more meaning than the simple expres
sion of a percentage or response per unit of cells. When 
reporting cytolysis assays, it is necessary to report the 
counts spontaneously released if the reader is to accurately 
judge the conditions of the assay. It may also be desirable 
to report the data from some assays as a percentage of sup
pression relative to a positive control chemical (e.g., 
cyclophosphamide). 

Limitations and utility of the proposed Methods 

Frequently in biology the selection of what are believed to be 
appropriate methods is based upon standardized, readily 
available procedures without fully appreciating the biological 
interpretation of the results. For example, the biological 
consequence of marginally depressed lymphoproliferation in 
response to the mitogen PHA is beyond our current realm of 
interpretation. It is not known if a 30% decrease in PHA 
responsiveness, although statistically significant, has any 
biological Significance. Thus, it is intuitively appealing to 
discard assays whose ultimate biological meaning is beyong our 
present understanding and adopt methodology involving more 
tangible aspects of biological relevance. Effector cell 
assays tend to require intercellular cooperation which ulti
mately results in the expression of a measurable function. 
Thus, assays requiring cellular interactions are often intui
tively more appealing (e.g., PFC or CTL assays). During the 
past two years our laboratory has adopted assays measuring 
cell-mediated effector function by incorporating NK-, 
macrophage- and T cell-mediated cytolysis assays into our 
assessment repertoire. These methods have proven helpful in 
identifying lesions induced by chemical exposure, and seem 
related to changes in tumor susceptibility. It is hoped that 
once the pattern of.associations between the in vitro and in 
vivo assays is. established, some of the in vivo assays may be 
discontinued. For example, if correlation is consistently 
observed between host susceptibility in a particular tumor 
model and suppression of NK or CTL activity, and the threshold 
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for this effect is known, then the NK or CTL assay might be 
used in place of the in vivo tumor model. One could envision 
in vitro assays of macrophage or lymphocyte function replacing 
bacterial and viral challenge models as well. 

MECHANISMS 

Correlations between Immune Function Measurements and Altered 
Host Resistance 

Determining how loss of immune function, as measured in vitro, 
produces a significant biological effect in vivo is a goal of 
an applied discipline such as immunotoxicology. Furthermore, 
it is now recognized that the immune system possesses a 
resilience and reserve functional capacity which must first be 
lost before any in vivo alterations are seen. To address the 
question of correlations between in vitro immune function 
measurements and altered host susceptibility to challenge with 
infectious agents or tumor cells, we have assembled data 
obtained over the last two years with a variety of chemicals 
tested at three different doses in host resistance models and 
which have produced varying degrees of functional modulation. 
The lack of independence of these two parameters was evaluated 
with Spearman's rank correlation coefficient. Figure 5 shows 
a significant correlation (Spearman's Rho = -0.758) between 
depressed NK cytolysis and increased susceptibility to in vivo 
challenge with B16FIO melanoma cells (p < 0.01). Similarly, 
Figure 6 demonstrates a correlation between loss of CTL 
activity and increased susceptibility to challenge with PYB6 
sarcoma cells (p < 0.05). Conversely, loss of CTL activity 
was not correlated with increased susceptibility to BI6FlO, 
and NK suppression was only weakly associated with increased 
susceptibility to PYB6. From these figures it is also 
possible to estimate the functional reserve in these two 
effector functions which must be lost before altered suscepti
bility to tumor challenge is seen, assuming host resistance to 
the particular tumor is predominantly by a single effector 
mechanism. In the CTL assay, the functional reserve appears 
to be approximately 40-50 percent since this much activity 
must be lost before a significant increase in tumor frequency 
is seen following PYB6 tumor challenge. NK activity seems to 
have a higher functional reserve. Sixty to 70 percent of this 
activity must be lost before increased susceptibility to 
B16FlO tumor challenge is noted. The level of functional 
reserve may be different for each host parasite model depen
ding on the pleiotropic nature of immune responses that govern 
the model. These types of correlations, albeit preliminary, 
provide insight into the biological significance of the 
various in vitro measures of immune function (Table 2). 
Information in this area should be expanded if we are to 
accurately assess chemical safety and risk. A detailed 
understanding of effector mechanisms involved in host resis
tance is required to establish the relationships between 
immune function alterations and altered susceptibility in 
challenge models. 
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Interlaboratory Validation 

During the past three years, under the auspices of the 
National Toxicology Program/NIEHS/NIH, an interlaboratory 
methods development and validation effort was initiated in two 
contract laboratories (i.e., Medical College of Virginia and 
Illinois Institute of Technology Research Institute), one 
government (NIEHS) and one private laboratory (CIIT). In this 
interlaboratory validation effort, the Tier I panel was used 
to study immunotoxic effects in B6C3FI mice exposed to several 
chemicals. The data in Table 3 represent a preliminary 
analysis of this effort. The first two years of the study 
were directed at methods development and standardization. In 
several of the assays there is good agreement between the 
different laboratories on the frequency and amount of immuno
suppression observed with a particular chemical. These data 
suggest that immune alterations induced by chemicals can be 
accurately assessed by different groups employing 
well-controlled and stadardized methodologies. The contribu
tors of these data should be commended for the high quality 
achieved in the standardization and performance of the assays 
included in this analysis. 

This interlaboratory validation effort is quite preliminary 
and should be expanded on an international scale to assess and 
improve the reproducibility of methodology throughout the 
world. This will facilitate the interpretation of data and 
accurate assessment of the immunotoxic potential of chemicals. 
One goal of such a comparison might be to determine if both 
mice and rats are equally appropriate species and interchant
geable for the safety assessment of chemicals for 
immunotoxicity. Additionally, this approach would expedite 
progress in expanding our limited data base regarding the 
potential of chemicals of various classes to alter the immune 
response. An international program of interlaboratory vali
dation would have to be organized within the framework of an 
international organization such as the World Health Organi
zation (WHO) or the Cbmmission of European communities (CEC) 
in order to provide the infrastructure needed for the succes
sful completion of such an ambitious project. One goal of 
such a comparison might be to determine if both mice and rats 
are equally appropriate species and interchangeable for the 
safety assessment of chemicals for immunotoxicity. In 
addition, an expanded effort in methods selection might also 
be accomplished by such an international comparison. The 
ultimate goal of such an international interlaboratory valida
tion would be to provide the scientific community with a 
validated and reproducible panel of well-selected methods to 
obtain data for assessment of chemical safety relative to the 
immune system and to allow better human risk extrapolation. 

SUMMARY 

The application of immunologic methods for toxicity assessment 
has developed rapidly and been widely accepted. Programs to 
determine the immunotoxic potential of chemicals and drugs are 
being developed in many governmental, university and indus
trial laboratories throughout the world. Since a single 
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immune function assay cannot be used to comprehensively 
evaluate immunomodulation following exposure to chemicals or 
drugs, a flexible tier of sensitive in vivo and in vitro 
assays was developed to assess immunotoxicity in rodents and 
is currently being refined and validated in several 
laboratories. The tier approach to immunotixicity assessment 
consists of a screening panel (TIER I) which enables the quick 
identification of compounds which may produce immune 
alterations. Agents positive in TIER I assays can be further 
evaluated with assays selected from a more comprehensive panel 
(TIER II). Tier II assays allow confirmation and an indepth 
evaluation of the underlying mechanism(s) of immunotoxicity. 

The interpretation of immune alterations observed in rodent 
toxicity studies in terms of risk for man deserves continued 
consideration and discussion. A larger data base in rodents 
correlating immune function measurements and altered suscepti
bility to challenge with infectious agents or tumor cells, 
spontaneous tumor development and development of hypersensiti
vity or autoimmunity is needed. Only through the incorpora
tion of reliable methods for assessing immune function into 
toxicity testing will the information necessary for the 
rational safety assessment of chemicals be made available for 
risk estimation. 

Further development in this area should include an internati
onal interlaboratory validation of test methods using com
pounds with known immunotoxic effects. This would ultimately 
provide a more standardized protocol for immunotoxicity and 
immunopharmacological testing. Such a tier of validated 
methods should not rely solely on state-of-the-art function 
tests, but incorporate immunopathology, immunohistochemistry 
or flow cytometry methods, as well as host challenge models. 

The next few years present a new challenge to the field of 
immunotoxicology because of the required efficacy and safety 
assessment of new recombinant biologicals (e.g., growth 
hormones, interferons, interleukins, and new vaccines); 
biorational pesticides; biological response modifiers (i.e., 
drugs such as muramyl dipeptide designed to enhance immunores
ponsiveness against tumors and infections); and, monoclonal 
antibodies designed as drug delivery vehicles or for 
detoxification. Many of these agents will present new and 
varied immunotoxicology problems and will require the develop
ment of new and better models. Careful study of these agents 
should provide insight into mechanisms of immunotoxicty and 
immunopharmacological effects which should lead to the design 
of safer chemicals and more efficacious drugs. 
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Figure 

Figure 

NATURAL RESISTANCE 
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ACQUIRED RESISTANCE 
(IMMUNOLOGICAL MEMORY) 

TUMOR OR VIRALLY INFECTED 
TARGET CELL 

ANTIBODY 
DEPENDENT 
CELLULAR 
CYTOTOXICITY 
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showing 
killer 

Schematic of effector cells active in resistance to tumor and virus 
both natural and acquired mechanisms. Macrophages (M¢). natural 
cells (NK) and thymus-dependent lymphocytes (T-cells) 

illustrated. 
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3. Frequency distribution of lymphoproliferative response to phytohemag
glutinin (PHA) in splenocytes from normal B6C3Fl mice (control groups) 
over the past 2 years showing actual CPM (3A) and 10910 transformed CPM 
(3B). Note the skewed distribution (i.e .• non-normal) of the data prior 
to 10glO transformation. 
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Plot showing correlation of chemical-induced depression of NK cyto-
lysis and increased susceptibility to nodule formation following in vivo 
challenge with B16F10 melanoma cells, Note Spearman's rho and probability 
values at bottom of panel. Values are given as percentage increase to 
nodule formation and percentage suppression of NK cytolysis from all 
chemicals studied during previous 2 years. 
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Table 1 

Methods for Detecting Immunotoxic Alterations Currently Being Evaluated at CIIT 

Parameters 

Immunopathology 

Cell-mediated immunity 

Pro) i ferat ion 

Tumoricidal 

Surface markers 

Antibody-mediated immunity 

;'3crcphage function 

iiost resi s t alice 

Procedures 

Routine hematology. 

lymphoid organ weights (spleen, 
thymus) and histology.* 
Spleen and bone marrow cellularity 

Mitogen responses and one-way 
mixed leukocyte cultures*. 

Natural killer cell cytolysis* and 
cytotoxic T cell induction 

Quantification of lymphocyte sub
populations using monoclonal antibodies. 

Antibody plaque-forming cells (PFC) 
response. * 

Resident peritoneal macrophage 
number,* phagocytosis, cytostasis 
and enzyme levels* in activated and 
non-activated cells. 

Tumor challenge model: 
PYB6 sarcoma* 
BI6FlO melanoma 

Bacterial challenge model: 
Listeria monocytogenes* 

*Currently included in the National Toxicology Program's Special Studies Panel 
fOI" Immunotoxicity Assessment. 



Table 2. Correlations Between Altered'Susceptibility In Challenge Models 
and Antibody Plaque Forming Cell Response With Loss of In Vitro 
Immune Function - --

Correlation Values: 
Parameter NK CTL MLC LPS PHA 

.31a '" Listeria monocytogenes .66 .54 .06 .44 
susceptibility 

'" '" '" PYB6 susceptibility .56 .63 .51 .32 

"'''' B16FIO susceptibility .76 .36 .51 .56 
I< 

Loss of PFC response .62 .08 

aCorrelation coefficient as determined by Spearman's rank correlatIon test. 

'" Significantly different from control at P< 0.05. 

** Significantly different from control at P< 0.01. 

-Not Tested 
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2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is the prototype 
for certain isomers from several classes of halogenated 
aromatic compounds, including the polychlorinated biphenyls 
(Goldstein, 1980; Poland et al., 1979). Studies carried out 
in inbred murine strains have shown that the induction of 
cytochrome Pl-450 and other xenobiotic metalbolizing enzymes 
by TCDD is regulated by a genetic locus (designated the Ah 
locus) (reviewed in Poland and Knutson, 1982; Nebert and 
Jensen, 1979). It has been postulated (Nebert et al., 1984; 
Poland et al., 1979), that the Ah locus codes for a receptor 
Protein (to be designated in this report as the Ah receptor). 
The Ah receptor originally was identified in murine liver 
(Poland et al., 1976) and subsequently has been detected in 
several epithelial tissues (G1asiewicz, 1983) and animal 
(Guenthner and Nebert, 1977) and human (Hudson et a1., 1983) 
cells in culture. In mice this receptor has been shown to be 
involved in two toxic responses to TCDD: epidermal hyper
plasia (Knutson and Poland, 1982) and thymic atrophy (Poland 
and Glover, 1980; see below). The actions of TCDD on targets 
such as the skin and thymus appear to result in altered 
patterns of growth and differentiation (reviewed in Greenlee 
and Neal, 1985). 

ACTIONS OF TCDD ON THE IMMUNE SYSTEM 

Evidence obtained in various animal and cell culture models 
indicate that TCDD exerts diverse actions on the immune 
system, suggesting the involvement of several cellular target 
sites. Luster et al. (1984) have shown that TCDD can act 
directly on bone marrow stem cells and splenocytes in culture 
to suppress the formation of granulocyte-macrophage colonies 
and plaque forming cells, respectively. In adult mice TCDD 
has been reported to suppress antibody production at doses 
which do not alter cell mediated (T-1ymmphocyte) immunity 
(CMI) (Mantovani et a1., 1980; Vecchi et a1., 1980). In 
young animals, the adverse actions of TCDD on the immune 
system appear to be selective for cells participating in the 
differentiation and expression of CMI and 
T-lymphocyte-dependent antibody responses (Dean et al., 1982; 
Vecchi et a1., 1983; VOs, 1977). Comparison of the responsi
veness of the immune system to TCDD in adult and perinatally 
exposed animals indicate that the developing immune system is 
a particularly sensitive target, with thymic atrophy being the 
most common pathologic finding (Gupta et al., 1973; Luster et 
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al., 1982). The histopathology of the thymic lesions induced 
by TCDD is characterized by a depletion of cortical thymocytes 
(Vos and Moore, 1974; McConnell et al., 1978) and is similar 
to that reported for cortisone-treated animals (Bach, 1975). 

TCDD-INDUCED THYMIC ATROPHY: INVOLVEMENT OF THE AH RECEPTOR 
AND PROPOSED CELL TARGET SITES 

studies carried out in inbred murine strains differing in 
sensitivity to TCDD indicate that TCDD-induced thymic atrophy 
is mediated by the Ah receptor: (1) thymic atrophy segregates 
with the Ah locus;--and (2) this response is stereospecific 
(i.e., chlorinated aromatic compounds isosteric with TCDD 
produce thymic atrophy) (Poland and Glover, 1980). The Ah 
receptor is detected in thymic cytosol and nuclear fractions 
from rats (Lund et al., 1982) and in the thymus from strains 
of mice with greatest sensitivity to TCDD (Poland and Glover, 
1980). In these studies, receptor binding was measured in 
subcellular fractions prepared from whole thymus. The rela
tive distribution of the receptor in the various thymus cell 
.populations (e.g., thymocytes versus thymic epithelial cells) 
was not determined. Although the involvement of the Ah 
receptor in TCDD-induced thymic atrophy appears to be 
well-established, cellular targets and specific responses 
regulated by the Ah receptor relevant to thymic pathogenesis 
have not been established by the available animal data. 

Immunosuppressive agents with the potential to compromise CMI 
can act at one or more target sites: prethymic stem cells in 
the bone marrow, intrathymic precursor cells, thymic macropha
ges and epithelial cells, or peripheral T-lymphocytes. 
Toxicity to T-lymphocytes also can result from modulation of 
pituitary or adrenal gland function (e.g., 
glucocorticoid-induced thymic atrophy and suppressed CMI). 
TCDD is not cytotoxic to murine lymphoma or virus-transformed 
lymphocyte cells lines (Knutson and Poland, 1980) and does not 
adversely affect peripheral lymphocytes in vitro at concentra
tions which suppress CMI in vitro (Luster et al., 1979). 
Further, TCDD does not appear to act through modulation of 
serum corticosteroid levels (Van Logten et al., 1980) and does 
not appreciably alter macrophage function (Luster et al., 
1982). These observations have led to the hypothesis that 
lymphocyte precursors, thymic epithelium, or both may be 
possible target sites (Vos, 1977; Poland and Knutson, 1982). 

IN VITRO MODEL FOR THYMIC ATROPHY 

In order to study the cellular and molecular mechanisms for 
TCDD-induced thymic atrophy, an in vitro system was estab
lished for co-culturing thymocytes on thymic epithelial (TE) 
monolayers (Greenlee et al., 1985a). Several methods have 
been reported for cultivation of TE monolayers including the 
use of conditions selecting against thymic fibroblasts and 
macrophages (Boniver et al., 1981), and co-culture· with 
lethally irradiated murine 3T3 fibroblasts (Sun et al., 1984). 
TE cells obtained by these methods have been shown to be of 
epithelial or~g~n as judged by the expression of prekeratin 
filaments (Fig 1). 
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Thymocytes from C57BL/6 (Ah-positive) mice were co-cultivated 
on TCDD treated syngeneic TE monolayers, or cultured in 
TE-conditioned medium from TCDD treated cultures and then 
assayed for responsiveness to the mitogens concanavalin A (Con 
A and phytohemagglutinin (PHA), according to the experimental 
protocol shown in Fig. 2 (Greenlee et al., 1985a). Coculti
vation of thymocytes on control monolayers (Fig. 3) or in 
conditioned medium from control cultures (Table 1) resulted in 
an enhanced response to both mitogens. Treatment of the TE 
monolayers with TCDD (at noncytotoxic concentrations) resulted 
in a concentration-dependent (Fig. 3) and stereospecific 
(Greenlee et aI, '1985a) suppression of the enhanced response 
of co-cultivated thymocytes to both Con A and PHA, whereas the 
enhanced mitogen response mediated by TE supernatant was not 
suppressed in thymocytes incubated in conditioned medium from 
TCDD treated cultures (Table 1). These findings indicate that 
TCDD can act directly on TE ceilis to suppress thymocyte 
maturation. This response is not mediated by soluble factors 
produced by TE cells (Table 1). It has been proposed 
(Greenlee et al., 1985a) that TCDD may alter early stages in 
the complex process of thymus-dependent T-lymphocyte matura
tion requiring direct contact between precursor cells and the 
thymic microenvironment (Bach and Papiernik, 1981). 

The concentration-dependence and stereospecificity for the 
suppression of TE-dependent maturation of thymocytes by TCDD 
in vitro (Greenlee et al., 1985a) correspond with the values 
for these same parameters for TCDD-induced thymic atrophy in 
vivo (Poland and Glover, 1980), indicating that modulation of 
TE cell function by TCDD is mediated by the Ah receptor. The 
concentration of the Ah receptor in cytosol--fractions from 
cultured TE cells was:measured directly by adsorption onto 
hydroxylapatite and was found to be 3 and 3.5 times greater 
than that measured in cytosol fractions prepared from whole 
thymus and thymocytes, respectively (Greenlee et al., 1985a). 
The value obtained for the cultured TE cells (86 fmol/mg 
protein) (Greenlee et al., 1985a) was nearly identical to the 
value reported for the number of hepatic receptor sites (84 
fmol/mg protein) (Poland et al., 1976) in the same strain of 
mice. 

COMMON ACTIONS OF TCDD ON EPIDERMAL AND TE CELLS 

TCDD-induced epidermal hyperkeratinization has been studied in 
cultured human epidermal cells derived from neonatal foreskin 
(Greenlee et al., 1985c: Osborne and Greenlee, 1985) and in 
human squamous cell carcinoma lines of epidermal or~g~n 
(Hudson et al., 1985). These cells can be serially cultivated 
in the presence of lethally-irradiated murine 3T3 fibroblasts 
(Rheinwald and Green, 1975: Rheinwald and Beckett, 1980: 
1981) and from colonies which essentially maintain the struc
tural and functional dynamics of the epidermis in vivo (Green, 
1979). The differentiation of epidermal cells can be moni
tored with monoclonal antibodies directed against human thymus 
(Haynes, 1984). Both epidermal and TE cells appear to undergo 
an analogous pattern of terminal differentiation as judged by 
the expression of similar surface antigens (Table 2) (Haynes, 
1984) • 
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Treatment of confluent cultures of normal human epidermal 
cells with TCDDresults in enhanced differentiation analogous 
to hyperkeratinization observed in vivo (Greenlee et al., 
1985c; Osborne and Greenlee, 1985). The enhanced differen
tiation response in the TCDD treated cultures can be quanti
tated and is characterized by a decrease in the number of 
proliferating (basal) cells and DNA synthesis, and an increase 
in the number of differentiating (envelope competent) and 
terminally differentiated (with spontaneous envelopes) cells 
(Table 3). This response to TCDD appears to be mediated by 
the Ah receptor (Osborne and Greenlee, 1985). 

The observations on the actions of TCDD on human epidermal 
(Osborne and Greenlee, 1985) and TE (Greenlee et al., 1985a) 
cells suggest that TCDD may be altering similar regulatory 
events in both cell targets. Hyperkeratinization, one of the 
toxic responses of the epidermis to TCDD, is characterized in 
vitro to result from enhanced differentiation mediated by the 
Ah receptor (Osborne and Greenlee, 1985). It has been pro
posed that thymic atrophy also can result from TCDD-induced 
terminal differentiation of TE cells (Greenlee et al., 1985b). 
It is assumed that the terminally differentiating TE cell 
loses the ability to support thymocyte maturation. Impaired 
thymocyte maturation may lead to increased thymocyte death 
contributing to the depletion of cortical thymocytes characte
ristic of TCDD-induced thymic atrophy. 

CONCLUDING COMMENTS 

The available data do not support a definitive association 
between TCDD exposure in humans and immune dysfunction. The 
inability to detect adverse effects may indicate that the 
human immune system is not a major target for TCDD. However, 
it is possible that subtle changes in the differentiation or 
function of the cellular components of the immune system may 
not be detected by the immunotoxicity screening assays routi
nely used. Several strains of human TE cells have been 
successfully cultivated in our laboratory (Fig. IB). Compa
rison of the responses of murine and human TE cells to TCDD 
should provide insight into the mechanisms of potential 
interspecies differences in the susceptibility of this thymus 
target cell population. Should a response to TCDD be observed 
in the human TE cells, detailed study of the mechanisms 
involved may lead to a predictive model for potential immuno
toxic actions of TCDD in humans. 

Footnote 

Abbreviations used include: CMI, cell-mediated immunity; Con 
A, concanavalin A; CTL, cytotoxic T-lymphocyte; PCB, poly
chlorinated biphenyls; PHA, phytohemagglutinin; TCDD, 
2,3,7,8-tetrachlorodi ben zo-p-dioxin; TE, thymic epithelial. 



Table 1 Lymphoproliferative responses of thymo~ytes from C57BL/6J 
mice cultured in TE-conditioned medium 

TE Treatment TE-conditioned [3H]-Thymidine Incorporation (cpm) 
(nM TCDD) Medium I Can A PHA 

0 11,416 ± 1870 2,945 ± 619 

0 + 33,273 ± 2993 12,321 ± 1835 

0.1 + 36,307 ± 1827 11,677 ± 1707 

1 + 29,143 ± 3135 12,476 ± 1386 

10 + 33,826 ± 2050 17,620 ± 3046 

30 + 35,447 ± 5306 16,117 ± 2007 

aConfluent monolayers of TE cells from C57BL/6J mice were treated with 
either solvent vehicle (DMSO, 0.1%), or the indicated concentrations of TeDD 
for 48 hrs and then were washed two times with DMEM containing 5% fetal calf 
serum. Conditioned medium was prepared by culturing washed monolayers in the 
presence of RPMI 1640 medium supplemented with 5% heat-inactivated human AS 
serum, 2 mM glutamine and 50 ~g/ml gentamycin for 24 hrs. Thymocytes were 
prepared and incubated in either control or conditioned RPMI 1640 medium for 
48 hrs. Lymphoprol iferative responses to Con A and PHA were measured as 
described previously (Greenlee et al., 1985a). Each value represents the 
mean ± S.D. of 4 determinations~ Taken from Greenlee et~. (1985a). 
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Table 2. Actions of TeDD on selected parameters of cell grow~hb 
and differentiation in normal human epidermal cells' 

OM SO TCOD 

Total -6 cell number (x 10 ) 1.9 ± 0.2 2.0 ± 0.1 

Small (basal) cell -6 number (x 10 ) 0.80 ± 0.60 0.37 ± 0.02c 

Cell protein (mg) 0.69 ± 0.03 0.74 ± 0.01 

3H-Thymidine incorporatioG3 
(DPM/mg protei n x 10 ) 7.82 ± 1. 20 3.85 ± 0.70c 

-4 Spontaneous envelopes (x 10 ) 1.5 ± 0.02 3.5 ± 0.2c 

-6 Envelope competence (x 10 ) 0.92 ± 0.06 1.9 ± 0.05c 

EGF bound (DPM/mg protein x 10-3) 5.57 ± 0.09 3.34 ± 0.14c 

aConfluent cultures of normal human epidermal cells in 6-well dishes were 
treated 4 days with 0.01% DMSO or 10 nM TCOD. At the end of the treatment 
period, the parameters indicated were measured in .replicate dishes. The 
mean and SEM of values from triplicate wells are given. Taken from Osborne 
and Greenlee (1985). 

bA c.litochrome Pl-450 mediated monooxygenase activity, 7-ethoxycoumarin 
O-deethylase (measured as described by Hudson et al., 1983). was increased 
12-fold by TCDO in this experiment. from 0.44 ± 0~1 pmol/mg protein/min 
in controls. to 5.3 ± 0.46 pmol/mg protein/min in TeDD treated cells. 

cp , 0.05 versus DMSO control values (Student's t test). 

Table 3. Co-expression of thymus antigens by epidermal keratinocytes and 
thyic epitheliuma 

Skin 

Organ 

Basa 1 1 ayer 
Stratum granulosum 
Stratum corneum 

Thymus 
Medullary epithelium 
Hassall's bodies 

aData from B. N. Haynes (1984) 

Antigens 

TE-<. TE-8:. TE-15 
TE-4 -. TE-8_. TE-15: 
TE-4 . TE-8 . TE-15 

TE-<. TE-8:. TE-15: 
TE-4 . TE-8 , TE-15 
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Figure 1. Visualization of prekeratin filaments in cultured 
TE cells from A murine B human thymus. TE cells were 
plated at a density of 2 x 10 4/ml on Lab-Tek chamber 
slides and prokeratin filaments were visualized as 
described previously (Greenlee et al., 1985a). 
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Figure 2. Protocol for co-culture and conditioned medium 
maturation of T-lymphocyte precursors. 
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Figure 3. Lymphoproliferative responses of thymocytes from 
C57BL/6J mice co-cultivated on TCDD-treated syngeneic TE 
monolayers. Confluent cultures of TE cells were treated 
with either solvent vehicle (DMSO, 0.1 %), or the indica
ted concentrations of TCDD for 48 hrs. Thymocytes were 
isolated (Boniver et al., 1981) from thymuses of 6 week 
old mice, CO-CUltivated on the treated TE monolayers, and 
assayed for mitogenic responses to Con A and PHA as 
described previously (Greenlee et al., 1985a). Each bar 
represents the mean SD of 4 determinations. Asterisks 
indicate values significantly different (p < 0.05) from 
the DMSO-treated co-culture controls. Taken from 
Greenlee et al., 1985a. 
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It has been recognised for centuries that the gut of many 
animals is richly endowed with what we now describe as 
lympho/reticular tissue. It is agreed generally now that the 
primary function of such lympho/reticular tissue is to 
generate immune effector mechanisms which protect the body 
against the onslaughts of pathogenic bacteria, viruses and 
toxins. Because the gut is designed to absorb nutriment and 
has a vast surface area that is in contact with the outside 
world , it is more than usually at risk and requires special 
protection. The protection afforded to the gut by the gut 
associated lymphoid tissue (GALT) is by no means absolute; 
even in developed communities, which have sophisticated 
sanitary arrangements and medical superv1s10n, occasional 
illness caused by enteric infections is by no means rare. In 
undeveloped communities, especially where population density 
is high such infections cause continual morbidity and 
mortality. The young of both man and animals are particularly 
at risk; the adaptation (in an immunological sense) to 
pathogenic and commensal bacterial flora necessarily takes 
time, and, in many species, the GALT is poorly developed at 
birth. During this process of adaptation the GALT very 
occasionally over reacts and produces antibodies and immuno
cytes directed at normal dietary constituents so that states 
of clinical hypersensitivity, or allergy, may develop. 

In considering these complicated interactions between the GALT 
and the miriad antigenic macromolecules present in the lumen 
of the gut, it is often very difficult to draw the line 
between the processes of normal, physiological development and 
genuinely pathological processes. Of necessity the experi
mental approach to the investigation of these problems often 
involves the use of experimental animals. Unfortunately, even 
among mammals, there are important species differences and 
these must be borne in mind continually. Much confusion and 
some bad feeling has been caused because individual investiga
tors or clinicians have attempted to draw general conclusions 
from the small amount of evidence with which they are perso
nally familiar. The truth is that even where the most fami
liar species are concerned, our knowledge of how the GALT 
functions is fragmentary and superficial. 
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BASIC ANATOMY 

From an anatomical standpoint the GALT is comprised of three 
components; the diffuse lymphoid tissue in the lamina propria 
of the intestine, the Peyer's patches (aggregates of lymphoid 
follicles that are distributed along the length of the 
intestine) and the mesenteric lymph nodes. (A physiologist 
might add a fourth component, i.e. the pool of circulating 
lymphocytes , the components of which continually migrate from 
the blood, into the wall of the gut and the mesenteric nodes, 
enter the local lymph and so find their way back to the 
blood) . 

The lamina propria. The lympho-reticular tissue is distribu
ted along the whole length of the gut, in between the basement 
membrane of the epithelium and the muscular coats. It extends 
into the villi and surrounds the crypts. It is most abundant 
in the small gut, and immunologists tend to concentrate on 
this part of the alimentary tract as being typical and, 
quantitatively, the most important. However, the large bowel, 
too, is a significant lymphoid organ but the traffic of 
lymphoid cells through its walls, and the population of 
resident lymphoid cells, are usually an order of magnitude 
less than those of the small gut. In monogastric mammals the 
traffic of lymphoid cells through the laminae of the oesopha
gus and stomach is usually small, though in ruminants the 
abomasum (which corresponds to the glandular stomach of 
monogastric mammals) has a lamina that contains a substantial 
population of immunologically active cells. 

Cytologically, the cells of the lamina are of three main 
types; macrophages (often dendritic), lymphoid cells (small 
lymphocytes, large lymphoid immunoblasts and particularly, 
mature, antibody-secreting plasma cells) and granUlocytes (in 
health, these are relatively sparse and consist mainly of 
eosinolphils and mast cells). Unless special means of inves
tigation are the used the macrophages are often rather incons
picuous but modern techniques (1,2,3) have shown the tissue 
spaces of the gut to be abundantly supplied with dendritic 
macrophages which are especially important in the presentation 
of antigens to immunologically competent Band T lymphocytes. 
A feature of the lymphoid cells in the laminae of adults is 
the large number of plasma cells; these are characterised 
ultrastructurally by their content of concentric lamellae of 
endoplasmic reticulum, which indicates a vigorous synthesis of 
antibody protein. In man and laboratory rodents most of these 
plasma cells secrete immunoglobulin A (IgA), the principal 
antibody of the external secretions. 

The Peyer's patches. This term is properly applied to the 
macroscopic aggregates of lymphoid tissue which Joseph Conrad 
Peyer described in 1677. These aggregates are situated in the 
anti/mesenteric wall of the intestines. In rodents they are 
easily visible without opening the gut but in large animals 
they are best seen after the gut is opened. In the rat they 
are a few mm. in diameter but in man and large animals they 
may be several cm. long. A rat may have 5-10 substantial 
patches; larger animals, a score or more. The detailed 
structure of these patches cannot be gone into here but a few 
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salient features require comment. The overlying epithelium 
loses its villous pattern and becomes a flat membrane composed 
of columnar epithelial cells. Some of the epithelial cells 
are specialized and have a "phagocytic" function (4,5). 
Although they are genuine epithelial cells and not true 
macrophages these 'M' (the 'M' stands for membranous) cells 
seem able to take "samples" of the contents of the gut and 
pass small amounts of material to the dense masses of lymphoid 
tissue which underly them. Much of this lymphoid tissue is 
arranged in follicles, not unlike the germinal centres found 
in lymph nodes, and these follicles are comprised principally 
of small B lymphocytes, while the interfollicular areas 
between them are the areas where small T lymphocytes recircu
late from blood to lymph. In spite of the fact that the 
follicles are B cell areas, the Peyer's patches contain very 
few mature, antibody forming plasma cells. 

The mesenteric lymph nodes. These nodes receive and filter 
the lymph that ·is formed in the wall of the intestine and 
conveyed to them by the afferent lymphatics. These afferent 
lymphatics are referred to sometimes as 'lacteals' because 
they necessarily contain the macromolecular products of 
digestion, principally the chylomicra, or fat globules, which 
give the lymph the milky appearance, from which the lacteals 
take their name. It cannot be stressed too often that macro
molecular material, be it derived from the diet or intestinal 
microorganisms, that has succeeded in penetrating the 
epithelium, depends absolutely for its transport on the 
lymphatic system. Except in the case of gross injury or 
pathology, macromolecules cannot enter the blood capillaries 
or venules directly, and so the portal blood cannot, in 
health, contain antigenic material of this sort. Those 
antigenic macromolecules that do penetrate the gut wall must 
impinge first on the local lymphoid tissue in the lamina and, 
second, on the mesenteric nodes to which the lymph will carry 
them. It is probably for this reason that, even in healthy 
animals, the mesenteric nodes usually display the histological 
stigmata of antigenic stimulation. 

The general structure of the mesenteric nodes is similar to 
that of nodes elsewhere in the body. They have the usual 
cortex, containing the germinal centres (A B cell area), and a 
deeper 'para-cortex' which is the principal area through which 
T cells recirculate from blood to lymph. Deeper still, is the 
medulla which is replete with plasma cells. Most of these 
synthesise conventional IgG and IgM antibodies but a certain 
amount of IgA synthesis goes on as well. This observation 
highlights a peculiar feature of the mesenteric nodes. They 
are unusual in being downstream of the diffuse lymphoid tissue 
in the wall of the gut and of the Peyer's patches. Thus small 
lymphocytes, immunoblasts and macrophages from these tissue 
are conveyed in significant numbers (1) to the mesenteric 
nodes. Many of these itinerant immunoblasts are, in fact, IgA 
plasma blasts and they become trapped in the lymph sinuses of 
the mesenteric nodes, where they mature into IgA plasma cells. 
It is likely, then, that much of the IgA synthesis that occurs 
in the mesenteric nodes, was induced and initiated in the wall 
of the gut. 
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Intra epithelial lymphocytes (IEL). Mention must be made of 
the lymphocytes which are present actually inside the 
epithelium, i.e. between epithelial cells and above the 
basement membrane. Compared with the cells of the lamina such 
IEL are sparse and may represent nothing more than a random 
selection of wandering lymphocytes which have fortuitously 
penetrated the basement membrane. They show considerable 
heterogeneity; a minority is of 'B' origin and may be precur
sors of basophilic granulocytes or mast cells (6,7), others 
have T cell markers (8), and appear to belong to the 
suppressor/cytotoxic series rather than the helper/inducer 
category (9). The biological functions and significance of 
these cells are uncertain at present but some believe that 
they playa part in the epxression of cell mediated immunity 
(CMI) in the gut (q.v.). 

Developmental considerations. One of the most intriguing 
findings of modern immunpbiology was the observation that, at 
any rate in fowls, the GALT plays a crucial part in the 
development of the whole system of B lymphocytes. Avian 
species have a substantial lymphoid organ, the Bursa of 
Fabricius, situated near the cloacal end of the gut. When the 
bursa was surgcally excised, or hormonally suppressed, before 
hatching took place, the chick failed to develop a system of B 
lymphocytes and could not make antibody globulin. The impli
cations of this finding for the understanding of the congeni
tal hypogammaglobulinaemias of man were obvious but no struc
ture analogous to the avian bursa was found in man or labora
tory rodents. It was believed that some part of the GALT of 
these species might function as did the bursa but it was 
apparent that this function was not associated with a discrete 
anatomical compartment of the mammalian GALT. 

Recently it has been observed in sheep that some of the 
Peyer's patches may have this function. Foetal sheep have, in 
addition to the conventional Peyer's patches, a vey substan
tial and continuous patch that extends up the ileum for many 
cm. from the ileo/caecal junction. In post/natal life this 
patch involutes, as does the thymus, as sexual maturity 
approaches and may be scarcely discernible in the adult. When 
the gut containing this patch was removed surgically from the 
foetus the lamb suffered no later nutritional consequences, 
but the number of circulating B lymphocytes were severely 
reduced, and this impairment appeared to be life long (10,11). 
One may anticipate that this finding will be common to all 
ruminants, and data is accumulating that suggest a similar 
situation may exist in the pig (12). 

LYMPHOCYTE MIGRATION AND RECIRCULATION 

Gowans's demonstration that small lymphocytes recirculate 
continually from blood to lymph by traversing the walls of the 
post capillary venules in the lymph nodes and Peyer's patches 
(and also, probably in the spleen and the wall of the intes
tine generally) is now a quarter of a century old. This work 
has been amply confirmed and seems common to all mammalian 
species, though the pig shows some peculiar differences (13). 
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For some time after the phenomenon of lymphocyte recirculation 
was established and generally accepted it was believed that 
small lymphocytes recirculated more or less randomly through 
any part of the fixed lymphoid tissue to which the blood 
stream happened to carry them. In 1976 it was shown that this 
was not so in the sheep; small lymphocytes collected from the 
intestinal lymph recirculated preferentially through the GALT, 
while those from peripheral somatic nodes (PSLN) recirculated 
through oter PSLN but tended to avoid the GALT (14). The 
original experiments were carried out using unfractionated 
small lymphocytes but later experiments showed that purified 
populations of T lymphocytes behaved in the same way (15). 
For technical reasons these experiments cannot be repeated on 
rats and mice and there is some doubt, therefore, as to 
whether this is a general phenomenon. Also, it seems to be an 
acquired characteristic, in that it cannot be demonstrated in 
foetal sheep in utero (16). In any event, it must be empha
sized that the preferential recirculation of small lymphocytes 
from GALT through their tissue of origin is by no means an 
"all or nothing" phenomenon, it is only a bias. Thus, some 
GALt lymphocytes are capable of recirculating through the 
PSLN, and vice versa. The most striking and generally agreed 
feature of the migratory behaviour of lymphoid cells from the 
GALT relates not to small lymphocytes but to large ones. The 
capacity of lymph-borne immunoblasts from the gut to 
"home"back to the lamina propria almost as soon as they reach 
the blood is a major feature of the cellular economy of the 
GALT. 

Migration of lymph-borne immunoblasts from the GALT. Mention 
has been made already of the fact that the lymphoid tissue of 
the GALT is subject, even in health, to continual antigenic 
stimUlation. One consequence of this is that the lymphocytes 
in the intestinal lymph of all mammalian species that have 
been investigated include a few percent of immunoblasts (small 
lymphocytes that have transformed into large lymphoid blast 
cells as a result of appropriate stimuli). Again, it was 
Gowans (17) who first noticed that these cells had a striking 
ability to extravasate in the lamina propria of the small gut 
after they had been injected intravenously into syngeneic 
reCipients. This work has been confirmed amply (18,19) and 
the process occurs in ruminants (1) as well as in monogastric 
mammals. The mechanism is unknown; antigen does not seem to 
be involved for the mechanism can be made to operate in 
antigen-free foetuses (1, 20). Similarly, the isotype of the 
immunoglobulin that the immunoblasts make seems not to be a 
factor in guiding them to their destination; cells making IgM 
and IgG as well as those making IgA can extravasate in the 
small gut (1), while T immunoblasts (which make no Ig at all) 
can also be shown to 'home' to the gut (21). Even though very 
large numbers of cells are involved the reason for this 
circulatory odyssey is unknown. It does mean that immuno
blasts generated in a restricted part of GALT, in response to 
a local stimulus, have the opportunity to become disseminated 
throughout the whole length of the gut, and this may have 
survival value. What is certain is that the B immunoblasts 
which extravasate in the small gut soon turn into mature 
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plasma cells (19) which populate the lamina and which, during 
a life span of only a few days (22), secrete the immunoglo
bulins which protect the gut (see Fig. 1). 

IMMUNOGLOBULIN TRANSPORT BY THE GUT AND THE LIVER 

The pl~sma cells in the lamina propri~ of the gut of rodents 
and man secrete immunoglobulins mainly of the IgA isotype but 
significant numbers of cells produce IgG, IgM and IgE as well. 
Any type of antibody can only become really effective in 
preventing the attachment or ingress of pathogens if it is 
present on the surface of the mucosa. However, any major 
non-specific "leakage" of protein from the tissue spaces of 
the gut into the lumen would soon lead to circulatory 
collapse, and death, so a special active transport mechanism 
has evolved to ferry the specialized IgA antibodies across the 
epithelium, while the other antibodies and protein constitu
ents of the tissue fluid are retained beneath the epithelium. 
The mechanims is an example of receptor mediated endocytosis, 
and works as follows. 

The IgA molecule is secreted from the plasma cells in the form 
of a dimer, the two immunoglobulin units being linked by a 
joining or 'J' chain. In this form (or in the form of higher 
polymers) it is spoken of as plgA. The plgA molecule has an 
affinity for a receptor known as the 'secretory piece' (SC) 
or, in more modern terminology, a "poly Ig receptor", a glyco
protein which is displayed on the baso/lateral aspects of the 
enterocytes. After plgA has united with SC the whole complex 
is internalized into an endocytic vesicle, conveyed across the 
cytoplasm and discharged en bloc onto the luminal surface of 
the enterocyte. The plgA-SC complex is now termed secretory 
IgA (sIgA) and the glycoprotein moiety of the SC may help to 
"anchor" the molecule in the boundary layer of mucus which 
covers and protects the luminal surface of the gut (Fig. 2). 

Not all the IgA produced by the submucosal plasma cells is 
transported directly into the lumen. There is no active 
transport mechanism to convey newly synthesised IgA from the 
plasma cells to the enterocytes, this process depends on 
Simple diffusion. Because of this, and particularly during 
the post absorptive state when the net fluid flow across the 
gut wall is directed inwards, much of the IgA produced in th.e 
submucosa is swept up into the regional lymph. It is for this 
reason that the intestinal lymph of experimental animals (and 
man) is relatively rich in IgA. Surprisingly, the concentra
tion of IgA is much higher in the intestinal lymph than in the 
blood. Although substantial amounts IgA-rich lymph are 
discharged continually into the blood, the concentration of 
IgA in the blood remains. low. How does this come about? The 
short answer is that the IgA is extracted from the blood and 
secreted into the bile. The portal sinusoids of the liver are 
~ined with a discontinuous, or fenestrated, endothelium so 
that the proteins in the blood plasma can make rapid and 
intimate contact with the sinusoidal facets of the 
hepatocytes. In many rodent species the hepatocytes function 
like enterocytes (embryologically their origin is the same); 
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they display SC on their cytoplasmic membranes and transport 
the pIgA into the bile by exactly the same means as the 
enterocytes transport it into the lumen. in this way the bile 
is endowed with high concentrations of sIgA and so freshly 
ingested food (and microorganisms) can be douched with speci
fic antibody as soon as it enters the duodenum. The experi
mental work which elucidated this situation is extensive and 
has been reviewed (23). 

Special features of the IgA system in man. Unlike many 
animals man is unusual in having relatively large numbers of 
plasma cells that secrete monomeric IgA (mIgA). Some of these 
cells are to be found in the gut but many are remote from the 
GALT, e.g. in the bone marrow. Because monomeric IgA con
tains no J chain it does not qualify for active transport by 
the gut or the liver, and thus it tends to accumulate in the 
blood so that, in man, at least 75% of the total IgA in the 
blood is of monomeric form. This can lead to a good deal of 
confusion. Assessments of the amount of IgA in the blood 
measured by methods which cannot distinguish between molecules 
of differing sizes, yield results that are difficult to 
interpret from the point of view of secretory immunity. 

Another distinguishing feature of human IgA is that it can 
belong to one of two subclasses, and although similar subclas
ses may exist in experimental animals they remain to be 
discovered. The subclasses are distinguished on the basis of 
serological (i.e. antigenic) differences which reflect 
differences in strucutre and are referred to as IgAl and IgA2. 
In blood serum the amounts of each subclass are similar but, 
in secretions IgA2 predominates. The reason for this is not 
entirely clear; in the gut the IgAl, which is said to be more 
susceptible to proteolytic enzymes, may be broken down rather 
more rapidly than IgA2. 

Although the hepato/biliary excretion of pIga undoubtedly 
occurs in man (24) it is likely that the rapidity and scale of 
the transport are relatively less than in the rat, and are 
said to be similar to those which occur in the dog (25). 
Reports of the occurrence of SC on human hepatocytes are 
conflicting, and now the consensus view is that human hepato
cytes do not display SC. The hepato/biliary transport of 
human IgA probably takes place through specialized "biliary 
epithelial" cells which display SC (26). Because these ·are 
not as numerous as hepatocytes the transport of IgA from blood 
to bile in man is less striking than it is in the rat. 

BIOLOGICAL FUNCTIONS OF ANTIBODIES IN THE GUT 

IgA. Many enteropathogenic microorganisms can only succeed in 
infecting their potential victim by first attaching themselves 
to specific receptors on the surfaces of the enterocytes or 
other mucosal epithelia. If these receptors are, for genetic 
reasons, absent the organism cannot gain a foothold and, as 
far as that particular individual is concerned, may be consi
dered non-pathogenic. Similarly, if the complementary group 
on the bacterium or virus is masked by the attachment to it of 
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a specific IgA antibody, it is likewise unable to gain a 
foothold and is swept away to excretory oblivion by the motion 
of the gut contents. This simple "steric hindrance" by IgA 
antibodies is probably their most important function but they 
have others. Suppose an antigenic entity, be it a pathogenic 
microorganism or a dietary immunogen, does succeed in penetra
ting the epithelium, it is still liable to the attachment of 
pIgA antibodies. These pIgA antibodies have not yet acquired 
SC and so the pIgA-antigen complex is able to unite with the 
SC and be secreted back immediately in the lumen. Indeed, 
even if the complex enters the lymph stream and gains the 
systemic blood circulation it may still be excreted by the 
bile. This scenario is not just idle fancy; it has been 
shown to occur by direct experiment (27), and because IgA 
does not activate complement this mechanism represents a way 
of eliminating dietary antigen that has no damaging, allergic 
sequelae. 

Monomeric IgA has no function in the gut because it is not 
secreted. Its function in the blood and tissue spaces is 
unknown. It has been suggested that, because it does not 
activate complement or promote opsonisation, it may moderate 
immune reactions that might become dangerously damaging if IgG 
and IgM antibodies were allowed to operate without compe
tition. 

IgE. Although in absolute terms the amounts of IgE synthe
sised in the wall of the gut are vey low, the ability of even 
small amounts to sensitize mast cells has extremely important 
consequences. Small amounts of antigen which succeed in 
penetrating the mucosa will, if they confront a specifically 
sensitised mast cell, cause such cells to degranulate 
immediately. The histamine released from the granules act on 
the local blood vessels to increase their permeability and 
thus the transudation of conventional IgG andf IgM antibodies 
from the blood. At the same time, protease released by the 
degranulating mast cells are believed to destabilize the 
intercellular functions between the enterocytes so that the 
antibodies that have escaped from the blood can gain direct 
and rapid entry into the lumen of the gut. this type of IgE 
"triggering" can produce an almost expolosive effect which 
probably underlies the hyper acute, "self-cure" reactions with 
which animals purge themselves of a burden of intestinal, 
helminthic parasites (Fig. 3). Similar reactions, on a 
smaller, sub-clinical scale may occur in response to dietary 
antigens where, paradoxically, the general "leakyness" induced 
in the gut may favour the absorption of successively larger 
amounts of dietary antigens. In this way, hypersensitivity to 
a particular dietary constituent may lead to the ingress of 
unrelated antigens and the establishment of allergy to a 
progressively expanding repertoire of antigenic epitopes from 
the environment. 

,1gG and 19M. Although 19M (a pentamer) can to some extent 
substitute for 19A in cases of congenital or acquired 
deficiency of 19A, the amounts of 19M, and 19G in the 
secretions is usually quite small. As has been detailed above 
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their massive entry, into the gut is a special circumstance. 
However, antibodies of any isotype are capable of playing an 
important role in modulating the biology of the bacterial 
flora of the gut. Recently, evidence has become available 
which indicates that antibodies of appropriate specificity may 
be able to inhibit the transfer of plasmids between bacteria 
(28). Since many of the virulence determinants on the surface 
of bacteria are coded for by plasmids, the presence of 
appropriate antibodies may be important in preventing the 
acquisition of dangerous characteristics by bacteria (such as 
E. coli) which are otherwise usually harmless. 

CELL MEDIATED IMMUNITY (CMI) IN THE GUT 

Cell mediated immunity is difficult to define; its classical 
manifestations are the allograft reaction, and the cutaneous 
delayed type hypersensitivity reaction and, as with the 
tuberculin (Mantoux) reaction, the reactions are characterized 
by the infiltration of mononuclear cells which, in the most 
florid examples, are able to destroy the tissue in which they 
find themselves. This killing of cells or "cytotoxicity" is 
carried out by a subset of T lymphocytes and is quite indepen
dent of specific immunoglobulin antibodies (even though these 
may well be present too). Such cytotoxic reactions are also a 
crucial feature of the defense against viruses, for they allow 
the immune system to destroy any cell which is harbouring 
viruses and expressing viral antigens on its surface. 

The hallmark of CMI is a mononuclear cell infiltrate but it is 
very difficult to see by straightforward methods whether it is 
taking place in the gut, because this organ is always well 
provided with mononuclear cells. One cannot see the wood 
because of the trees. However, it is unlikely that such an 
important component of the immunological defense would be 
absent from the gut and there are now some cogent ideas about 
how the system may operate (29,30). 

A feature of several hypersensitivity states (e.g. like 
gluten hypersensitivity) is the shortening of the villi which 
occurs after exposure to the alleged antigen. This is known 
as "villous atrophy"; part of the shortening appears to be 
due to the shedding of mature enterocytes from the tips of the 
villi, though how exactly this comes about is not known 
(perhaps the IEL may be involved). At the same time, T 
lymphocytes in the lamina, activated presumably by contact 
with antigen, begin to secrete lymphokines. These in turn act 
upon the stem cells of the crypt epithelium and increase the 
mitotic rate by a factor of 5 or so. The net result of all 
this activity is to produce a shortened villus (and/or deeper 
crypts) covered with relatively less mature enterocytes. It 
is known that immature enterocytes express more SC (i.e. they 
can secrete more IgA) than mature ones but, on the other hand, 
they seem to be less efficient at absorbing materials from the 
gut. This chain of events, it is argued, leads to a situation 
in which the intestine is able to secrete more antibody, and 
at the same time absorb less antigen. It is certainly 
possible to show that when experimental animals are 
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challenged, by feeding, with an antigen to which their gut has 
been sensitized, they undergo a period of relative malabsorp
tion (as evidenced by e.g. xylose excretion tests). This 
period of malabsorption appears to correlate with the villus 
atrophy, though it may have causes other than the ones out
lined above. 

THE ENTRY OF ANTIGEN INTO THE GALT 

Readers may think that I have been perverse in delaying the 
consideration of this topic until now. Logic would surely 
dictate that, because antigen is the principal initiator of 
the events under discussion, it should be considered first. 
This may be true, but there is some method in my madness. One 
cannot discuss the entry of antigen in realistic terms without 
knowing something of the structure and function of the GALT, 
its relationship to the gut epithelium on the one hand, and 
the systemic circulation on the other. 

The study of the absorption by the gut of intact 
macromolecules from the gut presents problems. Most 
"physiological" macromolecules presented to the gut are 
dietary proteins and carbohydrates and, in health, most of 
these are almost entirely cleaved into small fragments by the 
digestive enzymes. In spite of this, some molecules that are 
big enough to be antigenic do get through the gut and enter 
the systemic circulation. Fifty years ago (31) it was shown 
quite unequivocally that after dogs were fed ovalbumin in 
sufficient quantity, ovalbumin (which could be precipitated 
with a specific antiserum) appeared transiently in the dog's 
intestinal lymph. Long before this it was, of course, known 
that certain dietary proteins (e.g. boiled fish, in the 
Prausnitz-Kustner reaction) could provoke cutaneous urticaria 
etc. in sensitized individuals, and this was strong 
circumstantial evidence that intact, antigenic moieties from 
the diet could get into the blood. The questions that have 
not been satisfactorily answered is exactly how and where such 
antigens cross the gut. 

It has been noted already (vide supra) that degranulating mast 
cells may destabilize the intercellular junctions between 
enterocytes so that in individuals who are already sensitzed, 
antigens may pass between the enterocytes. Presumably, it is 
for this reason that some patients suffering from 
diet-iddnduced urticaria can be treated prophylactically with 
disodium cromoglycate, which inhibits mast cell degranulation. 
Similarly, non-specific damage to the gut by agents like 
alcohol can also destabilize the intercellular junctions and 
permit the ingress of antigen (32). However, the entry of 
macromolecules into undamaged gut is less easy to demonstrate 
under physiological conditions (32). The entry of antigen 
into the 'M' cells of the Peyer's patches has been described 
already, and while this undoubtedly happens, its quantitative 
significance has not been assessed. 

In some species, the placenta is unable to transmit maternal 
antibody to the foetus and the offspring are born in an 
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essentially agammaglobulinaemic state. In these cases the 
maternal antibody can only get to the newborn animal via the 
colostrum that it ingests, and thus in these species the 
neonatal enterocytes have the ability to absorb maternal IgG 
which passes, intact, into the blood. Although this faculty 
soon atrophies, vestiges of it remain, and it may be that this 
is the basis of much antigen absorption by the gut. Again, 
the mechanism is one of receptor mediated endocytosis. Thus, 
on the enterocytes of neonatal rats there is a receptor for 
homologous IgG, and, as soon as it has bound the 
immunoglobulin, it becomes internalized in an endocytic 
vesicle and transported across the cell. Not only does this 
patway diminsh with age but such protein as is absorbed 
becomes increasingly susceptible to degradation by lysosomal 
enzymes, so that little intact protein survives its journey 
across the cell. Of course, there may not be receptors for 
all antigens but materials like cholera toxin, E coli endoto
xin and many plant lectins can bind to enterocytes and may be 
transported in this way. Although, in the adult the process 
may be very inefficient it could, because of the large number 
of enterocytes, be sufficient to ferry immunologically signi
ficant amounts of protein aross the gut. It is believed that 
this sort of process is particularly susceptible to steric 
hindrance by secreted antibody, and there is certainly experi
mental evidence that secretory antibody specific for a given 
antigen will inhibit significantly its uptake by the gut (33). 
This phenomenon is spoken of as "immune exclusion", and those 
individuals with a congenital or acquired deficit of secretory 
IgA are said to be more vulnerable to the onslaughts of 
dietary antigen (33). 

In spite of these uncertainties it is clear that some antigen 
does penetrate the epithelium of the gut and when it does so 
it will be confronted immediately by the macrophages and 
lymphocytes that lie in wait in the lamina propria, the 
Peyer's patches, and the mesenteric nodes. 

ORAL TOLERANCE 

Perhaps the most significant thing about allergic reactions to 
dietary constituents is that they are so rare. We all eat 
about 30 grams of protein a day, to say nothing of polysacca
ride and bacterial antigens and, although most of us have 
measurable antibodies to such materials, we can live for 
25,000 days without sufferinge overt allergic reactions. How 
can this paradoxical situation be reconciled? One group of 
theories (which has some experimental justification) is based 
on the concept of "oral tolerance". In general terms these 
ideas envisage that dietary antigens may stimulate a local, 
protective immunity in the gut (e.g. IgA mediated immune 
exclusion) while, at the same time, they induce an immunolo
gically specific, systemic unresponsiveness (tolerance). Even 
supposing that this occurs, the mechanisms are to some extent 
conjectural, and rely on the presumptive presence in the body 
of appropriate subsets of T cells which have suppressor and 
contra suppressor functions. This subject is complicated and 
has been reviewed (34). It is believed that antigen, when 
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presented by the oral route, stimulates effector cells in the 
GALT as well as generating a cohort of suppressor T cells that 
are distributed round the body. The suppressor cells abrogate 
the activities of T and 8 effector cells and so prevent 
systemic allergic reactions. The T and 8 effector cells in 
the gut are shielded from the effects of suppression by a 
resident population of specific contra suppressor cells which 
inhibit the suppressors. When the effector T and 8 cells 
migrate out of the gut (as we know they do) they are no longer 
shielded from suppression and so their activities are abroga
ted and they are unable to mediate allergic reactions. This, 
then, is the theory; there are some facts which support it, 
and there are some which don't. 

Anecdotal reports emanating from American medical men in the 
first half of the 19th century claimed that aboriginal Indians 
were able to protect themselves from the effects of cutaneous 
hypersensitivity to poison ivy by deliverately eating the 
small amounts of the leaves of the plant. Much later, in 1946 
Chase (35) showed experimentely that prior feeding of 
skin-sensitizing agents could inhibit the development of 
cutaneous contact sensitivity. Since then, there have been 
many experiments in which the feeding of chemical haptens 
appears to suppress responses to later, parenteral challenges 
with the same material. However, before rushing to embrace 
the suppressor T cell explanation one should consider other 
findings. In the first place, haptens are small molecules and 
will thus, if eaten, be aborbed directly into the portal blood 
and conveyed, initially, to the liver. Antigens presented in 
this way are known to be especially liable to suppress sensi
tization ()36,37), and evidently the liver plays some special 
role in the process. Probably, the immunogenic moiety of the 
test material is captured by the hepatic Kuppfer cells 
(macrophages), while that part of the material that cannot 
react with such macrophages is free to continue circulating 
and induce systemic tolerance or 'immune paralysis'. 

Whatever the explanation of oral tolerance may be, it is by no 
means a universal phenomenon; otherwise the oral polio 
vaccine could hardly have been as successful as it has been. 
Many antigens, like cholera toxin, that bind firmly to entero
cytes can be made to induce antibodies after oral administra
tion (38), and even simple protein antigens like egg albumin 
can often be immunogenic when given by the oral route (39). 
It is an unfortunate fact that orally administered antigens 
may induce allergy, or they may induce tolerance, or they may 
have no detectable effect. For this reason it is impossible to 
predict the outcome of any given confrontation between the 
GALT and a dietary antigen. 

Whatever view one takes of the importance, or otherwise, of 
allergic reactions to dietary antigens, there are two groups 
of people which seem to be particularly at risk. The groups 
in question are children, and adults who move to a region that 
is alien to them in terms of climate, culture and dietary 
habit. It is in the nature of things that prospective clini
cal trials are difficult to carry out on such groups, particu
larly when the actual incidence of unequivocal overt clinical 
diasease is low. 
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At first, infants depend upon maternal immunoglobulin for much 
of their immunity, and it is agreed generally that the pre
sence of maternal antibody actually suppresses the infant's 
potential ability to make their own. When weaning occurs the 
infant (or young animal) is deprived suddenly of antibodies in 
the gut and it will be some time before the independent 
intrinsic activity of the GALT can take over. This period of 
sub-optimal defense coincides often with drastic changes in 
the composition of the diet, as the available food tends 
toward the "adult" pattern. It is believed that it is during 
this period of adaptation that dietary allergies are likely to 
arise. In man, the picture may be complicated by the fact 
that sucking infants receive feeds that may be formulated from 
cows' milk which contains heterologous and potentially anti
genic proteins. Some believe that the ingestion of such 
material is an important factor in the aetiology of infantile 
eczema (40). The exact cause of chronic, dietary-induced skin 
lesions remote from the gut are matters for speculation but 
the formation of immune complexes (1. e. complexes of food 
antigens with antibody) may be important (41). 

The basis of apparent allergic reactions to foods in, e.g. 
Asian migrants to the U.K. is even less easy to pinpoint; 
the fact that it occurs suggests that the gut of individuals 
adapts in a complex way to the antigenic spectrum engendered 
by a particular environment, and that if this environment is 
suddenly and permanently altered a minority of adult indivi
duals may not be able to readapt without developing symptoms. 

These problems do not apply to man alone; they are not 
unobtrusive in animal husbandry, and economically significant 
disorders of the bowel in weaning lambs, calves and pigs are 
familiar problems in animal husbandry. Some of the problems 
may be caused by bacteria and viruses, and some by inert 
dietary antigens. What has been written above can do little 
more than indicate the infinite complexity of the interactions 
of antibodies, eMI effectors and environmental antigens in 
which the GALT is continually involved, and warn against the 
adoption of facile explanationsl. 

THE GALT AND SYSTEMIC RESPONSES: TECHNICAL PROBLEMS 

In spite of claims to the contrary I know of no really well 
documented case in which immune responses initiated in the 
GALT remain truly local. Always, activated lymphoid cells are 
released into the systemic circulation and, in my experience, 
some IgM and IgG antibodies are formed as well as IgA. Immune 
responses in the gut and mucosa may often seem to be local. 
For example, an immune response in the lymphoid tissue asso
ciated with the eye may endow the tears (a relatively small 
volume) with high titres of antibody. The same amount of 
antibody diluted in the whole pool of circulating proteins may 
become almost undetectable. However, this does not mean that 
it is not there, and by the same token some immunologically 
activated cells will have become systematized. 
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This systematization of immunologically activated cells from 
(e.g.) the GALT has lead to the concept of the MALT - mucous 
associated lymphoid tissue (42). This concept is based on the 
proposition that lymphoid cells activated in the GALT (or 
other mucous-associated lymphoid tissue) migrate to other 
mucosae and so endow them with specific responsiveness. My 
own experience is that while this undoubtedly occurs, and is 
easily demonstrable at the experimental level, the number of 
cells involved is often quite insufficient to provide the 
cellular wherewithal to produce enough IgA to endow the local 
secretions with the amount of antibody that actually exists. 
Again, species differences are particularly obtrusive. In 
animals like rats, where the hepato-biliary excretion of pIgA 
keeps the concentration of such immunoglobulin in the blood 
very low, the peripheral exocrine glands (e.g. salivary, 
lachrymal etc.) cannot rely on the blood for a supply of IgA 
and must rely on their intrinsic lymphoid cells to make it. 
No doubt some of these cells, are, indeed, migrants from the 
GALT. On the other hand, larger animals like sheep (and 
probably man) have less efficient "IgA pumps" in their livers, 
and so the blood levels of IgA tend to be higher. In such 
species, the satellite exocrine glands can extract" from the 
blood sufficient IgA to populate their secretions with anti
body and rely less on local synthesis. In health, the number 
of lymphoid cells in these glands is often low. Of course, 
when the picture is complicated by local infection, inflamma
tion and gross pathology the cell traffic is likely to be 
enormously expanded, and such situations must be considered 
separately. 

A further difficulty in quantitative studies of the activity 
of the GALT is that of measuring accurately amounts of immuno
globulins and antibody activity in secretions contaminated 
with mucus, proteolytic enzymes and detritus. Even when these 
difficulties have been solved there is still the problem of 
measuring the rate of flow of the secretions. Some, like bile 
or ruminant saliva, have rates of flow that can be relatively 
high but which fluctuate widely. Unless the flow rates, 
throughout the period of an immune response (several days, if 
not weeks) are known precisely no accurate quantitation of the 
secretory immune response can be made. It must always be born 
in mind that the secretory immune system is, as far as its 
immunoglobulin goes, an "open" system in which fluid and 
antibodies are lost continually. Antibody activity cannot 
therefore accumulate, to give the impressively high titres 
that are encountered in traditional serology, which is is 
concerned with "closed" system of the circulating protein pool 
of the blood and lymphatic systems. Thus, quite modest titres 
of antibody in fast flowing secretions can reflect a level of 
antibody production that is much greater than the actual 
titration result would suggest. 

In man it is, of course, difficult often to measure or even 
obtain, normal secretions from patients or healthy sUbjects 
and, in my view the dynamic aspects of the secretory immune 
system are lost sight of too often. Much reliance is placed 
on the immuno-histological examination of small mucosal 
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biopsies, while these can provide qualitative demonstrations 
with compelling aesthetic appeal, the enormous sampling error 
involved makes accurate quantitation difficult, and at best 
they show what happened in a minuscule measure of time and 
space in a vast and often protracted process. 
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Figure 1: Diagram to show the principal cellular events in 
the delivery of immunoglobulin to the lumen of the gut. 
Antigen that penetrates the epithelium is liable to'react with 
dendritic macrophages which present it to T and B lymphocytes, 
which undergo transformation into immunoblasts. The B immuno
blasts either develop into plasma cells in situ or migrate 
(together with macrophages and antigen) to the mesenteric 
node, where a similar sequence of events going on. Immuno
blasts and immunoglobulins are discharged into the intestinal 
lymph and reach the blood. Many of the immunoblasts extra
vasate in the wall of the gut and turn into plasma cells 
which, together with their fellows that arose in situ, secrete 
IgA antibodies which are transported to the lumen of the gut 
by the overlying enterocytes. 

IgA antibodies also reach the gut by active transport from 
blood to bile. 
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Figure 2: Diagram to show the mechanism of IgA transport by 
enterocytes:- The plasma cell secretes dimeric IgA two 
immunoglobulin units linked by J chain - which binds to 
secretory component (SC) which is displayed on the 
baso-Iateral aspect of the enterocyte's cytoplasmic membrane. 
The IgA-SC complex is internalized in endocytic vesicles, 
transported across the cell, and discharged enbloc into the 
lumen, where the SC anchors it in the boundary layer of 
mucus. 
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Figure 3: Summary diagram to show how IgE can facilitate the 
transudation of IgG and IgM antibodies into the gut. 
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IMMUNODEPRESSIVE DRUGS AS PROTOTYPE IMMUNOTOXICANTS 

F. Spreafico, A. Merendino, L. Braceschi & S. Sozzani 

Istituto di Ricerche Farmacologiche "Mario Negri", 
Milano, Italy 

INTRODUCTION 

In spite of the fact that indisputable advancements have been 
made in recent years in various areas of immunotoxicology, it 
can easily be argued that several problems of both conceptual 
and practical importance are still outstanding in this young 
discipline (1,2), as is readly apparent from various chapters 
in this volume. Since agents that are therapeutically em
ployed with the objective of obtaining a state of modified 
immune responsiveness can be regarded as being in many res
pects prototype immunotoxicants, experience acquired in the 
characterization and use in animals and humans of immuno
modulatory drugs can be of direct relevance for a number of 
current problems in immunotoxicology, and especially for that 
domain of this composite, three-pronged speciality (2) con
cerned with the effects of xenobiotics on immune cells and 
their function. These levels of relevance inClude a better 
understanding of the mechanism(s) of action of immunoactive 
xenobiotics, sounder approaches to the prospective identi
fication of actual and/or potential immunotoxicants, a clearer 
appraisal of the spectrum of immune effects inducible by 
exogenous substances, and finally guidance in evaluating the 
possible human health implications of immunological distur
bances effected by exposure to foreign compounds. In a single 
chapter it is not possible to present an extensive review of 
the immunological phenomenology of so-called non-specific 
immunodepressive drugs The interested reader is referred 
for detailed descriptions of these and other groups to refe
rences 3-9. Ra~her, this discussion will concentrate on a 
number of more recent findings regarding the mode of action of 
chemical immunodepressive drugs focussing on those aspects 
that we believe possess a more direct and general significance 
for Immunotoxicology. 

ON THE MODE OF ACTION OF IMMUNOMODULATORY DRUGS 

Immunologically active compounds used therapeutically are 
commonly divided into immunodepressants and immunostimulants, 
and these categories are often regarded as being strictly 
separate and opposing ones. For the purpose of this dis
cussion it is however important to emphasize that such a 
strict categorizatidn represents a simplification and that the 
more appropriate term for both types of agents is that of 
immunomodulator, a term that more aptly conveys the complexity 
of the effects that can be exerted by these compounds. In 
fact both immunodepressants and immunostimulants can produce 
apparently parado~ical immune effects with moreover the 
possibility of inducing a condition of split-immunomodulation, 
i.e. the coexist¢rice of immune effects of contrasting sign. 
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Table 1 presents in very schematic form the general mechanisms 
through which drugs can be expected to influence the expres
sion of immunity. In view of their general relevance, a 
number of points related to this listing of possible mecha
nisms deserve comment. In the first place, it can be readily 
deduced that the same general immunological result may be 
obtained via mechanisms of opposite sign. A condition of 
depressed expression of immunity can in fact be achieved not 
only through destruction or inhibition of cells sustaining the 
inductive and/or effector phases of the immune response, but 
also through prevalent stimulation of the immunocytes partici
pating in the various down-regulatory circuits that consitute 
a very important physiological component of the immune system. 
This eventuality is not only theoretical but can indeed be 
observed both experimentally and clinically with many if not 
all "true" immunostimulants when administered according to 
selected treatment conditions. In parallel, prevalent inhi
bition of suppressor cells by an immunodepressant can lead to 
a state of partial or complete enhanced immunity, and thus 
both types of agents can have bell-shaped rather than straight 
line dose-response curves, although depending not only on the 
category of the agent but also on its individual mode of 
action, the characteristics of the curve will obviously differ 
among compounds. 

In connections with Table 1, a second point is that the 
division among mechanisms presented is per force an artificial 
categorization, and that within each general mechanism further 
subdivisions can be made. The multiplicity of possible 
mechanisms, and the fact that an essential feature of the 
immune apparatus is its richnesss in interactions among cells 
in a complex web of amplifying and regulatory networks, render 
it often problematic to identify with confidence primary from 
secondary targets affected by an agent. Classification of 
these agents, that ideally should be based not only on the 
immune target(s) (ce.llular or subcellular) primarily affected 
but also on the biochemical mechanism through which the effect 
is exerted (8), is also hindered by our large ignorance of 
many aspects of the molecular mode of action not only for 
newer immunodepressants but also for agents that have been in 
use for decades. On the other hand, this multiplicity of 
mechanisms and the fact that agents can differ quantitatively 
if not qualitatively in the influence exerted primarily and/or 
secondarily at the various levels, implies that treatment with 
exogenous immunomodulators can be expected to be associated 
with non-stereotyped but more or less individualized effects. 
Thirdly, Table 1 also alludes to the possibility that a state 
of modified down-expre~sion of immunity may be sustained not 
only through a gross m.ech~mism such as cellular destruction, 
but also via more "functional" effects on the immune cells 
and/or their products. Although this aspect has so far been 
explored to only a limited extent with most immunodepressants, 
an expanding body of evidence (9) indicates that also for 
compounds inhibiting cell proliferation, that is the majority 
of available therapeutic immmodepressants, a major component 
of their mode of action may actually be represented by more 
discrete, and not necessarily lethal effects, on immunocytes' 
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functional capabilities, such as effects on mediator produc
tion and/or responsiveness, or membrane expression of immuno
logically relevant receptor or constituents. By way of 
example, Table 2 summarizes the effects of a number of clas
sical cytotoxic agents on various functions of cells of 
monocyte-macrophage lineage. 

THE HETEROGENOUS SENSITIVITY OF IMMUNOCYTES TO DRUGS 

Although the majority of classical, first generation immuno
depressants have been in clinical use for nearly three decades 
either for the treatment of autoimmunity and graft rejection 
or, and on a larger scale, in cancer chemotherapy, a suffi
ciently detailed picture of the immunopharmacological activity 
of such compounds has been obtained only recently. In this 
effort, evidence has been obtained that such cytotoxic agents 
differ among themselves in their immunological effects both 
quantitatively and qualitatively, in the sense that they 
exhibit individualized immunopharmacological profiles as a 
reflection of at least partial selectivity in their influence 
on the various types and subsets of immune cells. 

An example of this heterogeneity among drugs and among cells 
in their sensitivity to a given drug, is given in Table 3. 
This setsout schematically a summary of data from this group 
(7) on the effects of a number of drugs, representative of 
widely employed classes of cytotoxic chemicals, on murine NK 
cell and macrophage-mediated cytotoxic activity. NK-ce11s 
have recently been credited with a crucial role in host 
natural resistance mechanisms towards various types of infec
tious agents, as well as in the control of cancerous 
dissemination; whereas it is well established that macro
phages have an essential role in the initiation, regulation 
and expression of immunity. In addition to showing that cells 
participating in front-line host resistance can be differen
tially affected by a given drug, these results also indicate 
that a given type of immunocyte can display a different 
susceptibility to agents that are chemical analogues and are 
believed to affect cellular biochemical processes through 
similar if not identical mechanisms. This was the case for 
instance for the close chemical analogs Doxorubicin (DXR) and 
Daunorubicin (DNR), anthracyclines that are in wide use in the 
treatment of neoplasia and are believed to act essentially as 
DNA intercalators. Treatments with doses up to the LDJO of 
the former compound did not affect the number of murine 
macrophages nor the capacity of these cells to expresse 
antibody-mediated and non-specific direct cytotoxicity as well 
as phagocytic activity. In contrast with the analog DNR was 
clearly inhibitory to this cell type both in terms of total 
population size and functional ability per unit cell number. 
A parallel differential has been observed with these drugs in 
vitro on both murine and human cells of this lineage (10~ 
Evident differences in immunopharmacological profiles among 
chemical analogs have also been described for other classes of 
cytotoxic drugs, such as the nitrosoureas and the vinca 
alkaloids (11). 
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NK cells and macrophages are known to derive from different 
cellular lineages and can therefore be expected to differ 
vis-a-vis several characteristics (e.g. proliferative 
kinetics, capacity to repair cellular damage, biochemical 
processes involved in mediating effector functions) that may 
be of relevance in determining their differential sensitivity 
to a given drug in vivo or in vitro. However, it is also 
important to emphasize that in experimental conditions it is 
now well established that even within the same general popu
lation of immunocytes, elements belonging to different sub
populations can exhibit a different sensitivity to a given 
immunodepressive agent, so that certain cells (and the func
tion they subserve) can be more easily affected than others. 
An example of this is shown in Table 4 where treatment of mice 
with Cyclosporin A (CS-A).( An immunodepressive drug of fungal 
origin that can be regarded as a truly second-generation agent 
in view of its substantially improved immunological and 
pharmatoxicological properties (12», did not significant 
affect the response to the mitogen ConA while markedly inhi
biting that to PHA (13). The same table also shows that CS-A 
did not significantly affect macrophage mediated effector 
function, evaluated in terms of cytotoxic activity, whereas it 
inhibited, although transiently, NK-mediated cytotoxicity 
(14). In parallel it is known that committed T effector 
lymphocytes are unaffected by this agent, which conversely 
severely impairs the generation of cytotoxic T lymphocytes 
(CTL) (12). This drug blocks in fact the expression on T 
cells of the receptors for ILl and IL2, a mechanism that 
coupled to a block in the production by T-helper-inducers 
elements (Th) of the signal for ILl production by macrophages, 
ultimately leads to inhibition of T cell proliferation and 
clonal expansion (see 9). 

Although sufficiently complete data are available for only a 
minority of the agents known to depress immunity,enough data 
exist for the most widely employed drugs for drawing an 
operational hierarchy of the relative susceptibility among 
lymphocyte subsets. Thus for instance, this hierarchy (listed 
in order of decreasing sensitivity) for Corticosteroids can be 
delineated as follows: Th > precursors of CTL (CTL p) and 
precursors of T suppressors (Tsp) > CTL and Ts "effectors" 
(Tse) > B cells; whereas that for Cyclophosphamide is: Tsp 
> Th, CTLp > B > CTL, Tse (see 9). Because of its possible 
immunotoxicological relevance, it should additionally be 
noted, that even within a given subset of immune cells of the 
same lineage and subs erving the same general function, certain 
agents may display at least a degree of preference in their 
inhibitory effect. 

This possibility is illustrated in Table 5. This summarizes 
the data obtained for this group in mice by examining the 
effect of a number of immunodepressants on the generation and 
expression of T-lymphocyte-mediated specific suppressive 
activity for cell mediated (delayed type hypersensitivity, 
DTH) and antibody production to the same antigen, sheep 
erythrocytes (7,15). It can be seen, for example, that 
whereas single low doses of DNR were capable of markedly 
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inhibiting supressive capacity for DTH, the same doses were 
incapable of affecting suppressive activity for antibody 
production that was inhibited only after a repeated sUbtoxic 
treatment. In contrast, DXR was inhibitory of both types of 
suppressive activity in single well tolerated doses. For 
these studies, T suppressors were induced by injection of a 
supraoptimal antigen load, drugs being administered either 
before or after this stimulation. Suppressive activity was 
subsequently assessed in secondary recipients that at the time 
of optimal antigen immunization were also injected with cells 
from the primary hyperstimulated and drug-treated host. Since 
multiple cells are involved in these regulatory network (16) 
and no formal dissection of drug' effects on each cellular 
component was made, the terms Tsp and Tse are used in this 
table only operationally. In addition to showing that, in the 
conditions of this model, the ability of certain compounds to 
affect T-mediated suppression varied, depending on whether the 
treatment was before immunization (the drug thus presumably 
acting only on the precursors of Tse), or after it (presumably 
influencing more committed elements including the actual Tse). 
Table 5 also shows the effect of the same compounds in vivo on 
the subsequent capacity of purified preparations of macro
phages to develop, upon in vitro incubation, non-specific 
"spontaneous" suppression, evaluated in terms of inhibition of 
mitogen responsiveness of syngeneic untreated splenocytes. 

In connection with the complexity of the effects of drugs 
(and, by implication of xenobiotics) on the various cells of 
the immune apparatus, two further aspects may be mentioned. 
The first aspect is related to the possibility that at least 
certain chemicals while being strongly depressive of the 
functional capacities of given immunocytes, can at the same 
time not only spare other immune elements (in terms of number 
and/or function), but actually produce directly or indirectly 
a stimulation of given immune reactivities. Although the 
possibility of observing, after treatment with several bona 
fide immunodepressants, not only a "rebound" immunostimulation 
(i.e. a phase of augmented reactivity fOllowing a previously 
reduced immunity), but also an increase in given reactivities 
(e.g. DTH) concomitant to a depression of others e.g. 
antibody production has been recognized since many years (8 ), 
the mechanisms sustaining such split-immunomodulation have for 
long remained essentially speculative. Following more 
in-depth investigations on the cellular effects of such drugs, 
it is now well established that a number of cytotoxic agents 
produce such apparently paradoxical increases in the expres
sion of immunity by virtue of their greater inhibition of the 
cells physiologically involved in the' down-regulation of the 
immune response vis-a-vis elements involved in the afferent 
and/or effector phases. An example of such a mechanism will 
be discussed below. More recent on the other hand is the 
demonstration that a number of immunodepressants, through 
biochemical mechanisms still unresolved in most cases, can 
directly stimulate given immune cells to express an enhanced 
function. For instance, Vincristine has been reported to 
stimulate NK cell activity and Cis platinum and 
I-phenylalanine mustard to augment macrophage mediated func-
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tions after in vivo or in vitro treatments (see 11). Table 6 
shows that MCI and PAP~S, protein synthesis inhibitors of 
plant or~g~n having close structural and biochemical resem
blance to the A chain of Ricin, thus being the focus of 
current interest for the preparation of antibody-toxin 
conjugates, were capable of inducing in vivo and in vitro a 
very marked increase in macrophage-mediated cytotoxicity at 
doses that drastically reduced a number of other immune 
functions (17). A second aspect of possible practical impor
tance for a sounder evaluation of immunological data, as well 
as for the best choice of testing conditions, is related to 
the fact that at least certain immunodepressants may differen
tially affect a given type of immune cell, depending on the 
coexistence or not of other immune stimuli that may change its 
functional level and/or its maturational stage. At variance 
with the finding that resting and previously-activated macro
phages were qualitatively similar in their sensitivity to 
various cytotoxic chemicals, as assessed in terms of capacity 
to inhibit the in vitro growth of transformed cells (18), we 
have also observed that certain immonodepressants (e.g. CS-A, 
Cyclophosphamide) that were clearly capable of inhibiting 
baseline NK activity did not significantly affect 
Interferon-induced stimulation of this reactivity, a diffe
rential whose mechanistic basis is still speculative. 

In view of the fact that data do far available on the way that 
different immunocytes vary in their susceptibility to immuno
modulatory drugs have mostly been obtained in rodents, the 
question can be raised as to their relevance for man. Al
though such analyses are difficult to perform in humans due to 
the prevalent use in the clinic of drugs in combinations and 
moreover at the largest tolerated doses, the available evi
dence though admittedly limited, suggests that by and large 
the same general conclusion also apply to man. As recently 
discussed (9), in vitro and in vivo studies of several groups 
have revealed that human immune cells of different populations 
and subpopulations can vary in their modulability by a given 
agent, and that, for at least a number of drugs, similar 
hierarchies of sensitivity among immunocytes as delineated for 
animals can also be recognized for human cells. 

ORGAN-RELATED HETEROGENEITY IN IMMUNOCYTES SENSITIVITY TO 
DRUGS 

Data discussed in the preceding section have provided evidence 
to support the conclusion that:(a) immune cells of different 
lineages and even from different subsets of the same 
population, can vary markedly in their modulability by a given 
immunodepressive agent and:(b) this inter-cells hierarchy can 
differ substantially in sensitivity among closely related 
chemical analogs. It should be noted however that the evi
dence examplified above on the existence of an heterogeneity 
in sensitivity to drugs among immunocytes has been obtained by 
comparing cells obtained, especially in the case of experi
mental animals, from lymphoid organs such as the spleen or 
lymph nodes, i.e. organs that are not the common sites for 
the first encounter between xenobiotics and the host. On the 
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other hand, studies from other groups have shown that immune 
cells of a given lineage, but obtained from different organs, 
can display marked differences in at least some functional 
capabilities. For instance, Table 7 shows that, in mice, 
after in vitro incubation, alveolar macrophages are markedly 
more efficient than peritoneal or spleen phagocytes in media
ting non-specific suppression, as evaluated by their capacity 
to inhibit mitogen-induced proliferation of syngeneic lymph 
node cells. Such a differential activity is presumably linked, 
according to preliminary data, to differences in the relative 
quantities of the various prostaglandins produced by cells of 
the three regions (19). Conversely, no differences between 
the phagocytic activity of macrophages from the three organs 
were seen. It is also well known that physiologically a 
number of nonlymphoid peripheral organs are richly endowed 
with types of fixed immune cells (e.g. marophages in the 
lung) or are the site of specialized immune subsystems, as is 
the case of the intestinal lymphoid apparatus (Vide Hall,this 
volume). Although certain types of immune cells are known to 
recirculate between the periphery and the more "internal" 
lymphoid organs, keeping also in mind that chemicals can vary 
markedly in their initial distribution and/or persistence in 
different regions, the possibility that a drug may differently 
affect immune cells present in lymphoid and non-lymphoid 
organs should be considered. In order to approach such a 
question, a series of studies were initiated to test the 
effect of a series of immunodepressants on immune reactivities 
assessed simultaneously in "central" lymphoid sites, such as 
the spleen, and in "peripheral" organs. In these preliminary 
studies, we have concentrated on organs, i. e. 1 ung and 
intestine, that in addition to being the initial sites of 
exposure for most xenobiotics, are also important barriers in 
the interaction between host and environment (e.g. infectious 
agents), and on those immune cells that are primarily involved 
in natural host resistance. Data so far obtained support the 
concept that immunomodulatory agents may indeed exhibit 
organ-related differences in their effects on immune elements. 
As presented schematically in Table 8, while certain drugs 
exhibited concordant effects at each of the sites for one 
(e.g. Cy) or both (e.g. DXR) immune activities-tested, other 
compounds revealed at least a degree of organ related 
preference. Thus subcutaneous Azathioprine (Aza) reduced NK 
activity, on a unit cell number basis, in spleen but not in 
lung and intestine. Doses of Hydrocortisone (OHCort) capable 
of clearly depressing this reactivity in spleen and lung were 
not inhibitory for the intestine. In parallel, 5-Fluorouracil 
depressed macrophage, cytotoxicity in lung and peritoneal 
cavity but not in the spleen. Aza spared this activity in 
alveolar macrophages while inhibiting that of peritoneal and 
spleen phagocytic adherent cells. Table 8 also shows that 
oral or intraperitoneal 5FU treatment markedly impaired NK 
activity in lung and spleen cells, whereas it was associated 
with a marked and long-lasting (up to 8 days after a single 
200 mg/kg oral dose) increase in this reactivity in intra
epithelial lymphocytes that were (IEL) obtained from the small 
intestine of similarly treated mice. This immunomodulatory 
effect of 5FU is not sustained by a stimulation of intestinal 
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NK effectors by the drug, but rather by an inhibition of cells 
down-regulating thse effectors. In fact, the addition of a 
small proportion of normal IEL to 5FU IEL was capable of 
bringing the latter's NK activity to control values, whereas 
normal spleen cells were incapable of modifying the reduced NK 
activity of splenocytes from 5FU-treated animals. 

The mechanism(s) responsible for this organ-related diffe
rential susceptibility of immune reactivities to drugs remains 
to be explored. Whereas initial data suggest the existence 
for some agents (e.g. OHcort) of a correlation between drug 
biovailability in the various organs and effect herein 
exerted, such correlation was not apparent in preliminary 
investigations for other compounds, such as 5FU. Therefore, 
the relative role played by drug biovailability and other 
possible mechanisms (e.g. differences among organs in the 
cytokinetics of the immunocytes assayed and/or their regula
tory cells, intrinsic differences in susceptibility among 
cells depending on their maturational stage or level of 
"spontaneous" activation, local richness in other cells 
capable of modulating immunocytes function) is still a matter 
of speculation for the majority of compounds. Also essen
tially unresolved are the bases for the differential sensi
tivity to a given compound clearly recognizable among the 
various immune cells present in a given lymphoid organ, as 
discussed above. This heterogeneity is incidentally detectable 
for the so-called immunostimulatory drugs (20). The diffi
culty in advancing a satisfactory mechanistic pictures for 
these inter-cell and inter-drug heterogeneities derives, on 
one hand from present ignorance of many critical aspects of 
the physiology of the various immune cells,particularly as 
regards for instance their turnover rates in resting condi
tions and after stimulation, and on the other on the presence 
or not of critical individualized biochemical pathways and 
thus capacity to withstand or repair cytotoxic damage. This 
ignorance is compounded by our current very limited unders
tanding of many aspects of the molecular pharmacology of 
cytotoxic compounds that have been in use for many years. For 
istance, it has been reported that Cy, a prototype alkylating 
agent, could inhibit immunocyte function at doses below those 
capable of inducing nucleic acid alkylation (21). Although 
the major mechanism of cytotoxic damage of DXR and DNR is 
believed to be trough DNA intercalation, the latter compound 
was markedly more inhibitory for non-replicating macrophages 
in vitro and of affecting T suppressor cell in vivo. 

CONCLUDING REMARKS 

From the above discussion of selected aspects of the cellular 
mode of action of chemical immunodepressants, a number of 
pOints that appear to have general relevance to immuno
toxicology emerge. The first of these points is related to 
the conclusion that chemical immunodepressants, even when 
chemically analogous and lor thought to exploit similar modes 
of subcellular action, at least in interfering with cell 
replication, can in fact be markedly heterogenous in their 



200 

effects on the various populations and subpopulations of 
immune elements present in a given lymphoid region or organ. 
This obviously implies the possibility that within a chemical 
class different molecules, though structurally closely 
related, may nevertheless display immunotoxicological profiles 
individualized, not only in quantitative, but also in quali
tative terms. In view of the fact that hierachies in suscep
tibility to modulation by drugs can be recognized among 
immunocytes, and that some cells can be relatively or ab
solutely spared, even at doses having clear general toxicity, 
it can be expected that many xenobiotics will not affect 
equally each and every expression of immune reactivity. 
Indeed, it can be expected that the final profile of immuno
logical activity, of at least a proportion of foreign 
substances, may represent the algebraical sum of a series of 
individual effects that may also be of opposing sign. Quite 
apart from the consideration that excessive deviation in 
either direction from the normal immune level should be 
considered as potentially harmful, and thus bona fide immuno
enhancers should be included among immunotoxicants, the fact 
that, for at least certain drugs, down-regulatory cells may be 
more sensitive than helper-inducer or effector immunocytes, 
suggests additionally that in a least some conditions, expo
sure to a true immunodepressive xenobiotic may actually be 
first revealed by an augmented expression of some form of 
immune reactivity. 

The possibility that with drugs possessing antiproliferative 
capacity, immunodepression could be sustained not only by 
lymphoid cell destruction, but also by "functional" inhibition 
of immune elements, is a further point of practical 
importance. This possibility in fact implies that the absence 
of pathological changes in lymphoid organs after exposure to a 
foreign compound, does not necessarily exclude that it may be 
an immunotoxicant. Considering the very marked variations 
that can exist among chemicals in their bioavailability in 
different body organs because of their route of entry and/or 
physicochemical properties, the possibility that immune 
reactivities may be differentially affected in lymphoid and 
non-lymphoid peripheral organs appears also of significance in 
immunotoxicology. This organ-related heterogeneity has in 
fact obvious implications with regard to the use of realistic 
routes of exposure in the testing of xenobiotics and to the 
potential non-representativeness of assays conducted exclu
sively on immune cells taken from "central" lymphoid 
districts. 
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Table 1 - Possible Mechanisms for Drug-Induced Immunodepression 

- Affect antigen distribution and/or persistence 

- Influence production-differentiation of precursors immunocytes 

- Affect traffic and/or number of inducer, effector and/or regulatory 

immune cells 

- Influence activation threshold of immul10eytes to a'itigen and/or growth 

and differentiation factors (e.g. responsiveness to lymphomonokines, 

expression of receptors) 

- Affect production, release and/or metabolism of Lymphomonokines andf,or 

other substances (e.g. ~-fetoprotein) modulating immune cell function 

- Influence quantity, quality, persistence of effector products of immune 

cells (e.g. antibody) 

- Affect number, traffic, functional capacity of other cells (e.g. platelets, 

neutrophils) and dependent mediators 

- Affect indirect regulatory circuits (e.g. CNS-endocrinological homeostasis. 

Table 2 - Modulatory Effects of Immunodepressants On Macrophage-Monocyte 

Functions 

~~:::~_:~~~~~~~:~~~: J DNR, Azathiopri~e, Steroids, Dacarbazine, Actinomvcin D, 

Vinblastine, 5FU; = DXR, Cy; J Cisplatin, ~PAM 

~:~~~~~~~:~:~~:~:~~~:~~~~_~~_~~: J Steroids, Azathioprine, Cyclosporin.~TX, 

Vinblastine 

~~~~::~~~~:_~:~~~~~~~ , DNR, Azathioprine; = Cy, DXR 

~~~~:~::::~~~:~~~~~~~~~~~:: J Steroids, Vinca alk, Actinomycin D; Azathioprine 

Chemotaxis-migration: j Steroids, MTX, Azathioprine, Vinca alk. 

inhibitory agent; inactive agent; J: augmenting agent 
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Table 5 

D r u g 

Schematic Summary of the Effect of Chemical Immunodepressants 

on the Expression of Murine Non~Specific Macrophage-Mediated 

and T-dependent Antigen Specific Suppression for Humoral (abs) 

and Cell-Mediated (dth) Reactivity to SRBC 

Macroph. Ts - abs Ts - dth 
------------------------------ ----------------------

suppress. 
precursors effectors precursors effectors 

DNR .+.+ .+.+ .+.+ 

DXR .+.+.+ .+.+.+ .+.+.+ .+.+.+ 

Aza .+.+ .+.+ .+ 

Cy .+.+.+ .+ .+.+ .+ 

no significant inhibition; 

.+ significant inhibition 

Table 6 - Non-Specific Suppressive Activity of Macrophages from Different 

,Murine Sites 

% macroph. lung perit. spleen 

added macroph. macroph. macroph. 

0 123,150 96,780 116,445 

6 31,210* 52,805* 109,680 

12 1,885* 23,160* 126',175 

25 1,340* 12,575* 138,040 

* = p < 0.01 

Data are cpm of eonA-stimulated splenocytes in the presence of 

different % of syngeneic macrophages from different sources. 



Exp. 

group 

Control 

Mel 

PAP-S 

*p < 0.01 

Table 7 lmmunomodulatory Effects of the Protein Synthesis Inhibitors 

MCI and PAP-S 

Dose 
(mq/kg) 

0.4 

0.2 

NKa 

49.8 

36.3* 

32.4* 

b 
Macroph. 

18.7 

37.6* 

39.7* 

c 
SRBC 

39,650 

1,350* 

410* 

d 
ConA 

66,345 

21,115* 

19,710* 
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a : , specif. activity splenocytes at 100: 1 A:T; b : , specific activo of spleen 

macrophages' at 25:1 A:T; c : nos. spleen PFC; d: cpm of splenocytes at 2 jlg/ml ConA. 

Drug 

DXR 

Aza 

OHCort 

5FU 

Cy 

Table 8 - Schematic summary of effects of chemical immunodepressants 

Route of 

adr:lin. 

Lv. 

SaC. 

s.c. 

os 

Lv. 

on NK activity and macrophage-mediated cytotoxic capacity 

,in different murine organs. 

NK activity in macroph. cytotox. in 

spleen lung gut spleen lung perit. 

oJ .j. ;. 

t/. ,; t / if. 

.;. V- t / rI. 

.;,. .;. .f If-

= : no significant effect; .;. or ft : at least 25% reduction or increase in specific. 

cytotox. values at 3 A:T ratios. Gut refers to intestinal intra epithelial lymphocytes, 

and perit. to peritoneal macrophages 
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THE TOXICOLOGY OF BIOLOGICAL RESPONSE MODIFIERS 

E. Mihich, P.M. Kanter 

Grace Cancer Drug Center, Roswell Park Memorial Institute, 
Departement of Health Buffalo NY. 

U.S.A. 

INTRODUCTION 

Major advances have been achieved in cancer therapeutics 
during the past 30 years. At this time patients with many 
different types of neoplasms can be brought into complete 
remission by therapeutic means and are free of detectable 
disease 5 years or longer after diagnosis. Despite these 
advances substantial obstacles still remain to be overcome 
before medical treatments can be generally useful in the 
management of cancer, particularly of the more common solid 
tumors. 

While new and more effective drugs and treatments are conti
nuously sought through the identification of new sites of 
pharmacological intervention and an increased knowledge of the 
mode of action of available agents, new modalities of treat
ment are also being actively investigated. Among these, the 
possibility is being considered that new therapies may be 
developed through a favorable modification of the interactions 
between tumor and host defense mechanisms directed against the 
tumor. 

The programmatic concept of Biological Response Modifiers 
(BRMs) has been formulated based on the hypothesis that these 
agents or approaches may modify in an efficacious way the 
antitumor responses of the host through augmentation or 
restoration of existing effector mechanisms or inhibition of 
suppressing components of the host response; the adminis
tration of natural or synthetic mediators or effectors, 
including cells, is a part of this programmatic approach. 
Changes in tumor cells may also be induced that might lead to 
an increased stimulation of the host response or sensitivity 
of the tumor cells to a host response. The induction of 
differentiation of tumor cells by natural or synthetic regula
tors or drugs is also being considered as having potential for 
therapeutic applications. The possibility that certain BRMs 
may reduce the development of opportunistic infections related 
to disease state and/or chemotherapy has also been visualized. 

The development of a BRM towards clinical trial, like that of 
a cytotoxic antitumor agent, requires a thorough evaluation of 
its toxicological features for the purpose of identifying 
potential toxicity that may be encountered in humans. Major 
toxicological differences are expected to exist between a BRM 
and an antiproliferative agent in the sense that, as a group, 
cytotoxic agents are likely to be generally more toxic than 
BRMs. Indeed, BRMs are expected to stimulate, magnify and/or 
mimic physiological responses of the host to tumor. Moreover, 
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in the case of cytotoxic agents, their toxicity to normal 
tissues is often directly related to the very antiprolifera
tive action which is the basis of their antitumor activity. 
Although generalization would be unwarranted and imprudent at 
this time, in the case of BRMs it is conceivable that their 
untoward toxicity may not be directly related to their mode of 
antitumor action. 

As it may be perceived from the above comments, the toxicolo
gical studies of BRMs may require the evaluation of endpoints 
which may be somewhat different from those required in the 
evaluation of cytotoxic antitumor agents; nevertheless 
equally rigorous studies are needed. It is the purpose of 
this presentation to bring into focus some of the salient 
features of BRM toxicology, in terms of both preclinical 
studies and initial experiences in humans. The few examples 
selected for discussion concern the interferons (IFNs), 
monoclonal antibodies (Moabs), and some immunomodulating 
agents. By necessity the discussion is reduced in scope with 
reference made, whenever possible, to recently published 
review articles. 

GENERAL CONSIDERATIONS 

In the case of most antiproliferative cytotoxic agents, 
effective antitumor and toxic dose-response curves are in 
parallel and consequently maximum tolerated doses (MTD) must 
be determined in animals and in Phase I trials so that appro
priate doses may be identified for Phase II and III clinical 
trials. For many BRMs, the "BRM effective" dose-response 
curve is not in parallel with the toxicity dose-response curve 
and in fact may be bell-shaped. Because of these features, 
and because the optimal dose for BRM action may be much lower 
than the MTD, it is necessary to determine also the optimal 
BRM dose (OBRMD) in animals and during Phase I clinical trials 
by measuring the biological responses which are expected to be 
modified by the agent. The essential differences between 
OBRMD and MTD must be recognized and indeed the need for a 
modified Phase I trial that would include the necesssary 
idendification of the OBRMD has been proposed since the 
inception of the BRM program (Mihich and Fefer, 1983) and is 
now broadly accepted. The MTD should be determined also in 
animals unless the BRM is species-specific or strictly 
antigen-specific or non-toxic up to reasonably high doses. 

The assumption that BRMs offer a selective means to affect the 
tumor is reasonable as it is based on the specificity of 
antigen-dependent immune responses; in addition, selectivity 
may be expected even in the case of antigen-independent 
mechanisms as one is essentially dealing with augmentation of 
physiological responses of the host. Toxicity is nevertheless 
seen with most BRMs in preclinical test systems and has been 
shown in some cases to limit the degree of achievable anti
tumor selectivity. In certain of these cases the question of 
whether or not a BRMIs antitumor and toxic action may be 
directly related is still moot. 
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PRECLINICAL APPROACHES TO TOXICITY EVALUATION 

Any new compound expected to undergo a clinical trial as an 
antineoplastic agent must undergo rigorous toxicology testing. 
Such studies are normally carried out in two or more species, 
with single and multiple adminstrations of varying amounts Of 
agent. Preclinical toxicology studies stress evaluations at 
or near lethal dose levels to demonstrate the fullest possible 
spectra of toxicities. The potential of the agent to produce 
lethality, the formation and regression of specific organ 
toxicities, sex and species differences, are studied and 
documented to serve as a guide for a human clinical trial 
(Mihich, 1966). Such studies have to be carried out also in 
the case of BRMs and may have to be altered and expanded in 
scope in order to increase the probability that possible 
unique toxicities evoked by BRMs may be identified. The 
extreme toxicities of these agents have to be evaluated at 
their maximally tolerated levels, provided that these are not 
totally unreasonable with respect to dosing practicalities, 
lower doses, which may induce important functional and mor
phologic alterations of the immune system, should also be 
studied. Indeed changes may be missed if the animal is 
overwhelmed by the toxicities induced by high dosage. 

Numerous in vitro and in vivo assays have been developed to 
evaluate drug effects on the various functional aspects of the 
immune system. i.e., cell mediated immunity, macrophage 
function, humoral immunity, lymphocyte proliferation, host 
resistance, etc. While information from such assays is useful 
in elucidating the mechanism of action of an agent, and of 
practical use in monitoring a clinical trial if human testing 
correlates exist, they are difficult to superimpose on toxi
cology protocols that are designed chiefly to evaluate the 
safety of an agent. Most immune function tests rely on 
administration of foreign substances (e.g., tuberculin, sheep 
red blood cells, etc.) which would complicate the evaluation 
of toxicities induced by the drug itself. Furthermore, these 
tests frequently require serial sampling of organs such as 
thyms, spleen or lymph nodes wihich may require sacrifice of 
the test animal. This form of testing is impractical in large 
animals (i.e., dogs and primates) and would add greatly to the 
already costly process of preclinical toxicology testing, and 
delay the timely completion of such testing. 

The emphasis on the evaluation of the immunotoxicity of BRMs 
and related noncytotoxic agents is on procedures that by 
themselves do not alter the normal physiology of test animals. 
The primary goal of these test procedures is to adequately 
evaluate the potential for untoward effects on the immune 
system that could lead to concerns for the health of the 
recipient. Disturbances in immune function could result in, 
(a) immune suppression, which might lead to opportunistic 
infections, or enhanced tumor growth; (b) immune enhancement, 
which may result in development of autoimmune disease or 
allergic syndromes; and (c) immune complex formation which 
might lead to drug inactivation, glomerulonephritis, etc. 
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The specific tests one may employ to evaluate effects on the 
immune system are as follows: 

Morphology. Gross and histopathologic observations 
are made of the lymph nodes, spleen Peyers patches 
and bone marrow of test animals. Organ weights are 
taken as a measure of atrophy or hypertrophy, a 
procedure which is generally more sensitive and 
reliable than microscopic evaluations. Immune 
complex deposition in the kidneys is evaluated by 
standard fluorescence techniques. 

Hematology. Serial blood samples are evaluated for 
total leukocyte count, and films are made for 
differential counts. Platelet numbers are deter
mined serially, as a potential measure of autoimmune 
processes. 

Serum Chemistry. Acute phase reactants such as 
cortisol, C-reactive protein and fibrinogen are 
evaluated serially as a sensitive measure of 
inflammation. Serum cortisol assay also aids in the 
evaluation of immune suppression that may be induced 
directly by drugs, or indirectly through adrenal 
steroid release. The potential for autoimmune 
disease is evaluated by Coombs test, SLE (latex 
slide agglutination), titer of anti-DNA antibodies, 
and the bentonite flocculation test for rheumotoid 
factor. Total serum globulins, as well as quanti
tation by immunodiffusion of IgG, IgM, and IgA are 
carried out on all serums samples. Immunodiffusion 
is also used to screen serum for the presence of 
antibodies directed against the drug being 
evaluated. Serum agarose gel electrophoresis is 
conducted on all serum samples, a method far more 
sensitive than routine electrophoresis on cellulose 
acetate plates. 

Urinalysis. Standard urinalysis procedures are used 
to evaluate onset and duration of nephrotic 
syndromes, a possible consequence of immune complex 
formation and deposition. 

Body Temperature. Rectal temperatures are checked 
daily to monitor inflammatory syndromes and opportu
nistic infections. 

Bacterial Cultures. Heart blbod samples are taken 
at the time of necropsy to aid in the diagnosis of 
opportunistic infections. 

In conclusion, while customary toxicology, well seasoned by 
many years of experience in the development of anticancer 
drugs and their use in therapy must be mandatory in the 
development of BRMs, flexibility in approaches, and a conti
nuous evaluation of new assays and tests appropriate for the 
particular requirement of a BRMs, is an equally important 
consideration. 
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THE TOXICOLOGY OF INTERFERONS 

This group of agents comprises glycoproteins which are made by 
mammalian cells in response to viral infection or to stimula
tion with several types of inducers (Borden et al., 1982). 
Proteins with antiviral activity comparable to that of natural 
IFNs have been recently obtained from E. coli or other 
microorganisms through recombinant DNA technology. The 
biological actions of the natural IFNs, namely and include 
antiviral, antitumor and immunomodulation effects, actions 
which are shared by the natural interferons and, to the extent 
that they have been so tested, by the recombinant DNA IFNs. 
Heterogeneity occurs within and among IFN type$ (Stewart, 
1984), but species specificity is prevalent, if not unequivo
cally absolute (Borden et al., 1982). 

In the case of agents like the IFNs, which are essentially 
species specific, toxicological data in animals are limited in 
value. In such cases MTD and OBRMD usually cannot be obtained 
for preclinical studies and testing is limited to verification 
of biological activity in vitro and assessment of pyretic 
activity in animals, plus exclusion of obvious toxicities, 
possibly related to impurities derived from the preparative 
procedures. 

In humans, the toxicities of the IFNs have been identified 
primarily with IFN , the clinically most extensively studied 
member of the group, but it has been essentially verified, 
albeit to a more limited extent, with the other IFNs. These 
toxicities can be divided into acute and subacute (Kirkwood 
and Ernstoff, 1984). 

The acute toxicity is essentially an influenza-like 
with fever, chills, myalgia, arthralgia, malaise, 
fatigue, headache and, in some patients, nausea and 
As treatments continue, these symptoms decrease in 
suggestive of the onset of a type of tachyphylaxis. 

syndrome 
anorexia, 
vomiting. 
intensity 

The subacute or chronic toxicities are often dose-limiting and 
somewhat dependent on schedule and route of administration; 
tolerance is less rapidly achieved after i.m. or s.c. than 
after i.v. administration. These toxicities include: 

(a) hematological effects, particularly neutropenia 
and dose-limiting thrombocytopenia (it appears that 
this toxicity is due to a reversible inhibiti0n of 
myeloid maturation, possibly with some 
sequestration); 

(b) reversible hepatotoxicity which is dose-related, 
is seen primarily at high doses and is reflected in 
increases of serum glutamic oxaloacetic transaminase 
and serum pyruvic transaminase; 



(c) neurological toxicity has been seen in some 
cases and consists of somnolence, lethargy, malaise 
and progressively more severe debilitation with 
occasional stupor and psychosis, a toxicity which 
appears to have ECG counterparts; peripheral 
neuropathy has also been observed in some patients; 

(d) mild 
anorexia 
diarrhea; 
from that 
noted; 

gastrointestinal toxicity, commonly with 
and less frequently nausea, vomiting and 

at high doses stomatitis not dissimilar 
observed with anticancer agents is also 

(e) cardiotoxicity is infrequent with sinus tachyar
rhythmias as the prominent sign; this toxicity was 
seen primarily in patients with prior history of 
cariopathy or cardiotoxic drugs; 

(f) hypocalcemia, hyperkalemia, transient elevations 
of creatinine and urea nitrogen levels have been 
observed occasionally. Despite the evidence that 
antibodies are formed against exogenous IFNs and 
that relatively broad specificities pertain, 
possible physiopathological consequences of these 
antibodies or related complexes have not been 
reported except for abolition of biological effects. 

MONOCLONAL ANTIBODIES 
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To date Moabs have been primarily obtained from mouse hybrido
mas and are by definition antigen-specific; in this sense 
their preclinical toxicological study would seem at first 
glance to be unnecessary. Such a statement, although not 
unreasonable in principle, is however not valid. In fact, the 
exquisite specificty of Moabs for single epitopes makes it 
likely that cross-reactivities with tissues other than tumor, 
bearing the same epitope, will occur. Moreover, when Moabs 
are used as carriers of toxic moieties, the additional poten
tial toxicities may be related to inappropirate release of 
toxins or uptake into the RES with consequent toxicity 
(Vitetta and Uhr, 1984). Therefore appropriate in vitro 
and/or in vivo tests are required, as discussed below. 

The use of Moabs in cancer therapeutics is dependent on the 
existence of larger amounts of tumor asssociated antigens 
(TAA) on tumor cells than on normal cells; notwithstanding 
the fact that most TAA are differentiation antigens, it is 
likely that this quantitative difference occurs in many cases. 
Two major uses of Moabs have been visualized in therapeutics, 
namely Moabs by themselves as presumed effectors and MOabs as 
vectors for cytotoxic moieties or isotopes. To date the 
clinical studies of Moabs per se have been only preliminary in 
nature (Mastrangelo et aI, 1984; Oldham, 1984; Miller et aI, 
1982; Mihich, 1984). Studies with Moabs as vectors are only 
now beginning to appear (Mihich, 1984; Oldham, 1983; Bern
stein et al., 1982). In discussing the prerequisites for 
preclinical toxicology of Moabs, one should distinguish 
between these two major applications. 
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The preclinical toxicological study of Moabs to be used as 
effectors need not involve extensive animal experimentation, 
provided that in vitro tests of specificity against a battery 
of human cells and cell l~nes of human origin does not show 
cross-reactivities with cells of normal origin. If 
cross-reactivites are seen, toxicology studies in baboons may 
be indicated under the assumption that they would reveal 
potentially toxic cross-reactivities of relevance to humans. 
Possible cross-reactivities may also be assessed in early 
clinical trials through biodistribution studies with a labeled 
Moab; such studies may provide useful verification of previ
ously in vitro identified cross-reactivities. Regardless of 
proof of specificity, Moabs must be rigorously tested for the 
possible presence of viruses of mouse or human origin which 
may be pathogenic; lymphocytic choriomeningitis, Reo virus 
type 3, polyoma, mouse adenovirus, mouse hepatitis and LDH 
viruses are just a few examples of possible sources of 
concern. With the possible advent of human Moabs, the 
presence of human pathogenic viruses would also have to be 
excluded. Essentially all the other required toxicological 
studies would be those aimed at excluding the presence in the 
final preparation of potentially toxic materials derived from 
the various preparative steps; this is indeed a general 
prerequisite in the .development of most biological products. 
Allergic or anaphylactoid reactions may occur with Moabs but 
as no good animal model is available to identify human 
allergies, these possible toxicological effects should be 
excluded in cautious clinical trials. 

The preclinical toxicological study of Moabs to be used as 
vectors would require essentially the same evaluation but, in 
addition, would require thorough studies in animals aimed at 
identifying potential toxicity due to inappropriate release of 
the conjugated toxin and/or toxicity related to non-specific 
concentration of the complex in the RES (Vitetta and Uhr, 
1984) . 

Moabs have not yet been extensively and systematically studied 
in humans (Oldham, 1983). Based on the results obtained to 
date, some of the toxicities that may be expected to occur can 
be identified. Above certain doses, pulmonary toxicity may be 
expressed in acute dyspnea and wheezing. Hypotension, anaphy
lactoid reactions, serum sickness, increased creatinine, 
fever, chills, urticaria, rash and nausea with vomiting have 
been seen in some patients (Oldham, 1983). In the future, 
attention will also have to be given to toxicities possibly 
due to immune complex formation such as the alterations in 
renal function already noted in some cases (Bernstein et al., 
1982). Toxicities due to cross-reactions with epitopes 
present on normal cells or to non-specific uptake by macropha
ges may be particularly worrisome with Moabs conjugated with 
cytotoxic moieties (Vitetta and Uhr, 1984). 
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IMMUNOMODULATING AGENTS 

Within the context of this discussion, agents affecting both 
antigen-dependent and antigen-independent mechanisms are 
considered together. Indeed most of these agents affect a 
multiplicity of mechanisms, some involving specific T or B 
effector or regulatory cells, some involving presumed 
antigen-independent effectors such as macrophages or NK cells. 
In most cases it is relatively difficult to ascertain which 
effect at the cellular level is primarily related to the 
ultimate antitumor effect observed. 

Immunomodulation may be elicited by natural products, chemical 
agents, cytokines or antibodies directed against specificities 
present on subsets of cells of the immune system. Several 
anticancer cytotoxic agents have also been shown to cause 
immunomodulation through effects on specific cell subsets 
within the immune szstem. The toxicology of immunomodulators 
will vary, depending on the specific agent studied; it is 
often related to such phenomena as autoimmune-like reactions, 
modification of RES function and anaphylactoid reactions. 
Consequently, for some of these effects appropriate animal 
models are lacking. For the purpose of this discussion, the 
toxic effects of BCG, C. Parvum and levamisol will be briefly 
considered as examples. 

In humans, BCG has been studied extensively in the treatment 
of various types of neoplastic disease. Excluding the thera
peutic advantages achieved by the intralesional injection of 
BCG in patients with metastatic melanoma (Mihich, 1981; 
Mastrangelo an Bird, 1982), significant effects reflected 
primarily in a prolongation of survival time were noted only 
in a few disease types (Mastrangelo and Bird, 1982; Torti and 
LUm, 1984). The systemic toxicity of BCG consists of fever, 
chills, anorexia, nausea and, in some patients, vomiting and 
myalgias; all of these effects occur shortly after treatment 
and subside within 48 hours. C. Parvum has similar toxic 
effects except that cardiorespiratory toxicity is also seen in 
this case (Mastrangelo and Bird, 1982). Levamisol toxicity 
may be divided into non-hematoligical and hematological. The 
former includes sensorial reactions such as alteratrions in 
taste and smell, allergic reactions such as rash and 
influenza-like syndrome, and gastrointestinal symptoms which 
are relatively mild. Hematotogical toxicity consists primari
ly of agranulocytosis, which was fatal in a few cases and 
appeared with greater frequency in patients with rheumatoid 
arthritis and, less so, in patients with cancer. Leukopenia 
and thrombocytopenia were also seen. A significant genetic 
predisposition to agranulocytosis seemed related to HLA-B27; 
in most cases this toxic effect was readily reversible (Mihich 
and Fefer, 1983). 

As is apparent from these brief comments, immunoaugmenting 
agents may cause unique toxicological effects even when the 
common basic background of relatively mild syndromes is 
elicited by them; thus each agent should be carefully studied 
in animals for possible unique toxicities which may not be 
necessarily shared by known agents with similar BRM actions. 
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CONCLUDING CONSIDERATIONS 

The development of BRMs as cancer therapeutic agents is still 
in its infancy. Clinical studies with lymphokines are star
ting only now, essentially due to the recent availability of 
sufficient quantities of material obtained by recombinant DNA 
technology. Adoptive transfer of immune cells sensitized 
against TAA, with or without anti-suppressor cell treatment or 
IL2 administration, is likely to be studied in the future. It 
is likely that allogeneic T cell grafts may cause graft versus 
host disease; autoimmune toxicities may be the consequence of 
selective inhibition of T-suppressor cells or may be caused by 
the administration of cultured autologous lymphocytes sensi
tized against cross-reacting TAA (Mihich, 1984). Chemically 
induced immunological hypersensitivities have been known to 
occur widely in humans and should also be mentioned. Toxicity 
to the immune system derived from inappropriate immunomodula
tion may result in the onset of opportunistic infections which 
may be lethal. Selective tissue toxicities such as the 
arteritis caused by certain muraminic acid derivatives have 
also been observed in animal models. Thus future opportuni
ties for the therapeutic development of BRMs will no doubt 
increase the spectrum of specific toxicities encountered 
beyond the autoimmune, allergic or influenza-like syndromes 
elicited by most immunomodulating agents tested to date. 

In conclusion, the toxicity of BRM as a functional group of 
agents has been relatively modest and somewhat uniform in its 
features. Nevertheless unique toxicities related to the BRM 
function of the specific agents tested or seemingly to diffe
rent pharmacological actions may also be encountered. While 
different approaches are needed in studying tqis complex group 
of relatively non-toxic agents, absence of severe toxicity 
cannot be taken for granted especially in the case of chemical 
structures and in each case the spectrum of toxicological 
effects should be rigorously evaluated following with judi
cious flexibility the well established procedures which have 
been developed in studies of cytotoxic agents. 
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MTP-PE, A SYNTHETIC LIPOPHILIC MURAMYLTRIPEPTIDE: BIOLOGICAL 
AND TOXCOLOGICAL PROPERTIES 

D.G. Braun, P. Dukor, B. Lukas, G. Schumann, 
L. Tarcsay, M. Court, J.C. Schaffner, T. Skripsky, 

M. Fischer & P. Graepel 
IBA- Geigy Limited, Basel, 

Switzerland 

BRIEF ACCOUNT OF THE BIOLOGICAL PROPERTIES OF MTP-PE 

Muramyl peptides are biological response modifiers (BRM), and 
by virtue of this property they exert immune stimulating and 
immune modulating properties in model systems of antigenic 
stimulation and also increase prophylactically the resistance 
to some bacterial and fungal infections (1-4). 

Among the currently known BRMs MTP-PE (an N-acetyl-muramyl-L
alanyl-D-isoglutaminyl-L-alanyl-2-(1' ,2'-di palmitoyl -sn-gly
cero-3'-phosphoryl)-ethylamide-mono-sodium salt, CGP 19 835A) 
deserves special attention because it stimulates both in vitro 
and in vivo mouse and rat macrophages to become tumoricidal 
(5-8). Entrapping of this compound in multilamellar liposomes 
appears to be particularly effective in this regard, for 
repeated intravenous injections of liposome encapsulated 
MTP-PE into B16 BL6 melanoma bearing mice is mandatory to 
eradicate spontaneous lung metastanses typical for this model, 
and survival correlates with the activation of tumoricidal 
macrophages (9-12). Tumor cells derived from metastases of 
unsuccessfully treated mice were not resistant to 
macrophage-mediated lysis and the degree of alveolar macro
phage mediated lysis was indistinguishable from that of the 
parent B16 BL6 tumor (11). Furthermore, surviving tumor-free 
animals were not immune to a second tumor challenge suggesting 
that resistance to the B16 BL6 melanoma is short lived. In 
this model system no activation of tumoricidal macrophages 
and, therefore, also no eradication of lung metastases was 
achieved with free agent given intravenously in doses effec
tive when injected entrapped in liposomes. 

Recently is was reported that MTP-PE also activates human 
blood monocytes to attain tumoricidal properties (13,14). 
This finding is considered an important step toward~ the 
development for its applicability as a putative "anti-cancer 
agent" . 

The hitherto observed and described anti-tumor effects achie
ved with MTP-PE are summarized in Table 1. For putative human 
use it is relevant to note that the in vitro and the in situ 
or ex vivo modes of activation are good parameters for judging 
the expected tumoricidal state of alveolar macrophages, blood 
monocytes, Kupffer cells of the liver or peritoneal exudate 
cell. So far correlation has always been observed. MTP-PE 
induced macrophages have proven tumoricidal to a variety of 
different tumors as listed in Table 1. The decisive 
experiment, however, has to aim at the human situation once 
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the toxicological requirements both for MTP-PE and its lipo
some encapsulated form as well as for free liposomes have been 
fulfilled. 

In the past tumoricidal alveolar macrophages have always been 
induced with MTP-PE entrapped in multilamellar liposomes. 
Recent evidence suggests that multiple intranasal application 
of the free agent is similarly effective both in the induction 
of tumoricidal alveolar macrophages and in achieving survival 
of B16 BL6 melanoma bearing mice (A.F. Brownbill et al. 
1984, submitted for publication). This finding clearly 
contrasts with the low efficacy of intravenously administered 
free drug, and it may entail significant considerations for 
therapeutic schemes. 

MTP-PE has another exciting biological property. When solu
bilized in buffers as free agent it exerts prophylactic and 
therapeutic antiviral effects after single intranasal, 
peroral, intravaginal and intravenous administration depending 
on the virus model used (15), a feature quite distinct from 
its weak protective properties against bacterial and fungal 
infections (4). MTP-PE proved to be highly active in a 
variety of experimental RNS virus infections in the mousse 
(e.g. influenza A & B, strains). It was also active both 
therapeutically and prohylactically in DNS virus infection 
models, (e.G. herpes simplex and herpes simplex virus 2) in 
mice and guinea-pigs. (Dietrich and Lukas, 1985; Lukas and 
Dietrich, 1985, in preparation) 

Furthermore, the experimentally proven antiviral efficacy of 
free MTP-PE in animal models finds its correlate - as in the 
tumor models described above - in the fact that MTP-PE inser
ted into the phospholipid bylayer of multilamellar liposomes 
can activate human peripheral blood monocytes to lyse herpes 
simplex virus 2- infected human cells but not uninfected cells 
( 16) . 

Finally, M. Kende from the USAMRIID at Frederick, Maryland, 
reported that liposomally entrapped MTP-PE also exerted 
prohylactic and therapeutic efficacy in experimental murine 
rift valley fever virus infections (17). 

Taken together these.findings suggest that in model systems 
MTP-PE shows highly interesting anti-tumoral and anti-viral 
effects. In order to become an investigational drug for human 
use this agent must next pass the hurdles of toxicological 
scrutiny. The description of the initial available data 
constitutes the major part of this contribution. 

Toxicological Findings with MTP-PE 

Immunotoxicology must be tentatively understood in two ways. 
Firstly, it comprises the toxic effects of any drug on all 
cellular compartments required for unimpaired immune 
responsiveness, and, secondly, it encompasses adverse proper
ties of drugs spec~fically designed to influence cells of the 
immune system. General and specific immunotoxicological 
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aspects must be taken into account when one deals with MTP-PE, 
a situation which makes a safety assessment even more 
difficult. 

The terms "toxic" and "adverse" in drug development are 
usually associated with high, non-physiological, in most cases 
excessive doses, which lie orders of magnitude above those 
used or intended for use in therapeutic schemes in man. The 
"mission" of toxicological testing, is to produce undesired 
re.actions, and the study of the underlying mechanisms is one 
of the important end-points in the study objectives. The 
toxicological testing programm for MTP-PE is based on criteria 
similar to the usual drug development plan. However, by only 
following the standard registration checklist approach this 
compound would probably be abandonned very early in the 
process. The ordinary 90-day-toxicity routine as a prere
quisite to clinical testing must be very carefully adapted in 
this case. In this paper the initial toxicological testing 
program primarily designed for the intranasal formulation of 
MTP-PE developed at CIBA-GEIGY in Basel will be highlighted 
and our first results will be discussed. 

Following intranasal application both systemic effects and 
local reactions at the application site were studied. At this 
stage of development no pharmacokinetic data are available 
that would have allowed any quantitation of the absorption of 
MTP-PE through the nasal mucosa. Therefore, in order to 
derive a standard for comparison of systemic effects between 
different modes of administration the intravenous route was 
chosen first as this is the most direct way to establish the 
response to systemic exposure to MTP-PE. 

The choice of animal species was based on own experiments with 
MDP-derivatives and on experience in other laboratories from 
which we learned that rats and mice were almost unsusceptible 
to MTP-PE as far as toxic reactions are concerned. The 
guinea-pig, probably the most susceptible animal (Fidler, 
I.J., personal communication, 1983) is only suited for 
short-term toxicity experiments. In pilot studies we were 
able to identify the dog and the rabbit as satisfactory 
responders and so these two species were chosen for intra
venous administration of MTP-PE at daily doses of 0.001, 
0.01,0.1 and 1.0 mg/kg of body weight for a total of 14 
consecutive days. Three of five animals per groupe were 
killed 24 hours after the last administration and the remai
ning two animals per group 6 weeks later. The results indi
cated that clinical, laboratory and microscopical lesions were 
confined to the two top dose groups (1.0 and 0.1 mg/kg) while 
the two lower dose groups were free of effects that could be 
associated with the experimental treatment. Clinical sympto
matology and laboratory data are summarized in Tables 2 and 3. 
Although no clearly identifiable pattern of events was obser
ved it can be stated that pronounced acute inflammatory 
responses prevailed. A considerable inter-individual varia
tion of the response was also noticeable. 
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After standard histological processing of the tissues harves
ted at autopsy, the microscopical examination of one hema
toxylin and eosin stained slide per organ yielded the distri
bution pattern of vascular lesions summarized in Table 4. The 
microscopical organ examination identified the vascular bed as 
the primary target system of MTP-PE for toxic effects. The 
main lesion comprised an accumulation of cells in the 
intimal/medial regions of small arteries and arterioles, 
sometimes markedly obstructing the vessel lumina and partially 
destroying the elastica membrane (Fig. 1-3). While the most 
common lesions were detected in small arteries and arterioles, 
a few animals had additional findings which were considered to 
be most probably secondary to the vascular lesions: extensive 
non-fatal brain necrosis in one dog at 1.0 mg/kg, necrotic 
foci with granulation tissue and fibrosis in the myocardium 
(same dog as above), and complete necrosis of the gall-bladder 
(one rabbit at 1.0 mg/kg) with aneurysms of blood vessels in 
the liver. Additional findings observed with non-systematic 
distribution and frequency are listed in Tables 5 and 6. Of 
these the epi-/peri-cardial and the synovial changes appear to 
be typical for the pathology of this group of compounds. 

When the data of the above described experiments were 
available, the discussion of the subsequent steps in the 
development of MTP-PE focused on two issues. Firstly, the 
toxicological profile established so far for the drug by the 
intravenous route characterized MTP-PE as a very toxic com
pound with high-dose systemic effects with seriously implica
tionsas far as risk assessment for man is concerned. 
Secondly, it was felt that this systemic profile could never
theless now serve as an acceptable basis for further com
paratie studies. We decided to therefore conduct an experi
ment with intranasal application of the highest dose (1.0 
mg/kg) used in the i.v. studies. Of our two animal species 
only the dog was suitable for the minimum volume requirements 
which could not be met with rabbits due to their lower bodey 
weight. In order to give approx. 1 mg MTP-PE per kg 
body-weight, a total of 1 ml of fluid had to be administered. 
To avoid excessive washing-down, the solution was instilled in 
10 fractionated amounts over a period of 2 hours daily for 14 
consecutive days. Three male and 3 female dogs were used. 

Laboratory investigations this time included measurement of 
C-reactive protein, fibrinogen and erythrocyte sedimentation 
rate as possible indicators of an acute inflammatory process. 
Blood pressure measurements were carried out. For this 
procedure the dogs were trained before the experiment. The 
outcome of this study, in contrast to the i.v. study with the 
same high dose gave no indication of adverse effects, parti
cularly with regard to the vascular bed. Only one dog deve
loped a large hematoma around the site where the catheter for 
blood pressure determinations had been inserted. No other 
relevant finding were noted. In order to study onset and 
sequence of events leading to the vascular changes, further 
short-term studies with free MTP-PE are currently in progress. 
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Discussion of the Toxicological Findings 

This paper contains a status report of the toxicological 
evaluation of MTP-PE, a promising candidate for a potent drug 
with established tumoricidal and antiviral properties in 
experimental animal modesl (5-17). The search for a relevant 
animal species resulted in the choice of the dog and the 
rabbit for reasons of susceptibility, ease of handling and 
also known pathological background data. 

The study of systemic toxic effects by the most direct 
(intravenous) exposure of the animal was the first objective 
of toxicity testing. The dosing scheme was chosen on the 
presumption that after 2-week-toxicity studies in two species 
it would be possible to conduct first tolerability and drug 
disposition studies in man. 

The systemic toxicological response of both animal species 
confirmed the expectation of a marked toxicity which is known 
and typical of practically all biologically active substances. 
In spite of marked clinical and morphological alterations all 
animals survived the two weeks of treatment. The target 
system identified for the main toxic effects was the vascular 
bed, especially the small arteries and arterioles. The origin 
of the cells obstructing these vessels and the mechanisms of 
their accumulation are under study by additional specialized 
techniques such as autoradiography, electron microscopy, 
cytochemistry and immunopathology. Irrespective of how these 
highly relevant questions are resolved, it must be emphasized 
that the vascular bed is, with the exception of the retinal 
arteries, practically inaccessible to preventive diagnostic 
assessment in man e.g. during clinical trials. Any risk of 
producing such changes as seen in the animal models is con
sidered unacceptable for the conduct of human trials. It is 
the aim of further toxicity testing to make sure that no such 
unwanted effects will occur in situations which model human 
therapeutic use. 

A study with a protocol similar to the i.v. study and with 
the highest dose (1 mg/kg) was conducted with the intranasal 
MTP-PE formulation. As no toxic effects attributable to 
MTP-PE were seen in this experimental set-up we consider a 
single intranasal application in man possible. 

As a prerequisite, the no-toxic-effect level, i.e. the 
maximum dose tolerated without toxic effects, which is usually 
inferred from relevant toxicological tests, which was taken 
from the i.v. study data was regarded as the absolute 
baseline. There it was shown that doses up to 0.01 mg/kg 
produced no toxic reactions. This precautionary measure was 
necessary in view of the fact that no pharmacokinetic and 
resorption data existed. Therefore the possibility could not 
be totally excluded that MTP-PE is simply not adequately 
resorbed through the nasal mucosa in the dog. When it reaches 
the circulation, however, as evidenced in the i.v. tests, 
0.01 mg/kg would not have caused any effects in rabbits and 
dogs that could be detected by standard toxicity testing 
procedures. 
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CONCLUSION / SUMMARY 

MTP-PE (an N-acetyl-muramyl-L-alanyl-D-isogluta minyl-L-alanyl 
-2- (1',2'- dipalmitoyl-sn-glycero-3'-phosphoryl) -ethylamide 
-mono-sodium salt, CGP 19 835A) is a synthetic muramylpeptide 
with significant anti-tumor metastatic and anti-viral proper
ties mediated by macrophages in rodents when given 
intravenously, encapsulated into multilamellar liposomes, or 
intranasally as free substance. Additionally, as is typical 
for this class of compounds, MTP-PE increases prophylactically 
the resistance to bacterial and fungal infections. 

The statuts of the safety evaluation program of MTP-PE is as 
follows: 

1) 2-week intravenous toxicty studies (free MTP-PE) in rabbits 
and dogs with 6-week recovery periods have yielded a 
no-toxic-effect level of 0.01 mg/kg body weight in both animal 
species. Accumulations of cells orginating from or proli
ferating in the intimal/medial regions of small arteries and 
arterioles, sometimes markedly obstructing the vessel lumina, 
constituted the most characteristic morphological change, 
accompanied by clinical and laboratory findings suggesting 
acute inflammatory events. 

2) A 2-week intranasal toxicity study in dogs 
MTP-PE) has not yielded any toxic effects 
associated with MTP-PE. Most importantly no 
were seen. The biochemical parameters tested 
inflammatory processes. 

(1 mg/kg of free 
that could~ 

vascular changes 
did not indicate 
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Figure 

Figure 

1 Dog adrena1 arterio1e (hematoxy1in-eosin. 1250 x; MTP-PE 1 mg/kg i.v. 

2 weeks). Subtota1 obliteration of 1umen caused by cellular accumulation . 
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2 Rabbit heart (hematoxYlin-eosin . 312 x; MTP-PE 1 mg/kg i.v. 2 weeks). 
Small artery with subtotal occlusion and intima/media destruction by cell 

aggregation of unidentified origin . 

3 Rabbit kidney (hematoxylin-eosin. 312 x; MTP-PE 1 mg/kg i.v . 2 weeks). 

Arteria arcuata showing focal cellular accumUlations involving intima and 
media cinfined to the left part of the artery with destruction of the elastic 

membrane . 
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.ABLE 2 CGP 19 835A, TWO WEEK INTRAVENOUS TOXICITY STUDY IN BEAGLE DOGS 

Parameter Dose in mg/kg daily i.v. 

0.001 0.01 0.1 1.0 

Mortality - - - -

Symptomatology 

spastic gait, diffi- - - - 10/10 
culties in walking 

swelling of the ankle - - - 4/10 
and/or radiocarpal joint 

limping, occasionally - - 2/10 some dogs 

Body weight - - 1/10 +10-16 % 5/10 +10-16 % 

Food consumption - - reduced in dogs with 
body weight loss 

Total proteins - - (+> (+ > 
- albumins - - 2/10 + 10/10 + 
- a3-globulins - - tt ttt 
- II-globulins - - t t 

all changes reversible 

RBC-parameters - - - (+) 
monocytes - - 1/10 t 5/10 t 

fibrinogen,' ESR - - tt ttt 
Bone marrow - - - 1 dog: marked 

decrease in 
erythr.series 

all changes.reversible 

Cardiography 

ST-segment - - - 2/10 
marked enlargement - - - !'/10 
'of T-wave 

all changes reversible 

Neurol. Examin. 

Depressed placing and - - - mostly all 
hopping reactions dogs 

depressed flexor reflex - - - 3 males 

all ChangjS reversible 

- = no change; t increase; + = decrease; (> = minimal 

PUBl/m6. 
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TABLE 3 CGP 19 8lSA, TWO ~~EK INTRAVENOUS TOXICITY STUDY IN RABBITS 

Parameter Dose in mg/kg daily i.v. 

0.001 0.01 0.1 1.0 

Mortality - - - -
Symptoms 

peripheral hyperaemia - (+) (+) + 
dacryorrhoea - - - + 
swollen eye lids, dry eyes - - - + 
hair loss - - - + 
cloudy cornea - - (+) + 

Body weight - - - + 
Blood chemistry 

Potassium - - - '" Alk. Phosphatase - - '" ++ 
BUN - - - t 
Albumins - - (",) ++ 
Globulins - - (t) t 

Haematology 

RBC-Parameters - - <"') + 
Reticulocytes - - - (t) 
Aniso- I Anulocytes - - - + 
Thrombocytes - - - t 
Fibrinogen - - (t) t 
Segm.Neutr.Granulocytes - - - (t) 
Monocytes - - (t) <t> 

+ • present no change 

t - increase '" - decrease 

() • minimal 
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INTRODUCTION 

The ambient air consists of a multitude of air pollutants 
that differ geographically and temporarily by concentration 
and chemical identity. They can be classed as either gases 
or particles. Only a limited number of these pollutants has 
been studied for immunotoxic effects. Those chemicals that 
have been studied are relatively common, such as ozone (03), 
nitrogen dioxide (N02), sulfur dioxide, sulfates (including 
sulfuric acid), and fly ashes. Other chemicals which are 
common, but less widely distributed, such as metals, have 
also been investigated. 

The purpose of this paper is to describe the immunotoxic 
potential of common air pollutants. To accomplish this with 
brevity, while illustrating concepts and needed areas of 
research on this topic, we have chosen to focus on 03, N02, 
and complex, real-world particles. The photochemical 
oxidants, 03 and N02 , are the most intensely studied common 
air pollutants. Even so, the following discussion will show 
the limitations in knowledge of their toxicity. Complex 
particles were chosen since they represent a more difficult 
research endeavor than pure chemicals, like metals. Reviews 
on the immunotoxicity of inhaled metals, sulfates, and sulfur 
dioxide are available elsewhere (Graham and Gardner, 1984; 
Gardner 1979, 1982; EPA, 1978, 1982a,b). The lung, which is 
the first target organ of air pollutants, is an active 
immunologic organ which can have specific local responses 
without a generalized systemic response. The role of the 
macrophage in pulmonary immunological responses has been 
reviewed recently (Bice, 1984; Bitterman et al., 1981; 
Schwartz and Bellanti, 1977; Brody and Davis, 1982; Green 
et al., 1977). Major classes of immunoglobulins are found in 
the respiratory tract with secretory IgA being the principal 
immunoglobulin in the upper respiratory tract and IgG being 
predominant in the lower respiratory tract. Cells 1avaged 
from the lung include functional B, T, and null lymphocytes, 
as well as plasma cells. The interactions between these 
immunoglobulins, lymphoid cells, and alveolar macrophages is 
complex and incompletely understood (Bice, 1984, Green et 
a1., 1977). 
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The vast majority of the air pollutant immunotoxicology 
literature is on non-specific anti-bacterial host defense 
mechanisms, such as mucociliary clearance and alveolar 
macrophage defenses. Little research has focused on 
anti-viral defenses or humoral and cell-mediated immunity. 
In the following text, this literature will be discussed 
generally and key details will be provided in tables. 

EFFECTS OF PHOTOCHEMICAL OXIDANTS 

Introduction 

Photochemical oxidants arise from a complex series of atmos
pheric reactions of hydrocarbons and nitrog8n oxides in the 
sunlight, producing 03, N02 , and other complex chemical 
compounds. Both gases generally produce similar types of 
effects, but 0 3 is more potent (EPA, 1978, 1982b). 

Ozone: 

The cells most vulnerable to 03 -induced injury in the 
conducting airways are the ciliated cells, resulting in loss 
of the effectiveness of mucociliary clearance as measured by 
reduced rate of transport of deposited particles (Kenoyer et 
al., 1981; Friberg et al., 1972; Abraham et al., 1980; 
Phalen et al., 1980; Fragern et al., 1979), increased mucus 
secretions (Last et al., 1977, 1980); and altered size, 
number and distribution of various mucous secreting cells 
(EPA, 1978). However, low levels of 03 alone failed to 
produce any loss. in ciliary beating activity (Grose et al., 
1980). Altering these defense mechanisms can result in an 
accumulation of viable and non-viable inhaled substances that 
could significantly increase the incidence of upper respira
tory tract disease. Few studies have systematically explored 
the clinical implications resulting from the effects of 
long-term exposur;e or long-term recovery from such insults on 
this host defense· system. 

A number of studies (Table 1) have shown that acute exposure 
to 03 can significantly decrease the ability of alveolar 
macrophages to phagocytize foreign particles, reduce ability 
to migrate, disrupt macrophage membrane integrity, reduce 
lysosomal en,zymat:ic activity, decrease the ability to produce 
superoxide anion radicals, impair interferon production, and 
reduce the number of free macrophages available for pulmonary 
defense. Wi th l,onger exposure (Table 1), there is a signi
ficant influx of new macrophages within the airways. Such 
accumulation of macrophages may play a role in the develop
ment of future chronic pulmonary disease due to the numerous 
cytOlytiC and proteOlytic enzymes released by the damaged 
macrophage in its attempt to phagocytize, digest, and trans
port material out of the lung. Impairment of macrophage 
functions would alter the lungs' capability for maintaining 
sterility within the gaseous exchange regions of the lung. 
Such adverse effects would reduce the host's ability to 
resist infection and may be involved in the pathogenesis of 
chronic diseases. An increased incidence of pulmonary 
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infections d~e to exposure to oxidizing pollutants has been 
reported by numerous investigators (Table 2), as well as 
reviewed by Coffin and Gardner (1972), Gardner. and Graham 
(1976), Gardner, (1982). In most cases, these data indicate 
that 03 acts by prolonging the residence time of the viable 
infectious organisms and thus enhances the establishment of 
the opportunistic microorganisms. A wide range of infectious 
agents have been used including streptococcus sp. (Group C), 
Pasturella haemolytica, and Mycobacterium tuberculosis. 

The effects of subchronic exposure to 03 on the systemic 
immune system was studied using the blastogenic response of 
splenic lymphocytes to mitogens and alloantigens and plaque 
forming cells' response to sheep red blood cells (Aranyi et 
al., 1983). A significant suppression in blastogenesis to 
the T cell mitogen PHA and Con A was detected. There was no 
effect using the B cell mitogen, LPS, or alloantigen. The 
immunosuppressive effect of 03 has also been suggested to 
explain why mice which were immune to tetanus toxoid had an 
increase in mortality rate, as compared to clean air controls 
after challenged by the toxin (Campbell et al., 1976). In 
guinea pigs infected with M. tuberculosis, the cutaneous 
sensitivity to purified protein derivative (PPD) was signi
ficantly reduced in the 03-exposed animals indicating a 
depressed cell-mediated response (Thomas et al., 1981). 

The possibility that 03 may be responsible for enhancement of 
allergic sensitization has important implications for human 
health effets. Gershwin et a1. (1981) reported that 03 
exposure of mice caused a 34-fold increase in the number of 
IgE containing cells in the lungs that correlated positively 
with levels of anaphylactic sensitivity. Oxidant damage also 
caused an increase in IgA containing cells in the lungs and a 
rise in IgA content in respiratory secretions (Osebold et 
al., 1979). These authors showed a significant increase in 
anaphylactic sensitivity when antigen-stimulated and 03 
exposed animals were compared to controls (Osebold et al., 
1980). 

Since there is little doubt that 03 can alter various host 
defense mechanisms in the laboratory animal, human defense 
systems have also been examined to determine if these are 
also impaired by 03. Although the biological endpoints 
measured are different, any relationship between the animal 
data and human subject would be of significant interest. The 
data indicate that polymorphonuclear neutrophils isolated 
from the blood of persons exposed to 03 did have a reduced 
ability to phagocytize and a depressed bactericidal function 
(Peterson et al., 1978a). The authors proposed that 03 
either produced indirect effects on neutrophils through 
toxicity to the granulocytic stem cell or by altering humoral 
factors .that facilitate phagocytosis. In other studies, 
peripheral blood T lymphocyte rosette formation was not 
altered by acute exposure to 03,but B-lymphocyte rosette 
formation was depressed (Savino et al., 1978) Mitogen-induced 
transformation of circulating T lymphocytes was also decrea
sed in these studies (Peterson et al., 1978b). 
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Nitrogen Dioxide 

With N02 , the individual host defenses are affected in a 
manner similar to those described for 03. The major diffe
rence appears to be that the concentration required to elicit 
a significant response has to be much greater than with 03 . 
This difference in toxicity is easily recognizable when one 
compares a single response such as increases in suscep
tibility to pulmonary infections. With 03 , a 3-hr exposure 
to levels as low as 0.1 ppm 03 (Miller et al., 1978) produces 
the same significant response as a 3-hr exposure to 3.5 ppm 
of N02 (Gardner et al., 1977a,b). other investigations of 
the effects of N02 on susceptibility to laboratory-induced 
infections are described on Table 3. A series of studies 
(EPA, 1982b) in Britain and the U.S. suggest that children 
exposed to N02 have a highe~ incidence of respiratory 
infection. These epidemiological studies compared subjects 
in homes with gas cooking stoves vs. homes with electric 
stoves. The causative pollutant in these studies has not 
been proven, but it has been interpreted to be N02 based on 
animal studies. 

The distribution of cellular injury from N02 extends throuh 
out the conducting airways to the alveoli. In the conducting 
airways, N02 reacts with the ciliated epithelium, causing a 
decrease in ciliary beating rates and as a consequence, a 
significant reduction in mucus transport (Kita and Omichi, 
1974; Giordano and Morrow, 1972). Such impairment could 
render this physiological line of defense less effective in 
the process of lung clearance. 

At the alveolar level, the host defense system that receives 
direct exposure to the inhaled pollutant is the alveolar 
macrophage. Measuring the functional integrity of macro
phages isolated from the lungs of N02 -exposed animals 
indicates that macrophages can be depressed to such a degree 
that the host can no longer effectively maintain pulmonary 
sterility (Brody and Davis, 1982). The importance of these 
defenses in maintaining pulmonary sterility against invading 
microorganisms becomes clearly evident when these "impaired" 
animals have to cope with a laboratrory-induced pulmonary 
infection (Table 3). Animals exposed to N02 succumb to the 
bacterial or viral infection quickly and in a 
concentration-response manner (Acton and Myrvik, 1972; 
Ehrlich 1975; Gardner and Graham, 1976; Gardner et al., 
1977a,b; Gardner et al., 1979; Ito, 1971; Sherwood et al., 
1981). Evidence clearly indicates that these cells are no 
longer capable of isolating, transporting, or detoxifying 
these desposited microbes due to their reduced level of 
phagocytosis, lytic potential, ability to produce interferon 
(Table 4), and Qther responses. Morphological indicators of 
N02 damage to this cell are also recognizable after either in 
vivo or in vitro exposure. 

Since N02 has been shown to cause an increase in suscep
tibility to both bacterial and viral infections, a few 
investigators have examined the immune system to explain this 
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change in susceptibility. However, this research has focused 
on the systemic immune system which would be less directly 
involved in pulmonary infections. Nitrogen dioxide decreases 
the production of serum neutralizing antibody to viruses 
(Fenters et al., 1971, 1973; Ehrlich 1975) and humoral 
primary antibody responses to red blood cells (Nakamura et 
al., 1971; Hidekazu et a1., 1981). Other significant 
immunological effects attributed to N02 exposure include an 
increase in IgM, IgG, and IgG and a decrease in IgA serum 
levels (Ehrlich et al., 1975). Hemagglutination inhibition 
titers were unchanged with N02 exposure (Fenters ·et al., 
1971, 1973). 

Acute exposure to high concentrations of N02 significantly 
decreased the number of spleen and thymus cells, however, at 
a lower concentration, the number of spleen cells actually 
increased (Hidekazu and Fujio, 1981). The same authors 
reported that N0 2 is capable of depressing primary humoral 
antibody response and that the degree of suppression deferred 
with respect to time. Fujimaki (1981) showed that the 
reduction in primary antibody response against sheep red 
blood cells was more influenced by a suppression of B cell 
function; for the secondary antibody response, T cells were 
more affected. Holt et al. (1979) showed that chronic 
intermittent N02 exposure results in a biphasic response. 

Antibody titers to sheep red blood cells were increased after 
10 weeks of exposure, unchanged at 20 weeks, and decreased at 
30 weeks. There were no effects when a T-independent antigen 
(PVP) was used. A similar biphasis response was observed for 
a graft vs. host reaction. Response of lymphocytes to PHA 
was depressed at all exposure times tested. An earlier study 
(Maigetter et al., 1978) had also reported that the splenic T 
and B cell response to mitogens was suppressed by N0 2 • 

In a study of the pulmonary immune system, Joel et al. 
(1982) observed a temporary decrease in response after a 
short-term exposure of sheep to N02. Pulmonary lymphocytes 
(from a cannulated mediastinal lymph node) exhibited a 
reduction in plaque forming cell numbers and response to PHA 
in animals immunized 2 days, but not 4 days, after exposure 
to N02 ceased. 

Complex Particles 

Industrial and energy-related processes emit complex par
ticles containing many chemical elements. With few 
exceptions, these particles have not been investigated for 
effects on pulmonary defenses. Fly ash is the most notable 
exception. However, the chemical composition of fly ashes 
differ, depending based on energy source and combustion 
techniques (Abbott and Prehnel, 1979; Davidson, et a1., 
1974), thus a study of one fly ash cannot be taken as neces
sarily representative of other fly ashes. Since carbon is a 
major constituent of fly ashes, it too has been investigated. 
In a few cases carbon or fly ash have been studied in combi
nation with S02 and H2S04. The results of this work are only 
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mentioned briefly here. The key studies are summarized in 
Tables 5 and 6. 

Subchron!c exposures to high levels of carbon black 
(Rylander, 1969) decrease pulmonary bactericidal activity, 
but lower concentrations increased bactericidal activity 
(Fenters et al., 1979). Alveolar macrophage numbers and 
viability were unchanged (Fenters et al., 1979). Acute 
(Gardner, 1981) or sub chronic (Fenters et al., 1979) expo
sures to carbon did not alter bacterial or viral infectivity 
as measured by excess mortality. 

Studies of the effects of carbon on humoral and cell-mediated 
immunity are complex, being affected differently in relation 
to time of exposure and route of antigen challenge. Zarkower 
and Morges (1972) exposed mice to air or carbon for 3-4 or 
14-16 days prior to antigen (Ag) challlenge (E. coli, 
erythrocytes), after which time all the mice received expo
sure until sacrifice. The most significant alterations were 
when the Ag challenge was via inhalation as opposed to IV or 
IP injection. In the spleen, the number of plaque-forming 
cells was decreased with either a 4 or 15 day pre-exposure. 
In the mediastinal lymph nodes (MLN), plaque forming cells 
increased only in the 4 day group. Serum hemagglutination 
titers were decreased at both exposure times. The increased 
response in the mediastinal lymph nodes might have been due 
to the hyperplasia of the nodes; however, the response was 
observed when the data were'expressed per 10 cells or per 
node. Cell-mediated immunity was also affected in that 
splenic cells had a transiently decreased Con A-induced 
transformation (Miller and YZarkower, 1974). LPS-induced 
transformation was unaffected. .In the mediastinal lymph 
nodes., this decrease with Con A was present at all exami
nation times (7-28 days) and after 14-28 days of exposure, 
the incorporation of H-thymidine into LPS-treated lymphocytes 
was increased. Other mice were sensitized to M. tuber
culosis via inhalation or subcutaneous injectIon. When 
splenic lymphocytes were stimulated with PPD, there was an 
increased response which was of greater magnitude when the 
sensitization was via subcutaneous injection. 

Zarkower (1972) also conducted similar studies after longer 
exposure periods (up to 192 days). In the spleen, the number 
of plaque forming cells/10 cells had a trend towards a 
decrease at 135 days of exposure which became significant at 
192 days. No such effects were observed on the mediastinal 
lymph nodes, but a similar response was observed when serum 
hemagglutination titers were measured. Fensters et ale 
(1979) found a biphasic response when determining effects of 
carbon on splenic plaque forming cells (Ag. sheep red blood 
cells). Immunoenhancement was observed after 4 wk of 
exposure, and suppression occurred by 20 wk. 

As mentioned earlier, fly ashes can have quite different 
chemical compositions. Even more complex is the question of 
bioavailability. For example, an elemental analysis of fly 
ash may not increase our understanding of toxicity .since some 
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of the elements may not be on the surface, and even then, may 
not be bioavailable. Garrett et al. (1981) compared the 
cytotoxicity of fly ashes from 3 energy processes 
(conventional coal combustion, fluidized bed combustion, and 
coal gasification) to alveolar macrophages after in vitro 
exposure. Under equivalent conditions, conventional coal 
combustion ash was the most toxic whereas coal gasification 
particles caused little effects. Effects noticed were a 
decrease in viability, the viability index (a relation 
between cell lysis and viability), and ATP, with the latter 
being the most sensitive indicator. When lactate dehydro
genase enzyme release from alveolar macrolphages was measured 
after in vitro exposure to fly ashes from pulverized coal, 
stoker-fed, and fluidized bed processes were studied, no 
effects were observed (Hill and Hobbs, 1982). Fly ash from a 
fluidized bed process also caused no effects on surface 
morphology (Hill et al., 1982) 

Alveolar macrophages from mice which were exposed acutely to 
a high concentration of a fine (1.6 m mass median aerodynamic 
diameter) fraction of ash of conventional coal (low sulfur) 
combustion process showed a decrease in phagocytosis several 
days post exposure. It appeared that there was a hemato
genous recruitment of alveolar macrophages. The delayed 
effects are not unexpected since particulate burdens within 
alveolar macrophages incrased with time post exposure. 
Clearance of fly ash from the lungs was slow, with only about 
6% of the burden being removed in 30 days (Wehner, 1979). 

Zarkower and cOlleagues performed a series of subchronic and 
chronic exposures to fly ash on alveolar macrophages 
(Zarkower et al., 1982) and the immune system (Eskew et al., 
1982). Exposure for 21, 56, and 148 days to conventional 
coal fly ash decreased the ability of alveolar macrophages to 
phagocytocize bacteria. Higher concentrations decrased the 
ability of alveolar macrophages to enhance mitogenesis of T 
cells from normal spleens. Longer exposures to higher 
levels, caused no effect on pulmonary delayed-types hyper
sentitivity reaction. Little change was observed in the 
response of splenic lymphocytes to mitogens or target lym
phoma cells. The number of antibody-producing cells against 
an inhaled Ag (E. coli) were not altered in the mediastinal 
lymph nodes, but a decrease in the spleen was observed at 5 
wks. When the length and concentration of fly ash . exposure 
were increased, splenic plaque-forming responses were de
creased when Ag was administered by inhalation. 

Aranyi et ale (1981, 1982) studied fly ashes and industrial 
particulate samples after in vitro and in vivo exposure. 
Using the in vitro rabbit alveolar macrophage assay, potency 
ranking for effects of viability, cell lysis, and ATP were 
equivalent with the ranking from high to low toxicity being: 
copper smelter dust » aluminum smelter dust » 2 samples of 
conventional coal fly ash fluidized bed fly ash 
steel-foundry sample. Inhalation exposure correlates were 
sought for copper smelter dust and 2 of the coal fly ashes 
and were found. 
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The eruption of Mt. st. Helens in 1980 resulted in extre
mely high levels of human exposure, causing several animal 
studies of the effects of volcanic ash to be initiated. This 
research has been reviewed (Martin et al., 1983). Generally, 
no significant effects were observed on alveolar macrophages 
following in vitro or intratracheal instillation exposure. 
When positive controls were used, quartz was substantially 
more toxic. More recent acute inhalation studies (Grose et 
al., 1984) showed no or minimal effects on the host defense 
parameters examined. Thus, it appears that short-term 
exposures to volcanic ash are without major influence on 
immunotoxicity. 

SUMMARY 

The most common ubiquitous air pollutants decrease the 
function of pulmonary host defense mechanisms against 
infection. Most of this knowledge is based on animal studies 
and involves cellular antibacterial defenses such as alveolar 
macrophage and mucociliary function. Information on viral 
infectivity is more sparse. Since there is no routine 
treatment for viral infections, this gap in knowledge is of 
concern. 

In the cases in which lung humoral and cell-mediated immunity 
have been investigated, effects have been observed. These 
findings illustrate the complexity of pulmonary immuno
toxicity since the direction of the effect (i.e. increase or 
decrease) was dependent upon concentration, the time of 
exposure, furthermore systemic and pulmonary immune responses 
sometimes differed. Thus, future research needs to take into 
account the kinetics of the immune response vis-a-vis toxico
kinetics and dose-rate influences on toxicity. Such consi
derations raise the level of difficulty of pulmonary immuno
toxicity considerably, and without an increase in our basic 
understanding of these responses, a plethora of studies are 
required. Hence, it is unreasonable to expect significant 
improvements of knowledge unless mechanisms of both lung 
immunolgy and lung immunotoxicity are better understood. An 
important factor for this future research would be the 
development of more sensitive and descriptive animal models 
of lung immunotoxicity and the broader, but selective, 
utilization of those advanced models that are now available. 
The establishment of the relevance of the animal model system 
to the human situation is crucial if extrapolation of the 
animal results to man under conditions for which human 
research is impossible/impracticalis to be achieved. The 
attainment of realistic correlations will require the deve
lopment of techniques which could ethically be performed in 
human clinical or epidemiology studies. With such techniques 
it would be possible to make proper measurements of pulmonary 
immunotoxicity in the species of greatest interest-man. 

When one considers the state-of-the-art of immunotoxiCity in 
general, pulmonary immunotoxicity falls below the 
norm. Because the lung is one of the major portals of entry of 
pollutants into the body and there is a degree of compart
mentalization between the pulmonary and systemic immune 
systems, the low level of the state-of-the-art of pulmonary 
immunotoxicity must be a matter of considerable concern. 
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There are at present such major gaps in knowledge,that a 
reasonably accurate assessment of the immunotoxicity of air 
pollutants is not possible. When the limited data base is 
reviewed relative to ambient levels of the common pollutants, 
it appears that acute exposures to 03 and chronic exposures 
to NOz are the major exposures of concern for immunotoxic 
effects. It should be emphasized that until information is 
available for chronic exposures to low levels of metals and 
sulfates and for exposures to common organic vapors, the 
immunotoxicity of air pollutants cannot be assessed. 
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TABLE 1 
EFFECTS OF OZONE ON ALVEOLAR MACROPHAGES (AM) 

Length of 
Exposure Effects 

2.5 hr in vivo Lung protective factor partially inactivated, increasing fragility 
or 30 min I!! vitro of AM (concentration-related). 

8 hr/day for 7 days Increased number of AM in lungs (morphological). 

3 hr lli vivo Decreased activity of the lysosomal enzymes lysozyme, 
and l!! vitro) acid phosphatase, and ~-glucuron;dase. 

8 hr/day for 7 days Increased osmotic fragi 1 ity. 

3 hr Decreased enzyme act i v i ty and increased i nfl ux of po lymorphonuc lear 
leukocytes. 

3 hr Decreased red blood ce 11 rosette bind i ng to AM. 
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Species Reference 

Rabbit Gardner, et a1. , 1971 

Monkey Cas t 1 eman et a 1., 1977 
Stephens et a1 .• 1976 

Rabbi t Hurst et 31. 
1970, 1971 

Rabbit Dowell et a l. 1970 

Rabbi t Alpert et a1. 1971 

Rabbit Hadley et a1., 1977 

0.5 3 hr Decreased ability to ingest bacteria. Rabbit Coffin el a1.. 1968b 
0.67 Coffin and Gardner, 1972b 

0.5, 1 2 hr ill vitro) Decreased agglutination in the presence of concanavalin A. Rat Goldstein et a1., 1977 

0.54 23 hr/day for 34 days Increased number of AM (morphological). Mouse Z itni k et a 1., 1978 

==================================================================================================::::==:========================================= 

ppma 

0.8 

O.B 

0.8 

0.8 

1,5 

1.6 to 3.5 

2.5 

length of 
Exposure 

11 and 24 
days ~ vivo) 

90 days 

7 days 

3, 7, 20 days 

3 hr 

4 hr 

2 hr to 
3 hr 

5 hr 

appm = parts per mi 11 ion 

Effects Species 

No effect on i.!! vitro interferon production. Mouse 

Eightfold increase in number of AM at 7 days, reducing to fourfold after days. Roll 

Decreased number of migrating AM and total distance migrated. Monkey 

Increased phagocytos is. 

Decreased ability to produce interferon i.!l vitro. 

Decreased in vitro migrational ability. as evidenced by decreased number 
of AM ableto--mTQrate. 

Decreased superox i de ani on radi ca 1 product ion. 

loss of ~-glucuronidase and acid phosphatase in AM with ingested bacteria; 
decreased rate of bacterial ingestion and killing; increased numbers of 
intracellular staphylococcal clumps; lack of lysozyme in AM with 
staphylococcal clumps. 

Rat 

Rabbit 

Rat 

Rat 

Rat 

Reference 

Ibrahim et al .• 1976 

Boorman et a 1 .• 1977 

Schwartz and Chri stman. 
1979 

Christman and Schwartz. 
1982 

Shingu et a1 .• 1980 

McAllen et 011 .• 1981 

Amoruso et a 1 .• 1981 
"'Hz et a 1.. 1982 

Goldstein et al., 197Bb 
Kimura and Goldstein, 
1981 
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The Netherlands 

INTRODUCTION 

In the last decade immunotoxicity has developed into a new 
area of drug and chemical toxicity as result of a growing 
number of compounds that are known to alter immunological 
responsiveness, either by an immunosuppression or an 
immunostimulation. The most conspicuous need is for much more 
information about the underlying molecular mechanisms. Only 
then will it be possible to explain why in some cases compo
nents of the immune system are so extremely sensitive. From 
reported data it is apparent that various compounds i.e. 
2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD), 2,3,7,8-tetra 
chlorodi benzofuran (TCDF), polychlorinated biphenyls (PCBs), 
polybrominated biphenyls (PBBs), diethylstilbestrol (DES) and 
some di- and tri-alkyl substituted organotins act more or less 
preferentially on the thymus and therefore probably on thymus 
dependent functions (1-4). Although these compounds all 
produce thymic injury, they probably act at several different 
levels. To get more insight in the diand trialkyltin induced 
immune suppression studies our group has focussed on their 
ability to produce selective thymus atrophy. After a short 
overview of organotin applications, toxicity and immunosup
pressive effects, the mechanisms that might be involved in the 
dialkyltin induced thymolytic effects are discussed in more 
detail. 

ORGANOTINS AND THEIR APPLICATION 

Organotins is the common name assigned to the group of com
pounds with at least one bond between carbon and tin. 
commercially, major subgroups are referred to as di- and 
tri-substituted organotin compounds, R2SnX2 and R3SnX 
respectively. Usually R stands for an alkyl chain of different 
length or an aryl group and X for chloride, fluoride, oxide, 
hydroxide, carboxylate or thiolate. Recently a new class of 
organotin compounds was introduced into the market, the ester
tins in which an ester group is incorporated in aliphatic 
alkylchain (5). 

The organotin compounds of industrial importance are used in 
three major types of application: (1) as heat stabilizers in 
polymers, (2) as biocides and (3) as catalysts (6-8). 
Dialkyltins, in particular di-n-butyltin and di-n-octyltin 
derivatives are used as stabilizers for PVC plastics to 
protect against degradation by heat and light during the 
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production phase and use as well. Recently dimethyl tin and 
diestertin compounds have also been found to be suitable for 
this purpose. Dialkytin derivatives are also used as cata
lysts in the production of polyurethane foam products and as 
vulcanizing agent for silicone rubbers. Tria1kyltins are 
widely used as industrial and agricultural biocides. Tri
phenyl tin and tricyc10hexyltin derivatives have important use 
as agricultural fungicides and acaricides and tributyltin 
compounds have many applications as industrial biocide. In 
particular bis (tri-n-butyltin) oxide (TBTO) is used as 
preservative for wood, paper, textiles, leather and glass, and 
as an antifou1ant and disinfectant. Tributyltin derivatives 
have also been proposed as a molluscicide for the control of 
the aquatic snails, that are the intermediate hosts for the. 
parasite that causes Schistosomiasis in man (9-10). 

This multiplicity of applications has resulted in an enormous 
growth in the worldwide production of organotin compounds. In 
1976 the synthesis of organometallics was approximately 27000 
tons and is expected to grow to about 63000 tons in 1986 (11) 
of which 70 percent will be used to heat-stabilize PVC plastic 
products. This enormous growth may have profound implications 
for environmental and occupational exposure to organotins. 
However, no serious environmental effects of organotins have 
been observed so far, although a number of occupational 
hazards have been described (12). The use of an organotin 
compounds (diethyltin, diiodide stalinon), for the treatment of 
staphylococcal skin infections resulted in a ntass poisoning in 
1954. Due to a contamination of a badge with triethyliodide, a 
powerful neurotoxin, 110 patients died of the 217 known to 
have been poisoned (13). 

TOXICITY OF ORGANOTIN COMPOUNDS 

The toxicity of organotin compounds is mainly determined by 
the number and nature of the organic groups. In general the 
toxicity decreases with increasing chain length of the alkyl 
group linked to the tin. In mammals the toxicity of di-and 
trialkyltins differ considerably; dialkyltins are found 
stringly hepatotoxic, whereas trialkyltins are potent neuro
toxins (8,10,14,15). The dialkyltin compounds with methyl to 
hexyl substitutions induce bile duct lesions in rat and mice, 
but not in the guinea pig or cat (16). The higher 
homologs-octyl or above- were found to be much less toxic by 
oral administration, and even considered to be biologically 
inactive (14). In the dialkyltin series the lower homologs 
cause skin irritation (17). Although little is known about 
the toxicity of estertins diestertin compounds appear to be 
much less toxic than dialkyltins (5,18). From the trialkyl
tins the lower homologues are extremely neurotoxic (17). 
Trimethyltin compounds (TMT) induce degradation and necrosis 
in various areas of the central nervous system, particularly 
in the hippocampus but also in the brain stem and spinal cord 
(19). Triethyltin compounds (TET) induce severe oedema and 
destruction of the myelin sheaths (20). Trialkyltins substi
tuted with alkyl groups of increasing chain length or aryl~ 
groups (phenyl) are not neurotoxic and are considered to be 
1ess toxic in general (10,21). 
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Effects of organot,in compounds on the immune system 

Recent studies have revealed that some di- and trialkyltin as 
well as triaryltin compounds, share immunotoxic properties, 
which were also found to be a sensitive criteria of their 
toxicity. The dialkyltin homologs, in particular di-n
butyl tin (DBTC) and di-n-octyltin (DOTC) dichlorides, induced 
a dose and time-related' decrease of thymus, spleen and lymph 
node weight (22). The lower dialkyltin homologs did not 
(dimethyl-substituted) or only slightly (diethyl substituted) 
reduce thymus weights, whereas no thymus atrophy was observed 
with the higher homologs (23,24). Diestertin compounds did 
not induce lymphoid atrophy (18), possibly because there is a 
rapid hydrolysis of the ester bond (25). To evaluate the 
functional significance of the dialkyltin induced reduction of 
lymphoid organ weights, various immune function studies were 
performed. From these studies is was apparent that immune 
reactions in which T lymphocytes participate were suppressed 
by DBTYC and DOTC treatment, without significant compromise of 
the humoral immu.nity or the mononuclear phagocyte system. 
Suppression of cell mediated immunity was shown by a delayed 
type of hypersensitivity to tuberculine (26), by skin graft 
rejection (26), and graft versus host reactivity (27), by the 
mitogenic responsiveness of thymocytes, spleen cells and 
peripheral lymph node cells to Tcell mitogens (27) and by a 
reduced resistance to bacterial infections (28). 

From the trialkyltin substituted compounds tri-n-butyltin 
chloride (24) and bis (tri-n-butyltin) oxide (29,30) were 
found to induce a marked thymus atrophy which was associated 
with a less severe reduction in spleen and lymph node weights. 
Immune function studies in rats revealed that low-dose feeding 
of TBTO suppressed various parameters of the thymus dependent 
immunity as well as the mononuclear phagocyte system (31). 
The triaryltin compounds triphenyltin chloride (TPTC) (24), 
triphenyltin acetate (TPTA) (31) and triphenyltin hydroxide 
(TPTH) (33) were also active against the lymphoid system. 
Depending on the laboratory species used, a reduced number of 
circulating lymphocytes, a reduction of spleen weights and a 
moderate degree of thymus atrophy were observed. It was 
concluded from immune function studies in the rat that TPTA 
exposdure suppresses cell mediated immunity without compro
mising humoral immunity. This finding is at variance with the 
results of Verschuuren (32) who reported a suppression of the 
primary and secondary antibody response to tetanus toxoid in 
guinea pigs exposed to the related compound TPTA. 

The induction of selective thymus atrophy by dialkyltin 
compounds 

Thymus atrophy is the most remarkable feature of dialkyltin 
toxicity in vivo (22). Histologically, lympochyte depletion 
is observed particularly in the thymic cortex, without signs 
of cell destruction (karyorhexis and "starry sky" formation), 
as ~s seen after treatment with corticosteroids (34, 35), 
antimetabolites or alkylating agents (36). Electron micro
scopic examination revealed no distinct signs of lymphocyte 
destruction, and no activation of macrophages in the thymic 
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cortex was observed (37,38). Since cell divisions are part of 
the maturation process of bone marrow derived stem cells into 
immune comptent T cells in the thymic cortex, the absence of 
clear signs of cell destruction indicates that dialkyltins 
probably induce an inhibition of thymocyte proliferation. 
This might result in a decreased migration of mature T-cells 
into the peripheral lymphoid organs, as was demonstrated by 
the observed depletion of lymphocytes in the T cell dependent 
areas of spleen and lymph nodes, and consequently to a reduced 
T cell dependent immunity. 

Disturbances of thymocyte proliferation within the thymus 
could be mediated by an interference of dialkyltin compounds 
with various mechanisms implicated in thymocyte population 
dynamics. Either indirectly, through changes in endocrine 
control or the reticular epithelial cells, or directly effect 
on precursor T cells or on the intra thymic rapidly dividing 
cells. 

Interference with precursor T cells seems unlikely since 
neither the number, viability or the mitotic activity of bone 
marrow cells were affected after treatment with DOTe and DBTe, 
in contrast to the number and viability of isolated thymocytes 
(24). In addition, the number of colony forming stem cells 
from bone marrow cells of DBTe treated mice were not affected 
(24,38), as measured by the spleen colony assay. However a 
selective interference of DBTe with the input of precursor T 
cells cannot be excluded definitively, since in the spleen 
colony assay the pre T cell is not separated from the other 
bone marrow stem cells. However, a selective effect of 
organotins on precursor T cells without an affect on the other 
stem cells seems unlikely. 

Distribution studies with !4e-labeled DBTe and DOTe have 
revealed that after oral, as well as i.v. application, the 
dialkyltins did not accumUlate in the thymus (39). The 
highest amounts were recovered from liver and kidney. There
fore the specificity was not simply due to an accumulation of 
dialkyltins within the thymus. Glucocorticosteroids, growth 
hormone as well as thymic factors (hormones) are considered to 
be inVOlved in the differentiation and proliferation of 
precursor T cells into mature classes of T lymphocytes (34, 
40-42). There is substantial evidence that a stress related 
increase of corticoteroids can be excluded. After dialkyltin 
treatment neither the adrenal weight nor the histology of the 
adrenal cortex was affected (22). Moreover, thymus"weights of 
adrenalectomized as well as sham operated DOTe fed rats were 
equally decreased (22). Growth hormone (STH) deficiency is 
also associated with thymus atrophy and a depressed cell 
mediated immunity, which can be reversed by STH supplement
ation (43,44). However, daily injections of STH did not 
modify the DOTe induced thymus atrophy, whereas this treatment 
was sufficient to restore hypophysectomy induced thymus 
involution in control rats (38,39). Therefore it seems 
unlikely that a diminished STH production mediates the immuno
toxic effects of dialkyltins. A decreased production and/or 
excretion of thymic factors ("hormones") from thymic epithe
lial cells (REe's) could also result in a reduced cellularity 
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of the thymus. Miller et al (37) suggested that DOTC acts 
selectively on the thymus in such a way that the humoral 
function of the organ may be affected. After 2 weeks feeding 
they observed besides normal appearing REC's adjacent to a 
number of vacuolated REC's. In short time studies after a 
single i.p. injection of DOTC we only observed an increased 
vacuolisation of REC's when the thymus was already markedly 
involuted (38). However, extensive vacuolisation of REC's is 
a common finding when the reticular meshwork of the thymus 
collapses after depletion of cortical lymphocytes (45). 
Probably this type of vacuolisation is rather a consequence 
than a cause of thymus atrophy. Since it seems unlikely that 
indirect mechanisms are involved it seems justified to consi
der a direct effect on thymocytes. The absence of any clear 
signs of cell destruction suggests a cytostatic rather than a 
cytotoxic effect. However,since under physiological condi
tions most of the cortical thymocytes die in situ without 
histological evidence of cell destruction a cytotoxic activity 
cannot be excluded (46-48). 

EFFECTS OF DIALKYLTINS ON CELLULAR BIOLOGY 

Dialkyltin effects on mitochondrial respiration. 

The biological activitry of dialkyltin compounds was first 
studied by Aldridge and Cremer (49). They observed that in 
isolated rat liver mitochondria diethyltindichloride (DETC) 
inhibited oxygen and substrate consumption. Moreover sub
strate oxidation resulted in an accumulation of ketoacids 
expecially I-glutamate. Further studies showed that other 
dialkyltin homologs (methyl to hexyl substituted) inhibited 
the alpha-ketoacid oxidation like DETC (50-53). The reduction 
of a~ketoacids oxidation is believed to be the result of an 
inhibition of thea-ketoacid dehydrogenase system. The mecha
nism of this inhibition is almost certainly a binding of 
dialkyltins with dithiols in either the coenzyme lipoic acid 
or the catalytic centre of the lypoyldehydrogenase. 

Cain et al (51) suggested that besides an the inhibition of 
thea:-ketoacid dehydrogenase systems, at higher concentrations 
DBTC also affected oxidative phosphorylation in mitochondria, 
similar to inhibitors like oligomycine and trialkyltins. An 
interaction was suggested with the lipoic acid cofactor pool 
found in the membrane bound, oligomycine sensitive ATP-ase 
complex (54). More recently an uncoupling of the mitochon
drial respiration by DBTC was observed (53). This uncoupling 
effect may also be the result of sulfhydryl interactions, 
since a direct involvement of thiolgroups is implied in the 
uncoupling action of the known uncoupler and sulfhydryl 
reagent carbonyl-cyanide-p-trifluoromethoxy-phenylhydrazine 
(FCCP). The uncoupling activity of FCCP could be prevented 
and fully reversed by sulfhydryl compounds like dithioerythri
tol (55,56). Moreover the thiol oxidizing agent diamide 
exhibits an analogy to the FCCP uncoupling effect, that was 
completely restored by the addition of dithioerythritol 56. 
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Dialkyltin effects on thymocyte metabolism. 

To evaluate the significance of the dialkyltin effects in 
mitochondrial suspensions at the cellular level, thymocytes 
were exposed to various dialkyltin compounds in order to 
investigate their interference with cell energy metabolism. 
Exposure of thymocytes to dialkyltins (methyl- to 
octyl-substituted) resulted in an impairment of their glucose 
metabolism, characterized by an increased glycolytic activity 
(51). For DBTC a dose and time dependent increase in glucose 
consumption as well as an accumulation of lactate and pyruvate 
was observed up to levels of 5 M DTBC (Fig. 1). Maximal 
stimulation of the glycolytic activity of thymocytes was 
observed at this level, since glucose consumption was equally 
increased as under anaerobiosis (52). A further increase of 
the DBTC concentration resulted in a rapid decline of glucose 
metabolism associated with only a slight decrease in cell 
viability. The increased glycolytic activity was also reflec
ted by the stimulation of the pyruvate kinase activity, that 
was almost doubled after incubation of thymocytes with 5 M 
DBTC for 2 hr (39). From the accumulation of lactate and 
pyruvate, it is obvious that the increased amount of glucose 
consumed is hardly metabolized oxidatively. These results 
suggest an inhibition of the entrance of the glycolytic end 
products into the tricarboxylic acid cycle, possibly due to an 
interference of DBTC with the pyruvate dehydrogenase system. 
This was confirmed by the disturbed metabolism when lactate or 
pyruvate was used as oxidizable substrates in dialkyltin 
exposed thymocytes (52). 

In spite of the inhibition of the oxidative respiration of 
thymocytes by DBTC, the increased glucose consumption was able 
to support nearly optimal ATP concentrations up to levels of 
5~M DBTC (Table 1). However, at levels of lO~M DBTC the ATP 
levels declined. This is possibly due to a lesser degree of 
glycolytic activation at this concentration (52), which is 
supported by the lower accumulation of lactate compared with 
the 5~M DBTC level (Table 1). Upon exposure of thymocytes to 
DBTC in the absence of glucose or the presence of~-OH-butyrate 
it is shown that an increased glycolytic activity is essential 
to maintain the ATP levels. In the absence of glucose the 
metabolism in the control incubations of endogenous substrates 
was nearly sufficient to maintien the ATP levels as high as 
those seen with glucose (Table 1). However in the presence of 
5 and lO~M DBTC the ATP level decreased in a dose and time 
dependent fashion. 

Also with~-OH-butyrate the oxidative generation of ATP was not 
sufficient in thymocytes in the presence of 5~M DBTC (Table 2. 
An inhibition of the alpha-keto-glutarate dehydrogenase 
complex by DBTC may be responsible for the observed decrease 
in ~-OH-butyrate oxidation (Table 2) which will result in a 
diminished oxidative ATP production. 

Dialkyltin effects on hepatocyte metabolism. 

By in vivo exposure of rats to dialkyltins it has been shown 
by Seinen et a1 (23) that the liver was not affected at 
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concentrations that induced a remarkable lymphoid atrophy. In 
a paired feeding study at 100 ppm DBTC for 16 days the rela
tive thymus weights were decreased to 47 per cent of the 
controls, whereas the relative liver weight was not changed 
(Table 3). 

Moreover the endogenous levels of glucose, glycogen and 
lactate in liver homogenates of the DBTC exposed rats were not 
affected. Although in the distribution studies with radiola
beled dialkyltins the highest amount of activity was recovered 
from the liver (39), the hepatocyte metablolism was not 
disturbed seriously. Also in vitro, liver cells were less 
sensitive to dialkyltin exposure than thymocytes. In the 
presence of graded amounts of DBTC no stimulation was observed 
of the glycolytic activity of hepatocytes oxidizing their 
endogenous substrates. Neither an accumulation of lactate or 
pyruvate nor a stimulation of the pyruvate kinase activity 
could be detected up to levels of 40~M DBTC (Penninks, unpu
blished results). Moreover fatty acid oxidation, as well as 
gluconeogenesis, both studied as overall parameter of hepato
cyte integrity, were only affected at relatively high levels 
of 20 to 40~M DBTC (39). Additional studies revealed that at 
40 M DBTC the decreased oleate oxidation as shown by a dimi
nished ketone body formation of approximately 25 per cent, was 
associated with an equal fall in ATP concentration (Table 4). 

These results indicate that in hepatocytes the a-ketoacid 
dehydrogenase systems are probably not affected by DBTC, at 
least not at concentrations of l~M DBTC that already clearly 
disturbed these enzyme systms in insolated thymocytes (52). 
Diethyltin dichloride (DETC) seems also to be less toxic for 
hepatocytes than for thymocytes. Wiebkin et al (57) observed 
that 10 ~M DETC did not affect the viability and lactate 
dehydrogenase release from liver cells after a 1 hr incubation 
period. At extremely high levels of 100~M DETC these para
meters for cell integrity were decreased by 30 per cent only. 

In contrast, levels as low as 10 M DETC induced a maximal 
increase of glycolytic activity in thymocytes (52), whereas at 
levels of 100 ~M DETC thymocyte viability was seriously 
affected. The different subcellular distribution patterns in 
liver and thymus cells, as observed after in vitro exposure to 
14C-DBTC, may account for the differential effects on these 
cells (39). In contrast to a mitochondrial accumulation in 
thymocytes, 14C-DBTC accumulated in the cytoplasmic fraction 
of hepatocytes. This indicates the possibility of a cytoplas
mic scavanger in hepatocytes, that might be less effective in 
thymocytes. Since dialkyltin compounds show a high affinity 
to vicinal thiols a possible role of metallothionines is 
postulated. 

Dialkyltin effects on thymocyte proliferation 

In previous studies of Seinen et al (27) is was shown that the 
blast transformation of rat thymocytes in response to the 
mitogens PHA and Can A was inhibited in a dose-related manner 
in the presence of graded amounts of DBTC. At a concentration 
of 0.1 ~g DBTCjml medium (0.33~M) the thymidine (3H-TdR) 
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incorporation, measured after 72 hr of incubation, was already 
completely inhibited. In short term incubation experiments of 
1 hr without mitogenic stimulation, it was found that the 
basal DNA synthesis of thymocytes, as measured by their 
incoporation of 3H- TdR, was dose relatedly diminished from a 
level of 1 p. M DBTC (39). The 3H-TdR incorporation was de
creased to about 70 per cent of the control value at 2.5 p. M 
DBTC, which further decreased to 25 per cent at 5p.M DBTC (Fig. 
2). At higher levels of 10p.M DBTC the DNA replication was 
almost completely inhibited, although only a slight decrease 
in thymocyte viability was observed, as scored by trypan blue 
exclusion. 

In contrast to the diminished incorporation of the DNA precur
sor thymidine, the incorporation of the RNA precursor 
3H-uridine was dose relatedly increased (Fig. 2). It was 
already stimulated at a level of O.5p.M DBTe and increased to a 
maximum of approximately 270 per cent of the control value at 
a level of 5p.M DBTC. At concentrations up to 10p.M DBTC the 
incorporation declined but was still higher than those in the 
controls. 

The incorporation of precursors for protein synthesis, as 
measured by the incorporation of 14C-leucine, was similar to 
the incorporation of precursors for DNA replication dose 
relatedly decreased (Fig. 2). The 14C-Ieucine incorporation 
was found to be a very sensitive in vitro parameter since a 50 
per cent inhibition was observed at a level of 0.5p.M DBTe. In 
the presence of 2.5p.M DBTe it was almost completely inhibited. 

Since up to levels of 5p.M DBTe the viability of thymocytes was 
not affected, the functional inhibition of thymidine and 
leucine incorporation and the stimulation of the uri dine 
incorporation cannot be accounted for by cell loss or reduced 
viability. Moreover, it seems unlikely that these effects are 
secondary to a limited energy supply, since up to 5p.M DBTe the 
ATP levels in thymocytes were maintained as high as those in 
the controls during the lhr incubation period (Table 1). 

Dialkyltin effects on Camp generation 

When thymocytes were preincubated with graded amounts of DBTe 
for 5 min, the PGEl induced cAMP response was found to be dose 
relatedly decreased both in the presence or absence of a 
phosphodiesterase inhibitor (39). In Fig. 3 it is shown that 
this inhibition of cAMP production can be prevented by the 
addition of increasing amounts of the dithiol compound 
2,3-dimercaptopropanol (BAL), whereas BAL itself did not 
affect the PGEl induced cAMP production. The disturbance of 
cAMP generation by DBTC is probably caused by an interference 
with the adenyl ate cyclase activity (Fig. 3). In lysates of 
thymocytes that were exposed to 5p.M DBTC for 10 min, the 
adenylate cyclase activity decreased by 55 per cent as measu
red by the production of cAMP. BAL was also able to restore 
the reduced cAMP production in the adenyl ate cyclase assay 
(Fig. 3). Although in the initiation of thymocyte prolifera
tion cAMP elevations are probably not involved (58,59), the 
maturation and differentiation of thymocytes are considered to 
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be cAMP dependent. Kook and Trainin (57) have shown that the 
thymic humoral factor (THF) promoted maturation of T lympho
cytes is associated with an obligatory early rise in cAMP. 
They also found that immature rather than differentiated T 
lymphocytes are the target cells influenced by the THF. These 
results are in agreement with those of Singh and Owen (60,61), 
who showed that thymic stem cell maturation can be stimulated 
by cAMP or compounds that elevate cAMP production. Therefore 
the DBTC induced disturbances in cAMP generation may result in 
a decreased maturation and differentiation of thymocytes. 

VIVO-VITRO RELATION OF DIALKYLTIN EFFECTS ON THYMOCYTE PROLI
FERATION 

The in vivo exposure of rats to DBTC also resulted in a 
disturbance of the nucleoside and amino acid incorporation, as 
well as a diminished camp induction of thymocytes. The 
3H-thymidine, 3H-uridine and 14C-leucine incorporation of 
thymocytes time dependently decreased up to 48 hr after a 
single intravenous injection of 2.5 mg DBTCjkg body weight. 
Twenty-four hours after DBTC application the 3H-thymidine 
incorporation of thymocytes was already diminished to approxi
mately 50 per cent, which further decreased to about 20 per 
cent of the control value after 48 hr (Fig. 4). In contrast 
to the in vitro observed stimulation of 3H-uridine 
incorporation, in vivo exposure to DBTC resulted in an 
inhibition. A maximal reduction of 50 per cent was reached at 
36 hr after DBTC application, whereas after 48 hr it started 
to increase again, although the incorporation was still 
inhibited (Fig. 4). 

At 72 hr after the single injection of DBTC the uridine 
incorporation reached control values again. Also the 14C
leucine incorporation of thymocytes was inhibited maximally 
36 hr after DBTC injection. Like the uri dine incorporation it 
was less inhibited at 48 hr and was stimulated to 120 per cent 
of the control value at 72 hr after DBTC dosage. At that time 
3H-thymidine incorporation also started to increase although 
it was still inhibited by 60 per cent. 

Thymus weight was initially diminished at 48 hr after DBTC 
injection, declined to 68 per cent of the control weights at 
72 hr and recovered thereafter. Up to 36 hr after DBTC 
injection thymus weight as well as the number and viability of 
thymocytes were not affected. Therefore, the inhibition of 
DNA, RNA and protein synthesis already observed from 24 hr 
after DBTC exposure is not caused by a loss of thymocytes or a 
diminished cell viability. Moreover, it is unlikely that the 
decreased thymidine, uri dine and leucine incorporation are 
caused by a limited energy supply. The ATP levels of in vivo 
exposed thymocytes did not differ from those of the controls. 
Also during an additional 2 hr incubation period of the 
thymocytes, in the presence of glucose as substrate, the ATP 
concentration remained at control levels (Penninks, unpubli
shed results). Since lactate did not accumulate during this 
incubation period the maintenance of the ATP levels was not 
the result of an increased glycolytic activity, as was obser
ved after in vitro exposure of thymocytes to DBTC. 
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The combined in vivo-in vitro effects of dialkyltins on the 
DNA-, RNA- and protein-synthesis of thymocytes support the 
postulated anti-proliferative effect. The selectivity of this 
effect is further stressed by combined in vivo-in vitro 
studies with rat bone marrow cells. Upon in vitro exposure of 
bone marrow cells a comparable inhibition of blastransforma
tion was noted, as with .rat thymocytes, although some higher 
concentrations of DBTC were needed to obtain an equal inhibi
tion of the alH-TdR incorporation (24,62). A 50 per cent 
decrease of the basal incorporation of 3H-Tdr of rat bone 
marrow cells were observed at 6.3p.M DBTC, whereas in thymo
cytes this was already reached at a level of 3.6 p.M (62). 
After in vivo exposure the differences in sensitivity between 
bone marrow and thymus cells are more remarkable. After a 
single i.v. injection with 2.5. mg DBTC/kg body weight, 
neither the blast transformation, nor the PGE1 induced cAMP 
response of bone marrow cells were affected at all (62). 

Although the molecular mode of action of dialkyltins has not 
been elucidated yet, it seems justified to suppose that their 
selective immunotoxicity is related to an interference with 
lymphocyte proliferation. 

CONCLUDING REMARKS ON THE MODE OF ACTION OF DIALKYLTINS 

Inhibition of thymocyte proliferation is the most prominent 
feature of dialkyltin toxicity. Whether the inhibition is the 
result of an indirect effect on the input of precursor T 
cells, the humoral function of thymic epithelial cells or a 
direct effect on the proliferative activity of thymocytes 
still needs further research. However, the marked decrease of 
DNA synthesis by DBTC in isolated thymocyte suspensions, in 
which epithelial cells are absent, suggest a direct 
anti-proliferative effect on dividing thymocytes. At the 
cellular level an interference with the energy metabolism by 
interaction with thea-ketoaciddehydrogenase systems, as found 
in isolated mitochondria and thymocytes, seems not to be 
involved. Still, it cannot be excluded that the selectivity 
for the thymus is based on a selective effect on the energy 
metabolism of the pre-T-cells in the bone marrow or the 
proliferating thymocytes in the thymus, since they form only a 
mino~ity of the total bone marrow and thymocyte populations, 
respectively. Moreover, it cannot be exlcuded that minor 
changes in energy metabolism could account for a reordering of 
metabolic priorities, for instance a decreased proliferation 
of thymocytes in favour of processes essential for cell 
survival. 

Since the in vivo (63) and in vitro (49,50) observed distur
bances of biological functions by dialkyltin compounds can be 
reversed or even prevented by dithiol compounds (i.e. BAL), 
and moreover their effects on the energy metabolism are 
believed to be caused by an interaction with dithiol lipoic 
acid, it is obvious that dialkyltins readily react with 
SH-groups. The particular affinity of dialkyltins for di
thiols in a correct conformation is further confirmed by 
direct chemical interaction with sulfhydryl containing com
pounds (39,49,51). Therefore we suppose that the dialkyltin 
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effects may be mediated by an interference with intra- or 
extracellular SH-groups. In biological systems SH groups play 
important roles in enzymatic activity and properties of 
proteins. In particular membrane associated functions, like 
receptor functions, hormone binding, guanyl- and adenyl
cyclase activity and transport of sugars, amino acids and 
nucleosides are known to be disturbed by sulfhydryl reagents 
(64). For lymphocyte proliferation SH-interactions at the 
plasma membrane are considered to be of importance (65,66). 
Lymphocyte blastogenesis may also be inhibited by membrane 
penetrating sulfhydryl reagents by a disruption of cytoskele
tal microtubulin assembly (67,68). The similarity in effects 
of dialkyltins with known sulfhydryl reagents as NEM, further 
support the hypothesis of dialkyltins interaction with mem
brane and/or cytoskeletal SH-groups. Like DBTe, NEM also 
induced a disturbance of the DNA, RNA and protein synthesis of 
thymocytes, although at slightly higher concentrations (Fig. 
5). Preliminary experiments have also shown that at least 
with DBTe the reduction of protein synthesis may be due to a 
decreased transport of amino acids across the plasma membrane, 
since the uptake of the unmetabolizable amino acid -amino 
isobutyric acid was decreased by DBTe. 

Further research is needed to 
ference of dialkyltins with 
associated sulfhydryl groups 
anti-proliferative effects. 

evaluate the postulated inter
membrane and/or cytoskeletal 
as a cause of the observed 



Table 1. Concentrations of ATP and lactate of isolated thymocytes incubated 
with or without glucose in the presence of various concentrations 
of DBTC. a 

Concen
tration 

DBTC 
~M 

o 

10 

Table 2. 

Concen-
tration 

DBTC 

~M 

0 

Table 3. 

Incuba- ATP concentration Lactate concentration 
tion + glucose - glucose + glucose - glucose 
period 7 

nmal/10 thymocytes 
min 

60 
1BO 

60 
1BO 

60 
1BO 

5.2 0.2 5.3 0.1 4 
4.4 0.2 4.2 0.3 17 

5.4 ± 0.5 4.6 0.2* 37 ± 4** 
4.4 ± 0.2 2.2 ± 0.2** 142 4** 

4.3 ± 0.1* 3.3 0.2** 33 1** 
3.8 0.2* 1.6 0.3** 121 4** ± 

Results are mean values ± SD of a typical experiment per
formed in triplicate. 
p < 0.05; p < 0.001, Student t-test. 

Concent.ratians of ATP and the consumption of S"'OH-butyrate of isola
ted thymocytes utilizing glucoseaor B-OH-butyrate as substrate in 
the presence of 0 and 5 lJ M DBTC. 

Incuba- ATP concentration 8-0H-butyrate con-
tion 

+ glucose + S-OH-butyrate sumption 
period 

. nmol/10 
7 

thymocytes 
min 

60 5.9 0.2 5.8 0.1 26 
180 5.1 ± 0.3 4.9 0.2 56 

60 5.7 ± 0.3 5.1 ± 0.3* 13 ± 5* 
180 5.0 0.2 3.5 ± 0.2** 26 3** 

a Results are mean values ± SD of a typical experiment performed 
in triplicate. 
p < 0.05; p < 0.001, Student t-test 

Body- and relative organ weights, and glucose, glycogen and lactate 

levels in liver homogenates after a paired feeding study at dietary 

levels of 0 and 100 ppm DBTC for 16 days. a 

Time Dieta- Body Relati ve organ weight Glucose Glycogen Lactate 
ry weight Thymus Liver 

days level g g/100 g b.w. -W9 g lucose/mg ww nmol/mg ww 

8 
100 

16 0 
100 

Table 4. 

189±4 0.222 ± 0.035 4.5B ± 0.29 40.6±5.6 
187±6 0.104 0.010* 4.61 0.18 41. 9±3. 4 

217±2 0.232 0.032 4.28 0.26 54. 7±8.4 
220±10 0.113 ± 0.024' 4.32 ± 0.25 52.4±3.5 

a Mean values ± SD of 5 animals per group. 
* p < 0.001, Student t-test. 

343±66 62.2 ± 
321±44 68.3 

387±63 49.7 ± 
341±75 59.4 

Ketone body production, ATP concentrations and viability of isola
ted hepatocytes incubated for 60 min with oleate as substrate in 
the presence of various concentrations Df DBTC. a 

concentration Ketone body production ATP concentration Viability 
DBTC 

jJM 

20 

40 

a 

nmol/mg ww in % 

79.0 0.8 3.4 0.1 90 

7B.0 ± 1.1 3.3 ± 0.1 86 

73.0 ± 1.3* 3.2 0.1 88 

58.0 ± 0.6** 2.9 ± 0.1* BO 

Results are the means ± SE of a typical experiment performed 

in triplicate. 

p < 0.01, p < 0.001, Student t-test. 
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Fig. 1. 

Fig. 2. 
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Consumption of glucose ( t§§ 1 and the production of lactate ( 0 1 

and pyruvate ( • 1 of isolated rat thymocytes incubated with va-

rious concentrations of DBTC for 4 hr. 

Results are mean values ± SE of at least three incubations each per-

formed in triplicate. 
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! 2001 
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0 .5 2.5 

The effects of various concentrations of DBT( on (3Hl-thymidine 

( 0 ), (3H) -uridine ( 0 ) and (14Cl -leucine ( 1m 1 incorporation 

of isolated rat thymocytes. a 

a DBTC was added 30 min prior to the addition of the radiolabeled 

recursors, and their incorporation was followed for 60 min. 
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a 
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After a 5 min preincubation period with 0 or 5 VM/DBTC with or 

without various concentrations of BAL, PGEl was added and the 

cAMP production of thymocytes measured after an additional incuba-

tion period of 10 min in the presence of the phosphodiesterase 

inhibitor 3-isobutyl-1-methylxanthine (10-3M). 

After a 10 min preincubation period of thymocytes with 0 or 5 

OBTC the cells were washed twice and lysed in a 50 mM Tris-HCl 

buffer pH 7.4 with 4 mM MgC1 2 for 10 min. The adenylate cyclase 

activity was measured by the production of cAMP in lysates after 

an additional incubation of 10 min with theophy1ine as phospho-

diesterase inhibitor. After the 10 min incubation period 10 VM 

BAL was added to some incubation vials and the cAMP production 

measured after a successive 5 min incubation period. 

Results are mean values ± so of a typical experiment performed in 

triplicate 
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Fig. 4. 

Fig. 5. 
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after a single intravenous injection of 2.5 mg DBTC/kg. a 
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Results are mean values ± SD of 3 rats. 

'0 100 

1 10 2.5 7.5 

[ NEH] I'M 

5 10 

The effects of various concentrations of N-ethylmaleimide (NEMl on 

the (3H) -thymidine ( [] l, (3Hl -uridine ( 0 land (14Cl -leucine 

mD l incorporation OI isolated rat thymocytes. a 

a NEM was added 30 min prior to the addition of the radiolabe-

led precursors and their incorporation was followed for 60 min. 
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INTRODUCTION 

Benzidine (4,4'-diaminobipheny1) is an acknowledged carci
nogen, employed industrially in the synthesis of dyes as well 
as analytic reagents in various laboratory tests (rev. by 
Haley, 1975). Benzidine exposure is associated with urinary 
bladder tumors in humans and with hepatomas, mammary tumors, 
and, to a lesser extent lymphomas in rodents (IARC, 1982a, b; 
Baker, 1953; Grieswo1d, et a1, ., 1968). Numerous studies 
have suggested that the immune response can modulate the 
growth of antigenic tumors (rev. by Stutman, 1975). Thus, it 
follows that an increased incidence or progression of neoplas
tic disease may occur by chemical carcinogens that are also 
immunosuppressive.· In this respect, a strikingly high percen
tage of carcinogens are also immunosuppressive in experimental 
studies including diethylstilbestrol, certain polycyclic 
aromatic hydrocarbons, cyclophosphamide, benzene, 
nitrosamines, and phenytoin (rev. by Dean, et a1., 1982). 
Furthermore, studies in laboratory animals have demonstrated 
an enhanced incidence of tumors induced by UV, methy1cho1an
threne or benzo(a)pyrene in mice treated with immunosuppres
sive agents (e.g. Ka11and and Forsberg, 1981; Stjensward, 
1966; Outzen, 1980). Of particular relevance to the present 
studies is a recent report which indicated a direct relation
ship between immunosuppression and neoplasia in workers 
engaged in the manufacture of benzidine (Gorodi10va and 
Mandrik 1978). In this 4 year study, workers who were identi
fied as having suppressed cell-mediated immunity, as assessed 
by skin tests, demonstrated pre-cancerous conditions and 
subsequent neoplasms. On the other hand, no cases of neoplas
tic diseases were registered in workers with normal immunolo
gical responses. The objectives of the present study were to 
characterize the immunotoxicity of benzidine at dose levels 
reported to induce tumors in mice using a comprehensive immune 
screening panel and to determine whether immunosuppression by 
benzidine was related to oxidative or nonoxidative metab101ism 
of the parent compound. In vitro studies provided suggestive 
evidence that benzidine-induced "suppression of lymphocyte 
proliferation is a consequence of changes in arachidonic 
acid/1ipoxygenase conversion products and does not reflect a 
direct interaction of the lymphocyte with a reactive meta
bolite of benzidine. 
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MATERIALS AND METHODS 

Chemicals: Benzidine (4,4'-diaminobiphenyl), 4-aminobiphenyl, 
indomethacin, 3,3',5,5'-tetramethylbenzidine (TMB) 
8-bromoguanosine 3':5'-cyclic monophosphate(8 brc GMP)and 
arachidonic acid, were from Sigma Chemical Co. (st. Louis, 
MO). Other commercial compounds used were mono- and diacetyl
benzidine (ICN Pharmaceuticals, Inc.) and 4-aminophenol 
(Aldrich). l4C-benzidine (S.A. 13.4 mCi/mM) was from Path-
finders Lab., Inc. (St. Louis, MO) and nafazatrom 
(2,4-dihydro-5-methyl-2-(2-napthyloxy)ethyl-3H-pryazol-3-one 
was kindly supplied to Dr. Thomas Eling of this Institute 
from Bayer AG, West Germany. N-OH-Diacetyl benzidine was a 
gift from Dr. R.K. Lynn, Oregon Health Sciences University, 
Portland, OR. 

Experimental Design: In vivo studies were conducted by 
exposing adult female BCF mice (C57BL/6N x C3 H; Charles 
River, Portage, MI) to benzidine (as the hydrochloride) for 5 
consecutive days by gavage at a daily dose of 11,22 or 44 
mg/kg body weight. The material was given in a volume of 0.2 
ml of water per dose and controls received an equal volume of 
water. Mice were examined 3-5 days fOllowing the last 
exposure. Lymphocyte proliferation assays were used to 
examine direct cellular events associated with chemical 
exposure and were performed as described previously (Luster, 
et al., 1982), using lipopolysaccharide (LPS) and Con A to 
activate B cells and T cells, respectively. For in vitro 
studies, water insoluble chemicals were dissolved in ethanol 
and diluted in culture medium so as not to exceed a final 
concentration of 0.1% ethanol. This concentration of ethanol 
had no effect on cell viability. Water soluble compounds were 
dissolved in culture media and added directly to lymphocyte 
cultures at the indicated concentrations. 

Histopathology: Mice were killed with C02 for necropsy. 
Body, liver, spleen, kidney, and thymus weights were recorded, 
and tissues were collected for histophathology. Tissues were 
fixed in 10% buffered formalin, stained with hematoxylin and 
eosin and examined histologically. 

Hematology: Blood samples were obtained via cardiac puncture, 
and hematological parameters, including erythrocyte count 
(RBC), total white blood cell count (WBC), leukocyte diffe
rential and platelet counts, were examined. Cell numbers were 
determined with a Coulter counter. 

Bone Marrow Cellularity and Function: Marrow cells were 
aseptically collected in RPM I 1640 culture media as described 
previously (Boorman, et al., 1984). Pluripotent bone marrow 
stem cells (CFU-S) were examined using the spleen colony 
method originally described by Till & McCulloch (1961). Bone 
marrow granulocyte-macrophage progenitor cells (CFU-GM) were 
determined in vitro using a modification (Boorman, et al., 
1984) of the method previosly described by Bradley & Metcalf 
(1966). 
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Immune Function Tests: Antibody responses were measured to 
sheep red blood cells (SRBCs) by enumeration of direct splenic 
plaque forming cells (PFCs) (Luster, et al., 1982). The 
lymphoproliferative response of spleen cells to T- and B-cell 
polyclonal acitvators and allogeneic leukocytes (MLC) was 
performed as previously described in detail (Luster, et al., 
1982; 1984). Delayed-type hypersensitivity reactions were 
measured to keyhole limpet hemocyanin (KLH, Pacific Biomarine, 
Venice, CAl by a radiometric ear assay (Luster, et al., 1982) 
as modified by Holsapple, et a1. (1984). Natural killer. (NK) 
cell activity was determined in spleen cells using YAC-1 
tumour cells as described by Ortaldo, et ale (1977). 
Briefly, 5 x 103 slCr-radiolabeled YAC-l tumour cells were 
incubated with spleen cells for 4 hr at 37°C in wells of 
microtiter plates at effector target cell (E:T) ratios of 
100:1 and 50:1. Supernatants were collected utilizing a rapid 
harvesting system and radioactivity released was quantified. 

Host Resistance Assays: Mice were challenged intravenously 
with approximately 5 x 104 viable Listeria monocytogenes 
(Strain L242/73), originally obtained from a naturally infec
ted mouse and maintained as a frozen stock. Mortality was 
monitored for 14 days. The nonlethal strain of malaria used 
in this study, Plasmodium yoelii l7XNL, was a gift from Mr. 
Charles Evans, Laboratory of Microbial Immunity, National 
Institute of Allergy and Infectious Diseases (NIH; Bethesda, 
MD). Five days following chemical exposure mice were injected 
intraveneously with 1 x 106 parasitized eryth+ocytes. Diff
Quik -stained thin films of tail blood were used to determine 
the percentage of parasitized cells on the day of peak parasi
temia (day 12 after infection). Polyoma virus-induced tumor 
cells (PYB6), obtained from Dr. Jack Dean (Chemical Industry 
Institute of Toxicology, Research Triangle Park, NC) were 
inoculated (1 x 104 viable cells) s.c. into the right rear 
flank. Animals were palpated weekly for 60 days and tumor 
occurrence recorded. 

statistical Analysis The Mann-Whitney U-test was employed to 
assess the significance of treatment effects in all in vito 
tests except host resistance assays in which the Chi-square 
test was used. The significance of chemical treatment in the 
in vitro studies was determined by establishing confidence 
levels from replicate values of hi~torical controls. 
LPS-stimulated lymphocyte cultures never varied more than 6% 
from the mean of replicate cultures which results in diffe
rences greater than 15% as being significant at the P<O.Ol 
level. 

RESULTS 

None of the benzidine treated mice died or revealed overt 
signs of toxicity as a result of chemical exposure. As can be 
seen in Table 1, neither body, liver, kidney nor thymus 
weights were affected by chemical exposure. However, spleno
megaly occurred at the two highest dose levels and histolo
gically appeared to be due to an increase in extramedullary 
hematopoiesis, probably erythropoiesis. An increase in liver 
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weight occurred in the 22 mg/kg dosed group but was not 
believed to be biologically significant because of a lack of 
dose response. There were no changes in hematological values 
including erythrocyte numbers, white blood cell numbers or 
differential counts (based upon percent or absolute values), 
associated with benzidine exposure. 

In contrast to the absence of general toxicological changes, 
benzidine was myelotoxic. As shown in Table 2, although 
cellularity was not effected in mice exposed to benzidine, 
there was a marked inhibition of progenitor cell 
proliferation. The number of pluripotent stem cells (CFU-S) 
was suppressed at the two highest dose levels while CFU-GM 
progenitor cell formation was suppressed at all dose levels. 

As summarized in Table 3, benzidine exposure suppressed a 
number of immune functions. At the highest dose level tested, 
benzidine suppressed natural killer cell activity, lympho
proliferative responses to polyclonal activators and delayed 
hypersensitivity responses. B cell activation (mitogen 
response to LPS) was suppressed in splenic lymphocytes from 
all chemically-treated animals although a dose response was 
not observed. In contrast, neither the IgM or IgG antibody 
PFC response to SRBC was significantly decreased at any dose 
level. 

A marked increase in susceptibility to L. monocytogenes 
infection occurred in mice exposed to benzidine (Table 4). 
Increased mortality occurred in all chemically-treated groups 
ranging from 62% at the low dose level to 100% at the highest 
dose level compared to 23% in control animals. Increased 
susceptibility to infection with the parasite, P. yoelii,17X, 
as well as to growth of transplantable tumor cells also 
occurred following benzidine exposure; however, these in
creases were significant only in the highest dose groups. 
Benzidine suppressed lymphocyte proliferation in a concen
tration dependent manner when added directly to 
mitogen-stimulated lymphocyte cultures (Fig. 1). Suppression 
of B-cell proliferation in LPS-stimulated lymphocyte cultures 
occurred at concentrations of benzidine as low as 10-6 M while 
inhibition of Con A-activated T-cells occurred at 10-5 M 
benzidine. 

Benzidine, in its parent form, is relatively innocuous; its 
carcinogenicity and toxicity are believed to result from 
reactive oxidative and/or hydroxylated metabolites (e.g., 
Eling, et al., 1983; Lynn, et al., 1984; Backer, 1953). 
Thus, the ability of the major hydroxylated metabolites of 
benzidine to inhibit LPS-induced lymphocyte activation was 
examined. As seen in Table 5, several of the metabolites that 
are found in the liver (hydroxylated series) were slightly 
antiproliferative, including monoacetylbenzidine and 
N-OH-diacetylbenzidine. However, the degree of inhibition of 
these metabolites did not exceed that which resulted from 
incubation with the parent compound. The oxidative products 
of benzidine metabolism, including the cation radical and 
nitrenium ion, are relatively unstable and have not been 
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purified, thus these could not be directly evaluated. We 
instead examined a number of related compounds, which are not 
benzidine metabolites, but like benzidine serve as cooxidative 
substrates for hydroperoxidase in the arachidonate pathway. 
All of these compounds, particularly 4-aminophenol, inhibited 
LPS-induced lymphocyte activation at levels comparable to that 
required to suppress LPS responses by benzidine suggesting a 
common mode of action. 

DISCUSSION 

The relationship between the immune system and the development 
of cancer remains controversial. A correlation exists between 
the administration of selected chemical immunosuppressants and 
an increased incidence of certain types of neoplasia. This is 
supported by the enhanced incidence of UV-, 
methylcholanthrene-, or benzopyrene-induced tumors that occurs 
in mice treated with immunosuppressive agents (e.g. Kalland 
and Forsberg, 1981; Stjensward, 1966; outzen, 1980) reported 
that the incidences of cancer in renal transplant recipients 
on prolonged immunosuppressive therapy was 25% at 1 year and 
47% at 10 years. This relationship between carcinogenesis and 
the immune response has provoked a considerable number of 
studies in which the early effects of exposure to chemical 
carcinogens on the immune response have been examined. While 
these studies have not proven that immune alterations induced 
by chemical carcinogens are responsible for the progression of 
carcinogenesis, they have demonstrated that particular chemi
cal carcinogens such as diethylstilbestrol, polycyclic aro
matic hydrocarbons, polyhalogenated aromatic hydrocarbons and 
cyclophosphamide alter immune functions and, in fact, are 
capable of inhibiting cell-mediated immunity and/or natural 
killer cell activity (rev. in Dean, et al., 1982). 

Benzidine is a carcinogen associated with urinary bladder 
tumors in humans and with hepatomas, mammary tumors, and to a 
lesser extent lymphomas in rodents (rev. by Haley, 1975; 
IARC, 1982a, b). Of particular relevance to the present 
studies is a recent report which showed a direct relationship 
between immuno-suppression and neoplasia in workers engaged in 
the manufacture of benzidine (Gorodilova and Mandrik, 1978). 
The present studies indicate that benzidine exposure results 
in suppression of a variety of immune functions at tumorigenic 
and subtumorigenic dose levels in mice. This was evidenced by 
suppressed proliferation of bone marrow progenitor cells, 
delayed hypersensitivity responses and lymphoproliferative 
responses to mitogens and allogeneic leukocytes as well as 
suppressed natural killer cell activity in chemically-treated 
mice. The dose levels at which immunosuppression were obser
ved are similar to those reported to induce tumors in rats and 
mice. For example, a dose of 60 mg/kg in rats over a 30 day 
period has been reported to elicit a mammary tumor incidence 
of 50% (Grieswold, et al., 1968), while similar doses in mice 
have been reported to elicit a 60% incidence of liver tumors 
(Vesselinovitch, et al., 1975). These data, while not 
definitive, are consistent with the hypothesis that 
immuno-suppression may serve as a cofactor in 
benzidine-induced neoplasia. 
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Benzidine was immunosuppressive at dose levels which did not 
induce signs of overt toxicity, such as organ weight changes 
or histopathological effects. The immunosuppression appears 
to be due to inhibition of early events in cell activation and 
not because of a cytolytic process as indicated by the fact 
that lymphocyte cell viability was not affected following 
incubation with benzidine (data not shown). Unlike other 
immune functions, the antibody PFC response to SRBCs was not 
compromised by benzidine exposure despite the fact that LPS 
mitogen responses were suppressed. LPS-induced activation may 
occur through a non-specific mitogen signal provided to the 
cell at an unidentified recepetor (Coutinho, et a1., 1974). 
In contrast, specific antigen binding is required prior to 
antibody formation suggesting that benzidine may affect 
non-specific signals occurring at the cell membrane and not 
specific immunoglobulin receptors. Suppression of immune 
functions induced by benzidine exposure also was manifested by 
increased susceptibility following challenge with infectious 
agents or transplantable tumor cells. 

The ability to resist Listeria infection and tumor development 
was severely altered following chemical exposure. The ability 
to resist Listeria infection (rev. by Hahn and Kaufman, 1981) 
evokes host resistance mechanisms which primarily involve cell 
mediated immunity. In contrast, altered resistance to Plas
modium infection, which only occurred in the high dose group, 
is dependent on both cellular and humoral immunity (Playfair, 
1982). 

The addition of benzidine in vitro to mitogen-activated 
lymphocytes mimicked the suppression of lymphocyte respon
siveness to mitogens observed following in vivo exposure. 
Benzidine in its parent form is relatively innocuous and it is 
believed that metabolic products are primarily responsible for 
its carcinogenicity and toxicity. Thus, we assumed that 
metabolism of the parent compound to reactive metabolites via 
lymphocyte-derived enzymatic conversion was a pre-requisite 
for the obsrved in vitro immunotoxicity. Benzidine is meta
bolized in the liver to reactive hydroxylated intermediates by 
the cytochrome P-450 system; the majority of these products 
ultimately found as glucuronide or glutathione conjugates 
(Lynn, et al., 1984). The intermediates in this pathway 
include mono- and diacetylbenzidine and highly reactive 3-0H 
diacetylbenzidine and N-OH-diacetylbenzidine, the latter 
metabolite being mutagenic (Lynn, et a1., 1984). Benzidine 
can also be metabolized to reactive products capable of 
macro-molecular binding through oxidative mechanisms by 
serving as a co-oxidative substrate for peroxidase reactions 
required in the conversion of arachidonic acid to prosta
glandins or hydroxy-fatty acids (rev. in Eling, 1983). 
Mononuclear cells are capable of producing cytochrome P-450 
drug metabolizing enzyme in the presence of mitogen and an 
appropriate chemical inducer. The present studies, however, 
indicate that hydroxylated metabolites, as occur in the liver, 
are probably not responsible for suppression of proliferation 
since acetylated or hydroxy1ated metabolites were not nearly 
as effective in inhibiting lymphoproliferative response as the 
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parent compound. In contrast, a number of compounds which, 
like benzidine, serve as cooxidative substrates for per
oxidases in the conversion of arachidonic acid to pros
taglandins and hydroxyfatty acids demonstrate a similar 
potency to that of benzidine in suppressing blastogenesis. 
This would suggest that qualitative and/or quantitative 
products in the metabolism of arachidonic acid to 
hydroxy-fatty acids and prostaglandins may be responsible for 
the observed effects. The importance of such products inclu
ding prostaglandins, hydroxy fatty-acids, leukotrienes and 
guanylate cyclase for lymphocytic activation has been des
cribed (Suzuki, et al., 1980; Coffee and Hadden, 1984; 
Coffee, et al., 1981; Bailey, et al., 1982). We are pre
sently further exploring these observations by quantitating 
the production of arachidonic acid products in lymphocyte 
cultures exposed to benzidine. 
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Table 1 

The Effects of Benzidine Exposure on Selected Organ Weights 
and Hematological Values 

Parametera 
DailX Ex~osure Level (mg/kS)a 

Body and Organ Weights 

Body (g) 

Liver (mg) 

Spleen (mg) 

Ki dney (mg) 

Thymus (mg) 

Peri phera 1 Blood 

WBC (l03/mm3) 

RBC (l06/mm3) 

Lymphocytes (%) 

Monocytes (%) 

0 

19.0 ± 0.8 

985 ± 35 

63 ± 2 

150 ± 8 

55 ± 3 

4.9 ± 0.1 

6.3 ± 0.2 

79 ± 2 

3.6 ± 0.8 

11 

19.1 ± 0.2 

1094 ± 29 

78 ± 4 

156 ± 6 

49 ±3 

4.1 ± 0.4 

6.3 ± 0.2 

78 ± 2 

2.6 ± ·0.5 

22 44 

22.3 ± 0.5 20.1 ± 0.4 

1258 ± 37b 1048 ± 44 

119 ± 7b 127 ± 7b 

182 ± 5 170 ± 6 

53 ± 5 53 ± 2 

4.2 ± 0.3 4.6 ± 0.3 

7.1 ± 0.3 7.1 ± 0.2 

71 ± 4 B2 ± 2 

4.5 ± 1.0 2.6 ± 0.3 

aEach value represents the mean ± SE of at least 5 mice per group. Mice were 
exposed by gavage in water for 5 consecutive days. 

bSignificantly different from controls at P<O.Ol. 

Table 2 

Bone Marrow Cellularity and Progenitor Cell Proliferation 
In Benzidine Exposed Mice 

Benzidine Treatmenta Nucleated Cells! CFU-GM! 
(mg/kg) Femur (xl06) 105 Cell s 

Vehicle 24 :t 1.2 78 ± 1.6 

11 21 ± 0.4 73 ± 1.2b 

22 22 ± 1.4 65 ± 1.7c 

44 22 ± 0.6 61 ± 1.9c 

aEach value represents the mean ± SE of at least 6 mice per group. 
bSignificantly different from control values at P<0.05. 
CSignificantly different from control values at P<O.Ol. 

CFU-S/5x104 
Cells 

17.0 ± 0.1 

16.3 ± 0.3 

15.9 ± 0.2' 

14.8 ± 0.4c 



Table 3 

The Effects of Benzidine Exposure on Immune Parameters 

Ex~osure level a 
Parameter 0 11 22 44 

Antibody Response to SRBCb 
IgM-PFC/I06 Cells 2332 ± 295 1953 ± 299 2101 ± 224 1751 ± 181 
IgG-PFC/106 Cells 4485 ± 708 4234 ± 492 4127 ± 650 3731 :1: 412 

NK Cell ActivityC 100:1 16 17 19 ge 
~ cytolysis 50:1 10 12 13 ~ 

L~mphoproliferative Response 
( H-TdR Incorp. [CPM x 10-3]) 

37 ± 4e PHA Activated 70 ± 5 69 ± 5 62 ± 3 
lPS Activated 39 ± 3 25 ± 2e 23 ± 2e 26 ± t 
Mixed leukocyte Culture 106 ± 10 81 ± 7 68 ± 7e 54 ± 2e 

Delayed Hypersensitivity 
Response (DHR) Indexd 3.6 ± 0.4 3.6 ± 0.3 3.0 ± 0.2 2.4 ± O.~ 

aAll values represent a mean ± SE of at least 5 mice per group. 
b1gM antibody response was determined 4 days following immunization with SRBCs. 

IgG antibody responses were determined 5 days following immunization by adding 
an appropriate dilution of y-chain specific antiserum to the culture. 

cYAC _1 tumor cells were used at the indicated effector to target cell ratios in 
a 4 hr 51CR release assay. 

dThe DHR index was calculated by dividing cpm of challenged ear by the cpm of 
the control ear. 

eSignificantly different from control values at P<0.05. 
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Table 4 

Susceptibility to Listeria, Plasmodium yoelii and PYB6 Tumor Cell 
Challenges Foll-owing BenzfiITnetxposure 

----------------------------------------------
Dosage· 
(mg/kg) 

D 

11 

22 

44 

L. monocytogenes 
Mortality/No. Challenged 

(%)a 

3/13 (23) 

8/13 (62)d 

9/15 (60)d 

13/13 (100)d 

Plasmodium Infection 
(% Parasitemia)b 

11.1 ± 2.2 

13.7 ± 3.2 

17.9 ± 3.3 

27.9 ± 3.3d 

PYB6 Tumors 
[No. with Tumors/ 

No. Challenged (%)C] 

3/25 (12) 

3/15 (20) 

4/15 (27) 

7/13d(57) 

aMortality to l. monocytogenes recorded at 14 days following an iv injection 
with 5 x 104 viable bacteria per mouse. 

bpercent parasitemia determined 12 days (peak infection) following an iv 
injection of 1 x 106 parasitized mouse erythrocytes. 

cMice were injected subcutaneously with 1 x 104 viable PYB6 tumor cells and 
monitored for 60 days. 

dSignificantly different from controls at P<0.05. 

Table 5 

Inhibition of lPS-Induced B Cell Activation by Hydroxylated (P-450) 
Metabolites of Benzidine or Other Co-oxidative Substrates 

Compound. Tested 

Benzidine 

Metabolites in Liver 
Monoacetylbenzidine 
Diacetylbenzidine 
N-OH-Di acetyl benzi dine 

Co-oxidized Substrates 
3,3',5,5'-Tetramethylbenzidine 
Nafazatrom . 
4-Aminophenol 
4-Aminobiphenyl 

10-5 M 

Percent Suppression 

5 x 10-6 M 

7 
3 
4 

aA11 compounds were added to lymphocyte cultures stimulated with LPS at a 
concentration of 10-5 M or 5 x 10-6 in EtOH so as nlit to exceed a final 
concentration of 0.1% EtOH. Control represented LPS-stimulated cultures to 
which 0.1% EtOH was added. 

bSignificantly different from controls at P<O.Ol. 
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Figure 1: ~ vitro suppression of mitogen-stimulated lymphocyte proliferation 

by benzidine. Mouse splenic lymphocytes were cultured with Con A (0) or LPS (.) 

and the indicated concentrations of benzidine. The results are expressed as CPM 

3H-TdR incorporation ± SEM. The asterisk represents statistical significance at 

P<O.01. 
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MECHANISMS OF METAL-INDUCED IMMUNOTOXICITY 

D. Lawrence; S.Mudzinski, U.Rudosfsky, & Warner 

Department of Microbiology/Immunology, Albany Medical College, 
Albany, NY 122208 U.S.A. 

Metals such as lead (Pb) and mercury (Hg) have deflnite 
cytotoxic effects on numerous cell types including the cellu
lar components of the immune ~ystem, but only posited mecha
nisms of pathology due to the influences of subtoxic doses of 
Pb and Hg on lymphocyte will be discussed. In vitro, Pb and 
Hg were not toxic to lymphocytes at doses <5xlO-4M and 5xlQ-7M, 
respectively, and actually enhanced some immune reactivities 
(1,2). This augmentation of immune responsiveness has the 
potential to produce pathologic results. Heavy metals may 
modulate immune reactivites by directly altering lymphocyte (T 
cell and B cell) and/or accessory "antigen presenting" cell 
(macrophage) physiology and/or altering the antigenicity of 
self antigens involved in immunoregu1ation. The main cell 
surface antigens known to be involved in immune recognitions 
are the products of the major histocompatibility complex (MHC; 
3). Figure 1 depicts the typical interaction of T cells, B 
cells and "antigen processing/presenting" cells. Any altera
tion of a cell's physiology or surface markers could modulate 
the interactions. Preliminary studies in ·our laboratory 
suggest that 210 Pb and 203 Hg do associate selectively with 
somme cellular proteins. Immunomodu1ation of the immune 
system by Pb and Hg will be elaborated on in this report in 
terms of its possible role in autoimmune diseases. 

Divergence from the normal balance achieved by immunoregu1a
tion could result in a pathologic disorder, Immunopotentiation 
could lead to hyperimmunity to self (autoimmunity) which is 
the result of increased helper T cell activity, decreased 
suppressor T cell activity, and/or hyperactive B cells. 
Immunosuppression could lead to increased susceptibility to 
infectious diseases and loss of immune surveillance, resulting 
in increased incidence of tumors. Since metals such as Pb and 
Hg can induce allergic hypersentitivities (4-7), we already 
know that they probably are capable of making immunogens by 
binding to self constituents. Any metal known to produce an 
allergic response could be a promoter of autoimmunity. 

Although previous studies had indicated that Pb suppressed in 
vivo humoral immune responses to sheep erythrocytes (SRBC; 
8,9) we have been unable to confirm this point. Since our in 
vitro data with Pb indicated that Pb enhanced humoral immunity 
(1,10), it was important to evaluate the in vivo effects. We 
have examined the in vivo effects of Pb on numerous strains of 
mice and some of the strains (inbred and outbred) are 
reported. As apparent in Table 1, no strain has been found to 
be suppressed by a 3- or 4-week exposure to a high dose of Pb 
(10mM). Although not reported in Table 1, this is also true 
for mitogen-induced responses. To date, the only apparent 
significant effects were enhanced responses in Balb/c mice. 
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The enhancement is modest but significant. Similar results 
are observed with Pb in other mouse strains, but only after a 
single injected dose (11,12). Hg in limited strains of rats 
also has been reported to enhance antibody production (13). 
Thus, Pb (and Hg) could produce some pathologic effects in 
vivo by enhancing, not inhibiting, the immune response. In 
vitro studies have suggested that Pb enhances by direct 
effects on B cells and possibly inhibition of suppressor T 
cell activity (10); whereas, Hg appeared to enhance via a T 
cell and/or macrophage effect only (2). A bypass of T cell 
immunoregulation by unregulated B cells could give rise to 
autoimmune problems. In this light, it is interesting to note 
that the only strain (Table 1) enhanced by Pb was the Balb/c 
strain is extremely sensitive to radiation (possibly relating 
to cellular thioldifferences - heavy metals have high affini
ties for thiols) and very susceptible to the induction of 
plasma cell (B cell) tumors. 

The hypothesis we would like considered is that heavy 
metal-induced immunomodulation could cause autoimmune 
diseases. Therefore, the effects of Pb on mouse strains with 
a high incidence or susceptibility to autoimmunity was 
investigated. Heavy metal concentrations can accumulate with 
age, and with aging, the incidence of tumors and autoimmunity 
increase (14). Since Pb had no apparent in vivo immunosup
pressive effect, its influences on pathology in a lupus strain 
(B/W) and the SJL/J strain were of interest. No Pb effects on 
humoral immune (PFC) responses to SRBC were apparent in B/W 
and SJL/J mice, but these strains did have enhanced mortality 
due to Pb. The B/W strain is a lupus strain, that is 100% of 
the mice develop autoimmunity similar to systemic lupus 
erythematosus (SLE) in man. By 34 and 54 weeks of age, 
respectively 50% of female and male B/W mice have died as an 
outcome of this autoimmune disease. We have studied the 
effects of Pb in these mice. The results provide the first 
data (known to us) in which one reagent produced opposite 
effects in female and male mice. A 10mM oral dose enhanced 
mortality in males and decreased mortality in females (Table 
2.) Usually, the disease is considered similar in the females 
and males, with the exception of the kinetics of onset of the 
disease. Our results with Pb suggest that the mechanisms of 
disease process may be different in the sexes. This may be 
useful in the delineation of the pathogenesis of SLE, as well 
as the immunopathology of Pb. Only mortality data has been 
generated with the female B/W mice, but other parameters 
already have been assessed with Pb-treated male B/W mice. As 
expected for 60 week-old mice, their immune reactivity 
(mitogen response, PFC response) was low. Pb did not alter 
significantly the mitogen responses but polyclonal activation 
of PFC responses differed significantly (Table 3). The 2mM 
dose enhanced the polyclonal PFC response induced by LPS, but 
the 10mM dose significantly suppressed the response. The 
other strain in which Pb increased mortality was SJL/J (Table 
4). The Pb-treated SJL/J mice had reduced MLC responses and 
mitogen responses induced by Con A and PHA, but not LPS, which 
suggests that T cell reactivity was inhibited more than B cell 
reactivity in these mice. SJL/J mice do not develop sponta-
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neous autoimmune problems like B/W mice, but they are very 
susceptible to the induction of some experimental autoimmune 
diseases. SJL mice also have a high incidence (>90%) of 
reticulum cell sarcoma by 13 months of age. It has been 
reported that immune reactivities enhance the growth of these 
tumors, in that, an intact immune system is required to 
support tumor growth (15). Thus, in both B/W and SJL mice, Pb 
may accelerate and/or exacerbate the pathology by enhancing 
immune responses. Pb appears to have increased renal patho
logy in these mice, and we are in the process of determining 
if this is due to immunopathologic mechanisms. Both Pb and Hg 
have been implicated in the immunopathology of renal disease 
in man (16-18). Our preliminary studies on Hg-poisoned 
individuals suggest that their mitogen-induced responses are 
not significantly altered, but there was an increase in their 
percentage of TIl, but not T3, positive cells and a decrease 
in B cells in their peripheral blood (Table 5). The signifi
cance of these differences is unknown at present. 

The mechanisms involved in the immunomodulation by Pb and Hg 
still are unknown. Information gathered on the cellular 
requirements and sensitivities of the lymphocyte subpopula
tions will help to delineate how heavy metals can modify 
"immune homeostasis" which, if altered, could lead to the 
development of immunopatholgy. Both suppressor and cytolytic 
murine T cells are Lyt-2,3 T cells and it should be noted that 
Lyt-2,3 T cells re more sensitive to thiol blockers and 
oxidants than Lyt-1 helper T cell (19:Table 6).Some doses of 
permeant (N-ethylmaleimide) and impermeant (BESA) 
thiol-reactive compounds enhance net help. Incubation of T 
cells with Pb also increased net help (10). The recognition 
phase of cytolytic T Cells has been shown to be thio-dependent 
(20): therefore, contact between cytolytic T cells and tumors 
could be inhibited by heavy metals which have high affinities 
for sulfhydryls. Pb may not react well with cell surface 
thiols. It has been reported that the binding of Pb to cells 
is entirely different from that of sulfhhydryl seeking metals 
such as Hg (23). The differences in Hg and Pb association 
with cell surface sulfhydryls may help to explain the dif
ferent mechanisms involved in their immunomodulatory 
capabilities. Although membrane thiols may have low reacti
vities with Pb, Pb has been reported to modulate intracellular 
glutathione (24,25). Glutathione does decrease with age (26), 
and the incidence of autoimmune dieases may increase as the 
thiol content (intra-and extra-cellular) of an individual 
declines. Interestingly, Pb enhanced mortality in male B/W 
mice and significantly lowered glutathione levels in perito
neal cells but not lymphocytes (Table 7). 

the 
cell 

We have initiated studies to assess the effects of Pb on 
subcellular triggering of events involved in T 
activation. In vivo Pb treatments do appear to enhance 
thymocyte proliferation induced by Con A and IL2. These 
results may reflect an enhancement of T cell ontogeny due to 
Pb. The thymocyte responses enhanced by Pb were not altered 
significantly by BESA, a thiol-specific impermeant probe: 
however, BESA enhanced the response of non-Pb-treated thymo-
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cytes (Fig.2). In vitro Pb exposures inhibited slightly the 
proliferation of an IL2-dependent cell line (HT-2) in the 
presence of IL2(Fig. 3). These results suggest that Pb 
modulates T cell activities, as well as B cell activities 
(10) • 

The subcellular mechanisms of heavy metal alteration of 
lymphocyte physiology may involve thiol~related constituents. 
Some drugs, hormones, and immunologic factors such as cytocha
lasin B, insulin, and interferon, respectively, have the 
ability to affect lymphocyte reactivities. Although their 
biologic reactivities may be diverse, they have common bioche
mical reactivities, in that, cytochalasin B (27), insulin 
(28), and interferon (29) interact with cellular thiols. Some 
complex immunomodulating reagents including heavy metals may 
have relatively simple biochemical effects on the cell biology 
of lymphocytes. Cellular thiors are an obvious subcellular 
parameter to consider for heavy metal modulation because of 
the high affinity of heavy metals for sul.fhydryl groups. 
Cellular thiols have been known for 50 years to be involved in 
cell proliferation (75). Cellular thiols are intimately 
involved in cell transport, DNA synthesis, and movement. The 
release of immunoregulatory factors, as well as the receptors 
for these factors, may involve common biochemical parameters 
such as the need for free sulfhydryl as posited (19) or 
specific thiol disulfide interchanges as supported by the 
folowing evidence: 

1. A microsomal enzyme is involved in a 
"disulfide-shuffling" process (31), and proteins 
including immunoglobulin molecules have been found 
with low molecular weight thiols attached (32). 

2. Some polypeptide interactions on the T cell 
surface utilize their interacting thiols, such as 
the complex. formed between the Lyt-2 and Lyt-3 
molecules (33). 

3. Even a T cell regulatory factor has been 
reported to require thiol interactions as indicated 
by the necessary disulfide linkage of an la-like 
polypeptide with an antigen-binding polypeptide 
(34) • 

4. Cell surface thiols are intimately involved in 
numerous membrane phenomena including transport, 
hormonal interactions, and secretion (35), and T 
cell activation has been shown to be dependent on 
free surface thiols (36). 

Two recent reviews (37,38) have discussed the effects of 
exogenous thiols on lymphocytes and both concluded that 
exogenous thiols have been shown to be consistently capable of 
enhancing various immunological responses of lymphocytes, 
al though the mech:anism of such enhancement has received little 
attention thus .":far. Numerous immunomodulating agents used 
clinically (leva,m~sole, penicillamine, interferon, and thiou-
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racil to name a few) have thiol reactivity. In addition, 
the modulation of T cells by helper (thiol-protective) and 
suppressor (oxidants) factors from macrophages has been 
suggested (19) to involve cellular redox potentials. The 
immunotoxic effects of thiol-related components recently has 
been reviewed (39). 

Heavy metals may directly modify cell thiols. However, they 
also can indirectly influence cellular thiols by modulating 
oxidative products. Heavy metals are known to affect lipid 
peroxidation, and lipid peroxidation can lead to an altered 
redox state of the cell and/or a modulation of synthesis of 
immuno-regulatory products such as prostaglandins (40). Heavy 
metal interference with cellular oxidases, peroxidases, 
reductases, and glutathione may lead to dysregulation of 
immunity due to differential effects on the lymphoid subsets 
(19). Such interference could be a reason for heavy metal 
suppression of macrophage phagocytosis (41) and 
macrophage-mediated tumoricidal activity (42). Most likely, 
Hg modulates lymphocyte functions via interactions with 
cellular thiols; however, Pb may not. As discussed above, Pb 
has a significantly lower association with surface sulhydryls 
than Hg (23), and it has been suggested that Pb has a better 
association with cellular phosphoryl groups than sulfhydryls 
(43). Pb has been reported to bind to phosphatidylcholine 
(44). Therefore, Pb may activate lymphocyxes via a cellular 
phosphoryl group. Modulation of membrane phospholipids has 
been implicated in lymphocyte activation, probably involving a 
protooncogene product or protein kinase C (45). 

The actual mechanisms by which metals alter lymphocyte and 
monocyte functions remain to be delineated. The ability of 
heavy metals to immunomodulate is clear, and their ability to 
be immunotoxic in some strains and species is evident. 
Investigation of the genetics and biochemistry of heavy metal 
toxicity on the multiple components of the immune system will 
enhance our understanding of the basis for susceptibility to 
heavy metal immunotoxicity. 
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Table 1 

In Vivo and In Vitro Anti-SRBC PFC Responses of Various 
Lead-treated !\louse Strains 

Exposurea Blood Pb In Vivoc In Vitrod 
Strain Duration Pb ( )Jg/dIl PFC/Spleen PFC/Culture ---
C57Bl/6 8 wk 4 ± 1 298,651 ± 66,140 

+ 76 ± 9 351,144 ± 63,017 

A/Jb 8 wk+5 d 4 ± 1 281,994 ± 125,241 2,579 ± 712 
+ 132 ± 28 226,976 ± 68,588 3,687 ± 958 

DBA/IJ 8 wk 3 ± 1 102,401 ± 38,046 1,755 ± 663 
+ 59 ± 8 117,758 ± 45,792 1,846 ± 796 

BaIb/C Cumb 3 wk 2 ± 1 682,510 ± 188,639 
+ ND 922,361 ± 175,156 ** 

Balb/C Cumb 8 wk 3 ± 1 345,342 ± 66,643 12,278 ± 7,068 
+ 69 ± 7 408,300 ± 100,451 ** 15,224 ± 7,103 

CBA/J 4 wk ND 32,720 ± 17,169 
+ ND 28,062 ± 8,513 

10 wk ND 16,759 ± 6,733 
+ ND 25,740 ± 4,107 

Swiss Webster 8 wk 2 ± 1 95,042 ± 38,934 13,833 ± 6,878 

SJL/J 

a 

b 
c 

d 

* 
** 

+ 97 ± 60 110,142 ± 47,507 11,004 ± 7,102 

8 wk 3 ± 1 60,731 ± 81,652 38,251 ± 20,815 
+ 202 ± 251 55,155 ± 43,817 28,768 ± 24,366 

Mice were given either 0 or 10mM lead acetate in the water for the indicated times 
and were placed on distilled water at SRBC immunization. 
A/J mice were treated with 19ad water until sacrifice. 
:\1ice were injected with 10 SRBC i.p. and sacrificed 5 days later for PFC/spleen 
determination. 
SpIenocytes obtained at sacrifice were set up in culture with 0.1% SRBC and harvested 
5 days later for direct PFC determination. 
Significant difference at p<O.05. 6 
There was a significant increase in the number of PFC/IO cells (p>O.05) but not 
PFC/spleen. 

* 



Table 2 

Pb Effects on Female and Male B/Vi Micea 

Pb Dose (mM) Mortality (%, Age) 

a 

Female Male 

o 50% 34 wk 0% 60 wk 

2 50% 40 wk 50% 60 wk 

10 30% 44 wk 50% 58 wk 

Mice were started on 0, 2, or 10 mM Pb acetate in their drinking water at 
10 weeks of age. 

Table 3 

Pb Effects on Mitogen, Mixed Lymphocyte Culture (MLC), and PFC Responses 

of Surviving Male B/W Mice 

Pb Dosea Blood Pb Mitogen ResEonseb 

a 
b 
c 
d 

(mM) ( Ilg/dl) Con A LPS MLCc 

0 

2 

10 

2±0 2,389 8,896 2,026 

± 3,912 ± 2,820 ± 966 

39 ± 13 2,965 4,694 1,741 

± 2,770 ± 3,425 ± 1,216 

377 ± 174 1,566 9,920 1,740 

± 1,365 ± 8,963 ± 769 

Mice were exposed to Pb for 50 weeks prior to !!! vitro analysis. 
CPM/culture. 
CPM/culture. 
PFC/culture. 

PFCd 

80 ± 48 

899 ± 1,923 

4±7 
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Table 4 

Pb Effects on SJL/J Mice 

Pb Dosea Tumor Incidenc'iin 

a 
b 

(mM) % Mortality (58 wk) Surviving: Mice 

0 30% + 

0.08 10% ± 

0.4 20% + 

2 20% + 

10 80% ++ 

Mice were given Pb in their drinking water starting at 10 weeks of age. 
The mice still alive after 48 weeks of exposure to Pb were assessed for 
tumor in spleen and liver. 

Table 5 

Lymphoid Subset Analysis of Peripheral Blood Lymphocytes 

from Hg-poisoned Humans 

(> 20ng Hg/ml blood) 

Subset Percent Normal Range 

T3 57.5 ± 2.2 a 52-74 

T4 40.5 ± 2.1 33-51 

T8 29.5 ± 2.5 15-37 

TIl 77.2 ± 1.8 50-79 

sIg 5.5 ± 0.8 6-24 

a Mean ± S.E. (n=13). 



Table 6 

Thiol Characteristics of Lymphocytes Subsets a 

CELL TYPE 

Thfol Characteristic B Cell Th Cell Ts/c Cell 

Lyt-l Lyt-2,3 

Proliferation (2-ME)a +++ + ++ 

Number surface sulfhydryls ++ + +++ 

Intracellular glutathione + + + 

Sensitivity to permeant +++ + ++ 
thiol blockers 

Sensitivity to impermeant + 
thiol blockers 

Sensitivity to impermeant ++ + 
oxidant 

Radiosensitivity +++ + ++ 

a Similar information reported in reference 19. 

Table 7 

Glutathione Levels in Cells Fro'll Surviving 

Pb-treated Male B/W Mice 

Pb Dosea 

(mM) 
Glutathione Level (attomole/cell) 

a 

o 

2 

10 

Peritoneal Cells 

899 ± 267 

925 ± 236 

439 ± 5 

Spleen Cells 

318 ± 15 

329 ± 66 

345 ± 35 

Mice were exposed to Pb in their drinking water for 50 weeks before 

sacrifice at 60 weeks of age. 

301 

MQ 

NO 

ND 

++ 

NO 

NO 

ND 



302 

e ANTIGEN 
o IA 
A H-2K/ O 

FIgure 1. The antigenic interactions of T cells, B cells, and accessory cells in 

the development of humoral immune responses. Th = Lyt-l, helper T cells; Ts = 
Lyt-2,3, suppressor T cells; B = B cells; AC = accessory "antigen processing/ 

presenting" cells; HF :: helper factors (IL2; TRFj BCGF; BCDF)j SF = suppressor 

factors. 



EFFECT OF Pb 0 

~.~. The!.!!. vivo effect of Pb on the ability of thymocytes to proliferate in 

response to IL-2. Thymocytes were obtained from animals that were maintained 

for 6.5 wks on 0, 0.4, or 10.0 mM Pb in their drinking water. Thymocytes were 

uliquoted into 96 well plates at Ixl05 cells/O.I ml/well. Media (RPMH640,E2), 

Con A (2.0 llg/ml,~), BESA (lO-5M,D), or Con A + BESA (2.0 llg/ml + 

10-5M~), was added to the appropriate wells. Partially purified IL-2 (40-80% 

ammonium sulfate cut), derived from the FS613.14 cell line, was added such that 

the final in well dilution was 1:100. Plates were incubated at 37°C, in special 

gas, pulsed with 0.5 llCi [3H J-thymidine/O.025 ml/well at 66 hrs and h&rvce,ted 

at 72 hrs. The results represent the arithmetic mean of triplicl1lc cultures. 

11\1 VITRO Pb EFFECT ON HT2 CELLS 
,g 

'8 
17 

1 6 · 

1~ 

8 
7 . 

6 

o· 
2~ 

1 

~o 

AN 11..2 m:'PCNO(Nl C£U .. LiNE 
------, 

! 
I 

-.----,---~ 
100 '00 400 o 

TCGf (R(CIPROCAL or DILUTION) 

~re 3. The!.!! vitro effect of Pb on TCGF-induced proliferation of HT2 celIs. 

HT2 cells were harvested, washed 3X with BSS + 5% FBS and resuspended in 

RPMI-1640, 5% FBS at 5xl04 cells/mi. 
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SOME ASPECTS OF IMMUNE ALTERATIONS INDUCED BY 
CHLORO-DIBENZO-p-DIOXINS AND CHLORODIBENZOFURANS 

A. Vecchi 

Instituto di Ricerche Farmacologiche, Mario Negri; 
Milano, Italy 

INTRODUCTION 

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated 
dibenzofurans (PCDFs) are two series of tricyclic aromatic 
compounds that exhibit similar physical, chemical and biolo
gical properties. The number of chlorine atoms in these 
compounds can vary between one and eight to produce up to 75 
PCDD and 135 PCDF positional isomers. The interest in these 
compounds comes from the fact that these two classes of 
aromatic compounds have been detected as contaminants of 
different commercial products (phenoxy-herbicides, 
hexachlorophene, chlorophenols, polychlorinated biphenyls, 
diphenyl ether herbicides) and thus they can enter the en
vironment as inadvertant contaminants (1). PCDn und PCDF have 
also been reported to occur in fly ask from industrial facili
ties (1) and in fly ash and flue gas condensate from municipal 
incinerators (2). In addition, these compounds have been 
involved in at least seven serious incidents in the last 
fifteen years: the poisoning of horse arenas in Missouri, in 
1971; the chemical plant accident in Seveso, Italy, in 1976; 
the Love Canal incident in Niagara Falls N.Y., in 1979; the 
fire in the Binghampton N.Y. state Office Building in 1981; 
the street contamination of the entire town of Times Beach, 
Mo. in 1982-1983 and the "Yusho" disease in Japan in 1968 and 
in Taiwan in 1979. 

From the toxicity studies performed in the past, it appears 
that the 2.3.7.8-tetrachloro substituted dibenzo-p-dioxin 
(TCDD) and the 2.3.7.8-tetra (TCDF), 1.2.3.7.8- and 
2.3.4.7.8-pentachloro substituted dibenzofurans represent the 
most toxic isomers. A sign of toxicity common to PCDDs and 
PCDFs in all the species investigated is thymus atrophy, while 
involvement of other organs (as for example liver, stomach, 
skin, eyelids ecc.) varies in the different animal species 
studied. Thymus toxicity suggests PCDDs and PCDFs could 
affect immune responses: however only the most toxic isomers, 
TCDD and TCDF, have been studied. While TCDD effects have 
been investigated for at least ten years in different species 
and different experimental conditions (3-6), studies on TCDF 
effects are still limited (7,8). 

2.3.7.8.- TETRACHLORODIBENZO-P-DIOXIN 

After the initial studies of Vos et al. (5) and Zinkl et al. 
(4) where effects on thymus and peripheral lymphocytes were 
detected after administration of fairly high doeses of TCDD, 
subsequent investigations have shown that immune responses can 
be very sensitive to exposure at doses of TCDD that are < 
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1/100 the LD 50 (9). Humoral as well as cell mediated immune 
responses can be depressed by TCDD exposure. Preferential 
sensitivity of immune reactivities differs in the various 
species investigated: delayed hypersensitivity reaction to 
tuberculin is depressed in guinea pigs by 40 ng/kg of TCDD 
given for 8 weeks, while secondary, but not primary, antibody 
response to tetanus toxoid is suppressed only at higher doses 
(3). Similarly, repeated weekly treatments (8 doses) as low 
as O.l~g/kg decrease the blastogenic response to phytomitogens 
in rabbi ts and eDl mice. (10), while doses of at least 1 g/kg 
are needed to induce a significant decrease in serum immuno
globulins in both species. Subsequent experiences in inbred 
mice have shown that primary and secondary humoral antibody 
production can be significantly depressed for more than 40 
days by single doses of l~g/kg, when specific antibodies 
against a T-dependent antigen (sheep erythocytes) rather than 
the total serum immunoglobulin levels are evaluated (11). The 
same study shows that antibody production against a 
T-independent antigen (pneumococcal polysaccharide type III) 
is also significantly reduced, suggesting that the ihibition 
of antibody production is not limited to TCDD effects on T 
cells, as was initially suggested by the preferential toxicity 
for the thymus. The same single dose does not modify the 
blastogenic response of splenocytes to Concanavallin A (Con A) 
and Lipopolysaccharide (LPS). However, a preferential sen
sitivity of T cells to TeDD exposure has been repeatedly 
reported in experiments with chronic exposure (3,12), at least 
in adult mice, adult rats being less susceptible to TCnn 
immunotoxicity. Blastogenic responses to specific mitogens, 
delayed hypersensitivity and graft versus host reactions, skin 
allograft rejection are significantly depressed, though some 
of these reactivities are reduced only at nearly toxic doses 
(4 weekly treatments with 25pg/kg). 

Natural resistance mechanisms, usually evaluated in terms of 
activity of NK cells and macrophages are not significantly 
affected when adult mice are exposed to single or repeated 
doses of TenD (4 treatments up to 50 p,/g /kg ) (13, 14 ) . Macro
phage activity is not modified when evaluated as ability to 
non specifically kill or phagocytize Listeria monocytogenes, 
reduction of nitro-blue tetrazolium and basal or 
endotoxin-stimulated cytotoxicity against tumor target cells 
in -vitro (13,14). Increased endotoxin sensitivity has been 
observed in TeDD treated adult mice and macrophage impairment 
has been suspec,ted, these cells being considered of primary 
importance in endptoxin detoxification (5). Moreover, suscep
tibility to bacterial (Salmonella bern), but not to viral 
infection (Herpes; suis) gave further support to the hypothesis 
that increased :sensitivity to endotoxin from gram-negative 
bacteria was rel:evant in resistance to infections. However, 
TeDD increases mortality also in mice infected with the 
non-endotoxin-producing bacterium Listeria monocytogenes, 
suggesting that decreased resistance to bacterial infection is 
not merely relSited to an increase in endotoxin sensitivity 
(5,15) • 

From the extensive data reported in the literature, it can be 
concluded that thymus atrophy is a constant finding in animals 
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given TCDD as adults, and that humoral and cell-mediated 
immune responses are relatively more sensitive than natural 
resistance mechanisms (11,13). 

If, however, TCDD is given during the developmental phase of 
the immune system, that is during the perinatal period through 
maternal feeding, it causes severe effects in mice and rats 
that can persist for up to 4 months of age (12.16). In 
addition to the effects observed in adults, suppression of 
humoral and cell mediated reactivities, TCDD administered in 
the perinatal period to mice depresses splenic NK cell acti
vity evaluated at 5 weeks of age, decreases the lympho
prolipherative response to the B cell mitogen LPS, alters bone 
marrow stem cell maturation, increases the incidence of 
mortality after Listeria monocytogenes infection and the 
percentage of syngeneic tumor takes (17). Macrophage 
functions, phagocytosis and response to colony stimulating 
factor, are not affected, but they decrease, in percentage as 
well as in number, in the peritoneal cavity after perinatal 
exposure to doses that do not alter macrophage funotions (18). 
Sensitivity to endotoxin is further increased, doses 5 times 
lower than those used in adults being fully active. 

Studies performed in perinatally exposed rats show that 
humoral immune functions are relatively resistant, while cell 
mediated reactivities, delayed hypersensitivity responses and 
responses to mitogens Con A and Phytohaemagglutinin (PHA) are 
suppressed. Impairment of T-cell function is selective in 
that helper function is not suppressed (16). Perinatal 
exposure increased the sensitivity of the immune system to 
TCDD effects in either mice and rats, but the subsets of 
immunocytes can be differentially affected in the various 
species investigated. 

The depressed responses observed in perinatal exposed mice 
seem not to be obtained throught activation of suppressor 
cells, either lymphocytes or macrophages, as shown by 
co-cultures or adherence depletion experiments (5,17). Only 
in adult exposed mice is there a suggestion that TCDD can 
activate suppressor cells (19): This conclusion is based on 
the observation that in vitro cytotoxic T-cell (CTL) genera
tion is depressed in lymphocytes from TCDD treated mice, 
without decrease in the frequency of CTL precursors. This 
situation has been explained as a consequence of suppressor 
cells activation. 

To elucidate the mechanism(s) responsible for TCDD-induced 
immunosuppression many hypothesis have been considered. No 
alterations in zinc and circulating corticosteroid levels have 
been observed in TCDD treated mice and guinea pigs (3,14); 
thymus atrophy is not an indirect effect mediated through 
adrenals or pituitary (20), nor can be related to alterations 
of serum a-fetoprotein or reduced food intake (5). 
Interestingly, thymosin does not reduce TCDD suppression of 
lymphoproliferative response or thymic involution, suggesting 
that lymphoid .cells are severely damaged and are no longer 
sensitive to the thymic hormone. No restoration of humoral 
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antibody production is obtained by Corynebacterium parvum 
administration to TCDD treated mice, while splenomegaly occurs 
in control as well as in treated mice (21). 

In vitro studies with lectin-stimulated lymphocytes, though 
limited by the insolubility of TCDD in physiological buffers 
and by the use of DMSO as a solubilizing agent, suggest that 
immunosuppression is not due to an alteration in lymphocyte 
ability to bind lectins, rather to a direct alteration of 
lymphocyte activity. However the mechanism(s) of TCDD induced 
immunosuppression are still to be discovered. Some effects, 
including thymus athrophy, have been reported to segregate in 
mice with the Ah locus, which regulate the expression of a 
cytosolic binding protein with high affinity for TCDD (Ah 
receptor). This receptor can be detected in different tissues 
of mice and rats and its presence, genetically determined, is 
associated with high susceptibility to aryl hydrocarbon 
hydroxylase (AHH) enzyme induction. The Ah receptor has been 
detected in thymus, in rats this organ shows the highest 
concentration, and in mice it is about one fourth the concen
tration of liver, where it is maximally expressed (22). TCDD 
induced toxic effects such as malformations, thymus athrophy 
and porphyria are more severe in mouse strains where the Ah 
receptor is detectable (responsive strains), while the same 
effects are modest or absent in non-responsive strains, where 
the receptor is not detectable unless mice have been pretrea
ted with suitable doses of TCDD (22). Studies on TCDD immuno
suppression performed in responsive and nonresponsive mouse 
strains have shown that the genetic background is of relevance 
for the effects being observed (9). Humoral antibody produc
tion was more markedly depressed in responsive strains 
(C57Bl/6 C3H/He) and the degree of inhibition paralleled 
well what expected for the presence of Ah receptor in Fl and 
backcross generations between responsive and non-responsive 
strains (DBA/2 AKR). The relevance of the Ah receptor 
presence has been similarly reported in subsequent experiments 
by Clark and coworkers (23), who descdribed a more marked 
depression of in vitro CTL generation in C57Bl/6 than DBA/2 
treated mice. 

Data obtained in responsive and non-responsive strains, though 
highly suggestive of an involvement of the Ah receptor in the 
expression of TCDD immunodepressive potential, do not clarify 
whether the effects on immune responses are directly related 
to an interaction with the receptor at lymphoid organ 
level(thymus)or are secondary to a sequence of events evoked 
in different organs (for example the strong and long lasting 
induction of AHH enzyme in liver with metabolic alterations). 
One suggestion in. favour of the hypothesis that the entire 
"environment" rather than lymphoid tissues only is relevant 
for TCDD effects comes from Nargakatti's study (24). Using 
chimeric mice, it was shown that TCDD affects in vitro CTL 
generation if given to responsive mice, irrespective whether 
they were transfused, after lethal irradiation, with bone 
marrow from responsive or non-responsive strains; no effects 
were seen if bone marrow recipient chimeras were 
non-responsive mice. Unfortunatly, we do not know yet whether 
the Ah receptor is present in bone marrow cells, while being 
expressed in thymus. 
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That the Ah receptor plays a role in immunotoxicity is further 
supported by the results obtained with 3.4.3'.4'.-tetrachloro 
biphenyl, 2.3. 7. S-tetrachlorodibenzofuran, 3-methylcholan
threne and p-naphthoflavone (lS). These polycyclic aromatic 
hydrocarbons, which are the most potent in vitro inhibitors 
of TCDD binding to the Ah receptor, significantly depress 
antibody prduction when given to C57B1/60r C3H/He mice, but 
not when given to DBA/2 mice. Very recently it has been 
reported that the Ah receptor has associations with fertility, 
fitness and longevity (25), suggesting a physiological role 
for this binding specificity that till now had been considered 
relevant only for foreign compounds. A better knowledge of 
the physiological role of Ah receptors will probably help in 
understanding, at least partially, the mechanism(s) of TCDD 
induced toxicity. 

2.·3.7.8. - TETRACHLOROOIBENZOFURAN 

Few studies have been directed at finding possible alterations 
of the immune system by PCDFs in laboratory animals. Toxic 
doses of 2.3.7.S.-tetra- and 2.3.4.7.8.-penta~CDF have been 
shown to cause severe thymus atrophy in guinea pigs and mice 
(26). Lymphopenia, atrophy of the thymic cortex and reduction 
in the number of germinal centers in the spleen are produced 
in chicks dosed with 1 to 5 j.I.g/kg for 21 days (27). Studies 
on the immune system of female guinea pigs show that the 
effects of 2.3.7.S. tetrachlorodibenzofuran (TCDF) resemble 
those of TCOD (7). Depression of cell-mediated responses are 
seen only at high dose levels (0.5 to 1 j.lg/kg weekly for six 
weeks); humoral immunity is only slightly depressed. 

Experiments with single doses of TCDF in mice have shown 
reduction in thymus weight and splenocyte numbers after oral 
or intraperitoneal adminsitration of relatively low doses (100 
j.lg/kg in C57B1/6 mice with an LD 50 of more than 6000 j.lg/kg) 
(8,9). Humoral antibody production is significantly 
inhibited. The dose-response curve is similar to that of 
TCDO, but shifted to right, TCDF being about thirty times less 
active than TCDO in terms of ug/kg. The time course of 
immunosuppression differs from that of TCDD, the latter being 
highly suppressive for up to six weeks, while TCOF effects 
recover completely by that time (8). Increased susceptibility 
to endotoxin has been described in mice treated with a mixture 
of tetra-and penta-CDFs for 4 weeks (lS). 

TCDF induced thymus athrophy and immunosuppression are more 
marked in responsive than in non responsive mouse strains, 
suggesting that the individual genetic background plays a role 
in TCDF immunotoxity, analogous with what reported for TCDD 
(9). Recent data have shown a positive correlation between 
AHH inducing ability of different dibenzofurans given at 
single doses and thymic involution (29), showing that dibenzo
furans toxicity to the immune system can be in some way linked 
to their inducing potential. 

Data on other PCDFs are still very limited. One group (30) 
reported that, in female monkeys, commercial PCB preparations 
specifically treated to elimate contaminant PCDFs were more 
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immunosuppressive on humoral antibody production than the 
commercial PCBs with PCDFs impurities. However reduction in 
red and white cells in blood was the same for PCDFs-free or 
commercial preparations. Other reports suggest that the 
simultaneous presence of PCDF and PCDD can induce, in diffe
rent experimental conditions, synergistic effects as regards 
toxicity in guinea pigs (31) and antagonistic effects as 
regards immunosuppression and enzyme inducibility in mice 
(32). The data on PCDFs effects on the immune system are at 
present still limited: however the results obtained with pure 
isomers show that the pattern of immunotoxicity for active 
PCDF isomers is very similar to that displayed by the corres
ponding PCDD isomers, provided that higher doses are used. 
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Exposure to asbestos dust may stimulate a severe reaction in 
the lungs leading to parechymal and pleural fibrosis. There 
is also an association between exposure to asbestos and the 
development of bronchogenic carcinomas and mesotheliomas. 
While the pathogenesis of these disorders is unknown, altered 
immunoregulatory mechanisms may be important and it also 
becomes increasingly important to know whether select indivi
duals may react in an immunologically hyperactive way to 
inhalation of asbestos. This was recognized in 1973 when the 
Report of the Advisory Committee on Asbestos Cancer to the 
Director of the International Agency for Research on Cancer 
(Report 1973) recommended enquiring into the immunocompetence 
of asbestosis with regard to the role of immunity in the 
subsequent development of neoplasms. Since then there have 
been several clinical studies indicating definitive altera
tions in the immune profile of asbestos workers (Section I). 

It has been suggested that early events in the development of 
asbestos induced injury are fundamentally different to those 
caused by inhalation of other inorganic dusts(1) and tissue 
and cell culture techniques have been used to study the 
biological effects of asbestos at the cellular level (Section 
II). In particular asbestos toxicity to macrophages has been 
the subject of many studies as the location and function of 
alveolar macrophages means that they are one of the first cell 
types to encounter inhaled mineral fibres. A number of in 
vitro and short term studies have demonstrated alterations in 
macrophage function including stimulation of oxidant produc
tion and release of immunological mediators. Whilst much more 
work is needed to identify effects specific to asbestos 
fibres, these findings demonstrate the potential of asbestos 
to modify macrophage function. 

In order to study in vivo participation of macrophages with 
the immune system experimental animals have been exposed to 
asbestos for prolonged periods (see Section III). In vivo 
observations support the hypothesis that phagocytosed asbestos 
persists and is relatively non-toxic to macrophages. The 
alveolar macrophages were shown to have altered surface 
morphology and to evoke humoral immune responses directed 
against surface membrane determinants. In vivo exposure also 
resulted in macrophages that were perceived by lymphocytes as 
if they had mitogenic or antigenic products expressed on their 
membrane. These investigations may lead to a greater unders
tanding of the complex function of the macrophage and its role 
in the pathogenesis o£ asbestos associated disease. 
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I. IMMUNOLOGICAL STUDIES IN ASBESTOS EXPOSED POPULATIONS 

studies of workers with long-term occupational exposure to 
asbestos have shown alterations of cellular and humoral immune 
reponses in the individuals (Table 1). Impaired expression of 
several parameters of cell-media,ted immunity and hyperactive 
humoral immunity has been described using both in vivo and in 
vitro procedures. Delayed hypersensitivity skin tests on 
patients with interstitial fibrosis show significantly fewer 
positive responses to standard test antigens such as strepto
kinase - streptodornase (SKSD) and Candida albicans, commonly 
used to assess immunological recall (2,3,4,5,) Studies of 
total circulating T lymphocyte numbers and function have 
yielded conflicting results (6,7,8,9,5) but all data indicate 
an association between asbestos exposure and diminished 
numbers of T lymphocytes. Analysis of T-cell subpopulations 
has shown decreases in cells expressing phenotypes for both 
helper-inducer (OKT4) and suppressor-cytoxic (OKT8) activity 
(10). These authors also stipulate that the immunological 
pertubations are epiphenomena, unrelated to the pathogenesis 
of asbestosis itself. The observation of a diminished ability 
to generate suppressor activity by lymphocytes obtained from 
asbestos - exposed subjects, however, (5) supports the concept 
of a qualitative alteration of T lymphocyte function. That a 
qualitative T-cell defect may occur in patients with asbes
tosis has also been demonstrated in vitro phytohaemagglutinin 
(PHA) -induced lymphocyte proliferative assays which show a 
significant impairment of lymphocyte responsiveness (7,11), 
although normal responsiveness has been reported in 
asbestos-exposed heavy smokers.(9). 

Differences in T lymphocyte function have also been found in 
subjects with occupational asbestos exposure associated with 
pleural plaques compared to those with similar exposures but 
no evidence of pleural reactions. A significant depression of 
lymphocy.te responsiveness to PHA was demonstrated in .the group 
with pleural plaques compared to the control group, whilst no 
difference was found in the response pattern by lymphocytes 
obtained from subjects without a pleural reaction (12). 
Another parameter of cellular immunity, PHA-induced cytotoxic 
cell function, was found to be consistently reduced in the 
group with pleural plaques with lymphocytes obtained from 16 
out of 18 patients causing less than 9% Cr rerelease from 
labelled target cells (Fig 1). PHA-induced cytotoxic effector 
cell function has also been found to be significantly reduced 
amongst abestosis patients when compared to controls (7). The 
majority of studies, therefore, suggest a link between impai
red T lymphocyte function and the group of subjects that 
develop asbe'stosis or pleural plaques after exposure to 
asbestos. There is little evidence, however, that impaired 
T-cell function, as measured by these in vitro assays, is 
defective in asbestos-associated malignancy. In studies on 
patients with pleural mesothelioma (13,11) the majority of 
pat~ents ,have been reported to have normal T lymphocyte 
responses both in vitro and in vivo depite relatively reduced 
numbers of circulating lymphocytes. 
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In contrast to impaired expressions of cellular immunity, 
subjects with asbestosis often manifest hyperactivity of 
humoral immune responses, suggesting an imbalance between the 
cellular and humoral components of the immune response. 
Significantly increased levels of the serum immunoglobulins 
IgA IgM & IgG have been reported in several studies when 
compared with corresponding values of control groups 
(2,15,16,17,18,1,19) although not all of these studies found 
increases in all the classes of immunoglobulins. The reason 
for the polyclonal increase of serum immunoglobulins is not 
evident and could be related to the adjuvant-like action 
ascribed to asbestos by Miller & Kagan, (20) which might 
augment the helper role of T-lymphocytes in a 
non-antigen-specific fashion (21). Alternatively, reduction 
of suppressor T-cell function, which can exert specific 
feedback control on antibody synthesis by B lymphocytes (22) 
could explain the general increase in immunoglobulin 
production. Increased prevelance of non-specific 
auto-antibodies and elevated levels of IC has also been 
reported in workers exposed to asbestos (23,3,19). 

It has been suggested that unchecked B lymphocyte activity 
resulting in increased production of immunoglobulins, and 
auto-antibody production could be the cause of lympho
proliferative disorders which have been reported in patients 
with asbestos-exposure (5,24). In this context it is well to 
remember that whilst there is no association between exposure 
to silica and the development of neoplasms, silicosis is 
associated with increased levels of immunoglobulins, a greatly 
increased prevalance of autoantibodies and a high incidence of 
"autoimmune" disease. (19,25). However only minor dif
ferences have been found between cell-mediated immune respon
ses in patients with silicosis and control subjects (26). The 
differing in vivo effects of silica and asbestos on the 
alveolar macrophage (27) could result in different responses 
to asbestos and silica particularly as regards the breakdown 
of conventional immune surveillance mechanisms mediated by 
macrophages (28). The participation of macrophages in both 
cell-mediated and humoral reactions clearly focuses attention 
on the important role of the macrophage as an immunoregulatory 
cell and the effect of asbestos on macrophages has been 
studied in a number of in vitro and in vivo systems. 

II. FUNDAMENTAL EARLY CELLULARL EVENTS 

While the macrophage plays a crucial role in the pathogenesis 
of asbestosis and silicosis little is known of the sequence of 
events following phagocytosis. Clearly the location and 
function of alveolar macrophages means that they are one of 
the first cell types to encounter inhaled mineral fibres and 
these fibres are then phagocytosed. Although not usually 
taken into account the intersittial macrophages are also 
important in the pulmonary reaction to inhaled asbestos (29). 

Many studies have made use of tissue and cell culture techni
ques to understand the biological affects of asbestos at a 
cellular level (30,31). The fibrogenic factor reported to be 
produced by macrophages exposed to silica (32,33) has not been 
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found in asbestos treated cultures (34). Rather Davies et al. 
(35) demonstrated that asbestos could apparently cause the 
release of lysosomal enzymes to a greater degree than cell 
death (as measured by the release of lactic dehydrogenase). 
This "selective release" could be caused by the increased 
permeability of the cell membrane during phagocytosis (36) or 
by the partial ingestion of long fibres. Such enzyme release 
could be merely one sign of sublethal cell damage. The 
released enzymes as well as neutral proteases, free radicals 
and inflammatory mediators could themselves damage tissue and 
thus be causally related to fibrosis through some inflammatory 
process. There have been several studies on the release of 
neutral proteases, oxygen derived radicals and prostaglandins 
(PC) from both mononuclear and plymorphonuclear cells. 

A number of studies (37) have demonstrated that cells treated 
with asbestos secrete plasminogen activator and this can be 
inhibited by anti-inflammatory steroids (ibid). White & Kuhn 
(38) have reported that peritoneal and alveolar macrophages 
exposed to a variety of particles release increased amounts of 
elastase. However, the effects of fibrogenic dusts including 
two types of asbestos, was less than that of latex. This 
illustrates a common problem in in vitro studies, that while 
stimulating one activity, asbestos can also damage the cells 
thus reducing the overall effect obtained and making inter
pretation of the results extremely difficult. 

A large number of stimuli are known to result in the release 
of so called free radicals from immunocompetent phagocytic 
cells and are extremely imporant in determining the micro
biocidal and tumouricidal activities of macrophages. A number 
of authors have examined the effects of asbestos on phagocytic 
cells using free radical formation as an endpoint (39). Hatch 
et a1, (40) using guinea-pig alveolar macrophages found that 
amphibole asbestos samples produced the most 
chemiluminescence: however silica, zymosan and polymethyl 
methacrylate produced more effect than chrysotile asbestos. 
Doll et aI, (41,42) investigated the effect of incubation with 
various types of asbestos on the release of oxygen metabolites 
from PMN and peripheral monocytes and on the exposed cells' 
subsequent response to zymosan. The overall effect of the 
asbestos was small and the significance of the released 
radicals difficult to assess. Considerably more work on 
radical formation using a whole range of cells and detection 
methods is necessary before any firm conclusions on the role 
of these phenomena in pathogenesis can be reached. 

A large number of stimuli are known to cause the release of 
arachidonic acid metabolites from macrophages (43). Using the 
macrophage like cell line P388DI Brown & Poole (in press, 12) 
have found that crocidolite and chrysotile caused the release 
of PGE2 and F2 alpha. It is of great interest in this context 
to note the well known effect of PG on suppressor cell ac
tivity (44). There have been no studies published on the 
release of other arachidonic acid metabolites such as the 
leukotrienes: these could be important given the role of some 
lipoxygenaseprod,ucts in chemotaxis. 
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In addition to. pure in vitro experiments some studies have 
involved the administration of asbestos by the intraperitoneal 
and other routes prior to an in vitro evaluation of macrophage 
structure and function. Adminsitration of both chrysotile and 
crocidolite asbestos fibres has demonstrated changes in the 
membrane topography of peritoneal macrophages. These changes 
were indicative not onlY of activation (20) but also showed an 
alteration in surface glycoprotein organisation (45); such 
alterations could lead to modification of the immunobiology of 
these cells. 

III. IMMUNOREGULATORY EFFECTS IN EXPERIMENTAL ANIMALS. 

Several animal species have been used successfully in the 
study of histological reactions to inhaled asbestos particles. 
The alveolar macrophage is intimately involved in a variety of 
immunological events and may leave the lung by migration into 
the lymphatic system as well as by mucociliary transport 
(46,47,48). It seems pertinent therefore to study the in vivo 
interaction of macrophages and lymphocytes in considering 
immunological mechanisms in the pathogenesis of dust diseases. 

In a number of investigations, Miller and colleagues exposed 
rats to asbestos by inhalation over prolonged periods. In 
vivo studies have demonstrated that both chrysotile and 
crocidolite asbestos were non-toxic to macrophages and stimu
late the cells to develop into mature non-specifically activa
ted cells (20,49,50) (Table 2). Significant differences in Fc 
receptor activity was shown in one study, (20) when macro
phages from exposed animals were compared to control cells 
both in the percentage of cells forming EA rosettes and in the 
avidity of the receptor. It was postulated that these 
surface-related changes could be paralleled by changes in 
surface antigenicity. This hypothesis was supported when 
alveolar macrophages from exposed animals were found to 
exhibit significantly increased immune adherence as compared 
with control cells, indicating that deposition of complement 
components on alveolar macrophages had occurred in vivo (51). 
This was thought to be a manifestation of a humoral immune 
response directed against surface membrane determinants of 
macrophages altered by the ingestion of asbestos fibres in 
vivo. (Further evidence of systemic B cell activation has 
recently been reported by Bozelka et al (52) in mice. 

Miller et al (53) used two model systems to investigate 
whether asbestos inhalation could lead to systemically sen
sitised T lymphocytes. The first was based on that devised by 
Rosenthal and his co-workers (54,55) for studying the recogni
tion of macrophage-associated antigens by T cells. In their 
studies they showed that T cells bind reversibly to macro
phages in the absence of antigen. When the macrophages were 
pulsed with soluble antigen, however, T lymphocytes sensitised 
to the antigen clustered around the macrophages in a sustained 
fashion. The second model used the chemical alteration of 
cell membranes by NaI04 and other agents, which act through 
the oxidation and cleavage of cell surface glycoproteins with 
the generation of surface aldehyde moieties. Such alterations 
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also induce macrophage-dependent lymphocyte binding (56) which 
can be blocked or reduced by agents such as borohydride and 
L-cysteine (57). 

When these models were used to study the effects of asbestos 
inhalation, two separate asbestos-related effects, both 
dependent on plasma membrane changes were observed (53,27,58). 
The first phenomenon, which was analogous to that produced 
after control alveolar macrophages were pulsed with NaI04, was 
observed in co-cultures of exposed macrophages with control 
lymphocytes. In these cultures binding of lymphocytes to 
macrophages occurred followed by a blastogenic response. Both 
the binding and proliferation of lymphocytes could be aboli
shed by treatment of the asbestos-exposed or NaI04-treated 
macrophages with L-cysteine. This effect is similar to 
alveolar macrophage membrane peroxidation, and provides a 
functional correlate of the adjuvant-like morphological 
response described previously (20). Reports that 
adjuvant-activated macrophages interact with immunocompetent T 
lymphocytes in a fashion that render them incapable of respon
ding to a further stimulant (59) may thus provide an explana
tion for the despressed cellular immune responses noted in 
asbestosis subjects. 

The second asbestos-related phenomenon, an antigen-like 
effect, was noted in cocultures of macrophages and lymphocytes 
obtained from exposed animals. Sustained lymphocyte clus
tering was observed which was maximal after 24 hours incu
bation and was followed by a peak proliferation response after 
96 hours incubation. These effects were not abrogated by 
L-cysteine and required major histocompatibility 
complex-linked restriction between the interacting macrophages 
and lymphocytes. Since splenic lymphocytes were used, these 
findings are consistent with a systemic immune recognition and 
lymphoid activation. The recent report (60) that 
macrophage-lymphocyte co-culture supernants, when obtained 
from immunized, asbestos exposed rats, contained greater 
interleukin-l and interleukin-2 activity than supernatants 
from untreated controls, provides additional evidence for the 
antigen-like elaboration of lymphocyte stimulating factors 
after asbestos inhalation (Table 3). Thus the pathological 
changes in the lung following asbestos inhalation may be 
accompanied and amplified by macrophages whose altered immuno
biology could result in an imbalance between cellular and 
humoral immunity (Fig. 2). It is interesting that no evi
dence of sensitised lymphocytes or humoral activation was 
found where animals were exposed to silica instead of asbestos 
(27). Whether there is any relationship between the lack of 
altered immunobiology of the macrophage and lack of asso
ciation between silicosis and the development of carcinomas 
can at present only be a matter of speculation. 
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CONCLUS:ION 

The possible mechanisms of the immunological abberations noted 
in clinical studies on asbestotics, has been investigated in a 
number of animal studies. In vitro tests and short term 
animal assays have demonstrated that exposure of macrophages 
to asbestos fibres causes the release of various chemical 
mediators. When macrophage accumulation due to asbestos 
inhalation occurs in the lung (61), there could be persistent 
secretion of enzymes which cause tissue damage as well as 
arachidonic acid metabolites and factors that stimulate 
fibroblast production (62). Such reactions would depend on 
the composition, surface area and durability of the asbestosis 
fibre (63). 

Prolonged inhalation of asbestos by experimental animals has a 
profound effect on several different surface-related membrane 
charaoteristics of macrophages, all of which could lead to an 
altered immune response. The in vivo deposition of complement 
components on the surface of macrophages could indicate a 
humoral immune response against an "altered" cell. This 
concept provides some explanation towards the distrubances of 
humoral immunity found in subjects with asbestoses (64), 
although a loss of suppressor T-cell modulation would also 
explain increased production of immunoglobules. 

The inbalance between cellular and humoral functions noted in 
clinical studies could have their origin in the altered 
immunobiology of the alveolar macrophage demonstrated in 
animal studies. In these investigations specific effects of 
asbestos on T lymphocytes was found after prolonged inhalation 
and lymphocyte _ proliferation was induced by both an 
aldehyde-like alteration of asbestos-exposed macrophage 
membranes and by an association between macrophages with 
antigen-like molecules and immunospecific T lymphocytes. 
Whilst the nature of the proliferating T lymphocytes has not 
been determined they may have been rendered incapable of 
respending to further stimulation. These findings may exp~ain 
the depressed cell-mediated responses found in asbestos 
exposed subjects. Asbestos-mediated macrophage induction of 
lymphocyte blastogenesis may also have initiated changes in T 
cell subsets. 

Whilst it is not possible to extrapolate directly from labora
tory studies to the human situation, both in vitro and in vivo 
investigations into the immunotoxic effects of asbestos has 
demonstrated that asbestos has an impact on the immune system 
which may figure importantly in the primary or secondary 
pathogenic events of lung injury. In this context, it might 
also be important to point out that inhaltation of fibre-glass 
fibres has been shown to produce changes in alveolar macro
phage membrane characteristics similar to those demonstrated 
following prolonged asbestos inhaltation (64) (Table 4). 

Further fundamental studies, particularly of lymphocyte 
functions, are needed to elucidate the immunological mecha
nisms involved and to help differentiate between those effect 
that relate to fibrosis only and those that may be involved in 
the development of neoplasms. 
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TABLE 1. Immunological 
Populations. 

Perturbation in asbestos-exposed 

IMMUNOLOGICAL PERTURBATIONS IN ASBESTOS -
EXPOSED POPULATIONS 

DEPRESSED SKIN DTH RESPONSES 

DIMINISHED NUMBERS OF CIRCULATING 
T LYMPHOCYTES 

REDUCED PHA-INDUCED BLASTOGENESIS 
IN VITRO 

REDUCED PHA-INDUCED IN VITRO 
CYTOTOXIC CELL FUNCTION 

DIMINISHED ABILITY TO GENERATE 
SUPPRESSOR ACTIVITY IN VITRO 

INCREASED LEVELS OF SERUM 
IMMUNOGLOBULINS 

INCREASED PREVALANCE OF SERUM 
AUTOANTIBODIES 

TABLE 2. Non-specific effects of asbestos-inhalation on 
aveolar macrophages in animals. 

NON-SPECIFIC EFFECTS OF ASBESTOS INHALATION ON 
ALVEOLAR MACROPHAGES IN ANIMALS 

ALTERED SURFACE MORPHOLOGY 

ENHANCED ABILITY TO SPREAD ACROSS 
A GLASS SUBSTRATE 

MORE EXTENSIVE CYTOPLASMIC PROCESSES 

SIGNIFICANT INCREASE IN IGG RECEPTOR 
SITES 

DECREASED CHEMOTACTIC ACTIVITY 
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TABLE 3. Immunoregulatory effects of asbestos-inhalation on 
alveolar macrophages in animals. 

IMMUNOREGULATORY EFFECTS OF ASBESTOS INHALATION ON 
ALVEOLAR MACROPHAGES IN ANIMALS 

SIGNIFICANT INCREASE IN IMMUNE 
ADHERENCE ACTIVITY 

INCREASED PRODUCTION OF lL-l 

PROLONGED MACROPHAGE - LYMPHOCYTE 
BINDING 

MACROPHAGE-INDUCED LYMPHOCYTE 
BLASTOGENESIS 

TABLE 4. Effects of crocidolite or fibre-glass fibres on IgG 
receptor activity of rat alveolar macrophages as measured 
by increased ability to bind sensitised sheep erythocytes 
("EA" rosette formation). 

"EA" ROSETTE FORMATION BY ALVEOLAR MACROPHAGES AFTER 
4 HR IN CULTURE 

No, OF 
~1ACROPHAGES % ROSETTES ERYTHROCYTES/RoSETTE 

CONTROL CELLS 62±12 
CROCIDOLITE-DUSTED CELLS 75±10 
GLASS-FIBRE-DUSTED CELLS 91±8 

* 4,5±2,2 (3-9) 
9,1±4,8 (3-18) * 

* 14,5±7,9 (3-32) 

MEAN OF 12 EXPERIMENTS PERFORMED IN TRIPLICATE ± $,E, 
* P 0,001 
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PHA-INDUCED nougl LYMPHOCYTE CYTOTOXICITY 
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Fig.l. In vitro PHA-induced cytotoxic lymphocyte function in 
peripheral blood lymphocytes in normal subject (A), 
subjects with past occupational asbestos exposure and 
pleural plaques (e). P 0.05 when differences between e 
and B were tested using the Mann Whitney U test. 

Fig.2. Immunological mechanisms which could act in 
asbestos-related diseases. MIF = migration inhibition 
factor; MFF macrophage fusion factor; LDCF-F 
lymphocyte derived chemotatic factor for fibroblasts; 
LDeF-M lymphocyte derived chemotatic factor for 
macrophages. 
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The possibility that chemicals found in the environment can 
suppress certain immune responses is one of the cornerstones 
of immunotoxicology. The nitrosamines represent an environ
mentally important group of compounds that includes dimethyl
nitrosamine (DMN, N-Nitrosodimethylamine). DMN is a potent 
carcinogen in several rodents (Magee and Barnes, 1967) and is 
a suspected carcinogen in man (Craddock, 1983). N-nitroso 
compounds are formed when primary, secondary, or -tertiary 
amines react with nitrogen oxides or nitrite (Ember, 1980). 
Studies have shown that the generation of nitrosamines occurs 
not only in the external environment, but may also occur in 
the human stomach (Sander, 1967). Later investigations showed 
that several species of bacteria, including Escherichia coli, 
were capable of forming nitrosamines from secondary amines and 
nitrites (Montesano and Magee, 1970). Therefore, the possi
bility of nitrosamine formation in the digestive tract coupled 
with the possibily for direct exposure to the preformed 
nitrosamines in the environment via ingestion, inhalation, or 
dermal contact suggest a potential hazard for the population 
at large. 

TOxicological interest in the ~-nitroso compounds was first 
aroused in 1954 when dimethylnitrosamine (DMN) was introduced 
into the laboratory as a solvent (Barnes and Magee, 1954). 
Barnes and Magee reported that two laboratory technicians 
developed cirrhosis of the liver after handling DMN. Sub
sequent experiments conducted by Barnes and Magee indicated 
that DMN readily produced severe liver injury in rats, 
rabbits, mice, guinea pigs, and dogs. Centrolobular and 
midzonal necrosis, depletion of glycogen, fat deposition, 
dilution of sinusoidal spaces, hemorrhagic peritoneal exudate 
and bleeding into the lumen of the gut were striking features 
following acute exposure to DMN. Prolonged administration of 
relatively low doses of DMN (100, 50 or 25 ppm in the diet) 
resulted in fibrosis and gross nodular cirrhosis of the liver 
(LePage and Christie, 1969). Besides the hepatotoxic effects, 
primary tumors were detected in the liver, kidney, esophagus, 
stomach, and central nervous system following exposure to DMN 
and related nitrosamines (Magee and Barnes, 1956, Craddock, 
1971). subsequent studies by Craddoch indicated that the 
tumors could be induced following a single dose of DMN if 
given during liver regeneration following a partial hepa
tectomy (Craddock, 1971, 1973,1975). 

From a mechanistic point of view, most of the toxicity which 
characterizes DMN and the nitrosamines is thought to be 
mediated by a metabolite generated in the enzymatic oxidative 
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demethylation of DMN (Health, 1962, Magee and Barnes, 1967, 
Gol-Winkler and Goutier, 1977, Kroeger-Koepke and Michejda, 
1979). This metabolic activation of DMN, which occurs predo
minantly in the liver, results in the intracellular formation 
of a methylating agent which alkylates nucleic acids, prima
rily at the N-7 position of guanine (Gol-Winkler and Goutier, 
1977). While~there are many papers which describe the immuno~ 
suppressant effects of such alkylating agents as cyclo
phosphamide (Diamantstein et al., 1981), few studies have 
defined the relationships between the administration of DMN 
and the immune response. The studies summarized in this 
chapter provide evidence that DMN can suppress immune respon
siveness in some animal species. 

II. EFFECTS OF DMN ON HEMATOPOIETIC AND LYMPHOID TISSUE 

Magee and Barnes (1967) reported that DMN had hepatotoxic and 
carclnogenic properties in several animal species. In their 
studies and their reports of other studies, nitrosamines given 
orally, subcutaneously, or intraperitoneally were cited as 
causing damage to liver, kidney, lung, nasal sinus, esophagus, 
stomach, bronchi, bladder, brain, nerves, and colon. 
Historically, the primary targets for DMN-induced toxicity 
have been those organs possessing the necessary enzymes to 
generate the alky1ating intermediates, Le., the liver, and 
sometimes the kidney, but generally not the hematopoietic or 
lymphoid tissue. Waynforth and Magee (1974) studied the 
effect of a single oral or intraperiteonal dose of DMN to rats 
and mice. They reported an apparent leukostasis in DMN treated 
rats(p.o.,40mg DMN/kg,single dose), but not in mice (i.p., 14 
or 7 mg DMN/kg, single dose). Any effects of DMN on lymphoid 
tissue were not reported and were, presumably, unobserved. 

More recent studies have investigated the alterations in 
immune response following subchronic (14 day) DMN treatment in 
mice (Holsapple et al., 1984a). The results of the subchronic 
DMN exposure (i.p. 1.5, 3.0, or 5.0 mg DMN/kg, 14 daily 
single doses) confirm the lack of direct effect by DMN on the 
spleen as evidenced by the histopathology, although DMN 
exposure did produce a slight splenomegaly which was not 
dose-related (Holsapple et al., 1984a). Subchronic DMN 
exposure also affected the hematology as there was a shift in 
the relative peripheral blood differentials without an effect 
on the number of leukocytes (Holsapple et al., 1984b). The 
percentage of lymphocytes was decreased (33%) while those of 
neutrophils and monocytes were increased (240% and 60%, 
respectively) in mice exposed to the highest concentration (5 
mg/kg/day for 14 days). 

In the investigation by Holsapple et al., (1984b), the effects 
of exposure to DMN on bone marrow were also determined. These 
results indicated a profile of activity which parallels the 
hematological effects discussed above. There was no effect on 
bone marrow cell number. However, the number of 
granulocyte/monocyte stem cells measured with CFU/GM was 
increased in a dose-related fashion with a 62% increase noted 
at the highest dose. 



335 

With the exception Of the effects on hematology and bone 
marrow, DMN apparently exhibited minimal direct toxic effects 
on lymphoid tissue. Immunotoxic effects however, may not 
always be demonstrated as gross or histological changes in 
lymphoid tissue. Oftentimes, changes may occur in immune 
function which are not correlated with histopathological 
changes. This may be the case with DMN, as the next two 
sections suggest that exposure to DMN does alter both humoral 
and cell-mediated immune responses. 

III. EFFECTS OF DMN ON THE HUMORAL IMMUNE RESPONSE (Table 1) 

One of the earliest reports of the immunosuppressive effects 
of a nitrosamine was reproted by Waynforth and Magee (1974). 
In this systematic study, Wistar rats were administered a 
single dose (p.o) of 40 mg D MN/kg body weight (the approxi
mate LDso dose) and mice were administered a single dose 
(i. p.) of either 14 mg (the approximate LDso ) or 7 mg DMN/kg 
body weight. An inhibition in hemolytic plaque formation and 
in the circulating hemagglutinin antibody titre was observed 
only in the mice receiving the higher dose of DMN. An in
crease in plaque formation was observed in rats, while the 
circulating hemagglutinin antibody titres was decreased. 

A more recent study was reported by G.C. Hard (1981). The 
objective of this investigation was to determine the effects 
of exposure to a relatively high single dose of DMN (60 mg/kg, 
i.p.) on antibody responses to both a T-independent antigen 
(Brucella abortus) and a T-dependent antigen (sheep 
erythrocytes) relative to the development of a DMN-induced 
tumor of the kidney in rats. The T-dependent response, but 
not the T-independent response, was suppressed as soon as 24 
hours after exposure to DMN and the magnitude of the suppres
sion was constant for 10 days. From 2 weeks, there was a 
gradual recovery with full restoration occurring by 8 weeks at 
the time of emergence of the neoplastic foci in the kidney. 
The observation that the first recognizable tumor aggregations 
became manifest when the immune responsiveness had fully 
recovered prompted Hard (1981) to conclude that the immune 
suppression by DMN was not associated with the carcinogenic 
event. It is important to emphasize that the presence of the 
renal tumors was determined by conventional histological 
procedures. Therefore, one could argue that the immune 
suppression by DMN did contribute to the tumor formation by 
allowing the initial carcinogenic event to go undetected which 
would be expected to occur soon atter exposure to the 
chemical. The tumor growth would then proceed until being 
capable of detection by histology, at a time when the immune 
response could have recovered. 

The most recent study on the effects of DMN on humoral im
munity reported that subchronic doses of DMN also caused a 
suppression in mice (Holsapple, et al., 1984a). Spleen cells 
obtained from mice administered 1.5, 3.0, or 5.0 mg DMN/kg for 
14 days (i.p., daily doses) exhibited a dose-dependent reduc
tion ' of the IgM antibody-forming cell response to a 
T-dependent antigen (SRBC) on days 4 and 5. The IgG response 
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was only affected at the high 40se of DMN and only on the peak 
day of the response (day 5). A comparable exposure regimen 
did not affect the response to a T-independent antigen 
(DNP-Ficoll) on any of the days tested. When recovery from 
the effects of DMN exposure was studied, it was observed that 
the IgM response to SRBC remained significantly suppressed 
(48%) 34 days after DMN exposure was ended, reflecting a 
persistent immuno-suppressive effect. The most sensitive 
indicator of the suppression of antibody production following 
exposure to DMN was the in vitro response of DMN-treated 
spleen cell suspensions to lipopolysaccharide (LPS) and sheep 
red blood cells (SRBC). Both the day 2 polyclonal response to 
LPS and the day 4 response to the T-dependent antigen, SRBC, 
were completely (>90%) suppressed by all doses of DMN. In 
addition to the suppression of antibody production, the 
proliferative response to the B-cell mitogen, LPS, was also 
suppressed in a dose-dependent manner, with a range of sup
pression from 15 to 32%. 

The duration of the immunosuppressive effects of DMN on 
humoral immunity has not been determined. One could sp~culate 
that the mechanism for this long-lasting suppression is not 
due to the persistence of free, reactive metabolites of DMN as 
these have been shown by whole body autoradiography to be 
produced and to bind within minutes after the administration 
of 14C-DMN (Johansson and Tjalve, 1978). As described in the 
preceeding section, DMN produced hematological changes, most 
notably a decrease in the percentage of lymphocytes in the 
differential count (Holsapple et ale 1984b). These 

results further indicated that DMN has an effect on the bone 
marrow which was manifested as an increase in the number of 
granulocyte/monocyte stem cells. This effect could have 
occurred at the expense of lymphocyte differential, since the 
number of bone marrow cells was not changed. Such an effect 
could explain the persistence, if the ability of the bone 
marrow to repopulate the immunocompetent organs with func
tional (i.e., immunocompetent) lymphocytes and/or 
macrophages/monocytes is altered. 

The investigation by Holsapple et ale (1984a) was also the 
first time that DMN was added directly to cultured spleen 
cells. The results indicated that the ability of lymphocytes 
to respond in an in vitro antibody assay was not affected by 
concentrations up to 100mM. In addition, DMN plus either 
plenobarbital-induced liver proteins or 
3-methylcholanthrene-induced liver proteins, which were 
capable of metabolizing DMN, also did not have an effect. The 
lack of direct effect in vitro compared to the potent effects 
in vivo suggests that the reactive metabolites of DMN, which 
contribute to the toxicity of the liver, mutagenicity, and 
carcinogenicity by DMN, may not playa role in mediating the 
humoral immunosuppression produced by subchronic exposure to 
this compound. 
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IV. EFFECTS OF DMN ON THE CELL-MEDIATED RESPONSE (Table 2) 

In general, the studies which employed large single injections 
of DMN have failed to demonstrate effects on cell-mediated 
immune parameters. Waynforth and Magee (1974) reported that 
the 'survival time of skin allografts was not affected by 
exposure to 40 mg/kg (p.o.) in rats or to 7 or 14 mg/kg (i.p.) 
in mice. Similar results were also reported by Hard (1975) 
who again measured an immune response at various times afte~ 
exposure to 60 mg/kg (i.p.) relative to the development of 
DMN/induced renal tumors in rats. The blastogenic response of 
1ymho.cytes to phytohemagglutinin (PHA) was not affected at any 
time after exposure to DMN. 

Studies have also been done which investigated the alterations 
in cell-mediated immune response following subchronic (14 
days) DMN treatment (Holsapple et a1., 1984b). The results 
from these studies demonstrate that the cell-mediated immuno
competence of the B6C3Fl mouse could be either significantly 
suppressed or enhanced, indicating that effects of DMN on 
cell-mediated immunity may be somewhat more complex than 

the effects on humoral immunity. 

In contrast with the earlier results by Hard (1975) with acute 
exposure to DMN, the 1ymphoproliferative responses to the 
T-cell mitogens, Con A and PHA, were suppressed by subchronic 
exposure to DMN, although the effects were only marginally 
dose-related. DMN-treated animals did, however, exhibit a 
dose-related decrease in the mixed lymphocyte response. The 
optimal response (day 4) was suppressed by 41% in mice treated 
with the high dose of DMN (5.0 mg/kg). The mixed lymphocyte 
response is more specific than mitogenicity, as the former 
requires the cell to be able to recognize a110antigens and to 
proliferate. Both tests indicate that the T-1ympocytes from 
DMN-treated mice have an impaired ability to respond. 

The delayed hypersensitivity response (DHR) represents a 
holistic in vivo correlate for cell-mediated immunity. The 
investigation by Holsapple et a1. (1984b) utilized several 
models of the DHR to characterize the effects of DMN on 
cell-mediated immunity. The magnitudes of these responses 
were measured by radioisotopic procedures which reflecteq thp. 
release of lymphokines by the sensitized T-lymphocytes, namely 
an increase in the vascular permeabiiity of a radiolabelled 
protein, or an inc.rease in the influx of radiolabelled 
monocytes. The initial model tested was a DHR to keyhole 
limpet hemocyanin (KLH) in which the monocytes were labelled 
endogenously by pretreating the mice with 
12£I-iododeoxyuridene 24 hours prior to challenge. 

Suprisingly, this reponse was increased in a dose-related 
manner with a 300 % increase noted at the highest dose (5 
mg/kg/day). In contrast, when the DHR was measured by extra
vasation of 128'I-human serum albumin, adminsi tered 18 hours 
after challenge, there was a 54% decrease in mice exposed to 
the highest dose. In parallel experiments, the DHR to shepp 
erythrocytes, a particulate antigen, was decreased by 60% when 
measured with 125I-HSA in mice exposed to 5.0 mg/kg. DMN was 
not found to have an effect on the increase in vascular 
permeability associated with the acute inflammatory response 



338 

to carrageenin. Therefore, the effects on the 
models can be attributed to immunosuppression 
nonspecific anti-inflammatory activity. 

latter 
and not 

DHR 
to 

However, if these results (i.e., DHR models measuring vascular 
permeability and the lymphoproliferative responses) reflect an 
overall suppression of cell-mediated immunocompetence in 
agreement with the effects on humoral immunocompetence 
(Holsapple et al., 1984a), then the enhancement of the KLH DHR 
model measured by the influx of endogenously labelled mono
cytes becomes an enigma. The possibility that exposure to DMN 
produced a differential effect on specific lymphokines (i.e., 
decrease those mediating vascular permeability and increase 
those mediating chemotaxis) was considered unlikelyl. As 
described previously, experiments measuring bone marrow showed 
that DMN caused a dose-dependent increase in CFU-GM (Holsaplle 
et al., 1984b). These results may help explain the puzzling 
dichotomy. One hypothetical explanation for the divergent DHR 
results is that DMN treatment caused the number of bone marrow 
cells differentiating to form granulocyte-moncytes to increase 
resulting in a larger pool of cells available to be called 
into the challenge site. This hypothesis was corroborated by 
adoptive transfer studies which were performed by exogenously 
labelling bone marrow by incubation with chromium 51 and using 
these cells to measure the cellular influx in a DHR to KLH. 
Bone marrow cells derived from either control (vehicle) or 
DMN-treated donor mice could comparably respond in a DHR in 
recipient mice exposed to the vehicle. However, the DHR in 
recipient mice exposed to 5.0 mg DMN/kg was suppressed by more 
than 65% regardless of the source of bone marrow cells. 
Therefore, the ability of DMN-treated mice to elicit a mono
cyte (exogenously-labelled) influx in response to KLH was 
impaired, in agreement with the DMN-induced suppression of the 
DHR to either KLH or SRBC as measured by vascular permeability 
and the suppression of the lymphoproliferative responses. 

In summary, exposure to DMN suppresses many aspects of cel
lular immune function (Holsaplle et al., 1984b), including 
T-lymphocyte function in the lumphoproliferative response to 
T-cell mitogens, in the mixed lymphocyte response, and in 
selected models of the DHR. As described in the preceeding 
section, these DMN-induced alterations may be mediated via an 
effect on bone marrow differentiation. Regardless of the 
mechanism, changes in humoral and cell-mediated immuno
competence may ultimately be manifested as functional changes 
in host resistance. This possibility is explored in the next 
section. 

v. EFFECTS OF DMN ON HOST RESISTANCE (Table 3) 

Recognizing that changes in humoral and cell-mediated immunity 
may potentially alter the course of susceptibility of animals 
to infectious agents, studies have been done to assess the 
effects of DMN on host resistance (Bradley and Jessee, 1984, 
and Duke et al., 1984, and Holsaplle et al., 1984b). Sub
chronic exposure (14 days) to 1.5, 3.0, or 5.0 mg DMN/kg body 
weight had little effect on most of the host resistance models 
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used in this study: encephalomyocarditis virus (resistance to 
this virus generally involves interferon, neutralizing anti
body and antibody dependent. cell mediated immunity) Herpes 
simplex virus type 2 (T-Iymphocytes, B-Iymphocytes, NK cells, 
macrophages, and interferon), Naegleria fowleri (complement) 
and Plasmodium berghei (T-cell dependent antibody, 
B-lymphocytes, macrophages) (Bradley and Jessee, 1984). Those 
infections for which host resistance depends predominantly 
upon macrophages and cell mediated immunity, e.g. Listeria 
monocytogenes (Holsapple et al., 1984b) and Cryptococcus 
neoformans (Bradley and Jessee, 1984), exhibited a trend 
toward a decreased mortality (i.e., increased resistance). In 
light of the effects on cell-mediated immunity, particularly 
the DHR, these results were somewhat unexpected and may be 
more related to the increased (48% at the high dose) phago
cytic capacity of macrophages (peritoneal exudate cells) from 
DMN treated animals as reported by Duke et al. (1984). 

Another host resistance model in which DMN-treated mice were 
more resistant was the B16F10 (tumor) melanoma model (Duke et 
al., 1984). Following 14 days of exposure to 1.5, 3.0, or 5~ 
mg DMN/kg, an increase in host resistance to B16FlO melanoma 
was observed. There was a reduction in both the incidence and 
the number of pulmonary tumor nodules in DMN-treated mice 
given 1 x 105 tumor cells and a reduction in the number of 
pulmonary tumor nodules in mice given 3 x 106 tumor cells. 
Results from this study suggested that the increase in resis
tance to the B16F10 melanoma may be mediated by a combination 
of a significant increase in the activity of macrophages and a 
slight increase in the activity of NK cells. 

Of the host resistance studies reported, DMN appeared to 
decrease the host resistance to only one infectious agent, 
Steptococcus pneumoniae (Bradley and Jessee, 1984). DMN 
administered intraperitoneally at 3.0 mg/kg for 14 days prior 
to challenge impaired host resistance. The ability for a host 
to resist s. pneumoniae depends primarily upon opsonizing 
antibody, complement, and phagocytosis by PMNs. Preliminary 
results have indicated that exposure to DMN does not alter 
complement (K.L. White, Jr., Medical College of Virginia, 
personal communication). The effects of DMN on the phagocytic 
capability of PMNs has not been determined. Therefore, while 
the suppression of humoral immunocompetence may contribute to 
the increased mortality with s. pneumoniae, a nonspecific 
impairment of innate host resistance cannot be ruled out at 
this time. 

Host resistance to infection is often mechanistically complex 
and may be determined by several different components of the 
immune system. Although the in vivo studies with DMN did not 
definitively identify the site of immunotoxic action of DMN, 
the assessment of host resistance to select pathogens comple
ments the profile of effects on immunologic competence. 
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VI. SUMMARY 

The overall effect of DMN on immune responsiveness was a 
depression of humoral and cell-mediated immune responses. 
These effects appeared to be greatest with subchronic 
(repeated) exposure compared to an acute (single) injection. 
Concomitant with these effects on immune function, exposure to 
DMN produced an alteration in the bone marrow stem cell 
population. An increase in both the number and phagocytic 
activity of macrophages and the number of neutrophils from DMN 
treated mice was observed. Ultimately, these changes appeared 
to alter the course of susceptibility of animals to some 
infectious agents (B16F10 melanoma, Listeria monocytogenes, 
Cryptococcus neoformans, and Streptoccos pneumoniae.) 

VII. FUTURE DIRECTION 

While the aforementioned effects on the bone marrow may 
contribute to the observed profile of immunotixity, the 
effects on other organs may also indirectly modulate the 
immune response. As stated at the outset, the primary target 
organ for DMN toxicity is the liver. In "all of the subchronic 
studies with DMN, a dose-related increase in damage to the 
liver, measured by histopathology and clinical chemistry, was 
obsrved (Holsapple et al., 1984a, Holsapple et al., 1984b, and 
Duke et al., 198~The livers of animals exposed to the 
highest dose (5 mg/kg/day) were described as precirrhotic, and 
between 25% and 50% of these animals developed ascites. The 
earlier studies by Hard (1975 and 1981) stated that only 50% 
of the rats exposed to 60 mg/kg DMN survived and were used to 
determine the subsequent effects on immuno-competence. 
Therefore, dose-regimens which are capable of perturbing 
immune function, are also clearly hepatotoxic. A preliminary 
investigation has demonstrated that the two events may be 
related. Munson et al. (1984) showed that liver homogenates, 
but not spleen homogenates, from DMN (5 mg/kg/day)/treated 
mice, but not vehicle-treated mice, were directly suppressive 
when added to cultures of spleen cells from untreated mice 
which were then stimulated with SRBCs to make antibody. The 
greatest effects were observed with serum, as 0.031 microgram 
protein of DMN-serum produced 50% suppression while 27 micro
grams protein of vehicle-serum was without effect. The 
conclusion from these studies was that the effects of DMN on 
the liver result in the production of a factor which is 
capable of producting a potent suppression of immunity. 
Investigations are currently underway to isolate and charac
terize this factor. One area recelvlng a great deal of 
consideration involves the acute phase reactant (APR) proteins 
which are primarily produced in the liver. Feldman (1982) 
demonstrated that the production of APR proteins was markedly 
increased by a combined regimen of carbon tetrachloride and 
phenobarbital which induced cirrhosis. One of the principle 
APR proteins of the mouse, serum amyloid A (SAA) has been 
demonstrated to be immunosuppressive when added to cultures of 
spleen cells from untreated mice (Benson and Aldo-Benson, 1979 
and 1982). 
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Interestingly, another series. of papers have demonstrated that other APR 
proteins, theisoferritans and transferrin, can 
affect the differentiation of the granulocyte/monocyte 
tion (Broxmeyer, 1982 and Broxmeyer et al., 1983). 
results are important because they indicate that one 
most important probes for chemical carcinogenicity can 

popula
These 

of the 
also be 

used . to investigate the possible modulation of immuno
competence by the liver. 
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TABLE 1. Summary of the Effects of Dimethylnitrosamine on Humoral Immunity 

Dose of DMN Route and DUration 
Strain/Species (mg/kg) of Exposure Parameter Effect 

Wistar rats 

Wistar rats 

(C57BLxBALB/C) 
Fl mice 

40 

40 

14 

(C57 BALB/C)Fl mice 14 

Wi star rats 60 

Wistal' rats 60 

B6C3Fl mice 5 

B6C3F1 mice 5 

B6C3f1 mice 5 

B6C3Fl mice 5 

B6C3Fl mice 5 

&6C3Fl mice 5 

p.o., single 

p.o., single 

i.p., single 

i.p •• single 

i.p •• single 

i.p •• single 

i .p •• 14 daily 

i .p •• 14 daily 

i .p .• 14 daily 

i .p •• 14 daily 

i ,p •• 14 daily 

i .p •• 14 daily 

Hemolytic plaque (41%)* 
assay 

Hemagglutinin 
tftres 

(54%) 

Hemolytic plaque (B8%) 
assay 

Hemagglutinin 
titres 

(68%) 

Hemolytic plaque (98%) 
assay (T-dep) 

Hemagglutinin NE 
titre (T-ind) 

Day 4 19M Ab (81%) 
response to T-dep 

Day 5 IgG Ab (60%) 
response to T-dep 

IgM Ab response NE 
to T-ind 

In vitro poly- (96%) 
CTo~ response 
to LPS 

In vitro T-dep (97%) 
Afj response 

Mitogen response (32%) 
to LPS 

a Waynforth and Magee, 1974 b Hard. 1981 c Holsapple et~, 1984a 

T-dep • T-dependent antigen 
T-ind ~ T-independent antigen 

Ab " antibody 

lPS D lipopolysaccharide 
NE • no observed effect 

Ref. 

a 

a 

a 

a 

b 

b 

c 

c 

c 

c 

c 

c 

The numbers in parentheses represent the % decrease in the experimental value 
in comparison to the control. with the exception of * which is the % increase. 



TABLE 2. Summary of the Effects of Dimethylnitrosamine on 
Cell~diated Immunity 

DOse of DAN ROute and UUratlon 
Strain/Species (mg/kg) of Exposure Parameter Effect Ref. 

Wistar rats 40 

(C57BLxBALB/C)F1 Mice "14 

Wistar rats 60 

B6C3Fl mice 5 

B6C3Fl mice 5 

B6C3Fl mice 5 

B6C3Fl mice s 

B6C3Fl mice 5 

B6C3Fl mice 5 

B6C3F1 mice 5 

B6C3Fl mice 5 

B6C3Fl mice 5 

86C3Fl mice 5 

a Waynforth and Magee, 1974 
c Holsapple ~!l:.., 1984b 

p.o., single Allograft rejection HE 

i.p., single Allograft rejection HE 

i.p., single Mitogen response 
to PHA 

i.p., 14 daily Mitogen response 
to PHA 

i.p., 14 daily Mitogen response 
to Con A 

t.p., 14 daily Hixed Lymphocyte 
Response 

NE 

(32%) 

(28%) 

(41%) 

a 

a 

b 

c 

c 

c 

t.P., 14 daily DHR to KLH: mono- (339%) c 
cyte influx (labelled 
endogenously) 

i.p., 14 daily DHR to KLH: (54%} c 
vascular permeability 

i.p., 14 datly OHR to SRBC: (69%) c 
vascular permeability 

t.p., 14 daily DHR to KLH: mono- (69%) c 
cyte influx (labelled 
exogenously) 

l.p., 14 dany Acute Inflammation: HE c 
vascular permeability 

i.p., 14 daily Macrophage (PEC) 
phagocytosis 

i.p., 14 daily Natural Killer 

b Hard, 1975 
d Duke et!l:.., 1984 

(48%)"" c 

HE d 

PHA - phytohemagglutinin DHR ~ delayed hypersensitivity response 
Con A _ Concanavalin A PEC a peritoneal exudate cells 
SRBC _ sheep erythrocytes HE a no observed effect 
KLH • keyhole limpet hemocyanin 

The numbers tn parentheses represent the % decrease in the experimental value 
in comparison to the .control, with the exception of * which is the % increase. 
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TABLE 3. Summary of the Effects of Dimethylnitrosamine* on Host Resistance 

Infectious 
Agent 

EMC 

HSV-2 

Naefleria 
fOw erl 

Pl asrnodi um 
berghei 

Listeria 
rnonocytogenes 

CryPtococcus 
neoTonnans 

B16FlO 
melanoma 

Route of 
Infection 

f.p. 

i.v. 

i.v. 

i.v. 

i.p. 

i .v. 

i.v. 

Streptococcus i.p. 
pneumoniae 

Inoculum 
(per mouse) 

1.1 x 10-7 

3 x 103 PFU 

5 x 103 cells 

7.7 x 103 CFU 

1.2 x 105 cells 

1.2 x 105 cells 

1.7 x 106 

a Bradley and Jessee. 1984 
b Holsapple et al •• 19B4b 
c Duke et a 17;" DB"4 

EMC .·encephalomyocarditis virus 
HSV • Herpes Simplex Virus 
PFU • plaque fonning units 
CFU • colony forming units 
HE • no observed effect 

*5 mg/kg/day, i.p •• for 14 days 

Effect 

NE 

HE 

HE 

NE 

Reference 

a 

a 

a 

a 

'mortality b 

~ mortality a 

, tumor of c 
nodules 

t mortaHty a 
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With the recognition that chemicals can have direct effect on 
the immune system the relatively new field of immunotoxicology 
is gaining wide support and interest, Gibson, Hubbard and 
Parke (1983). The objective of this article is to review some 
of our work on the immunotoxicology of asbestos and poly
brominated biphenyls (PBB). 

IMMUNE STATUS OF PATIENTS WITH MALIGNANT MESOTHELIOMA 

The possibility has been raised that the apparent immuno
suppression or the lack of it observed in asbestos exposed 
indiviuals might directly relate to the course of the disease 
and the ultimate development of mesothelioma or other asbestos 
related neoplasms, Lange et al. (1978) and Wagner et al. 
(1979). The risk of developing cancer peaks 20-38 years after 
the onset of exposure to asbestos. Then one third of all 
deaths among asbestos workers are due to some form of lung 
cancer. 

In 1965, the first indication appeared that autoimmune mecha
nisms might be involved in asbestos-related disease in studies 
of rheumatoid factor in the serum of asbestos workers, 
Turner-Warwick and Parkes (1970). This was later confirmed, 
together with the finding of increased frequency of non-organ 
specific antibodies (antinuclear factor) and the possibility 
was raised that ANA production in asbestos-exposed workers 
might be under genetic control, since HLA-B8 antigen was more 
frequently seen among ANA positive workers than in negative 
controls, Turner-Warwick (1973), Lange et al. (1974), Matez 
et al. (1978). 

There have also been a few earlier reports concerning immuno
logical changes in patients with asbestosrelated mesothelioma, 
particularly quantitative deficiency of circulating T-cells, 
Kagan et al. (1977), Haslan et al. (1978), Fischbein et al. 
(1978), Wagner et al. (1979). There is therefore at least 
suggestive evidence that immune dysfunction might play a role 
in the development of malignancy in asbestos exposed 
individuals. 
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We have studied the immunological status of 57 untreated 
mesothelioma patients who have been referred to us for the 
evaluation of their immunological status. Not surprisingly, 

moderate to severe immunosuppression was observed among these 
patients. The in vivo cell mediated immunity as measured by 
delayed cutaneous hypersenitivity response to recall antigens 
(PPB, mumps, candida, varidase and dermatophytin) showed that 
26% of the 57 patients were anergic (responding to < 2 recall 
antigens) compared to 10.4 % of control industrial workers who 
have not been exposed to asbestos. The high frequency (45%) 
of positive responses to PPD among the mesothelioma patients 
appears to be characteristic, since only 11.5% of patients 
with other types of cancer were PPD positive. Also, in these 
patients, the markedly lower response to mumps antigen as 
compared to a control population (Figure 1) might be a signi
ficant finding. 

Analysis of various subclasses of lymphocytes (T and B) and 
monocytes revealed that the majority of the patients had 
significantly reduced T-lymphocyte subsets (Figure 2), normal 
distribution of B-cells and an increase of lymphocytes without 
surface marker property (null cells). study of the functional 
integrity of T-lymphocytes revealed that only 30 % of the 
patients exhiibited lymphocyte responses within the normal 
range to PHA in autologous plasma (Figure 3). This was 
correctable in some cases by substituting with normal AB 
plasma, indicating the possible presence of serum blocking 
factor(s). Most patients with mesothelioma ultimately recei
ved some form of therapy including surgery, radiation or 
chemotherapy. 

Our findings concerning unexpected longevity in a group of 
untreated patients with malignant mesothelioma with a normal 
immunological status is suggestive of participation of the 
host immune system in the control of the disease. All such 
patients who have decided not no receive treatment have been 
monitored longitudinally for their clinical and immunological 
status. Representative data on four patients are summarized 
in Table 1. They had normal or near normal distribution of 
various subpopulations of lymphocytes which remained unchanged 
during the observation period of 5 to 8 years. The functional 
intergrity of the lymphocytes as measured by lymphoblasto
genesis appeared to be at the lower range of the normal values 
and showed no evidence of serum blocking factor in these 
patients. Also, there was no measurable progression of 
disease during that period. The question, however, remains to 
be answered whether the longevity of patients with mesothe
lioma with normal or near normal immune function represents 
those individuals whose tumor is more antigenic thus provokes 
stronger immunological response which can adequately control 
the diseases and/or is a reflection of the satisfactory 
immunobiological status of the patient at the onset and/or 
during the course of the disease. 
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IMMUNE STATUS OF HIGH RISK ASBESTOS WORKERS 

asbestos 
These 

and 

The immunological status was also assessed of 104 
workers at 20+ years after the initial exposure. 
workers were clinically well at the time of examination 
had shown no evidence of serious disease of any kind. 

The in vivo cell mediated immunity was determined by measuring 
the delayed cutaneous hypersentitivity response 48 hours after 
exposure to a battery of bacterial, viral and fungal antigens 
(PPD, mumps, candida, varidase and dermatophytin). The 
asbestos workers exhibited a similar pattern of response to 
recall antigens to patients with malignant mesothelioma. 
Twenty-two percent of the workers were anergiC, 38% of the 
responders gave positive reactioon to PPD as compared to 45% 
of the mesothelioma patients and 10% of the control (Figure 
1). Also similarly to the mesothelioma patients, the asbestos 
workers yielded markedly lower responses to mumps. Thus, the 
in vivo cell mediated immune response in asbestos workers 
reflects an altered immunological status even in the absence 
of malignancy. 

The in vitro immunocompetence of asbestos workers was evalua
ted by phenotyping the peripherial blood lymphocytes and by 
measuring their functional integrity via' blastogeniC transfor
mation assays. The total T lymphocytes (Tll) fell below the 
normal range in 30% of the asbestos workers (Figure 2). 
Significant reduction was also observed in their helper T 
cells (T4) with a concomitant increase in the suppressor T 
cell (T8) population (Figure 4). Here, unlike in acquired 
immunodeficiency syndrome where the T4 is reduced but the T8 
is essentially unchanged, the T4/T8 ratio becomes inverted due 
to abnormalities in both helper and suppressor lymphocyte 
numbers. In terms of function., 40% of the tested group showed 
decreased lymphoblastogenesis both in autologous and normal AB 
plasma thus excluding the possibility of a blocking factor 
such as was found in the serum of patients with mesothelioma 
(Figure 3). 

In summary, based on both the in vivo and in vitro assessment 
of the immune status of asbestos workers there is suggestive 
evidence that exposure to asbestos adversely effects the human 
immune response by contributing to anergy, heightened PPD 
reaction without tuberculosis, numerical reduction in circula
ting T lymphocytes, inverted T chelper/T suppressor ratio and 
lowered function. Since no evidence of malignancy was found 
in the examined asbestos workers, it is highly possible that 
exposure to asbestos may contribute to an immunodeficiency 
state potentially rendering the host susceptible to neoplasms. 

CONSEQUENCES OF ENVIRONMENTAL CONTAMINATION BY POLYBROMINATED 
BIPHENYLS IN MICHIGAN 

A commercial preparation containing polybrominated biphenyls 
(PBB) was inadvertently used in 1973 in place of magnesium 
oxide in the preparation of a special feed supplement for 
lactating cows, Dunckle (1975), Carter (1976). The contamina
ting agent a was mixture of brominated biphenyls consisting of 
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two penta-, four hexa-, and two octabromobiphenyl isomers 
which had been developed as a flame retardant (Firemaster 
FF-l), Sundstrom et al. (1976). 

Adverse effects of PBB in lactating cows were first reported 
in animals by Jackson and Halbert in 1974. They described 
anorexia and decrease in milk production a few weeks after 
ingestion of the contaminated feed. Some animals developed 
hematomas, abscesses, abnormal hoof growth, alopecia and 
thickening of the skin, developed cachexia followed by death 
within six months. Consequently, more than 500 dairy and 
poultry farms were quarantined in Michigan in 1973 and 1974. 
More than 30,000 cattle and 1.5 million chickens died and 5 
million eggs had to be destroyed. Unfortunately, dairy 
products (beef, poultry, eggs, milk, cheese, butter) contai
ning PBB were widely consumed in Michigan until 1978. PBB was 
subsequently found in the serum and/or adipose tissue of dairy 
farm residents, workers employed by the chemical company which 
manufactured the PBB containing fire retardant, and in most 
Michigan residents (Kay, 1977). 

Polybrominated biphenylS, which have a chemical structure 
similar to that of polychlorinated biphenyls (PCB), are fat 
soluble and are stored in the thymus, liver, brain and adipose 
tissues, where they persist for long periods of time 
(Kay,1977). Effects on the liver, kidney, thyroid, thymus and 
lymph nodes have been reported. The effects include intra
hepatic bile duct hyperplasia, skin changes and preneoplastic 
changes, and in addition, microsomal enzyme induction has been 
demonstrated following PBB exposure in animals. Poly
brominated biphenyls have been shown to be tumor promoters. 
PBB and several (purified) congeners were shown to inhibit the 
metalbolic cooperation between 6-thioguanine sensitive and 
resistant Chinese hamster V79 cells in a manner similar to 
known tumor promoters, such as the phorbol esters, Torosko et 
a1. (1981) and Tsushimoto et a1. (1982). 

CLINICAL MANIFESTATIONS 

To determine the long-term consequences of PBB exposure, 
investigation was undertaken first in 1976-77 and in 1981-83 
of 332 adult dairy farmers from Michigan, 29 chemical workers 
who were involved in the manufacturing of PBB and 156 indivi
duals from the general populations of Michigan. ·A group of 
150 Wisconsin dairy farm residents served as controls. 

A high prevalence of clinical signs and symptoms was found in 
the examination of adult Michigan subjects. Four major 
categories of symptoms were recognized: neurological, 
musculoskeletal, dermatological and gastrointestinal, Anderson 
et al. (1978). The neurological symptoms were the most 
prominent and included fatigue, decrement in the individual's 
capacity for physical and intellectual work, increase in the 
number of hours of sl.eep, memory impairment, headaches, 
dizziness and irritability, The musculoskeletal findings 
consisted of arthritis-like abnormalities including swelling 
of joints with deformities in some cases, joint pain and 
various degrees of limitation of movement. Knees and ankles 
were most frequently affected, but small joints such as 
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fingers and hands were also often involved. The prevalence of 
symptoms among consumers of dairy farm products was similar to 
that found among the dairy farmers, Lilis et ale (1978). The 
frequency of clinical symptoms observed in the Michigan dairy 
farmer population were compared to a control population 
consisting of dairy farmers from Wisconsin. Significant 
differences were found in the prevalence of most symptoms. 
This investigation identified for the first time the presence 
of a "human toxic PBB syndrome" primarily characterized by 
effects on the neurological and musculoskeletal organ systems 
in a large segment of Michigan residents. 

IMMUNOLOGICAL FINDINGS 

Significant deviations from normal in both percent and ab
solute number of T-lymphocytes were observed in PBB exposed 
Michigan dairy farm residents and chemical workers, Bekesi et 
ale (1978), (1983a), (1983b). Thirty-four percent of the 
Michigan farm residents and 59% of the chemical workers 
manifested reduced T cell and increased null cell values. The 
percent and absolute number of T, B and null cells measured in 
the Michigan general population group in most cases were 
within the normal range. Direct (chemical workers) and 
indirect exposure (Michigan farm residents and consumers) to 
PBB resulted in va:z;-ious degrees of abnormalities in cell 
mediated· immunity. Marked decrease in lymphocyte response to 
T and Bcell specific mitogens as well as the proliferative T 
lymphocyte responses in the MLC reaction were observed. An 
attempt was made to establish a toxic PBB syndrome profile in 
the exposed Michigan population, by examining the prevalence 
of multiple clinical symptoms between Michigan farm residents 
with multiple immune dysfunction and those with no or one 
abnormal immune function, (subgroup I in Table 2). Subgroup 2 
consisted of individuals with significantly reduced lymphocyte 
function, both for T and B cells. There was prevalence of 
multiple clinical symptoms among these 52 subjects particu
larly neurological and musculoskeletal symptoms. Subgroup 3 
had numerical (T and Null-cells) and function (T and B cells) 
defects in addition to multiple clinical symptoms. 

Subgroup 4 reflected increased levels of IgG and IgA (with 
prominent monospecific peak) as well as elevated Cs but 
reduced Ci Ivalues. This aberration In serological profile was 
not accompanied by numerical or functional alterations in 
lymphoeytes. Subgroup 5 included 25 Michigan dairy farm 
residents with the most serious multiple immune dysfunctions 
i.e.polyclonal hypergammaglobulinaemia, reduced T-cell 
population and function and increased null cell population 
(Table 3). The abnormalities found in subgroup 4 were also 
accompanied by significantly heightened in vivo reponse to 
recall antigens mumps and varidase and multiple neurological 
and musculoskeletal symptoms. The plasma levels of PBB in· the 
subgroups ranged between 0.6-70 ppb and in 25% of the subjects 
an increase was found as compared to the 1976 and 1978 values, 
Wolf et ale (1979, 1982). There was no apparent relationship 
between serum PBB levels and the prevalence of clinical 
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symptoms and/or immunobiological findings. On the other hand, 

the PBB content of white blood cells particularly the apolipo
protein B fraction of the affected individuals appears to 
correlate with the most severe immune dysfunctions(s) (Roboz 
et al., 1979, 1982). 

FAMILY CLUSTERING OF IMMUNE DYSFUNCTION AND CLINICAL SYMPTOMS 

The immunobiological abnormalities and clinical symptoms were 
examined with respect to family units in order to establish 
whether the observed effects may be genetically determined 
rather than related to the potential exposure. Cluster 
analysis of clinical data and various immunological 
parameters, i.e. T and Null cell surface markers T and B 
lymphocyte function (PHA, ConA PWM) and levels of immuno
globulins (IgG, IgA and IgM), were performed for husbands and 
wives in the 101 family units. A summary of the findings is 
presented in Table 4. Strong family clustering abnormalities 
in the immunological neurological and musculoskeletal systems, 
for husbands and wives was positively established. Moreover, 
there were significant correlations between multiple symptoms 
and immune dysfunctions for husbands and wives independent of 
age and serum or fat PBB levels, Bekesi et ale (1983). 
Similarly, intrafamily clustering was observed for serum and 
adiposePBB levels of quarantined and non-quarantined families 
suggesting the importance of common dietary source, rather 
than a genetic factor for the prevalence of multiple clinical 
symptoms and immune dysfunctions observed in Michigan dairy 
farm populations exposed to PBB (Wolf et al., 1978). 

In summary, based on longitudinal studies of Michigan farmers 
who have been exposed to PBB, the presence of a toxic syndrome 
related to this exposure has been established. The symptoms 
and immunological manifestations persist and it is now known, 
that PBB is transmitted via breast milk. The long-term health 
effects of PBB exposure in both adults and children can only 
be a matter for a speculation at present because of the long 
latency associated with potential carcinogens. 
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TABLE 2 

PBB INDUCED IMMUNE DYSFUNCTION PROFILE 

IN THE EXPOSED MICHIGAN POPULATION 

Michigan Farm Residents 

SUBGROUPS 

1. No or only one abnormal immune parameter 

2. Low lymphocyte stimulation induced by PHA, 
ConA, PWM with normal surface markers (T. 
B, and Null-cells) 

3. Low lymphocyte stimulation induced by PHA, 
ConA, PWM with abnormal surface markers (T 
and Null-cells) 

4. 

5. 

Increased levels of IgG, IgA, C3 , LOW C4 
with normal surface markers (T, B, and 
Null-cell) and lymphocyte function (PHA, 
ConA, PWM) 

Increased levels of IgG, IgA, C1 with 
abnormal surface markers T and Nu11-
cells and lymphocyte function (PHA, 
ConA) 

No 

199 

52 

30 

26 

25 

TOT A L 332 

% 

60.0 

15.7 

9.0 

7.8 

7.5 

100 
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TABLE 4 

ANALYSIS OF IMMUNOLOGICAL PARAMETERS FOR HUSBANDS 

AND WIVES IN PBB-EXPOSED MICHIGAN DAIRY FARMERS 

Absolute Spearman 

Means 1: S.D. Mean Correlation 
Immune Parameter Difference Coeffkient 

Husband Wife (S.D.) (RHO) 

-
Surface MArkers: 

T-Cells (%) 59.17±10.9 60.93±10.8 1.80 0.298** 
(11.88) 

Null Cells (%) 22. 14±13 20.591:11.7 1.56 0.337** 
(13.57) 

Lymphocyte Functions: 
T-Cell by PHA 77 • 83:!:23 73.30±17.9 4.30 0.303** 
(c.p.m. X 1000) (24.33) 

B-cells By PWM 72.84:!:24.9 73.91:!:24.8 0.241 0.282** 
(c.p.m. X 1000) (29.63) 

Immunoglobulins: 
IgG (mg/dl) 1637.241:491.9 1616.551:510.6 27.34 0.324** 

(564.76) 

-y. (mg/dl) 323.24:1:140.3 280.98:!:133.6 41.09 0.053 
(197.11) 

IgM (mg/dl) 121.091:69.6 147.40:!:84.9 27.80 0.150 
(102.62) 

* p < 0.05 ** p < 0.01 
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INTRODUCTION 

Diethylstilbestrol (DES) is a synthetic non-steriodal compound 
that possesses estrogenic activity (Fig. 1). DES has been 
widely used as a therpeutic estrogen in humans since it is 
inexpensive and effective after oral administration (1). The 
major clinical application of DES has been estrogen repla
cement therapy (hormonal dysgenesis, postmenopausal symptoms), 
treatment of prostatic cancer, postcoital contraception and 
suppression of lactation. From the late 1940's DES became 
accepted as useful for the prevention of threatened abortion. 
This treatment was in 1971 shown to lead to cervical and 
vaginal carcinomas in female offspring of treated mothers and 
is the first example of transplacental carcinogenesis of 
humans (2,3). Exposure to DES may also be a question of 
environmental concern. Recently, several reports have appea
red indicating that the use of anabolic agents, mainly DES, 
for growth promotion in poultry and meat production, was 
responsible for episodes of epidemic breast enlargement in 
Puerto Rico and Italy (4,5). 

Estrogens, including DES, have well documented effects on the 
immune system of rodents (6,8). Clinical observations such as 
the prevalence of certain autoimmune diseases among females 
and their increased susceptibility to infectious agents during 
pregancy indicate a possible influence of female sex steroids 
on the human immune system as well. In spite of the wide use 
of DES in humans, studies on the immune effects in man have 
not been extensive 

T LYMPHOCYTE ASSOCIATED FUNCTIONS 

Mitogens polyclonally activate lymphoid cells to proliferate 
and to express various lymphocyte regulatory and effector 
functions in a manner analogous to specific antigens. These 
substances have been used for the characterization of func
tional lymphocyte subclasses and as a measure of general 
immunocompetence (9). The effect of treatment with DES on 
lectin activation of T lymphocytes has been investigated in 
patients with prostatic cancer. Ablin et al. (10) found a 
profound inhibition of Phytohaemagglutinin (PHA) stimulated 
lymphocyte proliferation after 5 days of treatment with DES. 
Lymphocyte activation, expressed as a proliferation stimula
tory index, was reduced to 35 % of pre therapy levels when 
patients were compared on an individual basis. The effect was 
not related to an increase in serum a;-globulin level which is 
known to affect PHA responsiveness in lymphocyte cultures due 
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to binding of the lectin (11). The depressed PHA respon
siveness was reversible and abrogated within two weeks after 
cessation of therapy. Unfortunately, no details on the 
treatment regimen used was given making comparisons to similar 
studies difficult. The importance of the drug regimen in the 
immunotoxic effects of DES was emphasized by a recent study of 
Haukaas et al. (12). They investigated the effect of conven
tional oral low dose (10 mg per day for 2 weeks, later 2 mg 
daily) as well as acute high dose intravenous (1000 mg daily 
for one week) DES therapy on lymphoproliferative responses. 
No effect by DES on responsiveness to either PHA or Conca
navalin A (Con A) was observed during one month of oral low 
dose treatment. However, high dose intravenous DES therapy 
significantly reduced T cell activation by PHA after one week 
of treatment althought it had no effect on the response to Con 
A (Table I). The effect was observed irrespective of whether 
autologous or pooled AB serum was used, indicating that DES 
was not acting by bringing about alterations in serum factors. 
The significance of the difference in effects on PHA and Con A 
induced responses is not clear. The patient sample was small, 
and the difference, although statistically significant, is not 
convincing. T cells with receptors for IgM-Fc (T helper 
cells) respond preferentially to PHA while Con A activates the 
whole T cell population (13). When peripheral blood lympho
cytes from healthy young men or patients with prostatic cancer 
were stimulated with Con A in the presence of DES, a dose 
dependent inhibition of the proliferative response was ob
served (12). However, concentrations equal to or above 10-8M 
was necessary to induce significant inhibition. It should be 
noted that the in vitro inhibition curves were identical in 
patients before and during treatment with DES indicating that 
DES treatment per se does not alter the distribution of 
lymphocyte populations with putative different sensitivity 
towards DES (12). A single i.v. injection of DES has been 
reported to reversibly alter the proportion of Fc-alpha 
receptor positive cells in peripheral blood (14). 

In a series of papers, Ablin and coworkers investigated the 
effect of DES on tumor associated immunity against prostatic 
tumor antigens using the leukocyte adherence inhition test 
(15-17). Patients receiving DES therapy had lower levels of 
tumor associated immunity than patients rece1v1ng no or 
non-hormonal therapy, irrespective of tumor grade or stage 
(15). The reduction mounted to about 40% as judged by the 
leukocyte adherence inhibition assay. A significant inhi
bition of reactivity was also observed after exposure of 
lymphocytes from the patients to 10-4M DES in vitro. The 
effect of DES was specific for reactivity against prostatic 
tumor antigens and was not seen against extracts of other 
tumors of the genitourinary tract, indicating a specific 
effect on anti-tumor reactivity. 

Five day treatment with 1000 mg DES i.v. daily had no effect 
on either the responder or stimulator capacity in mixed 
lymphocyte reactions (18). However, addition of DES to the 
MLR in vitro inhibited proliferation at concentrations great 
that 10-4,M. After activation of the MLR for 24 hours, which 
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perhaps more accurately reflects an already stimulated immune 
response in the patients, DES was only partially suppressive 
at concentrations of 7 x lO-3M. We have recently confirmed 
these observations and also shown that the presence of DES 
during MLR prevents the deve10ment of alloantigen specific 
cytotoxic T lymphocytes (19). Moreover, differentiated CTL's 
are also sensitive to DES since cytotoxic activity agains 
allogenic blast cells are reduced in a dose dependent manner 
when DES is included in the assay (Fig. 2). 

B LYMPHOCYTE ASSOCIATED FUNCTIONS 

No data are available concerning the effects of DES on humoral 
immunity in the human. Observations from murine studies 
indicated that B lymphocyte associated functions were somewhat 
less prone to the inhibitory effect of DES than T cell 
functions. The lymphoproliferative response to B cell 
mitogens, serum titer of antibody as well as the number of 
antibody producing cells in spleen, after immunization with 
T-independent antigens, were all reduced after treatment with 
DES, but the doses required to impair B cell respnses was 
generally higher than those affecting T cell functions. 

NATURAL KILLER CELL ACTIVITY 

In a study comparing DES with another commonly used drug for 
treatment of of prostatic cancer, estramustine phosphate 
(Estracyt ®), DES in contrast to the latter was found to 
severely impair the activity of natural killer (NK) cells 
(20). Conventional oral doses (10 mg daily for 2 weeks, 
thereafter 2 mg daily as well as high dose i.v. (1000 mg 
daily for one week) therapy profoundly reduced NK activity 
after one week of treatment (Fig. 3). The effect persisted 
for at least the 4 weeks of treatment covered by the study but 
did not decrease further after the first week of treatment 
(20). Recently, Hofman and coworkers studied patients treated 
with estramustine phosphate or DES for prolonged times (mean 
1.1 and 2.3 years respectively) (21). They confirmed the 
observation that estramustine had no adverse effect on the NK 
cell system, but found a Slight decrease of NK activity in 
patients exposed to DES. It shOUld be noted, however, that 
these patients were treated with a low dose of 2 mg of DES 
daily, and also that comparisons were made on a treatment 
group base, not on an individual base comparing treatment NK 
levels with pretherapy levels. Pertubation of the NK cell 
system in these patients however, was indicated from the fact 
that lymphocytes from DES treated patients responded less well 
to stimulation with interferon in vitro than lymphocytes from 
patients treated with estramustine phosphate or following 
orchidectomy (Fig. 4). 

The mechanism of action of DES was not adressed in the above 
patient studies. DES is not directly cytotoxic to human 
lymphocytes or the NK cell containing large granular lympho
cyte population (22,14). Acute i.v. administration of DES 
has been reported to reduce NK activity in parallell with 
depletion of Fc-receptor positive cells (14). Since the 
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majority of NK cells in the human have Fc receptors, this 
finding was interpretated as a redistributing effect of DES to 
other compartments than peripheral blood. However, the recent 
observation that NK cells are the lymphocyte population in 
peripheral blood most susceptible to DES in vitro (22,23), 
argue against a Simple redistribution as a cause of the 
reduced NK cell activity in DES treated patients. When human 
peripheral blood lymphocytes were incubated with DES ·for 18 
hours, a profound dose and time dependent inhibition of NK 
activity, was found down to l~M concentration(23) (Fig. 5). 
Since estradiol 17 had no effect even at the highest concen
trations tested, 100~M, estrogenicity per see is apparently 
not the main property of DES responsible for the inhibition of 
NK activity. The effect of DES was fully reversible when the 
cells were further incubated for 24 hours without DES. DES 
was shown to selectively interfere with the lytic activity pf 
NK cells without affecting the number of NK cells or their 
target recognizing ability (Fig. 6). Lymphoid cells exposed 
to DES for 18 hours ,were able to suppress NK activity of fresh 
lymphocytes when cocultured during the NK assay. The suppres
sion was not prevented by separation of the DES precultured 
cells and indicator NK cells with a membrane with a cut-off 
value of 10kD, indicating that a soluble product WIth mole
cular weight less than 10,000 was responsible for the suppres
sion (24). When indomethacin or aspirin were inCluded toge
ther with DES during the 18 hours preculture time, the DES 
induced inhibition of NK activity was completely reversed 
(Table II). Taken together, these data indicate that DES 
inhibits NK activity by induction of a suppressive product of 
the Qyclooxygenase system. Whether this product belongs to 
the prostaglandin series which is known to inhibit NK activity 
(25), or an oxidative metabolite of DES following cooxidation 
by cyclooxygenase( 26) is nO.t known. 

BONE MARROW AND RETICULOENDOTHELIAL SYSTEM 

Very few observations are available concerning the effects of 
DES on human bone marrow structure or function. A myelody
spoietic syndrome has been associated with prolonged therapy 
with massive doses of DES in a case of prostatic cancer (27). 
It is not known whether this case of myelodyspoiesis was 
preceeded by hypocellularity as is the case with other forms 
of drug-induced myelodyspoiesis (28). In three patients with 
concurrent chronic lymphatic leukemia and cancer of the 
prostate, treatment with DES for the latter condition also 
induced remission of the leukemia. Moreover, previously noted 
lymphocytic infiltration of the bone marrow in one patient was 
not evident after three months of DES therapy (29). Although 
some cases of thrombocytopenia have been observed following 
DES therapy (30), no common bone marrow related side effects 
of DES have been reported during treatment for prostatic 
cancer. However, only general parameters such as peripheral 
white blood cell and platelet counts have been studied. The 
apparent lack of effect on human bone marrow is in sharp 
contrast to murine studies. Prolonged treatment with high 
doses of estrogens, including DES, induced endosteal bone 
formation and concomitant loss of bone marrow function (31). 
Short-term DES treatment, in doses relevant to the therapeutic 
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situation in man, caused hypocellularity of the bone marrow 
and a decrease of pluripotent hemopoietic stem cells and 
macrophage-granulocyte progenitors (32). Recently, the 
myelotoxic effects of DES have been examined mechanistically 
and have been found to be directly influenced by regulatory 
factors produced from thymic eipthelium (33). Estrogens, 
including DES, have consistently been reported to stimulate 
the phagocytic capacity of cells in the mouse and rat reti
culoendothelial system (34). In fact, DES is one of the most 
potent stimulators of the reticuloendothelial system known, as 
judged by its ability to increase phagocytosis. It is not 
known whether this is true in the human or if this property 
has any relevance for the observed immunomodulatory effects of 
DES in man. 

GENERAL CONSIDERATIONS 

DES has been shown to exert immunotoxic effect on some compo
nents of the human immune system both during treatment of 
patients with the drug and in vitro. Comparison of the 
sensitivity of the various immunological functions tested 
clearly indicate that the NK cell system is the most 
susceptible to DES, both during patient treatment and after 
exposure in vitro (Fig. 2). The proliferative response to 
lectins, to alloantigens in MLR, the generation of CTL in MLR 
as well as the cytotoxic activity of CTL's were affected by 
DES at considerably higher concentrations. Estimates of serum 
DES levels after oral administration are available but differ 
considerably between studies as well as between individuals 
(35-37). Abraham et al. (35) have reported peak serum levels 
of DES in the range of lO-8.f1 after ingestion of a 10 mg dose, 
while Guinan et al estimated a serum level of lO-4M following 
an equivalent dose (36). Serum levels of DES during treatment 
of patients with prostatic cancer may thus reach levels shown 
to affect human lymphoid functions in vitro. 

Estrogen receptors have recently been demonstrated in human 
thymus, in OKT8 positive lymphocytes as well as in certain 
fresh or cultured leukemic cell lines (38-40). Compared to 
physiological estrogen levels, however, the concentrations of 
DES affecting the immune response are extremely high, strongly 
arguing against a receptor-mediated mechanism of action. 
Evidence has been presented that the DES-induced inhibition of 
NK activity is mediated by prostaglandins although this has 
not been directly shown. It is tempting to speculate that 
administration of cyclooxygenase inhibitors during DES treat
ment may abolish the effect of DES on NK cells. T lymphocyte 
associated functions shown to be impaired by supra
pharmacological concentrations of DES have the common feature 
of being dependent on cytoskeletal activity. DES have col
chicin like effects in fibroblasts (41). Moreover, DES has 
also been reported to affect capping in mouse lymphocytes (42) 
and effects of estrogen metabolites in vitro on PHA-induced 
blastogenesis direptly correlate with the lectin-stimulated 
agglutination response of cells occurring within minutes. 
(43). This suggests a role for estrogens in modulating events 
of lymphocyte activation at the cell surface or cytoskeletal 
level independent of cytosolic receptor mediated events. 
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The relevance of the above effects of DES on the immune system 
in the human is unclear. Impairment of NK cell activity 
during treatment of patients with prostatic cancer may in
fluence the surveillance of metastasizing tumor cells. 
Evidence from murine studies supports this assumption since 
DES treated mice have an increased susceptibility to trans
planted and primary carcinogen-induced tumors as well as an 
impaired ability to prevent metastasis formation after intra
venous injection of tumor cells (44-46). It is also important 
to point out that the developing immune system is clearly 
more susceptible to toxic effects in general (47-48) and that 
this holds true also for the effects of DES (7). In the 
mouse, exposure of the immature immune system to DES leads to 
persistent pertubations of the immune system, in particular a 
decreased NK activity (7,47). Similar studies are not avai
lable in humans, but potential immunotoxic effects of DES 
should be a matter of special concern in the exposed fetus and 
in children. 
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Figure 1:Structure of DES. 

25 

50 

Figure 2:Inhibitory effects of DES on some immunological parameters 

in vitro.The data are presented as percent inhibition in the 

presence of DES related to unexposed values and are summarized 

from ref.12,18,19,23,and 24. 

NK,natural killer cell activity ;MLR,proliferative response 

to alloantigens in a mixed leukocyte reaction;CTL,cytotoxic 

activity of alloantigen-specific T lymphocytes generated in 

a mixed leukocyte reaction in the presence of DES;CTL,cytotoxic 

activity of T lymphocytes generated in a an untreated mixed 

leukocyte reaction and assayed in the presence of DES iCon A, 

proliferative r!,!sponse to Concanavalin A. 
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Figure 3:Natural killer cell activity in peripheral blood of patients 

~I ~ treated for prostatic cancer with estramustine phosphate ( .... ) , 

diethylstilbestrol-polyestradiol phosphate ( 0) or high dose 

diethylstilbestrol(. ).The activity after 1 and 4 weeks of 
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~~ -- treatment is related to pretherapy level.For details on treatmen 

,:l.'f~-E-- reqimen,se~text. 
Figure 4:Natural killer cell activity against K-562 target cells of 

patients with prostatic cancer treated with orchidectomy (ORCH) , 

DES(Honvanr ,2mg daily) or estramustine phosphate(Estracytr , 

840 mg daily) .Basal (r..J ) and interferon activated(i$) natural 

killer cell activity is shown. 
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Figure 5:Natural killer cell activity 
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Fig.6 
of 

peripheral blood lymphocytes incubated for 18 hours in the 

presence of various concentrations of DES,estradiol-17b, 

estramustine or nitrogen mustard,washed and tested for cytotoxic 

activity against k-562 target cells . 
Figure 6:Effect of culture of peripheral blood mononuclear cells 

in the presence of 10 uM DES or vehicle(0.1% dimethylsulphoxid, 

DMSO) on the percenatge of target binding lymphocytes and 

the percentage of conjugated cells lysing their target.For 
details on the methods, see ref. 23 
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IMMUNE SYSTEM DISORDERS ASSOCIATED WITH 
ADULTERATED COOKING OIL 

J.J. Gomez-Reino 
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Hospital "1st de october", Section Thematology. 
Madrid, Spain. 

EPIDEMOLOGY, CLINICAL DESCRIPTION AND PATHOLOGY OF TOXIC OIL 
SYNDROME. 

The Toxic Oil Syndrome (TOS) is a new disease that appeared in 
Spain in 1981 following the consumption of adulterated rape
seed oil. The disease is characterized by an acute onset of 
pleurocarditis, fever, rashes and eosinophilia. In a number 
of cases it had a chronic outcome, characterized by an evolu
tion through different phases: acute, intermediate and 
chronic, with an overlapping of a neuromuscular syndrome, a 
scleroderma-like picture, Raynauds phenomenon, pulmonary 
hypertension and Sjogren syndrome. 

Epidemology. 

Rapeseed oil denaturated with anilines was imported to Spain 
for industrial use only, however because of its low price some 
companies illegally removed the anilines and sold the oil for 
human use. The association between TOS and denaturated oil 
was discovered in June 1981. Following the official announ
cement of the association, the number of new cases with the 
disease dropped sharply, and no new cases were seen after 
August 1981. Several epidemological studies have confirmed 
this association (1-4). The number of individuals exposed to 
the toxic oil, but unaffected is unknown, but close to 20,000 
are known to have been affected. In spite of extensive work 
in a number of centers and, many analytical studies of sus
pected oil and numerous animal experiments, no single subs
tance has been identified as the cause of the disease. 

Clinical description (Figure 1) 

Some 2-3 weeks after the ingestion of toxic oil patients 
developed fever, rashes, interstitial pneumonitis, 
pleuropericarditis, gastro-intestinal symptoms and marked 
eosinophilia. A few died from acute respiratory 
insufficiency. By two months the picture changed to myalgias, 
arthralgias, edema of the face, numbness of the limbs and 
thrombocytopenia (4-8) while the other symptoms gradually 
disappeared. Around 5% of the patients had thromboembolic 
accidents and a quarter of them died as a consequence. In 4 
months, 15% of the patients developed a new set of symptoms 
which seemed to be the definitive ones. The rest of the 
patients showed a tendency to improve and became asymtomatic. 
The chronic phase was characterized by the overlapping of a 
neuromuscular syndrome, an scleroderma-like picture, Raynauds 
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phenomenon Sjogren syndrome and pulmonary hypertension. The 
spectrum of the disease varied from the presence of one of the 
above syndromes, in a mild form, to the overlapping of all of 
them with different degrees of intensity. The patients with 
the more severe disease had, also, the further complication of 
a superimposed malnutrition (7). The neuromuscular syndrome 
consisted of a sensory and, on occasions, . motor deficit 
predominantly of the lower extremities (6-9). The skin of the 
entire body was affected by areas of infiltration and/or 
atrophy. Apart from Raynauds phenomenon, pulmonary hyper
tension and dysphagia no other.organs, commonly involved in 
clasic scleroderma, were affected (6-8). 

Severly affected patients developed a characteristic deformity 
of limbs with the elbows in flexion and the forearms in 
pronation. The hands showed thickening of the palmar fascia, 
extension of the metacarpophalangeal joints and flexion of 
proximal and distal interphalangeal joints. 
Flexion-contractures were also present in ankles, knees and 
wrist (7). Deaths in the chronic phase were due to respi
ratory insufficiency and complications of mechanical 
ventilation. 

Pathology (Figure 2) 

Although the clinical picture has shown a changing pattern as 
the different phases developed, the pathology has been charac
terized by a uniform non-necrotizing vas'culi tis in all the 
tissues studied and in all stages of evolution (6,7,10). The 
vascular lesion involved all the structures and all types of 
vessels. The endothelium showed, initially, swelling followed 
by proliferation and, in some cases, intimal fibrosis. There 
was also perivascular, medial and intimal infiltration with 
mononuclear cells and eosinophils. Fibrinoid necrosis was 
never seen (6,7,10) In the early phases, the lungs showed 
septal and alveolar edema, mild interstitial infiltration with 
mononuclear cells, and cuboidal metaplasia of type II 
pneumocytes. No pulmonary fibrosis was seen (10). The study 
of .peripheral nerves from patients in the chronic phase showed 
epineural and perineural infiltration with mononuclear cells. 
In severe cases a profound perineural fibrosis followed the 
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infiltration. The muscle presented superficial (fascial and 
epimysial) infiltration with mononuclear cells and 
neutrophils. In advanced stages a denervation atrophy took 
place (6,10). In The skin, in the acute phase, a mononuclear 
infiltration was present around both superficial and deep 
blood vessels. These changes were followed by interstitial 
infiltration and, later, fibrosis (6,7,10). The lesions 
described above were not all present in every patient, and 
those in the chronic phase were usually confined to the more 
severely affected cases. Nevertheless, random skin biopsies 
taken from asymptomatic patients have shown a significant 
increase in fibrous tissue (10). 

IMMUNE DISORDERS ASSOCIATED WITH THE TOXIC OIL SYNDROME 

The clinical and pathological similarities between TOS and 
certain collagen diseases had led several groups to inves
tigate the possibility that autoimmune mediated mechanisms, 
triggered off by a toxic agent, were involved in the patho
genesis of the disease. Most of the available information has 
been obtained by in vivo and clinical studies. Animal and in 
vitro studies have been limited by the fact in that no eti10-
gical agent has been identified. 

Sex and HLA system 

The sex ratio (F/M) in affected adults changed from the acute 
to the chronic phase. In the acute phase a ratio almost 1:1 
was found, whereas in the chronic phase it was 6-10:1 (6,7). 
In a recent report no difference between the sexes was 
reported, however the definition of chronicity in this study 
was different from the one used in earliest work (4). In 
children the F/M ratio in the acute phase was, also, 1:1 but 
it did not change as the disease evolved (8). HLA A,B,C and 
DR studies were conducted on chronic patients. DR3 and/or DR4 
were found to be significantly associated with the disease in 
females, but not in males. No relation between the presence 
of defined clinical or serological manifestations and HLA 
antigens could be seen (11). 

Eosinophilia 

A significant increase in the eosinophil count (500/mm3) was 
present in 50-98% of the patients up until Novewmber 1981. 
Thereafter the incidence decreased and by April 1982 the 
majority had a normal count (Table.1, ref. 6,12). Piatelets 
Between April and August 1981 about 20% of the patients 
presented thrombocytopenia «150.000/mm3). In one third of 
them evidence of platelet activation was found in the acute 
phase (12). A year later 5 out of 8 patients studied with 
chronic symptoms still showed evidence of activation (13). 
There was no correlation between this activation and the 
severity of the disease or the presence of defined clinical 
syndromes. In the acute phase, the platelets had functiona1 
defects (12)., namely a decrease in ADP induced aggregation 
and absence of the second phase of aggregation. From Sep
tember 1981 to April 1982, 10-12% of the patients had thrombo
cytosis (Fig. 3). 
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FIGURE 3 

J J A 

Eosinophil and platelet changes in TOS 

Their relation to thromboembolism 

Lymphocytes 
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The total number of lymphocytes was normal in the acute phase. 
However alterations of the T cell count and T cell subpopula
tions were detected. In one study 75% of the patients had 
normal T-helper but low T-suppresor cells (12). In the early 
chronic phase we found low T-suppresors (Table 2). Band T 
cell cytotoxic autoantibodies were also detected (11). We 
found a serum factor that selectively decreased the number of 
the suppresors, by incubation of lymphocytes with patients 
sera followed by the use of monoclonal antibodies (OK3,OK4 and 
OK8). This factor seemed to be complement dependent (Table 1). 
"In vitro" the responses of the lymphocytes to mitogens and 
antigens were within normal limits (14). 

Unstimulated and allogeneic stimulated lymphocytes 
chronic patients released a factor in the culture media 
produced changes in fibroblast cultures (see below). 

Immunoglobulins 

from 
that 

The initial picture of the disease (i.e. rash, pneumonitis 
and eosinophilia) was suggestiver of an IgE mediated type of 
reaction. Therefore several groups investigated the prsence 
of elevated levels of IgE or specific IgE antibodies. In our 
hospital a study conducted in 561 patients and 357 exposed but 
unaffected individuals demonstrated a significant elevation of 
IgE in both groups. A comparison between the levels of both 
showed no difference (15). In an other study, 70% of the 
patients were found to have raised IgE during the first few 
weeks of the disease, and 6 months later 20% still had this 
alteration (14) •. Brostoff et al. failed to demonstrated the 
existence of speci,fic IgE antibodies against the potencial oil 
contaminants (16,17) Other immunoglobulins were not altered. 

Autoantibodies 

Different types of autoantibodies were identified during the 
course of the . disease. Antinuclear antibodies (ANA) were 
found in all the studies (Table 3). In the first few months 
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96% of our patients had positive ANA, and in 50% of them the 
titre was 1:40 (7). Two years later this was followed up in 
96 chronic patients. Seventeen still had a titer 1:40 (Table 
4). In our experience, anti extractable nuclear antigen, anti 
human spleen extract and anti DNA were negative or seldom 
positive. In a multicentric study, in the acute phase, 50% of 
the patients were found to have positive ANA (14). Antilym
phocyte antibodies were detected. Arnaiz-Villena et al. 
reported a cytotoxic antibody to T and B cells in 10% of the 
chronic phase patients. We also found a serum factor that 
selectively depleted T-suppresor cells (Table 2». Other 
groups had similar findings (14,18) Anticollagen antibodies 
were present in the acute and chronic phases. However they 
were differences between them (23). Patients in the acute 
phase had higher incidence than those in the chronic. It 
seemed that the presence or absence of antibodies did not 
predict the evolution to chronicity. In the chronic phase, 
there was a lack of relation between the severity of the 
disease and the presence of antibodies (Table 5). 

Immunocomplexes and complement 

The complement levels were always in the normal range (6,7). 
Immunocomplexes (IC), detected by different methods, were 
found in a small number of patients (14). Indirect evidence 
of IC mediated damage was, in general, absent. The widespread 
non-necrotizing vasculitis, when studied with immunofluorescen 
techniques, did not reveal deposits of immunoglobulins or 
complement in a consistent pattern (10). Only in 4 cases (out 
of 842), with proliferative glomerulonepritis, we found 
deposits of IgG and complement in the basal menbrane and 
capilary loops of the glomeruli. In those cases the electron 
microscopic examination showed subepithelial, subendothelial 
and mesangial dense deposits (19). 

Fibroblasts and fibroblast related changes 

In the early phases, skin biopsies demonstrated fibroblast 
activitity similar to the reparative myofibroblasts found in 
other conditions (10). Cultures of 25 skin biopsies taken 
from the infiltrated skin of chronic patients yielded only 3 
stable fibroblast lines (20). The morphology and distribution 
of cells in cultures was abnormal. The biosynthesis of 
collagen by those cells in culture was substantially decreased 
(Table 6). Moreover, electrophoretic analysis of the cultures 
showed an increase in the fibronectin band and a decrease in 
the collagen bands (20). Supernatants of the non-stimulated 
and allogeneic stimulated lymphocytes from chronic patients 
produced a significant increase in collagen synthesis by 
normal fibroblasts (21). The supernatants of stimulated 
cultures did not further increase the production caused by 
non-stimulated cultures, suggesting a pre activation of the 
cells (Table 7). When stimulated and non-stimulated superna
tants were added to normal fibroblast oultures they produced 
ohanges also in cell morphology (22). Cultures of normal 
fibroblast in the presence of control oil and suspected toxic 
oils containing media demonstrated a increase in collagen 
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synthesis by the latter. (Table 8). Electrophoretic analysis 
of medium and cells revealed a decrease in the fibronection 
band and increase in the collage bands (2). 

Animal experiments and in vitro studies 

Animal experiments and vitro studies have been of limited 
value and the results obtained inconclusive. Frequently in 
vitro studies have produced contradictory results (24-26). 
Every attempt to reproduce the TOS in different animal species 
has been unsuccessful (27-28). Several reasons have been 
advanced to explain this state of affairs: (1) Analysis of 
different oil types have yielded inconsistent results. Many 
toxic sustances have been identified (2). Collection of toxic 
oil definitively associated with the illness was not achieved 
owing to the emergency of the situation. Some batches could 
well have had no related to the TOS (3). The details of how 
the oil was actually denaturated and refined (illigally)were 
only made available recently. Consequently it is now improbable 
that the original toxic oil will ever be reproduced and thus 
the source of the industrial "rape seed oil" involved in the 
disaster remains a mistery. 

Comments 

The epidemology and genetic studies suggest that sex, or sex 
hormones, and factors related to the chromosome 6 (HLA region) 
might have determined the evolution to chronicity. HLA 
studies in patients who did not have the chronic disease may 
reveal whether the susceptibility to the disease was also 
genetically determined. Hypereosinophilia, low platelet and 
endothelial damage might have been related phenomena. They 
could also be the result of a direct toxic effect. 

The transient presence of anti-lymphocyte antibodies could 
explain the presence of other antibodies. There was evidence 
that antibodies were directed against T-cell (possibly 
T-suppresor) and caused T-supressor depletion. The initial 
insult could have damaged a T-cell population and generated 
the production of antibodies against them. The selective 
depletion of an ,autoregulatory population could result in the 
production of aut'oantibodies. 

Positive ANA isa complication of ingestion of aromatic amine 
and hydrazine class chemicals. TOS is related to the consump
tion of oil denaturated with aromatic amines. This could 
explain the finding of positive ANA in TOS. The study of the 
specificity of the nuclear antibodies might clarify whether 
they are disease markers or related to its pathogenesis. 

The fibroblast and fibroblast related changes could have 
several explana~ions. A toxin might have stimulated the 
fibroblast, directly or through the activation of other cells 
(mononuclear?, endothelial?), to produce collagen. This, in 
turn, may have exhausted the cells. Cultures taken at this 
point (chronic phase) could reflect this alteration. On the 
other hand, the skin biopsies showed activated cells similar 
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to the reparative myofibroblast. Studies of these skin 
biopsies could have reflected the difference in protein 
synthesis between the skin fibroblast and the myoblast. 

Some of the information included in this report is 
preliminary. Much more work is clearly called for to explain 
this dramatic and baffling new disease. Finding an animal 
model would greatly facilitate progress in this direction. 

This unprecedent experience should alert all authorities 
against the uncontrolled widespread and indiscriminate use of 
chemicals in industrial countries. 
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Eosinophilia 
Thrombopenia 
Thrombocytosis 
Thromboembolism 

Month 1981 M 

TABLE 1 

J J A 

Eosinophil and platelet changes in TOS 

Their relation to thromboembolism 

TABLE 2 

A B 
HE SU HE SU HE 

N 55 31 50 7 
PI 82 13 0 
P2 90 3 91 0 
P3 74 26 72 4 
p4 58 32 50 14 57 
P5 64 30 64 16 63 
p6 64 37 64 3 58 

Effect of TOS patients sera 

S 

C 
SU 

34 
23 
28 

on the 
T-helper and T-suppressor count CO 
A preincubation values 

o 

B after incubation with patients sera 
C after incubation with normal serum 
N normal control, P: patients 
HE: helper, SU: suppressor 

TABLE 3 

N 

Acute Phase Chromic Phase 

Antinuclear Antibodies ++ + 

Antilymphocyte Antibodies ++ 

Anticollagen Antibodies ++ + 

D 

Presence of autoantibodies in the acute and chronic TOS 



Negative 

Titer 1 :40 

Titer 1 :40 

TABLE 4 

Acute Phase 

n=50 

S.O 
46.0 

46.0 

Chronic Phase 

n=96 

61.9 

22.9 

17.7 

Percent of patients with antinuclear antibodies in TOS. 

TABLE 5 

Acute Phase Chronic Phase 
n=44 n=51 

Type I 29.5 11.7 
II 18.1 3.9 

III 31.8 3.9 
IV 31.8 1.9 
V 31.8 1.9 

Total 52.0 19.5 

Percent of patients with collagen antibodies in TOS. 

TABLE 6 

A B 

N 9.5 7.5 
Sl 
S2 
PI 4.7 3.0 
P2 4.9 2.5 

Collagen production by 
~~tients obtained from 

N: normal control 
S: scleroderma patients 
P: TOS patients 
A: before confluency 
B: at confluency 
C: 48 hrs of confluency 

C 

5.6 
12.7 
15.5 
1.4 
1.3 

fibroblast of TOS 
skin biops~s (% Collagen) 
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C1 
C2 
C3 
C4 
PI 
P2 
P3 
P4 

Non-stimulated cells 

1.8 
2.0 
4.0 
1.6 
8.7 
9.6 

10.1 
6.9 

TABLE 7 

Allogenic stimulated cells 

4.0 
1.0 
8.8 
9.S 
7.S 
6.1 

Increase in collagen synthesis (percent of maximum) produced by 
peripheral mononuclear cells of TOS patients (C:controls, P:patients) 
acting on normal fibroblast culture 

TABLE 8 

A B C -
M 7.4 
0 11.2 7.4 8.4 
01 13.0 11.3 10.0 
02 14.8 11.8 7.7 
03 14.3 9.S 9.1 
04 12.4 10.0 7.3 

Effect of toxic oil on collagen production by normal fibroblast 
(% of collagen synthetized) 

M: culture with medium 
0: culture with control oil 
01-04: culture with potential toxic oils 
A, B, C: different oil concentrations 
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I. INTRODUCTION 
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The aim of this communication is to increase awareness to 
specific problems of certain population sectors whose immuno
logical system may be more sensitive to toxic damage than the 
normally functioning system. Indeed, the title of the presen
tation was selected with three considerations in mind: (a) It 
is possible and instructive to compare therapeutic 
immunomodu1ation, with which there is relatively more 
experience, and immunotoxicity, and by doing so to gain better 
insight into the general rules and potential mechanisms of 
toxic effects on the immune system. Moreover, therapeutic 
immunomodu1atory agents are known to cause immunotoxici ty under 
certain circumstances (Shoham, 1984a) and, in principle, the 
reversed situation is also possible. (b) Conditions of 
"deficiency","in sufficiency" or "failure" of the immune 
system may amplify or modify the effect of either type of 
agents. Accordingly, these conditions call for more caution 
and specific attention to potential adverse effects of such 
agents, which could cause further deterioration of the defi
cient immune system. Moreover, conditions of immunodeficiency 
are important targets for the therapeutic use of immuno
modulating agents and these conditions may give rise to 
toxicity rather than benefit as as an outcome of this thera
peutic manipulation. (c) There are certain similarities 
between the effect of age (either too young or too old) and 
malnutrition on the immune system, which justify considering 
them together in connection with potential toxic damage. 

The field of immunopharmacology (and more so 
immunotoxicology) is in its infancy and, therefore, data 
bearing directly on the questions to be discussed here are 
virtually non-existent. Accordingly, in preparing this 
communication I have relied upon circumstantial, indirect data 
in order to point out some of the unique features of the 
conditions under discussion which may guide us in analysing 
the vulnerability of the immune system to toxic damage under 
these conditions. The features to be discussed are related to 
the age and nutrition dependent changes in the pharmaco
kinetics (or more generally "chemobiokinetics", WHO report, 
1978) (Section III) and the changes in the target organ, which 
may modify the response (pharmacodynamics) to either the 
therapeutic or toxic agents (Section IV). These sections of 
the communication will be preceded by a short description and 
classification of known agents of both types (Section II) and 
will be followed by a discussion on the mechanisms which may 
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cause the increased vulnerability to immunopharmacological and 
immunotoxic agents in age and nutrition dependent 
immunodeficiencies. 

II. CLASSIFICATION OF IMMUNOMODULATORY AND IMMUNOTOXIC AGENTS 

Table 1 classifies the various agents which act with some 
degree of selectivity on the immune system. The selectivity 
is generally quantitative, Le., effect on the immune system 
is seen at doses lower than those causing general or other 
specific toxicological or pharmacological effects. The 
classification is based on clinical-pharmacological criteria 
and reflects a certain conceptual approach: 

(a) Immunotoxicity is related not only to immunosup
pression but also to immunoenhancement, i.e., any 
clinically significant undesirable deviation from 
the homeostatic cqntrol of normal functioning immune 
system caused by a foreigns substance can be regar
ded as an immunotoxic effect. 

(b) Immunotherapeutic agents may also be immunotix 
when the effect is exaggerated or when it is 
"paradoxical" (see below). The definition used in 
the classification here is operational, namely, an 
immunotoxic agent does not have an exploitable 
therapeutic potential. 

(c) Included in Table 1 are agents that have a 
direct effect on the immune system, and not via an 
effect on other body systems. 

The substances mentioned in Table 1 are heterogenous in their 
source strucutre, type of effect, mechanism and target cells 
(Fig. 1). Indeed, the ideal classification of immunoactive 
agents should be based on attributes like those generally 
illustrated in Fig. 1 (target cells, type and mechanism of 
effect). Unfortunately, such knowledge is extremely limited 
and we must rely on a formal classification of the type used 
in Table 1. More detailed discussion of the immunopharmaco
logy and immunotoxicology of the various agents listed here 
can be found in several recent reviews (Vos, 1977; Spreafico 
and Anaclerio, 1977; Hadden et al., 1977; Koller, 1980; 
Spreafico et al.,1981; Rees and Lackwood, 1982; Bach, 1982; 
Dean et al., 1982; Shoham, 1984 a,b). Here we will confine 
ourselves to the more general questions of the impact of 
immunoactive agents on certain immunodeficient conditions. 
Discussion of some specific agents will serve only as example 
to illustrate general principles. 

III. AGE AND NUTRITION DEPENDENT CHANGES IN CHEMOBIOKINETICS 

Chemobiokinetic studies have the same scope and aims as 
pharmacokinetic studies and the new term was introduced (WHO 
report, 1978) in order to generalize the evaluation of biolo
gical effects of all chemicals, toxic or therapeutic, which 
are collectively called xenobiotics (Spreafico and Vecchi, 
1984). Age and nutrition are strong modifying factors of the 



391 

disposition of drugs and xenobiotics. The effect of these 
modifying factors has been observed in virtually every aspect 
of chemobiokinetics, as summarized in Table 2 and discussed in 
more detail below. The comparison will include the young 
(primarily, neonatal ,period), the old (>70 year) and the 
malnurished (protein-caloric malnutrition, PCM). 

A. Absorption 

Absorption of a chemical into the body can take place potenti
ally by all routes of exposure, e.g., oral, dermal or inhala
tion and for drugs - by injection. The route of administra
tion can greatly influence the rate at which the foreign 
chemical is distributed in the body and may cause modification 
of its structure and consequently its biological activity. 
The following discussion will be limited to absorption through 
the gastrointestinal tract (GIT) as an example of age and 
nutrition effects on the process. Three processes are in
volved in absorption of xenobiotics from the GIT lumen: (1) 
passive diffusion, (2) active transport and (3) pinocytosis. 
The rate and extent of absorption are dependent on 
physico-chemical properties of the drug (e.g., polarity, 
ionization), on the one hand, and on biological factors of the 
exposed individual ,(e'.g., rate of stomach emptying, transit 
time in small intestine, surface area available for absorption 
and vascularity and blood flow in GIT), on the other hand. 

The mechanism of gastrointestinal absorption in infants is 
reasonably comparable to that in adults. There are, however, 
some factors which cause a certain delay in absorption in the 
infant, including gastric pH, bacterial flora of the intestine 
and motility (Jusko, 1972: Morselli, 1976). 

In the aged, a general involution of the GIT takes place, 
resulting in reduced surface area available for absorption, as 
well as reduced motility and blood flow. These changes make 
absorption of drug from GIT, a slow, less complete and less 
reliable process as aging occurs (Bender, 1964£; Geokas and 
Haverback, 1969). 

In patients with PCM, oral administration o£ drugs presents a 
problem as diarrhea and vomiting are common. This means that 
the drug may not be retained and if it is, the transit time 
through the bowel may be such that absorption of drugs, 
particularly poorly soluble ones, may be impaired. Even in 
the absence o£ diarrhea and vomiting atrophy of the intestinal 
mucosa, which occur in severe PCM, may impair drug absorption 
(Buchanan et al., 1976). 

B. Distribution and binding 

Once absorbed, the distribution of a chemical is determined by 
the relative plasma concentration, the rate of blood flow 
through various organs and tissues, the rate by which the 
chemical penetrates cell membranes and the binding sites that 
are available in the plasma and tissues. In the bloodstream 
most chemicals are bound to plasma proteins (mainly albumin). 
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It should be noted that for drugs that are strongly bound to 
albumin, a small decrease in albumin concentration can vir
tually double or triple the concentration of free drug avai
lable to the effector organs. Thus, in essence we are dealing 
with 2 main parameters: total volume of distribution (Vd) and 
concentration of plasma proteins, both undergo age and nutri
tion related changes. 

In the infant, especially the neonate, the apparent volume of 
distribution of several drugs was shown to be increased, 
whereas the binding capacity of plasma proteins is diminished. 
The last effect is generally of larger magnitude. The reasons 
for the lower binding in the infant, in spite of adequate 
albumin levels, may be related to: (a) a high concentration 
of endogenous compounds that bind to albumin (e.g., 
bilirubin); (b) possible qualitative differences between 
neonatal and adult albumin and (c) lower pH in neonatal plasma 
(Friis-Hansen, 1961; Jusko, 1972; Kurz et al., 1977). 

In the elderly, the distribution of many drugs is likely to be 
altered in view of the changes in apparent volume of distribu
tion (which differ with several individual drugs that were 
tested), decrease in blood flow through variOus vital organs, 
reduction in total body water and lean body mass, relative 
malnutrition and reduced plasma albumin (Wallace et al., 1976; 
Vestal, 1978). 

Malnutrition has a profound effect on distribution and binding 
of drugs (and obviously, xenobiotics, in general). Plasma 
volume is increased in kwashiorkor (Cohen and Hansen, 1962); 
most of it is related to a decrease in hematocrit values 
(Alleyne, 1966). In addition, total body water is increased, 
mainly because of an expansion of the extracellular fluid, 
lowering plasma concentration of water soluble drugs. Concen
tration of albumin is diminshed in PCM, leaving a high propor
tion of unbound drugs in the plasma (Leonard and McWilliam, 
1965) 

C. Biotransformation 

This process converts a foreign chemical to a derivative which 
is usually more polar and water soluble and can be more 
readily excreted from the body. The derivative is frequently 
less toxic than the parent compound. However, in many cases 
the biotransformation causes activation and .the metabolite 
becomes more toxic (McLean, 1971). The liver is the major 
site of biotransformation. The enzymes involved in this 
process are found in the soluble, mitochondrial and microsomal 
fractions of the cell. Four main types of biotransformation 
processes are known: 1) oxidation, the most important reac
tion exerted primarily by microsomal mixed function oxidases, 
2) reduction, 3) hydrolysis and 4) synthetic, or conjugation 
reactions (i.e., the addition of polar groups such as gluco
ronic acid, acetylation, etc.). Single or multiple reactions 
of these types may be involved. 
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Diminished drug metabolising capacity in young animals as well 
as human neonates has been well documented. The attainment of 
values approaching those of adults takes varying periods of 
time after birth (Rane and Sjowist, 1972). Indeed, the rate 
of acquisition of normal level of drug metabolising capacity 
is a function of the degree of maturity of the newborn and his 
liver (Pitlik et al., 1978), although some types of reaction 
(e.g., conjugation by sulphation) are reasonably well develo
ped even in the newborn (Levy et al., 1975). 

On the other extreme of life, changes in liver structure and 
function occur with increasing age, including decrease in 
weight, disintegration of hepatocytes, increase in vacuoliza
tion and fat components and decrease in the activity and 
inducibility of drug metablising enzymes (Vink, 1959; Kato et 
al., 1970; Vestal, 1978). 

As far as malnutrition is concerned, most of the information 
has been derived from animal experiments, which indicate that 
starvation depresses hepatic microsomal drug metabolism, in 
vitro and in vivo (affecting oxidative more than reductive 
pathways), reduces the capability of drugs to induce the 
synthesis of drug metabolising enzymes and diminishes the 
maximum reaction. rate (Vmax) of microsomal enzymes. Studies 
in experimental animals cannot be directly extrapolated to man 
because of large species variations in drug metabolising 
enzymes. However, studies in human subjects with varying 
grades of malnutrition do indicate that the mixed function 
oxidase system may be affected in severe malnutrition 
(Campbell, 1977). One has to add to it the general evidence 
for liver damage in malnutrition, including fatty infiltration 
and vacuolization and impairment of liver functions caused by 
other insults which frequently occur in the malnourished 
patient particularly in the tropics, including parastic 
infestation, cirrhosis and liver damage due to mycotoxins 
(Krishnaswamy, 1978). 

E. Excretion 

Chemicals are excreted as the parent chemical, as metabolites 
or as conjugates of the parent chemical or its metabolites. 
The kidneys are the most important route of excretion of 
foreign compounds and this is accomplished by either glomeru
larfiltration or tubular transport, passive or active. 
Biliary excretion is secondary, but still a major route for 
the excretion of some foreign chemicals. 

There are important differences in the rate of elimination of 
drugs (or chemicals) in neonates, infants and children, 
differences which can be related to the different developmen
tal physiological states of the various age groups (Morselli, 
1976). This is reflected in a successive increase in the rate 
of elimination with increasing age. A decreased capacity to 
eliminate drugs is most marked in the newborn, particularly 
premature infants. AS the age dependent rate of elimination 
varies with the particular drug and the individual patient, no 
general rule can apply to the calculation of dosage for all 
drugs. 
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In old age, renal function diminishes even in the absence of 
apparent renal disease. Accordingly, even when blood urea or 
creatinine are normal, elderly patients have a smaller renal 
reserve than do younger people. Indeed, glomerular filtration 
rate may fall as much as 50% between the ages of 20 and 90 
years (Rowe et al., 1976). Renal plasma flow declines about 
1.9% per year after the age of 30. Similarly, tubular func
tion deteriorates with age (Hansen et al., 1970). In addition 
to the physiological decline in glomerular and tubular 
function, the geriatric patient is particularly liable to 
renal impairment due to dehydration, congestive heart failure, 
hypertension, urinary retention, diabetic nephropathy, 
pyelonephritis, etc. 

In PCM, there is marked diminution in cardiac output, resul
ting in decrease in renal plasma flow (Alloeyne, 1966). 
Glomerular filtration rate and tubular function have also been 
shown to be inadequate. 

The summation of these effects decreases the rate of excretion 
of drugs or chemicals and elevates serum concentrations of 
those drugs which are eliminated mainly by the kidneys. In 
addition, kidney involvement by tropical diseases (e.g., 
Schistosoma hematobium infection) may further complicate the 
situation and interfere with kidney mechanisms of excretion. 

Biliary excretion can also be affected in all the 
above-mentioned conditions, mainly as a result of liver damage 
that may accompany these conditions, as mentioned before. 

In conclusion, most of the important parameters of chemobio
kinetics are imapired in the 3 conditions analysed here (Table 
2). Obviously, there are widely scattered individual dif
ferences in each group and for different drugs or chemicals. 
However, as a general rule it is apparent that people belon
ging to these population sectors are much more vulnerable to 
toxic damage of any xenobiotic even if only the various 
parameters of chemobiokinetics are taken into consideration. 
Changes in the immune system, the target organ, that are 
encountered in these conditions, amplify its vulnerability to 
toxic damage as. will be explained below. 

IV. AGE AND NUTRITION DEPENDENT CHANGES IN THE IMMUNE SYSTEM 

The immune response at the cellular level represents an 
intricate system of inductive and regulatory cell circuits 
which, in turn, affect the various activities of the effector 
cells. Both humoral and cell-mediated immune responses to 
most antigens are the result of a complex series of 
well-balanced interactions among cells (T, B, macrophages) and 
regulatory factors (lymphokines, monokines, thymic factors). 
The level of complexity of the immune system is comparable 
only to that of the central nervous system. However, the 
latter is more protected ("blood brain barrier") and its 
cells, being non-dividing resting cells, are less vulnerable 
to toxic damage. Accordingly, the immune system may suffer 
more than any other organ the toll of toxic injury. 
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Furthermore, the specific deviations or derangements in the 
immune system in the very young, the aged and the malnourished 
(Table 3) pose specific complicating safety problems. 

A. Changes in the Immune Response During the Neonatal Period 

The prenatal and neonatal periods are characterized by immuno
imcompetence in comparison to the adult. However, while the 
immunological immaturity of the fetus and newborn does extend 
to both humoral (P1ayfair, 1978) and cell-mediated reactions 
(Howe and Manzie110, 1977), ontogenetic studies frequently 
fail to reveal any obvious quantitative deficiency in the 
cellular constituents considered necessary to initiate an 
immune response (Spear et a1., 1973). Thus, it was shown that 
immune cells of either neonatal or adult rabbits do not 
function well when transferred to neonatal recipients, but did 
so, to a comparable degree, when transferred to irradiated 
adult recipients (Dixon and Weigle, 1957, 1959). In another 
study (Press et a1., 1973) it was shown that adoptive transfer 
of neonatal spleen cells to adult, lethally-irradiated, 
carrier-primed recipients, maX1m1zes the responsiveness of 
neonatal B cells. Moreover, there is good evidence that the 
repertoire of antigen binding cells in adult and young animals 
is similar (K1inman and Press, 1978) and that these cells 
arise early in development, at a time which may precede the 
ability of the animal to mount a specific immune response 
(Decker and Sercarz, 1974). Indeed, some qualitative changes 
do occur in the lymphoid cells subsequent to the appearance of 
recognizable Band T cells, with their apparent full range of 
antigen-binding specificities. Thus, all the immune cells 
undergo time-dependent maturational events expressed as 
phenotypic shifts in Band T surface markers (Cooper et a1., 
1980; Cantor and Gershon, 1980), as well as maturational 
changes in antigen presenting mechanisms mediated by sub
populations of macrophages (Niederhaber et a1., 1979). All 
these data taken together indicate that the relative immuno
deficiency in the newborn may not be primarily due to an 
inadequate population of responding B cells, neither can it be 
solely attributed to an underdeveloped antigen processing 
system or the lack of helper T cell function (Peak et al., 
1979). Neonatal incompetence is, at least in part, a manifes
tation of overriding active humoral and cellular suppression. 
Thus, we can look at the development of the immune system 
during the prenatal and neonatal periods as representing a 
precisely coordinated sequence of reaction patterns to achieve 
an optimal situation at any given time during development. 
Before birth the fetal immune system must function suffi
ciently to protect against invading microorganisms as well as 
against maternal lymphocytes sensitized to paternal 
a110antigens. At the same time there must be appropriate 
controls to prevent potentially damaging autoreactive 
processes. Indeeed, the immune system develops this 
restricted, we11~contro11ed capacity during gestation. This 
is fOllowed by quite dramatic changes in reactivity profiles 
subsequent to delivery. The maturation of the immune system 
after birth can be shown to closely parallel the normal 
physiological decay of strong elements of regulatory sup
pressor cells and inhibitory humoral factors, the factors 
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being of both endogenous and exogenous origin. It is obvious, 
therefore, that any interference with the delicately balanced 
immune system during prenatal or neonatal periods may have 
major consequences, much more than in the adult. 

B. Changes in the Immune Response in the Elderly 

Aging is known to be accompanied by progressive decline in 
immune functions (Makinodan and Yunis, 1977). The morpholo
gical hallmark of immune senescence is the involution in the 
cellular mass of the thymus, which begins at sexual maturity 
and is complete by 45 to 50 years of age in man. At this time 
the thymus retains only 5 to 10 percent of its maximal mass 
(Kendall, 1981). The involution of the thymus gland during 
the first half of life is conceivably the main cause of the 
altered function of the immune system during the second half 
of life. This alteration is not manifested in the total 
number of lymphocytes or in the number of T or B lymphocytes 
in the peripheral blood. However, the distribution of sub
population of T lymphocytes does change with age - the number 
of helper or inducer cells, identified by OKT4 monoclonal 
antibody, increases, while the number of suppressor or cyto
toxic T lymphocytes, identified by the OKT8 monoclonal 
antibody, decreases (Moody et al., 1981). Although the 
changes in the proportion of T-lymphocyte subsets are modest, 
they may be important to the regulation of immune reactivity. 
In addition, some enzymes found in lymphocytes change with age 
in a way that may be associated with altered and deficient 
immune reactivity (Boss et al. 1980). Lymphocytes from the 
elderly are more susceptible to damage induced by ionizing 
radiation, ultraviolet light and mutagenic drugs and their 
recovery from such damage, e.g., radiation, is impaired, 
suggesting defective activity of DNA repair enzymes (Walford 
and Bergmann, 1979). 

AnalYSis of the functional activity of the immune system in 
the aged animal or human indicates that T cell functions are 
much more impaired than B cell ones. There is altered balance 
among regulatory T lymphocytes as well as impairment of 
effector functions of cell-mediated immunity, including 
reduced delayed type hypersensitivity, graft versus host 
reaction, ability to mount cytotoxic response and to respond 
to antigens or T cell mitogens by cell proliferation (Hefton 
et al., 1980). The cellular basis of the impaired response of 
lymphocytes, which may be related to a decreased number of 
responsive T lymphocytes, which may be attributed to the 
involution of the thymus. In addition, the proliferative 
capacity of the remaining T cells is impaired and this defect 
may be related to reduced response and increased dependency on 
calcium ions (Kennes et a1., 1981) as well as decreased 
capacity to produce and to bind interleukin-2 (Thoman and 
Weigle, 1982). Impairment in humoral immunity was also 
detected (e.g., decline in natural antibodies, increase in 
auto-antibodies and monoclonal immunoglqbulins and decrease in 
response to new foreign antigens), but it reflects a disor
dered immune regulation mediated by T cells and not a primary 
defect of B cells. Indeed, thymectomized mice show the same 
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derangements in humoral immunity as aged mice (Radl et al., 
1980). The function of macrophages is not significantly 
altered with age. 

C. Changes in the Immune Response in Malnutrition 

Most of the information in this connection is related to 
protein-calorie malnutrition (PCM). In referring to the 
changes in immune response in PCM, one should remember that 
PCM is not a discrete all or none phenomenon, but it rather 
spans an entire spectrum, ranging from subclinical malnutri
tion compatible with adequate life, to extreme lethal stages 
of nutritional deficiency. Also, vitamin and mineral defici
encies exist along with those of protein and calories, each of 
these deficiencies and their interacting effects may have 
important consequences on the immune response. Moreover, the 
vast majority of people suffering from PCM, also suffer heavy 
burdens of infection and both interfere with normal immune 
responses; infections also deplete the host's metabolic 
energy. 

Among all the aspects of immune response it is the T cell 
functions that have been shown to be the most profoundly 
affected by nutritional factors. The thymus is the most 
vulnerable organ and the effect can be so severe that the term 
"nutritional thymectomy" can be justified (Watts, 1969). In 
patients with severe PCM, the effect can be as great as that 
to occuring in primary cellular immunodeficiencies. In 
lymphnodes thymus-dependent areas are depleted (Smythe et al., 
1971), while plasma cells and germinal centers remain relati
vely intact. Other lymphoid organs are also grossly 
atrophied. The absolute number of lymphocytes in peripheral 
blood is moderately reduced, but the number of T lymphocytes 
is markedly reduced (15-25% of lymphoid cells forming rosettes 
with sheep red blood cells, E-rosettes, as compared to normal 
percentage of 60-75%, Chandra, 1974).The percentage of null 
cells and the activity of terminal transferase (an enzyme 
marker of T cells in early maturational stages) were both 
shown to be increased (Chandra, 1979a). The percentage of 
E-rosette forming cells is increased, in vitro, by incubation 
with thymic hormones (Chandra, 1980). Levels of serum thymic 
hormone activity have been found to be low in PCM, in both 
clinical 'and experimental studies (Chandra, 1979b). These 
data suggest maturational arrest of T-lymphocytes, which is at 
least partially related to thymic factor deficiency and can be 
corrected by it. T lymphocyte functions are also markedly 
impaired, including reduced or negative delayed-type hypersen
sitivity skin reactions (both recall reactions and primary 
sensitization) reduced proliferative response to mitogens 
(Newmann et al., 1975) and reduced interferon production 
(Woodruff, 1970). 

On the other hand, humoral responses appear to be little 
affected by malnutrition. The number of B cells is normal and 
the cells are able to mount adequate antibody response after 
immunization. Also, the basic functions of the phagocytic 
system appear normal. 
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Intrauterine malnutrition may affect T cell functions and such 
abnormality may persist for prolonged periods (Chandra, 1974). 
Thus, the fetal immune system is particularly susceptible to 
nutritional deprivation (Beach et al., 1982). Indeed, nutri
tional therapy restores all the changes in cell-mediated 
immunity except in the case of. malnutrition occurring during 
fetal life. Among isolated nutritional deficiencies, zinc, 
vitamin A and pyridoxin deficiency were shown to be consis
tently associated with impairment of immune functions and, 
once more, the T cell system is the most afflicted one 
(Prasad, 1983). 

In summary, the impairments in the immune system which accom
pany the 3 conditions discussed here have certain formal 
similarities (Table 3). The main derangement is in T cells, 
with minimal or no change in B cell or macrophage functions. 
Although differences do exist in the fine details of the 
changes and their mechanisms, the specific purpose of the 
present communication is to show that a broad comparative 
discussion can be helpful. 

V. AGE AND NUTRITION DEPENDENT VULNERABILITY TO IMMUNOMODULA
TION 

The interaction of a chemical with a complex biological system 
such as the human body cannot be easily defined and analysed. 
The outcome of such an event is dependent on the nature of the 
chemical and the conditions of exposure to it (route, dose, 
duration), on the one hand, and on factors related to the 
exposed biological system ("host factors"), on the other hand. 
The host factors relate to: a) handling and disposition of 
the chemical determining the ultimate real exposure at the 
cellular level, and b) the condition of the target organ(s) 
and its responsiveness to the chemical effect. As more is 
known about drugs than toxic chemicals and since the mecha
nisms operating in both are, at least formally, similar, I 
will refer to the therapeutic and toxic effects as repre
senting two complementary aspects of the same problem. 

The three conditions discussed here are associated with 
significant changes in the handling and disposition of 
xenobiotics, with certain similarities in the direction of 
most of the observed changes (Table 2). The net result of all 
these changes is to increase the concentration of the chemical 
and the duration of exposure to it, at the cellular level. 
This obviously increases the risk of damage. It is difficult 
to quantitate the different factors contributing to the 
increased tissue exposure to the chemical. Accordingly, the 
magnitude of the net effect may vary widely even in the same 
group and sometimes in the same individual in different times. 
We can thus speak only in general terms on the 'increased 
susceptibility of such individuals to toxic damage caused by 
many xenobiotics, including those acting on the immune system. 

In contrast to the general pharmacokinetic mechanisms which 
are operating to a comparable degree for all xenobiotics, the 
unique characteristics of the immune system make the pharmaco
dynamic aspect of the problem a more specific and complex one. 
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In essence, the uniqueness of the system relates to its 
extreme inhomogeneity. In most of the body systems all the 
basic elements (e.g., heart muscle cells, hepatocytes, lung 
alveoli) are similar and the functional reserve of the organ 
is essentially homogenous. A toxic chemical cuts down a 
certain fraction of the reserve and the clinical significance 
of such damage is a function of the size of the reserve. Thus 
damage to say 10% of hepatocytes will not be apparent clini
cally because there is a large reserve, but may be critical if 
this reserve is greatly reduced e.g.in cirrhosis. This simple 
relationship does not hold for the immune system. The various 
subsets of effector and regulatory cells of the immune system 
exhibit different sensitivities to toxic effects and as a 
result the activity of the immune system may be modified both 
quantitatively and qualitatively, namely, not only the inten
sity of the response will be changed (diminished or 
increased), but there may also be a change in the direction of 
the response and the relationships among the different compo
nents of it. By the same token, age and nutritionally depen
dent changes in the immune system may predispose to a quite 
different profile of chemically induced modifications in the 
immune response. 

The main changes in the immune system in the 3 conditions 
discussed here (Table 3) are confined mostly to T cells and 
are minimal for B cells or macrophages. Thymus atrophy is the 
main source of the changes occurring in the elderly and the 
malnourished, whereas in the neonate it is related to program
med immaturity and overriding suppressor activity. On the 
other hand, T cells are also the most susceptible to 
exogenous, xenobiotic effects (Dean et al., 1982). Moreover, 
the different T cell subsets may exhibit selective sensitivity 
to different chemical agents (Faith et al., 1978). As T cells 
contribute to central regulatory functions (Cantor and 
Gershon, 1980) and are responsible for severai key effector 
functions in the whole immune response profile, it is clear 
that damage to one of their components can be of considerable 
significance. The selectivity of the effects of xenobiotics 
is related not only to structural differences among them. A 
remarkable degree of differential effect on different lymphoid 
cell subsets can be achieved by modifying the concentration 
and/or duration of exposure to a given chemical. This brings 
us to another complicating feature of the immune s~stem - the 
type of dose-effect relationships that occur. In general, 
dose-effect relationships are not necessarily linear, but 
using various transformations most of them can be expressed as 
such (Finney, 1952). This is not the case for effects exerted 
on the imune system; they are usually in the form of a 
bell-shaped curve (Shoham and Eshel, 1980; Shoham et al., 
1980; Klein and Shoham, 1981; Shoham, 1984a,b), i.e., when a 
peak of effect is achieved, higher doses may be without effect 
or even have the opposite effect. This holds true for both 
immunotherapeutic and immunotoxic agents (Toyama and Kolmer, 
1918; Gainer, 1972; Koller et al., 1976; Spreafico et al., 
1981; Dean et al., 1982; Shoham, 1984a,b). 
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In conclusion, composite sets of changes occur in the three 
conditions discussed here - changes in pharmacokinetics which 
may modify (genrally increase) the local concentration of the 
chemical, on the one hand, and changes in components of the 
immune system which may modify its response quantitatively and 
qualitatively, as compared to a population of young healthy 
adults. The final vector of the effect cannot be predicted on 
general, theoretical grounds and must be tested directly. 
Moreover, we have discussed the three age and nutrition 
modified conditions collectively. It should be remembered, 
however, that these conditions are entirely different from 
each other, in spite of the apparent similarities among them. 
Accordingly, inference from one situation to the other may be 
completely misleading. These conditions were brought together 
here in order to emphasize certain common problems which are 
unique to the immune system and to the attempts at its mani
pulation and to its exposure to toxic chemicals. 
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Table 2. Comparison of age and nutrition dependent changes in chemobio

kinetics (Pharmacokinetics) of drugs and chemicals 

Absorption (oral route) 

Distribution (apparent Vd) 

Binding (albumin concentration) 

Biotransformation (oxidative enzymes) 

Elimination (via kidneys) 

See text for more details 

Neonatal 

(0-4 wks) 

=,~ 

l' 

~ 

~ 

~ 

Aged 

(>70 y) 

l 
l 
~ 

l 

~ 

Malnourished 

(severe PCM) 

l 

f 
~ 

~ 

• 

~ , decrease, t, increasel No change. All compared to young healthy 

adults. 
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Table 3. Comparison of age and nutrition dependent changes in the immune system 

Organ Criterion Neonatal Aged Malnourished 

or cell of evaluation (0-4 wks) (>70 y) (severe PCM) 

Thymus Weight/body weight 1 • H 
Thymocytes t J. H 

Thymic hormones t J. ~ 

Lymph nodes Germinal centers ~ ~ ->d-

Thymus dependent areas ~~ ~ U 

Peripheral blood 

T cells Number ~<>:J ~ .. 
Functions DTH response ~ J. ~ 

PR ~ J. t 
Cytotoxicity ~ J. • 

B cells Number ;;::I -.:::t ~ 

Function. PFC ~ ~ ~ 

Null ce11s Number f f 'II 

Responsiveness to 

thymic hormones t l' t 

Monocytes Number ~ >til ~ 

Function. Phagocytosis ~ ~ ~ 

Abbreviations. DTH, delayed type hypersensitivity, PR, proliferative 

response, PFC, plaque forming cells 

l' , increase, ~ , decrease, •• , severe decrease, ~, about the same. 

All compared to young healthy adults. 
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In discussing immunology with an audience interested in immuno
toxicology it may be usefuf'to focus on a specific problem 
such as contact dermatitis while recognizing that factors 
similar in principle but differing in detail will apply to 
other immunological diseases such as asthma. Because this is 
not a formal review many of the references are based on work 
with which I am closely familiar from which further references 
to the literature may be found. To begin with it may help to 
consider a particular manifestation and then to see how our 
experimental knowledge of contact sensitivity bears on this. 

Nickel dermatitis is a common disease and is acquired by 
contact with nickel mainly through costume jewellry and 
earrings (sleepers) which contain nickel. Nickel has the 
chemical re.activi ty which is a common feature of contact 
sensitizers. It dissolves under slightly acid conditions in 
sweat and its salts have a high affinity for a number of 
proteins including albumin (Dolovich et aI, 1984) which has a 
metal binding site and for C3b, B in which bivalent nickel can 
replace magnesium and actually generates an unusually stable 
C3 convertase (Fishelson et al, 1983). This interaction with 
protein is due to the ability of nickel to form coordination 
compounds with the amino groups of lysine and the N terminal 
amino acids and the imino group of histidine. 

It is not clear why the immune system regards nickel as a good 
contact sensitizer. However the ability of nickel suphate to 
cause blast transformation in unimmunized animals and newborn 
humans (Al Tawil et at, 1981; Nordlind, 1983) raises the 
question whether it has a direct effect on macrophages and 
other antigen presenting cells and causes them to release IL-l 
(see below). 

Nickel dermatitis poses several problems 

a) If nickel were a new agent, could its ability to sensitize 
be predicted and would there be a serious alternative to 
testing in man? 

bY Is the incidence of nickel dermatitis a direct reflection 
of the level of exposure or are there individual factors which 
explain why under similar environmental conditions some 
individuals have no lesions, other minors lesions around the 
point of exposure while yet others have intermittent or 
chronic eczema of the hands (Hansen et al, 1982)? 

c) What is the mechanism of the skin lesion? 
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MECHANISM OF THE CON~ACT SENSITIVITY REACTION 

The classical view is that following exposure to antigen, 
proliferation occurs in. the regional lymph nodes and gives 
rise to effector cells. These effector cells leave the lymph 
node and circulate in the blood and move to the skin test site 
as the result of th~ minor degree of inflammation caused by 
challenge. There is argument whether there is any antigen 
specificity in this arrival, i.e. whether cells clonally 
committed to the antigen show greater arrival than other 
cells. The lymphocytes then i~teract with antigen, probably 
on the surface of antigen presenting cells which provide class 
II major histocompatibility products (MHC) which are otherwise 
known as transplantation antigens. The lymphocytes then 
release various lymphokines which cause the local inflammation 
and in particular lead to the futher influx of cells and to 
fibrin deposition in the more severe lesions. 

Recently it has been realized that basophils enter some 
lesions in the guinea pig and man. It is thought that a 
subset of lymphocytes and in some situations circulating 
antibody is responsible, see Mitchell and Askenase, (1982). 
However in general antibody only plays a subsidiary role in 
augmenting certain delayed hypersensitisity (but not appa
rently contact sensitivity) skin reactions, while the essen
tial reaction is transferred by T lymphocytes (Asherson, 
1967) • 

Askenase and his coworkers have described a futher mechanism 
which probably serves to amplify the contact sensitivity 
reaction (Askenase et a1, 1983; Askenase and Loveren, 1983). 
Mice with established contact sensitivity have T lymphocytes 
which liberate an antigen specific T cell factor. This factor 
is reminiscent of IgE in that it arms mast cells. These then 
release mediators, of which serotonin may be the main one, 
which increase the permeability of the local capillaries to 
protein and to cells. The increased permeability then facili
tates the passage of the classical effector T cells which 
liberate lymphokines and are responsible for the bulk of the 
reaction. It is not yet critically clear whether these two 
functions are due to different sets of T lympphocytes. 

CONTROL OF THE SIZE AND DURATION OF THE CONTACT SENSITIVITY 
REACTION 

Generalities 

Some of the main factors which influence contact sensitivity 
are listed in table 1. It is outside the scope of this 
article to discuss physiological and pharmacological factors 
such as skin permeability and the dermal equivalent of the 
bronchial hyperreactivity seen is asthma, although these are 
clearly important and skin permeability in particu1ar wi11 
influence the dose of antigen received by an individual. This 
increase in permeability may explain in part the greater ease 
with which contact dermatitis is induced when agents are 
applied to damaged skin and the adverse effect of irritants 
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and detergents. However it is possible that immuno
toxicological factors such as the ability of certain irritants 
to activate macrophages and other antigen presentings cells 
may be involved. 

TABLE 1 

Factors which may influence the contact sensitivity reaction 

Permeability of skin which affects dose. 

Production of IL-I by antigen presenting cells. 

Production of IL-2 (T cell growth factor) . 

Helper cell circuits. 

Suppressor cell circuits. 

Contra- suppressor cell circuits. 

Genetic factors 

The antigen presenting cell 

Classically the macrophage was regarded as the only antigen 
presenting cell. It is now realized the several different 
cells have this property, including the Langerhans cell in the 
skin, and its equivalent in the afferent lymph (veiled cell) 
and lymph node (dendritic cell). It is possible that the 
epithelial cell (the keratinocyte) can present antigen when 
the skin is inflammed as under these condition the keratino
cytes acquire class II major histocompatibility complex 
products (which in humans are called HLA-D and in mouse I-A) 
and are able produce an IL-l like factor called epidermal 
thymus activating factor (ETAF). 

TABLE 2 

Antigen presentation 

Partial proteolsis by enzymes. 

Association of antigen with MHC. Production of IL-l 

One of the key questions is: what activates the macrophage 
to present antigen or more colloquially: how does the macro
phage know when to present antigen? (See Raff, 1982) Enzyma
tic digestion (processing or fragmentation) is required for 
most antigens probably to allow incorporation into the mem
brane and association with class II MHC products. There is 
also a requirement for IL-l production. Chemically reactive 
contact sensitizing agents may bypass this requirement for 
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processing by combining directly with membrane components. 
However processing may be important when the immune response 
is directed against a derivatized skin protein and not against 
a derivatized antigen presenting cell. 

The two other factors in antigen presentation are the presence 
of class II major histocompatibility complex products on the 
surface of the antigen presenting cell and the production of 
IL-l. Some of the cues for the appearance of class II MHC 
products and the production of IL-l are shown in Table 3. 

TABLE 3 

Factors which influence the activation of the antigen pre
senting cell 

Bacterial endotoxin (lipopolysaccharide). 

Bacterial cell wall (muramyl dipeptide). 

Gamma interferon. 

Activited C5 and hence immune complexes and polysaccharides 
which activate the alternate complement pathway ? 

antigen specific T helper factor ? 

chemically reactive haptenes 

It will be seen that bacteria can activate antigen presenting 
cells directly by their cell walls and endotoxin, and indirec
tly by activating the complement system. Viruses can cause 
activation through gamma interferon, although it is puzzling 
that this is an immune interferon produced by lymphocytes and 
not the alpha or beta interferon which arises directly as a 
result of viral infection of cells. It is less clear how 
other antigens activate the antigen presenting cell. One 
possibility is that there are naturally occurring antibodies 
or antigen specific T cell_products which are cytophilic for 
the antigen presenting cell and provide it which a receptor 
for binding and recognizi~g antigen which then leads to 
activation. In the case of the antigen specific T helper 
factor which bears class II MHC determinants it is possible 
that the factor itself provides some of the I-A needed for the 
lymphocytes to respond to antigen. (See Colizzi et al., 
1984). Another possibility is that the contact sensitizing 
agents, by virtue of their chemical reactivity, modify the 
surface of cells and hence activate (or lead to the liberation 
of factors which activate) the antigen presenting cell. In 
this connection it is interesting that many immunological 
adjuvants are surface active compounds and this raises the 
question whether the clinical observation that the surfactant 
detergents and other irritants favour the development of 
contact sensitivity is due in part to activation of the 
antigen presenting cells. 
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The role of IL-l and IL-2 in influencing the outcome of the 
immune response 

The induction of the immune response is summarized in Fig. 1. 
The antigen presenting cell provides antigen and class II MHC 
product together with the nonspecific signal, interleukin-l, 
to a T lymphocyte. This causes the T lymphocyte to produce 
interleukin-2 (IL-2) which was formerly called T cell growth 
factor. At the same time the antigen presenting cell provides 
antigen and class II MHC product to a second T cell which 
acquires a receptor for IL-2. This cell then proliferates in 
the presence of IL-2. Futher downstream there are nonspecific 
differentiation factors (at least in the cytotoxic system) 
required to convert the proliferating cell into the final 
effector cell. This diagram suggests that IL-l and hence IL-2 
play a critical role in determining whether a conventional 
immune response occure. 

Three lines of experimental evidence suggest that IL-2 may 
play a role in determining the balance between immunity and 
tolerance. The first series of experiments studied the 
neonatal induction of tolerance by the injection of semiallo
geneic cells which is a classical system based on the early 
work of Medawar.It was found that the injection of super
natants containing IL-2 one day after the injection of the 
tolerogenic stimulus prevented the induction of tolerance as 
judged by skin graft rejection. This is an example of IL-2 
converting a tolerogenic stimulus into a neutral stimulus 
(Merkovsky et aI, 1984), although the actual mechanism may be 
the stimulation of an early immune response which causes the 
rejection of the lymphoid cells used to induce tolerance. It 
is thought that the continued presence of the cells used to 
induce tolerance is required for the maintenance of tolerance. 

In the second series of experiments the effects of IL-2 on the 
induction of unresponsivenss to contact sensitizer was 
assessed. Normally the intravenous injection of picrylated 
cells lead to unresponsivenss and it is easy to demonstrate 
suppressor cells (Colizzi et al,1983). In particular the mice 
do not develop contact sensitivity when formally immunized by 
painting the skin with picryl chloride. However mice develop 
contact sensitivity, when recombinant IL-2 is given 24 hours 
after the injection of the picrylated cels (Colizzi et aI, 
1984). In this situation IL-2 converts a net tolerogenic 
stimulus into a net immunogenic stimulus. 

The third series of experiments explored the hypothesis that 
exposure of cells to antigen in the relative absence of IL-2 
leads to clonal anergy or deletion in short term (8 day) 
experiments. Advantage was taken of the fact that the non
specific inhibitor produced by a suppressor T cell circuit 
(see below) suppresses IL-2 production. A mixed lymphocyte 
reaction was undertaken in the presence of the inhibitor and 
the lymphocytes then reexposed at 4 days to the same mouse 
alloantigen as they met in the primary. It was found that 
they failed to respond on the second occasion to an antigen 
which they had first met in the presence of the inhibitor. 
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This short term anergy did not occur when IL-2 was added to 
the primary culture. As no suppressor cells could be demons
trated it was assumed that short term clonal anergy had 
occured. The key question is whether transient exposure to 
antigen in the relative absence of IL-2 can lead to long term 
clonal deletion and immunological unresponsiveness. 

Suppressor T cell circuits 

The size of an immune response is also influenced by the 
existence of suppressor cell circuits. These have been 
extensively studied in the picryl contact sensitivity system 
and several reviews are available (Dorf and Benacerraf, 1984; 
Green et al, 1984; Claman et al, 1980; Asherson et al, 1980; 
Task and Okui 1978; Tada and Okurmura, 1979 and Asherson et 
al, 1985). The folowing generalizations may be made. 

1. T and B suppressor cell circuits arise under routine 
conditions for producing contact sensitivy. For this reason 
they should be seen as a normal concomitant of the immune 
response and not as an anusual feature which only occurs after 
special modes of immunization (Zembala et al, 1982). 

2. In the case of the T suppressor cell, commonly called T 
suppressor efferent (Ts-eff or TS 3 ) the induction signal for 
the cell is the presentation of antigen together with a 
MHC-related product called I-J. The implication is that the 
availability of I-J on the surface of antigen presenting cells 
is one of the determinants of the activation of suppressor 
cell circuits and hence of the size and duration of the 
contact hypersensitivity response. 

3. The T suppressor efferent circuit has two distinct T cells 
the Ts-eff which is equivalent to the TS 3 of Dorf (Asherson et 
al, 1984) and the T acceptor cell otherwise called the T 
suppressor auxiliary cell (Sy et al, 1979). The circuit is 
illustrated in Fig. 

4. Exposure of the mouse to haptenated cells bearing I-J 
induces the Ts-eff by a process of immunization (Colizzi et 
al, 1983). This cell then produces antigen specific T sup
pressor factor. This factor by itself does not supress the 
cell that mediates contact sensitivity directly. Instead it 
arms the nonspecific T acceptor cell, i.e. a cell which lacks 
relevant immunological specificity but acquires it passively 
when armed with an antigen specific factor, The IgE mast cell 
system provides a simple analogy. In this system the antigen 
specific IgE antibody arms the mast cell. This then releases 
the final mediator nonspecific inhibitior when exposed to 
antigen. In fact this triggering event requires both antigen 
and the MHC-related product I-J, and is an example of associa
tive recognition. 

5. The nonspecific inhibitor(s) has two properties. On the 
one hand it blocks the passive transfer of contact sensitivity 
(Zembala et al, 1982). On the other hand it limits cell 
proliferation by blocking 1L-2 production (Malkovsky et aI, 
1983). It is this nonspecific inhibitor which was used in the 
experiment on clonal anergy in vitro. 
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6. In describing T suppressor cell circuits it is important 
to recognize the different linkages which occur between the 
cells. Five types of linkages are listed below. 

Type I The Link of immunization. This linkage occurs when an 
antigen presenting cell with an appropriate MHC-related 
product such as I-J gives rise to a suppressor cell by a 
process of immunization. A good example is the generation of 
TS 3 by immunization with picrylated I-J+ cells. Similarly, an 
I-J+ antigen-specific product, TsFI from an I-J+ 
antigen-directed TS 1 cell generates an anti-idiotypic T 
suppressor cell (Ts 2 ) by a process of immunization (Okuda et 
al, 1981). 

Type II The link of triggering. This linkage occurs when 
antigen, characteristically on an I-J+ cell or an I-J+ anti
idiotypic T suppressor factor, triggers a cell to release its 
product. One example is the triggering of the 
antigen-directed Ts of DCorf to release TsF3 when triggered by 
the I-J+ antiidiotypic TsF2 (Minami et al, 1983). Another 
example is the triggering of the T acceptor cell armed with 
TsF by antigen on the surface of an I-J+ cell (Zembala et al, 
1982). 

Type III The link of arming. This involves a cytophilic 
factor and a nonspecific acceptor cell which is armed by it. 
An acceptor cell is defined as a cell lacking relevant immuno
logical specificity which acquires specificity when it binds 
an antigen specific factor. One example is the binding of 
antigen specific TsF to an acceptor cell such as the T accep
tor cell or the macrophage which then releases a nonspecific 
inhibi tion when triggered \'li th antigen on the surface of an 
I-J+ cell (Zembala et al, 1982:Ptak et al, 1981). 

Type IV The link of help. In effector responses the develop
ment of the effector cell may require IL-l and IL-2 and 
nonspecific differentiation factors and may be facilitated by 
antigen specific factors. Similar phenomenon have been 
described affecting suppressor cells. For instance the 
ability of antigen specific T suppressor factor to augment the 
suppressor cell response to antigen should probably be inter
preted as antigen specific help for the generation of T 
suppressor cells (Tsurufuji et al, 1983). As the factor is 
I-J+ this may be a further example of the rule that the 
presentation of antigen together with I-J favours the induc
tion of suppressor cells. Factors favouring the differen
tiation of suppressor cells have also been described (Rich et 
al, 1984). 

Type V The link of complementation. An interesting link is 
provided by the finding that T suppressor factor may be 
produced as two separate chains both of which are required for 
activity. In this case the chains are described as comple
menting each other and this is one of the ways in which 
distinct cells may collaborate in causing suppression. For 
instance in the picryl system in addition to the high mole
cular weight disulphide bonded TsF presumably made by one 
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cell, there is also low moleculare weight factor. This factor 
occurs as two separate chains. Both of these chains are 
needed for biological activity. Moreover these chains may be 
made by distinct cells with different Lyt phenotypes. This 
requirement for two cells for the arming of the nonspecific T 
acceptor cell may be termed complementation. 

7. In addition to the present T suppressor circuit, there is 
contact 
It does 

1985; 

a T suppressor cell which blocks the induction of 
sensitivity and of antigen specific T helper factor. 
not act through the Ts-efferent (Asherson et aI, 
Thomas et aI, 1981). 

8. Finally there are B suppressor circuits some probably 
based on antibody to the antigen and others anti-idiotypic 
which influence contact sensitivity (Zembala et aI, 1976; Sy 
et aI, 1979 and Moorhead, 1982). 

Contrasuppressor cells 

Several workers have described cells which negate the effect 
of a suppressor circuit. There are several possible 
mechanisms. In some cases an anti-idiotypic B cell blocks the 
action and possibly the development of the Ts-eff described 
above (Asherson et aI, 1981). This is an example of a sup
pressor of a suppressor cell. In other cases the contra
suppressor cell is thought to stimulate the target cell and 
render it refractory to the suppressive stimulus. This is the 
mechanism suggested by the data of Lehner (1983) and Ptak et 
al (1984). Finally suppression due to inhibition of IL-2 
production may be overcome by cells which produce IL-2 and 
hence Circumnavigate the block. This may explain some of the 
situations in which tolerance is broken by an allogeneic 
reaction (McCullagh, 1970). 

Genetic factors 

In mice there are clear strain difference in the response to 
antigen. These are usually due to Ir genes which are iden
t,ical to the genes determining class II MHC products. In some 
cases low responsiveness is due to the disproportionate 
production of supressor cells. In these case inactivation of 
suppressor cells by cyclophosphamide or other methods allows a 
response in low responder strains (Benacerraf and Germain, 
1979). In other cases the Ir genes act directly and not via a 
suppressor cell system. Similar genetic effects due to 
suppressor cells may occur in man (Nishimura and Sasazuki, 
1983). 

CONCLUSIONS 

The outcome of exposure to a contact sentitizing agent depends 
on several factors. Empirically it has been found that dosage 
is important both unduly high or low doses causing unrespo
niveness and there is a window of immunization in between (See 
Asherson et aI, 1979). Lehner (1983) has raised the interes
ting question whether in humans this window is caused by the 
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activity of contrasuppressor cells whose preferred antigen 
concentration for activation is related to class II MHC 
products (HLA-D). Dosage is affected by irritants and surfac
tants which damage the skin and facilitate absorption. These 
agents may possibly activitate the antigen presenting cell. 
We can also consider the role of antigen. We must also 
consider suppressor and contrasuppressor circuits and finally 
the role of genetic factqrs, some of which act through the 
suppressor cell circuit, but others of which may affect 
contrasuppressor circuits and antigen presentation. Against 
his background it is a priori unlikely that testing in guinea 
pigs and mice will do more than detect the most potent contact 
sensitizers. One possible alternative is that the more potent 
contact sensitizers may have two properties, first they may 
induce antigen presenting cells to make IL-l and second 
lymphocytes able to react with them may be well represented in 
the clonal repertoire. The ability to stimulate IL-l produc
tion can be measured directly, while the presence of rela
tively large numbers of clonally committed cells might be 
detected by the ability to give a primary in vitro blast 
transformation response. This is true for good contact 
sensitizers such as the dinitro and trinitrophenyl (picryl) 
compounds and metals such as nickel and mercury. Hence 
careful research may increase our ability to suspect potential 
contact sensitizers using a human in vitro system. Never
theless there is no current substitute for cautious testing of 
new agents in man. 
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Diagram of the role of the antigen presenting cell, IL-I and 
IL-2 in the induction of the immune response. 

Il-1 U "l,MHC l Dlffef~~~~ion 

Effector cell 

Figure 1. The figure shows an antigen presenting cell (APC). On the left. the heavy 
errow shows the APC presenting antigen together with major histocompatibility complex 
product (MHC) to a T lymphocyte. The light arrow shows that the APC secretes IL-I (or 
has IL-l on its surface). As a result of this double stimulation the T lymphocyte 
produces IL-2. The heavy right hand arrow shows the APC presenting antigen and MHC to 
a second T lymphocyte. As a result the lymphocyte develops receptors for IL-2 and is 

stimulated to divide by IL-2. However differentiation factors may be needed before 
the final effector cell is generated. 

Induction of Ts-eff 

antigen 
I-J 

u 

Triggering of Ts-eff Arming of acceptor cell and 
triggering of release of non
specific in h ibitor 

~ antigen + 1-J r:;=::.;.::::(l< 
Ts ~~----. e ~GQ 

9 _no_an_ti_ge_n_--+'I' X < I ! ~-J ! ~I-J 
\D nonspecific nonspecific 

inhibitor inhibitor 

This circuit leads to the production of nonspecific inhibitor which blocks the passive 
transfer of contact sensitivity and IL-2 production. It can be divided into three 

stages: the induction of the Ts-eff. the triggering of the TS-eff to release T 
suppressor factor and the arming of the acceptor cell and triggering of the release of 
nonspecific inhibitor. 

On the left. antigen on the surface of an I-J+ cell induces the resting or pre-Ts to 
become a primed Ts by a process of immunization LINK 1 in text 
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1. INTRODUCTION 

The application of modern immunological methodology to the 
field of allergy over the last 20 years has attributed a 
central role to reaginic (IgE) antibodies in the mediation of 
immediate-type hypersensitivity responses. Indeed, the 
involvement of this class of immunoglobulin has come to be 
regarded as an essential feature of allergies of the 
asthma-hay-fever-urticaria type. Although (see Stanworth, 
1983A), there are some clinical allergy situations in which 
anaphylactic antibodies of the IgG4 (rather than IgE) class 
appear to be implicated (Stanworth, 1983B). 

Work undertaken in my laboratory in recent years is beginning 
to suggest a mechanism whereby IgE antibody-antigen (allergen) 
interaction on target mast cell (or basophil) membranes 
initiates the release of histamine, and other mediators of 
immediate-type hypersensitivity reactions. Hopefully, this 
will lead eventually to the design of more effective 
anti-allergy compounds. But, it also offers an explanation of 
the basis of clinically similar allergic reactions, the 
socalled "pseudo-allergic" responses, in which there is no 
evidence of the involvement of anaphylactic antibodies. 

As will be indicated, these include adverse reactivity to 
polypeptide antibiotics and amino glycosides: and compounds 
like intravenous anaesthetics and radiographic contrast media, 
which appear to act by eleciting the formation of the his
tamine releasing complement C3a and C5a sUbcomponents (the 
"anaphylatoxins"). Other types of pharmaceutical agent that 
have been placed in this category are colloid plasma 
substitutes, where however there is evidence in some cases of 
the involvement of antibodies of the IgG class: and 
aggregate-contaminated preparations of IgG used for clinical 
infusion, as will also be discusssd. 

2. MOLECULAR BASIS OF IGE ANTIBODY-MEDIATED HYPERSENSITIVITY 
REACTIONS. 

Our long term study of the molecular basis of the immuno
logical triggering of mast cells (and basophils) has pointed 
to a dual role of IgE antibodies (as has been discussed in 
detail elsewhere; ego Stanworth, 1973). As our early 
passive sensitisation-inhibition studies, using proteolytic 
and chemical cleavage fragments of human myeloma IgE, 
(Stanworth et al. 1968) were the first to demonstrate, 
anaphylactic antibodies of this class bind to mast cells via 
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Fc receptors. Owing to the relatively high association 
constant of this non-covalent interaction, transferred anti
body will persist at such local transfer sites (eg. in the 
skin of normal recipients) for long periods (up to several 
weeks): this being a "null" event as far as the target mast 
cell is concerned. 

It is the subsequent presentation of specific antigen 
(allergen) to such sensitised cells which sets in train a 
complex series of biochemical events culminating in the energy 
and calcium ion-dependent, non-lytic, release of histamine and 
other mediators of immediate-type hypersensitivity responses 
(depicted diagrammatically in Figure (1). 

Although some investigators maintain that the immunological 
triggering event responsible for initiating this mediator 
release process merely involves the cross-linking of Fc 
receptors on the mast cell plasma membrane, indirectly through 
the bridging of IgE antibody bound to those receptors by 
allergen, we have always contended that the latter process 
results in antibody providing a direct triggering signal to 
the target mast cell as a result of a conformational change 
brought about by the antigen cross-linking (as is depicted 
diagrammatically in Figure 2). Furthermore, extensive studies 
using synthetic peptides, which have been carried out in my 
laboratory over the last fifteen years (Jasani et a1. 1973, 
1979:Stanworth et a1. 1984) have delineated that part of 
the IgE antibody Fc region (within the C 4 domain), which 
appears to be responsible for providing such a signal, as has 
been discussed in detail recently elsewhere (Stanworth, 1984). 
Moreover, recent collaborative studies undertaken with R. 
Cherry and colleagues of Essex University based on the mea
surement of basic peptides capacity to immobilise band 3 
protein in a model (erythrocyte) membrane system (Dufton et 
al. 1984), have begun to suggest how such as cytophilic 
antibody Fc effector site could initiate the mast cell mem
brane changes culminating in mediator release. 

It seems likely that a sequence of around 10 amino acids 
within that part of theEchain comprising this effector site 
(see Figure 3) insert (via the C-terminal hydrophobic region) 
into the mast cell plasma membrane: the cationic N-terminal 
region then bringing about the aggregation of protein compo
nents within the membrane which provides the primary stimulus 
ultimately resulting in mediator release. Obviously, such a 
form of triggering would be facilitated if the interaction of 
mast cell bound IgE antibody with allergen were to lead to the 
activation ofa membrane peptidase, which selectively cleaves 
such.a histamine releasing -peptide from the antibody C-E 4 
domain. (This is a possibility which is now receiving serious 
attention in our laboratory). 

In this connection, it is interesting to note that substance 
P, an undecapeptide released from primary afferent neurones 
(in response to antidromic impulses) where it is thought to 
act indirectly on neighbouring mast cells (to release 
histamine), shows remarkably similar structural features to 



428 

the histamine releasinge-chain peptide (as will be seen from 
Figure 3). Thus, basic ligands other than that comprising the 
IgE antibody Fc effector site are capable of similarly eli
citing non-cytolytic mediator release from mast cells; the 
essential structural requirement being a cationic "head" 
separated by a suitable number of "inert" amino acid residue 
from a "hydrophobic" tail (as our recent detailed studies on 
the histamine releasing capacity of a range of synthetic 
chain analogues indicated: Stanworth et al. 1984). In 
other words, absolute amino acid specificity does not appear 
to be necessary for the primary triggering of mast cells; in 
contrast to the structural requirements for polypeptide 
hormone-agonist recepttor interaction. 

As will be discussed below, this offers scope for certain 
drugs and other low molecular weight substances to initiate 
the non-cytolytic release of mediators from mast cells by a 
process closely resembling the immunologically stimulated one; 
and which results in the same clinical manifestations of an 
immediate-type allergic response. 

Scope for non-immunological mast cell triggering. 

According to the mech$nism of immunological (ie. IgE antibody 
mediated) mast cell triggering just described, there ought to 
be scope for the direct mediator releasing action of other 
basic peptides (and related compounds) besides the neuro
peptide substance P already mentioned. Indeed, as discussed 
at length elsewhere (Stanworth, 1980A), this would seem to 
offer an explanation of the severe anaphylactic-like reactions 
occationally seen to the ACTH (1-24) peptide, Synacthen; and 
to basic polypeptide antibiotics (such as polymyxin B, colis
tin and bacitracin) and the basic aminoglycosides (discussed 
by Dewdney, 1980). 

Studies undertaken on sera from a group of patients, who had 
reacted adversely to the administration of Synacthen, failed 
to reveal any evidence of the formation of anaphylactic IgE 
antibodies directed against this synthetic polypeptide hormone 
(which, incidentally, possesses the same amino acid sequence 
as the first 24 amino acid residues of human ACTH). On the 
other hand, we have in the past obtained substantial experi
mental evidence (eg. see Jasani et al. 1973; 1979) that 
such polypeptides are capable of eliciting the non-cytolytic 
release of histamine from normal rat mast cells in vitro, at 
relatively low doses (ie. 10-6 :M effects of the order of 50% 
release of the total available histamine). We assume that 
such polypeptides act directly on the mast cell plasma 
membrane, in a similar manner to that ascribed earlier to the 
synthetic t-chain peptide; thereby "short circuiting" the 
regular two stage IgE antibody mediated trigger process. 

As . shown in Figure 4, the whole 39 amino acid residue native. 
ACTH molecule is a much less effective histamine releasing 
agent. Intriguingly, as our structure-activity studies 
(Jasani et al. 1973; 1979) have indicated, this can be 
attributed to the presence of the aminoiacid residues in the 
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25-39 region of the whole ACTH molecule. Omission of these 
(which were thought to comprise the foreign antigenic determi
nant in porcine ACTH, against which some patients appeared to 
mount antibody responses) in the synthetic 1-24 residue poly 
peptide (Synacthen), has resulted in a much more basic struc
ture (comprising a cluster of basic amino acids spanning 
positions 15-18) as will be seen from Figure 5; and, 
therefore, a much more potent histamine liberator. 

3. ROLE OF C3 RECEPTORS IN MAST CELL TRIGGERING. 

It has been recognised for many years that incubation of serum 
with insoluble high molecular weight substances (such as 
starch, dextran, yeast and bacterial endotoxic lypopoly
saccharides), as well as with certain antigen-antibody 
complexes, results in the formation of a toxic product termed 
"anaphylatoxin"; because of its capacity to produce 
anaphylaxis-like (ie. smooth muscle contraction, peripheral 
vasodilation, increase vascular permeability and oedema) 
effects in vivo. Such activities have since been associated 
with the complement compoment C3 cleavage products C3a andC5a 
(Osler et ale 1959). Not only do such fragments, which are 
produced during activation of the alternative complement 
pathway (as indicated in Figure 6), show chemotactic activity 
for polymorphonuclear leucocytes. It can also be demonstrated 
(Johnson et a1. 1975) that they are capable of initiating 
histamine release from isolated normal rat peritoneal mast 
cells (as will be seen from Figure 7). This, therefore, 
provides another means by which certain drugs and other low 
molecular weight substances could be capable of eliciting the 
clinical symptoms of immediate-type hypersentivity (as has 
been discussed in more detail in Stanworth, 1980); without 
recourse to the classical IgE antibody mediated histamine 
release process (outlined in Section 2); and so such respon
ses can also be regarded as pseudo-allergic reactions. On the 
other hand, although C3b receptors have also been demonstrated 
on mast cells and basophils, there is no evidence that their 
activation plays any primary role in the triggering of media
tor release (as has been discussed elsewhere: Stanworth, 
1980B); in contrast to their active involvement in the 
stimulation of phagocytic cells (eg. macrophages and polymor
phonuclear leucocytes, discussed in Stanworth, 1984C). 

Examples of the apparent activation of the alternative com
plement pathway by pharmaceutical agents, as a basis of 
adverse clinical reactivity. 

a. Action of radiographic contrast media (RCM) 

Adverse reactions of an allergic symptomatology (urticaria, 
angiodema, asthma etc.) have been reported in as many as 2% of 
patients receiving these radio-opaque triiodinated benzoic 
acid derivatives (some of which are illustrated, 
structurally, in Figure 8) prior to x-ray analysis (Witten, 
1975) 
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It is conceivable that such compounds promote adverse IgE 
antibody-metiated reactions in those patients who react 
adversely to their administration; particularly as there have 
been reports that patients with a history of allergy, or a 
prior history of anaphylactoid reactions to RCM, pertain to a 
greater risk of adverse reactivity to this type of compound. 
But, in extensive experimental sensitisation studies performed 
recently in my laboratory, using a range of RCM in rats and 
mice, IgE antibody responses could not be demonstrated when 
the free RCM was adminstered in doses equivalent to those 
employed clinically (AI Ani et ale 1984). Although, the 
formation of RCM specific IgE antibodies in rats (as revealed 
by subsequent in vitro challenge studies on their isolated 
peritoneal mast cells) was achieved by sensitising the animals 
with RCM which had been chemically coupled to a protein 
carrier (eg. ovalbumin or~-lactoglobulin). Another possi
bility was that RCM effected mediator release by acting 
directly on certain (susceptible) individuals' mast cells. 
But in vitro studies undertaken in our laboratory, of the 
direct effect of a series of RCM on rat peritoneal mast cells, 
showed that such compounds were capable only of eliciting 
cytolytic histamine release, and even then only at high dose 
levels. 

On the other hand, we found that all of the four contrast 
media examined (ie. methylglucamine acetrizoate methylgluc
amine diatrizoate, methylglucamine ioxithalamate and 
ioglunide) consumed comple ment from normal human serum via 
the alternative pathway in vitro (see Figure 9), when we 
applied a simple haemolytic assay developed in our laboratory 
(Riches and stanworth, 1980) to the measurement of this 
parameter. However, in subsequent in vitro studies undertaken 
in our laboratory, inclubation of ReM with rat mast cells or 
human peripheral blood leucocytes in the presence of fresh rat 
or human serum, respectively, failed to obtain any direct 
evidence that RCM are capable of effecting histamine release 
in vivo as a result of anaphylatoxin formation. 

In contrast, we have obtained indirect evidence that RCM 
interact with the complement C3 component via mechanisms which 
differ from either the established classical or alternative 
pathways, when incubated with fresh human serum in vitro. 
These observations are consistent with those of other inves
tigators (eg. Lasser et ale 1979; Hasselbacker and Hahn, 
1980) whose findings also point to an atypical mode of activa
tion of the complement C3 component by RCM. 

In this connection, it is conceivable that some of the adverse 
reaction to RCM could perhaps be attributable to the initia
tion of release of lysosomal enzymes and other mediators from 
phagocytic cells, because our recent studies onimmunologica1 
(and other) mechanisms of triggering of such target cells have 
demonstrated a relationship between the capacities of in
soluble immune complexes and other secretagogues (including 
several primary aliphatic monoamines) to activate the alterna~ 
tive complement pathway, and to effect the non-cytolytic 
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release of these ezymes from mouse peritoneal macrophages in 
vitro (Riches and stanworth, 1981). Moreover, such an effect 
is also shown by other weak bases, such as ammonium chloride 
(Riches and stanworth, 1980), which has been used as a solvent 
in some RCM preparation. But studies performed in my labo
ratory on the direct effect of the four RCM referred to 
earlier (eg. inFigure 9) on isolated mouse peritoneal macro
phages failed to reveal any evidence of the initiation of non 
lytic acid hydrolase release by physiologically significant 
doses. 

b. Action of intravenous anaesthetics 

There have been various reports in the literature (reviewed in 
Watkins, 1979) of anaphylactoid reactions to intravenous 
anaesthetics such as: alphaxalone and alphadolone (Althesin) 
and propanidid (Eportol). Furthermore there have been claims 
that such adverse responses are attributable to activation of 
the alternative complement pathway, with the formation of 
anaphylatoxic C3a and C5a sUb-components. But, here too, 
convincing direct experimental evidence has not been provided 
in support of this contention. There is, however, agreement 
that many such adverse reactions are attributable to the 
solvent cremphor E.L. (a surfactant produced by epoxylation 
of castor oil) used in the formulation of intravenous 
anaesthetics. Moreover, a high frequency of adverse responses 
to injection of this agent has been observed in the mini-pig, 
7 days following an initial injection (Glen et al. 1979). 
The responses noted in the pigs differed from those associated 
with adverse reactions to cremophor in man, in that broncho
spasm was not a feature of the reaction in the pig, whereas 
marked hypertension rather than hypotention was a consistent 
finding. But, the release of histamine in some of the in vivo 
reactions observed, as well as marked changes in polymorph 
count, are features common to the reactions seen in both man 
and pig. 

With one exception, the reactions observed inpigs occurred 
following prior exposure to a particular agent or solvent. 
But, the short time interval required to induce sensitivity, 
and the disappearance of this sensitivity after 3 weeks, has 
been interpreted that it is unlikely that classical IgE 
mediated hypersensitivity is involved; a conclusion which was 
supported by the failure to demonstrate specific IgE anti
bodies in the animals' circulations, by PCA testing. 

The pioneering work of Lorenz and associates (reviewed in 
Lorenz et al. 1981); involving the application of a highly 
refined fluorometric assay to the measurement of histamine 
levels in serial plasma samples, has provided direct evidence 
of the in vivo release of this mediator in response to the 
administration of anaesthetic and hypnotic drugs as well as 
Cremophor E.L. But, it is not easy to distinguish between 
"reactive" and "non-reactive" individuals on this basis; 
particularly as the injection of saline alone was found to 
elicit an elevation in plasma histamine levels in some sub
jects (Lorenz and Doenicke, 1978). 
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4. ADVERSE REACTIONS TO PLASMA PRODUCTS AND 
PLASMA SUBSTITUTES. 

The administration of plasma proteins (immunoglobulin, coa
glulation factors etc.) and plasma (ie. colloid volume) 
substitutes, is another form of treatment which can elicit 
adverse reactions in some individuals. But here, as in the 
case of types of response discussed in earlier sections, it is 
not always easy to establish whether allergic responses of the 
classical or pseuo type have occurred. 

a. Pseudo-allergic reactions to human~-globulin preparations 

It has long been recognised that there is a danger in adminis
tering human IgG preparations intravenously, because of the 
possible presence of some aggregated material capable of 
eliciting a pseudo-allergic response. Consequently, great 
efforts have been made in recent years to free commercial IgG 
preparations of such undesirable polymer forms; in some cases 
by employing a mild enzyme treatment to digest them (Janeway 
et ale 1968). It would seem most likely that the adverse 
reactivity of aggregated forms of human IgG are attributable 
to their capacity to activate the classical complement 
pathway. Work undertaken in our laboratory (Evans and 
Stanworth, unpublished) has revealed that human IgG trimers 
are the Sma}lest polymer forms capable of this biological 
activity. Whilst collaborative studies which we undertook 
with HOlborrow and colleagues (Embling et ale 1978) revealed 
that similar structural requirements appear to be necessary 
for aggregated forms of human IgG to localise in the germinal 
centres of mice. 

The supposition that complement activation is involved in 
adverse reactivity to such pharmaceutical agents is supported 
by observations that all compounds of the complement system 
were found to be reduced following an IgG infusion, whereas, 
there was no evidence of raised levels of histamine or sero
tonin in the circulations of such patients. 

Such adverse reactions appear to be more prominent in immuno
deficient patients who, of course, are major recipients of 
this form of treatment; and there is evidence that severe 
clinical symptoms associated with intravenous human IgG 
infusion are more often seen in immunodeficient patients 
(Barandin et ale 1968). Yet, in a study which we undertook 
some years ago (McLaughlan et ale 1974) involving the measu
rement of serum IgE levels in 48 such patients, we found no 
evidence that those patients experiencing anaphylactic-type 
reactions following IgG infusion had higher circulating levels 
of this immunoglobulin. 
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b. Pseudo-allergic reactions to colloid volume substitutes. 

Of the adverse reactions encountered to various materials 
(plasma protein constituents, gelatin, starch, dextran emplo
yed as colloid volume substitutes, those initiated by dextran 
preparations have been investigated in most detail from the 
immunological stand point. 

Anaphylactoid reactions elicited by this polysaccharide are 
most frequently observed in the initial phase of its infusion. 
Furthermore, a relatively high incidence (ie.40%) of atopy has 
been observed in patients showing mild incompatibility to 
dextran, but not in patients who react severely to its 
administration. But, none of the laboratory investigations 
undertaken on this form of human adverse reactivity have 
produced evidence that IgE antibodies directed against dextran 
were responsible for the sensitivity exhibited by certain 
strains of rats (West, 1977); whose mast cells release 
vasoactive amines in response to dextran challenge, by a non 
IgE antibody dependent process. On the other hand, high 
titres of dextran-reactive haemagglutinating antibodies of the 
IgG class have been detected in the sera of patients reacting 
adversely to dextran infusion; their levels showing a strong 
correlation with the severity of the clinical response 
(Richter and Hadin, 1982). The complement profiles of such 
patients have revealed decreases in the levels of C1q sug
gestive of the activation of the classical pathway. This is 
attributed to immune complexes comprising dextran and the IgG 
anti-bodies (of the IgG2 sub-class).In other words, it seems 
likely that the anaphylactoid reactions initiated by this 
colloid volume substitute are of Type III (ie. immune complex 
mediated). 

can 
in 
of 

the 
(ie. 

infu-

Interestingly, the observation that hapten inhibition 
prevent lethal experimentally-induced dextran anaphylaxis 
guinea pigs has been exploited to reduce the incidence 
dextran induced anaphylactoid reactions in patients, by 
administration of a monovalent low molecular weight 
1000) polyglucose preparation two minutes prior to the 
sion of clinical dextran (Messmer et al. 1980). 

5. CONCLUDING COMMENTS 

As has been indicated, there is still much to be learnt about 
the mechanisms of the so-called pseudo-allergic reactions. 
But, even at this stage it is apparent that these are quite 
varied; despite the similarities in the clinical 
manifestations. 

In the limited time available, the major types of 
non-anaphylactic antibody mediated allergic response have been 
outlined; and their probable mechanisms have been discussed. 
Some would question the inclusion of allergic reactions to 
dextran in this category; although the attribution of immune 
complexes as the cause of the severe adverse reactions to this 
colloid volume substitute has yet to be established 
unequivocally. There is growing evidence that pseudo-allergic 
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reactions to, at least, some of the other pharmaceutical 
agents considered here, such as radiographic contrast media 
and intravenous anaesthetics, result from an effect on the 
alternative qomplement pathway. However, direct evidence that 
such reactions lead to the formation of anaphylatoxic comple
ment sUb-components (C3a and C5a) in vivo has yet to be 
obtained. 

On the other hand, as has been discussed at some length, it 
seems likely that polypeptide drugs like ACTH and certain 
antibiotics initiate vasoactive amine release as the result of 
a direct action on target mast cells. Moreover, a plausible 
mechanism of such a mode of action has been put forward; 
which involves the by-passing of the two-stage IgE antibody 
triggering mechanism and direct action of the offending drug 
on the so-called second "receptor". 

Despite this progress in understanding of the mechanism of 
pseudo-allergic reactions, it is still necessary to explain 
why only a very small number of patients respond adversely to 
exposure to these various pharmaceutical agents. This aspect 
presents the next challenge to those interested ~n solving 
this troublesome problem; and will eventually lead, 
hopefully, to the devising of methods of anticipating the 
likelihood of a patient responding adversely to a particular 
pharmaceutical (or other foreign) agent in such a manner. 
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1. Diagrammatic depiction of the major biochemical events 

thought to be associated with the immunological triggering 

of mast cells. (Courtesy of Dr. D.S. Burt). 
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(allergen) elicits a conformational change in mast cell 

bound IgE antibody, with the formation of a direct trigger 

site within the Fe region. 
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~'CHAIN PEPTIDE 

SUBSTANCE P 

Lys-Thr-Lys-Gly-Ser-Gly-Phe-Phe-val-Phe 

Arg-prO-LYS-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-

3. Comparison of the primary sequences of a synthetic 

histamine releasing decapeptide comprising a sequence 

within the human ~4 domain and the histamine releasing 

neuropeptide substance P. 
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4. Vascular permeability inducing activity in guinea pigs; 

following intracutaneous injection subsequent to i.v. 

injection of Rontamine Sky Blue (Reproduced from Jaques R. 

In t. Archs. Allergy 1965. £!!, 221). 

ACTH 

1 16 
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17 l4 
Arg-Ar~-Pro-Val-Lys-Vul-T.YI'-Pro-

25 39 
Asp-Gly-Ala-Glu-Asp-Glu-Leu-Ala-Glu-Ala-Phe-Pro-Leu-Glu-Phe-COOH 

5. Primary sequence of porcine ACTH. Note the relatively 

high basicity of the 1-24 region, comprising the synthetic 

peptide hormone Synacthen; and the predominance of acidic 

amino acid residues in the rest of the molecule. 
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6. Olltline of the main steps in the activation of the 

claBsical and alternative complement pathways. 
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7. Mast cell histamine releasing activity (in vitro) of 

human anaphylatoxin fragments C3a(.) and C5a (0); 

compared with the activities of compound 48/80 (6) and 

bradykinin ( .. ). (Reproduced from Johnson," R. et,' al. 

Immunology ~, 1067). 
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EXAMPLES OF RADIOGRAPHIC 
CONTRAST MEDIA STRt1CTURES 
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8. Structures of some commonly used radio-graphic contrast 

media. 



439 

100 

&0 

I 
, ~o 
u 

~ 

20 

o 

00.01 0.05 0,1 0,15 0,20 IMI 

IRCM CONCENTRATION) IMI 

100 , 
. , , 

, 
.' , 

80 .-c 
:2 , 

t .' 

~ 
AcetrizOQ~/ 

60 l ,., 
u .. , 
I!: , 
J 40 , . ... 

/ ~ 
u 

~ • I 
20 

O~~~~----.-----------.-~ o 0·025 0-050 ReMIHI 
o· 875 1-750 P 2971'Y. I 

Demonstration of the complement (e3) reactivity of four 

radio-graphic contrast media: methyl glucamine 

acetrizoate (.); methyl glucamine diatrizoate (.); 

it " methyl glucamine ioxi thalamate (0); and ioglunide (CI)) p, 291 



440 

REFERENCES 

AI-Ani W.S., Burt D.S. & Stanworth D.R. (1984) Results of in 
vitro investigations into the possible mechanisms of 
adverse clinical reactivity to radio-graphic contrast 
media (RCM). In preparation. 

Barandun S., Kistler P., Jeune T.F. & Isliker H. (1962) 
Intravenous administration of human gamma globulin. Vox 
Sang. 7, 157. 

Dewdney J.M. (1980) pseudo-allergic 
in "Pseudo Allergic Reactions: 
chemicals. eds. Dukor P. 
(Karger, Basel). 

reactions to antibiotics. 
Involvement of Drugs and 

et al. Vol. 1, 273. 

Dufton M.J., Cherry R.J., Colement J.W. & Stanworth D.R. 
(1984) The capacity of basic pep tides to trigger exo
cytosis from mast cells correlated with their capacity to 
immobilise band 3 proteins in erythrocyte membranes. 
Biochem J. In Press. 

Embling P.H., Evans H., Gutterz C., Holborrow E.J., Johns P., 
Johnson P.M., papamichail M. & Stanworth D.R. (1978). 
The structural requirements for immunoglobulin aggregates 
to localise in germinal centres. Immunology, 34, 781. 

Glen J.B., Davies G.E., Thompson D.S., Scarth & Thompson A.V. 
(1979) An animal model for the investigation of adverse 
responses to i.V.· anaesthetic agents and their solvents. 
Br. J. Anaesth. 51, 819. 

Hasselbacher P. & Hahn J. (1980) In vitro effects of radio
graphic contrast media on the complement system. J. 
Allergy Clin. Immunol. 66, 217. 

Janeway C.A., Merler E., Rosen F.S., Salmon S. & Crain J.D. 
(1968) Intravenous gamma globulin metabolism of gamma 
globulin fragments in normal and agammaglobulinaemia 
persons. New England J. Med. 278, 919. 

Jasani B., Mackler B., Kreil G., & Stanworth D.R. (1973) 
Studies on the mast cell triggering action of certain 
histamine liberators.Int.Arch Allergy 45,74-81. 

Jasani B., Kreil G., Mackler B.F. & Stanworth D.R. (1979) 
Further studies on the structure requirements for 
poly-peptide-mediated histamine release from rat mast 
cells. Biochem J. 181, 623-632. 

Lasser E.C., Lang J.H., Lyon S.G. and Hamblin A.E. 
Complement and contrast mediator reactors. J. 
Clin. Immunol. 64, 105. 

(1979 ) 
Allergy 

Lorenz W., Doenicke A., Schonig B. & Neugebauer E. (1981) 
The role of histamine in adverse reactions to intravenous 
agents in "Adverse Reactions of Anaesthetic Drugs". ed. 
Thoronton (Elsevier /North Holland Biomedical press). 
69-238. 



441 

Lorenz W. & Doenicke A. (1978) Anaphylactoid reactions and 
histamine release by intravenous drugs used in surgergy 
and anesthesia in "Adverse Response to Intravenous Drugs" 
eds. Watkins and Ward (Academic Press) p. 83. 

MCLaughlan P., Stanworth D.R., Webster A.D.B. & Asherson G.L. 
(1974) Serum IgE in immune deficiency disorders. 
Clin.exp. Immunol. 16, 375. 

Messmer K., Ljunstrom K-G., Gruber U-F. & Hedin H. (1980) 
Prevention of dextran-induced anaphylactoid reactions by 
hapten inhibition. The Lancet i, 975. 

Riches D.W.H. & Stanworth D.R. (1980) Primary amines induced 
selective release of lysosomal enzymes from mouse 
macrophages. Biochem J. 188, 933. 

Riches D.W.H. & Stanworth D.R. (1981) Studies on the possi
ble involvment of complement component C3 in the initia
tion of acid hydrolase secretion by macrophages. I. 
Correlation between enzyme-releasing and 
complement-activating capacities of several 
secretagogues. Immunology 44, 29-39. 

Richter A.W. & Hedin H.I. (1982) Dextran hypersensitivity. 
Immunology Today ~, 132-38. 

Stanworth D.R., Humphrey J.H., Bennuch H. & Johansson S.G.O 
(1968) Inhibition of Prausnitz-Kustner reaction by 
proteolytic cleavage fragments of a human myeloma protein 
of immunoglogulin class E. The Lancet 17-18. 

Stanworth D.R. (1973) Immediate Hypersensitivity: the 
Molecular Basis of the Allergic Response. North Holland 
Research Monographs Frontiers of Biology. Vol 28. 

stanworth D.R. (1980A) Oligo-peptide-induced release of 
histamine in "PseudO-Allergic Reactions: I. Genetic 
Aspects and Anaphylactoid Reactions" - (eds. P. Dukor, 
P. Kallos, H.D. Schlumberger and G.B. West) p. 
56-107, Karger. 

Stanworth D.R. (1980B) Contribution of complement. receptors 
to the triggering of mast cells and basophils. Proc. of 
Symp. on "Triggering of Phagocytic Cells". Szekesferer
var (Kulltura, Budapest) 217-233. 

Stanworth D.R. (1983A) Mechanisms of hypersensitivity. In 
"Immunotoxicology" Proc. 1st International Congress of 
Immunotoxicology, Surre 1982. Eds. Gibson, G.G. et al. 
(Academic Press) 1983, 71-85. 

Stanworth D.R. (1984) The role of immunoreceptors. Proc. of 
the 25th congress of the European Society of Toxicology, 
Budapest, June 1984. 



442 

Stanworth D.R., Coleman J.W. & Khan Z. (1984) Essential 
structural requirements for triggering of mast cells by a 
synthetic peptide comprising a sequence in the C 4 domain 
of human IgE. Molecular Immunology 21, 243-247. 

Voohres A.B., Baker J. & Pulaski E.J. 
Albino rats to injections of 

(1951) Reactions of 
dextran (18453). 

Proc.Soc.Exp.Biol.Med. 76,254. 

Watkins J. (1979) Anaphylactoid reactions to i.v. 
substances. Br. J. Anaesth. 51, 51. 

West G.B. (1977) Anaphylactoid responses in rats. Int. 
Archs. Allergy appl. Immunol. 55, 542. 

Witten D.M. (1975) Reactions to urographic contrast media. 
J. American Med. Assoc. 321, 974-7. 

Witten D.M., Hirsch F.D. & Hartman G.W. (1973) Acute reac
tions to urographic contrast medium: incidence, clinical 
characteristics and relationship to history of hyper
sensitivity states. Amer. J. Roentgenol. 119, 832. 



PROSPECTIVE MODELING FOR DELAYED CONTACT HYPERSENSITIVITY 

E.V. Buehler 

Hill Top Research, Inc., 
Research and Development Department, 

Cincinnati, OH 45242, U.S.A. 

443 

It is an important precept that, prior to the introduction of 
new chemicals or products into commerce, they be evaluated for 
their potential to produce adverse effects. Thus, the art and 
science of toxicology has been evolving and will continue to 
evolve in order to:detect and define the biologic effects of 
the chemicals in our environment. For this purpose an impres
sive array of animal tests and procedures have been described 
and formalized that attempt to simulate the conditions of 
human exposure so that adverse effects might be identified and 
thus avoided. At the same time, many of these same animal 
models are further utilized to define and describe the mecha
nism of action of these chemicals. The protocols for a safety 
program can, ther~fore, be many and varied, but the hallmarks 
of design and planping are the selection of relevant routes of 
exposur~ in order to investigate acute, subchronic and chronic 
effects. In all cases, the intent of the toxicologist is to 
provide a measure of exaggeration in order to assure an 
adverse effect and then to describe a dose-response relation
ship and a no-effect level. If the process is successful and 
the relevant exppsure parameters are known, it is often 
possible to formulate a risk assessment for human exposures. 

For materials that are intended for topical application to 
skin, even those that have only casual contact, it is impor
tant to describe their primary irritant and allergenic 
properties. If chemicals have allergenic potential, it is 
their ability to produce allergic contact dermatitis in the 
sensitized host that needs to be assessed. Clinically, in the 
human, allergic pont act dermatitis is an eczematous disease 
and is differentflated from other eczemas as being due to a 
cell-mediated hypiersensitivity. The dermatologist will base 
his diagnosis on .a detailed case history of recent exposures 
to compounds and formulations and on a series of patch tests 
to identify a qausative agent or agents(l). What is not 
generally recognized, is that patch test positivity is not 
necessarily indicative of clinical releva,nce. For example, 
Prystowski et al (2), found patch test positive skin reactions 
to common sensitizers in normal subjects, who had never 
experienced eczematous skin disease. Kligman (3) also repor
ted a substantial incidence of positive skin reactions to 
poison ivy resins in subjets who were unaware of their 
susceptibility. 

According to dogma, the pathogenesis of allergic contact 
dermatitis requires an initial exposure to a biologically 
active chemical of low molecular weight that alerts the immune 
system and produces a specific proliferation of T-lymphocytes 
that will eventually mediate the aQverse reaction(s). The 
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pathogenic magnification of this response to produce the 
diseased state, then occurs after subsequent exposures to the 
same chemical. For the most part these specific chemicals are 
presented to the skin in differing formulations and vehicles. 
Table 1 lists some properties that are necessary for a chemi
cal to be a hapten and to initiate the delayed response that 
can eventually result in allergic contact dermatitis. It is 
essential that chemicals have this property of substantivity 
to skin and that their oil/water partition coefficient favors 
the skin over vehicle. Theoretically then, these chemicals 
penetrate into the skin and combine with epidermal and/or 
dermal protein to form complete antigens. It is important to 
remember that the skin presents a complex array of both 
soluble and insoluble proteins, all of which have the poten
tial to combine and form antigens. It is likely that interme
diate and xenobiotic metabolism is also an important factor in 
immunoregulation, when haptens are introduced by this route. 
The specificity of these antigens will, therefore, be at least 
partially and perhaps primarily directed towards native 
protein. It them becomes apparent that the physical nature of 
the antigen will be fundamental to the type of immune response 
that occurs. For example, it could be that soluble antigens 
frqm the skin are more likely to produce circulating antibody 
centrally, while insoluble antigens fixed to the site may 
preferentially enhance the T-cell response in the periphery. 

Nevertheless, once these antigens are formed, the next step in 
the sequence is that of antigen processing by the macrophage. 
These two phases, antigen formation and antigen processing, 
are the most critical for the development of a proper model 
(Table 2). The diffusion gradient, that will determine 
distribution of antigen in skin, will primarily be affected by 
both hapten concentration and the qualities of the particular 
vehicle. In skin, antigen processingis performed by a 
specialized, fixed macrophage designated as the Langerhan cell 
(4). Although it might be expected that other macrophages 
could also be involved in antigen processing, particularly if 
a non-specific inflammatory reaction were to occur, it would 
be expected that the Langerhan cell is the more important cell 
for antigen recognition, processing and presentation to the 
appropriate lymophocytes. While it is relatively certain that 
the T-cell population of lymphocytes is solely responsible for 
the cell-mediated response, it is not so certain in the case 
of delayed contact hypersensitivity, whether or not the 
process occurs centrally or peripherally (5). It seems 
logical to assume, depending on many quantitative and quali
tative aspects, that both might occur. From a practical 
standpoint, where small quantities of chemicals are involved 
and considering the reservoir effect of skin, it could be 
expected that peripheral sensitization is the predominant mode 
for the development of contact dermatitis. 

Subsequent to the activation of the T-cells, the complex 
interactions and specific proliferation of thse cel.ls then 
results in a specific allergic state that can be astivated on 
subsequent contact to produce the pathologic condition reco
gnized as delayed contact hypersensitivity. The phenomenon 
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itself is probably due to the inflammatory reactions induced 
by lymphokines released by non-specific lymphocytes that have 
been recruited to the area by the sensitized cells. 

There have been many approaches suggested for the prospective 
analysis of chemicals for their ability to sensitize experi
mental animals, including topical application (6), injection 
of chemicals in salin (7), injection in Freund's Complete 
Adjuvant (8), and application under occlusive dressing (9). I 
will discuss the use of Freund's Complete Adjuvant (FCA) in 
some detail and then suggest that the use of the occlusive 
patch is more appropriate and is the superior approach. 

It is a primary requisite of any animal model that the results 
of its use be relevant to the human situation. Table 3 
reviews some undesirable qualities of injection techniques. 
The injection of chemicals alone, or with FCA, into the dermis 
bypasses the barrier properties of skin and nullifies those 
very chemical and physical properties of the chemical that 
determine its substantivity and penetrating capabilities. 
These qualities of the test material are perhaps most critical 
for clinical sensitization, particularly for those who assume 
that all chemicals have allergenic potential. In addition, 
injection negates the possibility of forming epidermal antigen 
that may also be important for the development of contact 
allergy. Finally, the granuloma formed after injection of an 
adjuvant is a foreign body response. This produces an influx 
of cells from the circulation that not only causes tissue 
destruction but also alters the character of the final 
response. In fact it is well known that Type II adjuvants, 
such as FCA, cause an enhanced IgG response in the guinea pig, 
and these kinds of antibody can playa regulatoryu role. From 
this standpoint it is also well to keep in mind that an 
adjuvant mediated expression of the immune response has been 
described (10). Similarly, although the blocking of tolerance 
has been suggested (10) as a possible mechanism of 
adjuvanticity, the production of tolerance is also a likely 
outcome following the use of adjuvants. 

As examples, Ritz, et al. (11) showed two effects of adjuvant 
that could influence safety assessment. They were studying 
the structure activity relationship of a homologous series of 
sultones. The first observation was that the order of anti
genicity could change depending upon the concentration of the 
intradermally injected dose (Table 4). At a higher inducing 
dose (7.1 nmol) the C12 and C14 unsaturated suI tones appeared 
to be more potent than the C;o and C16 counterparts. At a 
lower dose (0.23 nmol) the relative potencies appeared to be 
C16 > C14 > C12 > C10. The results were attributed to the 
tolerogenic properties of the haptens that were more pronoun
ced at the higher concentrations. 

This phenomenon of tolerance via intradermal injection in 
adjuvant is the second effect reported by Ritz and is illus
trated in the table 5. The results after injection are 
directly compared to results obtained when the C12 and C16 
saturated sultones were tested by occlusive epicutaneous 
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exposure. It is obvious that both homologues express their 
tolerogenicity, in adjuvant, but not when applied to the skin 
under occlusive patch. Furthermore, under occlusivity, the 
relative potencies of the two materials are much more obvious 
and have practical applicability. The lack of allergenicity 
of I-hexadecene-l,3-sultone is most probably due to its lower 
rate of penetration. This reordering of sensitizers, as well 
as reports that several protein antigens (20) are contact 
allergens after injection in adjuvant are a serious detriment 
to the use of injection as a method for prospective testing. 

Occlusion, on the other hand, is an effective way to exag
gerate the normal mode of exposure and to mimic the induction 
and elicitation of the human disease (Table 6). It is a well 
accepted theory that occlusion increases the penetration of 
materials through the skin by inhibiting evaporation and by 
effectively hydrating the skin. It is also possible that the 
slight increase in temperature under the patch could effec
tively enhance penetration. More recently it has been shown 
that occlusion enhances the immune response by intensifying 
the density of Langerhan cells at the epidermal/dermal junc
tion (12). It is these primary and essential characteristics, 
as well as the other considerations listed in the table, that 
make the occlusive patch the primary diagnostic tool for the 
dermatologist to differentiate among the various clinical 
eczemas, apd to provide the means for identifying responsible 
etiologic agents. Furthermore, the use of the occlusive patch 
has been found to be the only successful mode for hapten 
presentation when humans are used for prophetic testing. 

By developing a restrainer for guinea pigs it was possible to 
utilize this approach in an experimental model that has been 
used successfully for several years(9). Recently a more 
complete description has been provided that fully explains the 
mechanics and process of testing (13) and is essential reading 
for those attempting to utilize the technique. There are 
several considerations that are critical to the successful use 
of this procedure. It is, for example, critical that the test 
material be presented at the highest possible concentration in 
an optimizing vehicle. We generally recommend 80% 
ethanol/water for induction and acetone for challenge, al
though water and surfactant vehicles can also be appropriate. 
Since most test materials are inherently irritating subsequent 
to penetration, we use this biologic property to determine the 
highest non-irritating doses. For induction, moderate degrees 
of primary irritation are acceptable, but challenges should be 
performed at levels that produce no more than a spotty ery
thema in a minority of animals. These levels are easily 
determined by conducting pilot studies in small groups of 
animals. It is an important consideration that the irritation 
produced by this approach is due to the inherent biological 
properties of the molecule and is not comparable to the 
artifactual foreign body response to CFA. For conducting the 
test it is essential that occlusivity be maintained. Our 
experience indicates that restraint is necessary and that 
wrapping alone provides inadequate occlusion in most instances 
and can result in unacceptable stress when effectively carried 
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out (14). The occlusive method can be standardized and 
validated by using 0.3% dinitroch1orobenzene (DNCB) to induce, 
and 0.2% and 0.02% DNGB to challenge. Almost all test animals 
should then respond to 0.2 % and about half of them to 0.02% 

Challenge reaction (Table 7) are graded on individual animals 
according to the degree of erythema. Patchy erythema is given 
a score of 0.5, while mild, moderate and severe erythema are 
scored 1 through 3, respectively, The scores are recorded at 
24 and 48 hours and are then averaged for both time periods. 
The incidence of positive responders, as well as their average 
reactivities at the two scoring perios, when compared to a 
group of naive test animals, gives a quantitative measure of 
the relative allergenic reactivity of the material. Although 
it is tempting at this point to identify the test material 
with regard to its potency, there are many other considera
tions besides incidence and severity that are equally impor
tant for hazard assessment (Table 8). Some of these are use 
concentration, vehicle, total dose, area of exposure, numbers 
of exposures, etc. Many of these factors can be evaluated in 
tne guinea pig and are emphasized in table 8. The approaches 
that have been used and their results have been presented 
elsewhere and will not be discussed in detail (15, 16). 
However, it must be emphasized that the final assessment, by 
necessity, is accomphished in man. Therefore, whenever 
possible, it is recommended that controlled and closely 
monitored studies be completed on humans, prior to widespread 
consumer use of new materials. The more conservative policy 
is to conduct prophetic testing in man prior to any ad libitum 
use of the new material or formulation. 

The one remaining aspect of experimental models that I would 
like to discuss is that of sensitivity. When the occlusive 
patch method was first introduced, it was presented as a 
method for detecting moderate to severe sensitizers in order 
to avoid exposing humans to these same materials in a repeated 
insult patch test (9). This was followed by the introduction 
of a complex method that included the injection of chemical in 
FCA as a means to "maximize" the potential to sensitize. This 
was proposed as a way to detect weak sensitizers and is known 
as the Magnusson/Kligman technique (8). The proposal is based 
on a supposition that all materials are potentially sensi
tizing and those that--Produced no reactions or very few 
reactions were considered to be "weak". This designation not 
only, ignores the severity of response in sensitized animals, 
but is established without regard to the concentration of test 
materials. Without trying to define a weak sensitizer other 
than one that causes only minor clinical problems, whether in 
reference to incidence or severity, we propose that by the use 
occlusive patches it is possible to detect materials that can 
be defined as "weak." Since the suggestion by Magnusson & 
Kligman (8) that Complete Freund's Adjuvant maximizes the 
guinea pig's response to allergens, many modifications for 
testing have been introduced (20-23) and several authors have 
evaluated the various approaches (22,24,25). It seems to be a 
constant criticism that the use of an occlusive patch techni
que will not identify weak sensitizers (25). We have res-
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ponded to one of these (14) by pointing out that the use of a 
wrapping procedure to replace restraint was inadequate, and 
failed to provide true occlusion. 

Most recently a group of French investigators (24) compared 
seven methods using six putative sensitizers of varying 
potency. All but one of the methods utilized intradermal 
injection with / or without CFA in varying sequences with 
topical applications. Induction doses were arbitrarily 
selected but were constant among the various procedures. The 
occlusive patch methodology was apparently excluded because of 
its presumed lack of sensitivity. Three of the test materials 
tested by these authors were phenylenediamine, formalin, and 
benzocaine (Table 9). These three materials were evaluated in 
our laboratories during the process of validating the occlu
sive methodology and were reported in 1965 (9). The classifi
cation of these materials, as provided by these authors, was 
that phenylenediamine is a very strong sensitizer, formalin is 
a strong sensitizer and that benzocaine ia a weak sensitizer. 
The occlusive patch technique very clearly provides data for a 
comparable conclusion. The other test materials in the table 
were reported at the same time and are presented here to 
reinforce the perception of a wide range of reactivities. The 
seven methods reported in the French paper showed the most 
variation in their responses to benzocaine, the weakest 
sensitizer tested, and could perhaps be due to uncontrollable 
variables in the tests (e.g., depth of injections and 
occlusion). 

Table 10 provides a summary of data collected over the years, 
and represents the basis for our comparative immunotoxicology 
screening program. It is based on the fact that chemicals 
with the potential to be contact allergens are currently part 
of our everyday environment and their current use provides a 
standard for the assumption of acceptable risk. 

Dinitrochlorobenzene. This is the standard positive 
control in our program. The test conditions indica
ted on the slide are used to monitor our guinea pig 
populations to assure their continuing 
responsiveness, but also to assure us that the 
technical aspects of the procedure are being cor
rectly fOllowed. 

Formaldehyde. This is another positive 
material and not only represents a water 
sensitizer but is also the standard for the 
son of new preservatives (16). 

control 
soluble 

compari-

Tetrachlorosalicylanilide (TCSA).This is an interes
ting antimicrobial compound with a long standing and 
substantial reputation as a strong sensitizer and 
photo-allergen. The data illustrate its ability to 
allergenize without photoactivation. 

LES 13-2035.This is the designation provided for 
alkyl ether sulfate, a nonionic surfactant, that 
produCed a severe epidemic of contact dermatitis in 



Scandanavia in 1966. Eventually it was determined 
by Ritz, Connor and their co-workers (34), that 
sultones, present as impurities, were the sensiti
zers responsible for the epidemic. The sultones had 
formed because of a change in the manufacturing 
process for this specific batch. By setting the 
proper standards, it was possible to reduce the 
sultones to levels that were not problematic.It is 
informative that both the Magnusson/Kligman and the 
Buehler methodologies were used and displayed 
comparable sensitivites (26,27). It is also ins
tructive that this particular batch of surfactant is 
reported to have contained 30 ppm of sultone when 
these tests were being conducted (34). This means 
that the 5% challenge dose on the slide contained 
1.5 ppm of sultone. We have continued to use the 
occlusive method for screening new non-ionic surfac
tants and have further substantiated the very fine 
sensitivity of this method. 

Hydroxycitronella.This is a perfume ingredient with 
a long history of use. It certainly must be consi
dered to be a weak sensitizer. Marzulli and Maguire 
reported that it was negative when tested by occlu
sion (25), but we believe they failed because of 
inappropriate technique (14). We continue to 
conduct a modest amount of screening of perfumes for 
allergenic potential and have successfully used the 
procedure to detect allergenic mixtures. It has 
been possible in many instances to substitute 
acceptable ingredients for the stronger sensitizers. 

Benzoyl peroxide. This was detected in the guinea pig 
as a potential sensitizer when tested as a dermal 
pharmaceutical formulation (28). Not only can one 
consider this material to be a relatively weak 
sensitizer, but testing it in a formulation repre
sents a valuable asset to this approach that is not 
available to those who recommend injection in 
adjuvant. It is also an instance where the inci
dence of guinea pig reactivity was identical to the 
reactivity of humans in a prospective repeated 
-patch test for hypersensitivity (28). 

Dansy! chloride. This is a fluorescing material that 
has been used to label skin for various kinds of 
investigative programs. Friedlaender & Baer (30) 
have reported it to be a tolerogen/non-sensitizer 
when tested by open epicutaneous exposure, but a 
strong allergen by injection. When we examined the 
material, while considering it for use as a skin 
marker in a human clinical, it proved to be 
allergenic. For this reason, it was not used. 
Although a high concentration was used to induce 
sensitization, the reactivity seen at relatively low 
challenge levels (0.5%) would suggest that this 
material should not necessarily be considered as a 
weak sensitizer. 

449 
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Table 11 summarizes another set of data produced by several 
authors (31-33) and provides still another instance of the 
sensitivity of the occlusive method. These quinazoline dyes 
are almost identical mixtures of materials and differ only in 
that the D&C Yellow 10 dye is the sulfated salt and this 
changes its solubility. In this case a weakly sensitizing 
material was differentiated from a non-sensitizing material 
that is chemically and functionally similar. Both guinea pig 
and human data were comparable. These kinds of data can often 
be used to find satisfactory substitutes for materials that 
could have the potential to produce adverse effects. 

More recently, we have had occasion to exploit this same 
methodology in the investigation of the photoallergic poten
tial of musk ambrette. Musk ambrette is one of two perfume 
raw materials that have been suspected of producing clinically 
relevant photoallergy in humans. It was first implicated when 
it was used as an ingredient at relatively high levels in an 
after-shave lotion. Attempts to sensitize humans with an 
empirically designed test were negative (17). Subsequently, 
more suspect cases have been reported. The first reports to 
appear, utilizing the guinea pig, stated that it was necessary 
to destroy the barrier (18) or to utilize Freud's Complete 
Adjuvant (19) along with intense irradiation, in order to 
produce any evidence of photoallergy. For this reason, it has 
been suggested that abrasion (during shaving) followed by 
sunlight exposure are necessary conditions for the induction 
of photoallergy. 

The procedure that we used for the study of photoallergy uses 
only the occlusive patch for the introduction of materials 
into the guinea pig's skin. We observed that the combination 
of repeated shaving, depilation, stripping of skin by removal 
of the patch and intense irradiation produced severe reactions 
in the skin surrounding the patch site. We, therefore, 
modified a Hill Top Chamber(R) so that tape stripping did not 
occur in the patch site or adjacent to it. Another modifica
tion that was required was related to the light source. In 
order to test a significant number of animals, the most useful 
source of UV irradiation is that supplied by fluorescent 
bulbs. Since these are tubular, there is a variation in 
intensity along the length of the source that is determined by 
the inverse square of the distance from the source. Since we 
could not anticipate the specific wavelengths that would be 
most critical to producing photoallergy, we designed a system 
that would accommodate any combination of light sources that 
might prove to be effective. For this purpose we built a 
rotating circular light source. By utilizing yokes and eye 
guards and rotating the wheel at 8 revolutions/minute we were 
able to produce a constant and reproducible light exposure for 
each animal. 

Table 12 summarizes the results with two test materials, musk 
ambrette, a putative photoallergen, and 8-methoxypsora1en, a 
known phototoxin. The experimental format was to expose each 
animal to the respective test agent, under occlusive dressing 
at the indicated concentration, for 4 hours on Monday, Wednes-
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day and Friday, for three consecutive weeks. Each application 
was followed by an irradiation of the animals for an additio
nal two hours by a bank of 12 blacklights that produced light 
almost exclusively in the range of 320-400 microns (UVA) at an 
intensity of 490-550 ~W/cm2. During the fifth week each 
animal was challenged using the same experimental conditions. 
The results show the incidence of animals responding in a 
manner that would be considered typical for delayed 
hypersensitivity. The pattern of reactivity of test and 
control animals in the groups treated with musk ambrette 
clearly show the property of photoallergenicity, with no 
propensity to sentitize without the added irradiation, or to 
produce a phototoxic effect. 8-Methoxypsoralin, on the other 
hand, showed reactivity whenever the test site was irradiated, 
irrespective of the induction conditions. These reactions 
were interpreted to be phototoxic with no indication of an 
ability to sensitize. 

In conclusion, we have successfully used the occlusive patch 
method in guinea pigs as a screen for potential sensitizers. 
We no longer feel constrained to claim the detection of only 
moderate to strong sensitizers. By optimizing the test 
conditions, by testing at high concentration and selecting 
appropriate vehicles, we have consistently identified mate
rials that could be considered as weak sensitizers in humans. 
The data presented here support this conclusion. Since this 
approach is more realistic and does not introduce the arti
facts of adjuvant injection, I propose that it is a superior 
system. 
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TABLE 1 

PROPERTIES OF A HAPTEN 

SUBSTANTIVITY 

PENETRATION 

EFFECT OF VEHICLE 

DIFFUSION GRADIENT 

RATE 

REACTION WITH PROTEIN - SHARED SPECIFICITY 

SOLUBLE (SYSTEMIC?) 

INSOLUBLE (FIXED) 

TABLE 2 

KINETICS OF ANTIGEN PRESENTATION 

DIFFUSION GRADIENT 

HAPTEN CONCENTRATION 

VEHICLE 

ANTIGEN PROCESSING 

LANGERHANS CELL 

CIRCULATING MACROPHAGE (PRIMARY IRRITATION) 

CENTRAL OR PERIPHERAL STIMULATION 
PROLIFERATION 
ELICITATION 

PROLIFERATION 

RECRUITMENT OF NON-SPECIFIC LYMPHOCYTES 

TABLE 3 

UNDESI~~LE QUALITIE~ OF INJECTION TECHNIQUES 

BYPASS BARRIER 

OBVIATE SOLUBILITY AND VEHICLE EFFECTS 

DERMAL ANTIGENS ONLY 

FOREIGN BODY RESPONSE (GRANULOMA) 

NECROTIZING EFFECTS 
QUALITATIVE CHANGE IN IMMUNE RESPONSE 

TOLERANCE (ADJUVANT MEDIATED DEPRESSION) 

RE-ORDERING OF SENSITIZERS 

FALSE POSITIVES (PROTEINS) 

INDUCTION DOSE (CONCENTRATION) - ARBITRARY 
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TABLE 4 

PRIMARY SENSITATION OF GUINEA PIGS 

TO SELECTED LEVELS OF UNSATURATED SULTONES 

CHALLENGE DOSE HMa . -- --,-
SENSITIZER DOSE INDUCTION DOSE (NMOL).!. 

C10 

C12 

C14 

C16 

1NO • 

... _ . ...-.-_-----
(NMOL) 0.23 7.1 

200 2/15 IS/IS 
20 0/15 IS/IS 

2 0/15 5/15 

200 3/13 IS/IS 

20 1/13 IS/IS 

2 2/13 12/15 

200 10/15 15/15 

20 5/15 IS/IS 
2 2/15 13/15 

200 14/15 IS/IS 
20 9/15 14/15 

2 8/15 6/15 
SENSITIZED/TOTAL TESTED. 

TABLE 5 

INDUCTION OF SENSITIZATION IN GUINEA PIGS WITH UNSATURATED 
SULTONES BY INTRADERMAL AND EPICUTAENOUS ROUTES 

INDUCTION INDUCTION COMPOUND a 
ROUTE DOSE (NMOL) DDS HDS 

------
7.1 15/15b 14/15 

INTRADERMAL 71 11/14 13/15 
710 7/15 0/15 _. __ .-

EPICUTANEOUS 71 4/15 0/14 
710 8/15 0/15 

7100 10/14 1/15 
aDDS = 1-DODECENE-1,3-SULTONE; HSD = 1-HEXADECENE-1,3-SULTONE. 

bNUMBER OF ANIMALS RESPONDING TO EPICUTANEOUS CHALLENGE 

WITH 10 NMOL OF HOMOLOGOUS SULTONE OUT OF THE NUMBER TESTED 
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TMLE 6 

THE UTILITY OF OCCLUSION IN A PROPHETIC TEST 
FOR DELAYED CONTACT HYPERSENSITIVITY 

INCREASES PRENETRATION 
PRECLUDES EVAPORATION 
HYDRATES THE SKIN 
RAISES TEMPERATURE 

MOBILIZES LANGERHANS CELLS 
EXAMINATION OF VEHICLE EFFECTS 

SOLUBILITY 
PENETRATION 
PHYSICOCHEMICAL KINETICS 

DETERMINE INDUCTION DOSE RESPONSES 
CORRALATES WITH HUMAN PROPHETIC TESTS 

TABLE 7 

EXAMPLE: PRIMARY ,SENSITIZATION RESULTS 

RESPONSE GRADE 
----~----

EXPERIMENTAL GROUP o 0.5 1 2 3 INCIDENCE SEVERITY - -
TEST GROUP (24 HR) 6 2 7 4 1 12/20 1.0-0.8 

(48 HR) 8 2 6 4 0 

CONTROL GROUP (24 HR) 7 3 0 0 0 0/10 0.2-0.1 

(48 HR) 9 1 0 0 0 

TABLE 8 

SUPPLEMENTAL INFORMATION AFTER PRIMARY CHALLANGE ------- "-----.. _----""-"--

1. CONFIRMATION OF ALLERGENIC POTENTIAL 
A) RECHALLENGE AT CONCENTRATION 
B) DOSE RESPONSE AND NO EFFECTS LEVEL 

2. IDENTIFY COMPONENT (MIXTURES) OR IMPURITY 
3. INDUCTION DOSE RESPONSE 
4. VEHICLE (FORMULATION) EFFECT 
5. CROSS REACTIVITIES 

A) STRUCTURE ACTIVITY RELATIONSHIP 
6. OTHER VARIABLES 

AREA, TIME, NUMBER OF DOSES, ETC. 
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TABLE 9 

CLOSED PATCH STUDIES WITH COMMON SENSITIZERS IN THE GUINEA PIGa 

SENSITIZER INCIDENCE OF SENSITIZATIONb 

1.0% TETRACHLOROSALICYLANILIDE 
0.75% ALLYL ISOTHIOCYANATE 
5.0% MONOBENZYL ETHER OF HYDROQUINONE 

14.0% 
2.0% 

50% 
5.0% 
1.0% 

THIOGLYCEROL 
p-PHENYLENEDIAMINE HC1 
BENZOCAINE 
FORMALIN 
POTASSIUM CHROMATE 

aBUEHLER, E.V. (1965). ARCH. DERMATOL. ~, 171-177. 
bNO . SENSITIZED/NO. TESTED 

TABLE 10 

A VARIETY OF SENSITIZERS IDENTIFIED 

BY USING OCCLUSIVE PATCH TESTING 

TEST MATERIAL CHALLENGE CONC. RESULTS 

8/10 
3/10 
3/5 
6/10 

10/10 
2/10 
3/10 
1/10 

CONC. (%) INCIDENCE REFERENCE 

0.3% DINITROCHLOROBENZENE 0.02; 0.2 5/10; 10/10 14 

0.9% FORMALDEHYDE 30 0/20 16 

1.9% FORMALDEHYDE 30 5/20 16 

1.0% TETRACHLOROSALICYL-

ANILIDE 0.1 0/10 

1.0% TETRACHLOROSALICYL-

ANILIDE 1.0 8/10 9 

25% LES 13-2035 5 ; 10; 20 1/20; 5/20; 12/20 27 

30% HYDROXYCITRONELLAL 3; 10 1/8; 2/8 14 

10% HYDROXYCITRONELLAL 10 0/8 14 

10% BENZOYL PEROXIDE 10 8/19 28 

40% DANSYL CHLORIDE 0.05; 0.5; 5.0 0/10; 2/10; 9/10 

Not published. 
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TABLE 11 

COMPARATIVE SENSITIZATION RATES DURING PROPHETIC 

TEST WITH TWO COSMETIC DYES 

TEST MATERIAL 

SPECIES TESTED CONC. 

CALLENCE 
COCNC. (%) RESULTS 

GUINIA PIG I 40% D&C YELLOW 11 

GUINIA PIG 50% D&C YELLOW 10 

10; 3; 

10 

1 9/13; 4/ 13; 1/13 

0/ 15 

HAMAN 2 20% D&C YELLOW 11 20 

HAMAN3 20% D&C YELLOW 10 20 

1 LAMSON , ET AL. (1982). CONTACT DERMATITIS 8, 200. 

2RAPAPORT-Z1980). CONTACT DERMATITIS 6, 364~ 
3AUST & MAIBACH (1981). CONTACT DERMA;ITIS Z, 257. 

TABLE 12 

A SUMMARY OF RESULTS: PHOTOALLERGY 

INDUCTION CONDITIONS 

10% MAl + UVA3 

10% MA + UVA 
10% MA 
10% MA 

0.01% MOp2 + UVA 

0.01% MOP + UVA 

0.01% MOP 
0.01% MOP 

lMA - MUSK AMBRETTE 

~OP - 8 METHOXYPSORALEN 

CHALLENGE CONDITIONS 

10% MA + UVA 
10% MA 
10% MA + UVA 
10% MA 
10% MA + UVA 
10% MA 

0.01% MOP + UVA 
0.01% MOP 

0.01% MOP + UVA 

0.01% MOP 

0.01% MOP + UVA 
0.01% MOP 

3UVA - ULTRAVIOLET LIGHT (320-400 NM) 

14/ 56 
0/105 

INCIDENCE 

-~ 

8/10 

0/10 
0/10 
0/10 

0/5 

0/5 

10/10 

0/10 

7/10 
0/10 

9/10 

0/10 
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In the past the immunotoxicologist has gained considerable 
comfort from the belief that drug hypersensitivity is an 
idiosyncratic response, therefore attempting to predict a 
potential hypersensitivity hazard from pre-clinical compound 
evaluation is futile. Although agreeing with the sentiment, 
it is not true to say that information gained in pre-clinical 
evaluation has no predictive value. The aim of this 
presentation will be to discuss immunochemical studies which 
may aid the identification of chemicals/drugs likely to form 
immunogens. 

The basic immunological tenet for a drug immunogen is that 
drugs must be co-valently bound to macromolecules before they 
can initipte a primary antibody response. This constitutes 
the basis for the hapten hypothesis. The term hapten was 
coined to describe a substance which is not immunogenic per se 
but will induce a specific immunological response if 
conjugated to a macromolecular carrier. The hypothesis was 
formulated as a result of immunochemical studies on chemical 
contact sensitivity in which the formation of stable co-valent 
bonds with proteins was shown to be essential to establish the 
allergic state (1,2). Confirmation of this concept came 
during the 1960's from several groups working on penicillin 
allergy (3,5), who demonstrated that antibodies of the M or G 
type with specificity for the penicilloyl conjugate were 
readily formed. The absolute requirement for co-valent 
linkage has been challenged in experimental systems (6), but 
there is no good evidence to challenge its requirement for the 
production of clinically overt allergic drug reactions. The 
formation of conjugates between drugs and autologous 
macromolecules is thus, a central event in the induction of a 
drug hypersensitivity reaction, and it is important to 
establish mechanisms by which drugs are able to conjugate 
co-valently to proteins and to determine factors which may 
influence the process. 

DIRECT PROTEIN REACTIVITY 

From the work on penicillin it is now recognised that the 
ability of low molecular weight organic chemicals to stimulate 
an antibody response can be a direct function of their 
reactivity with nucleophilic groups on proteins or other 
macromolecules. 
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Penicillin, for example, has a reactive structure, the Beta 
lactam ring, which will form co-valent conjugates with 
proteins by reaction with nucleophilic amino, hydroxy, 
mercapto and histidiene groups. The major determinant formed, 
the penicilloyl conjugate, is formed between the Beta lactam 
carbonyl and -amino groups of lysine residues in proteins 
(3,4). Initially it was thought that the penicilloyl-protein 
conjugates were formed principally via the penicillenate 
rearrangement but subsequent studies have indicated that 
direct aminolysis is equal.ly important ( 7 ) • Further 
degradation of the penicilloyl determinant may give rise to 
other isomeric forms, which are clinically related more to 
reaginic antibody formation. 

Most drugs do not possess direct protein reactivity, and this 
is to be expected since lipophilic drugs that react 
indicriminately with mammalian macromolecular structures are 
likely to be revealed as either mutagens or carcinogens in 
preclinical safety evaluation studies and are not developed as 
therapeutic compounds. 

METABOLIC CONVERSION 

The majority of drugs undergo metabolic conversion in the body 
mainly by a mixed function oxygenase system located within the 
microsomal organells. Phase I reactions introduce into the 
drug a suitable reactive centre which may then undergo 
conjugation with amio acids, glucuronic acid or sulphonic 
acid. Compounds that are well absorbed from the intestinal 
tract are in general lipophilic and hence need to be rendered 
more water soluble to facilitate excretion. 

Reactive metabolites possess electro deficient active groups 
and are thus highly electrophilic. This allows them to react 
with nucleophilic sites which are abundant in large molecules 
such as proteins. There are data demonstrating a relationship 
between metabOlism and toxicity of compounds such as 
paracetamol(8) 4-ipomeatol(9), aromatic amines and aromatic 
hydrocarbons (10), but data implicating reactive metabolites 
as haptens is sparse. There are however, three distinct types 
of reaction which involve metabolic process in the elicitation 
of drug hypersensitivity. 

a) Metabolic Status and Auto Allergy 

It has been known for some time, that a genetic polymorphism 
of acetylation exists in man and that rapid and slow 
acetylator phenotypes exist for the drugs hydralazine, 
isoniazid, procainamide and sulphamethazine. The status 
depends on the expression of N-acetyltransferase, and it has 
been estimated from population studies that approximately 53 % 
of all Europeans are slow acetylators. The clinical 
significance of slow acetylation is that patients are more 
likely to develop a form of lupus erythematosus when treated 
with the above mentioned drugs (11). There is no indication 
that in this type of reaction the drug acts as a hapten and 
induees a specific antibody response, but the correlation 
between metabolic status and diseases is well established. 
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b) Metabolites Acting on Haptens 

Metabolites functioning as haptens was more clearly 
demonstrated by the investigation on adverse reaction induced 
by the Beta-receptor blocking drug practolol. Using an 
in-vitro microsomal mixed function oxygenase to metabolise 
practolol, antibodies could be detected to generated reactive 
species. The specificity of the metabolite antigenic 
determinants were not defined but a displacement assay· with 
model compourids based on the practolol structure showed that 
an intact isopropanol amine side chain was important to the 
determinant. These studies did not demonstrate that the 
metabolite antigen-antibody interaction contributed to the 
clinical adverse effect. In fact, the data relating to the 
clinical correlation was inconclusive (12). 

c) Metabolite-tissue Interaction 

Involvement of metabolites in liver necrosis following 
exposure to halothane has been claimed. The mechanism does 
not require a halothane metabolite to function as a hapten, 
but to interact with liver cell membranes which then become 
altered and induce a cytotoxic auto antibody (13). The 
reactive metabolite is formed via the major oxidative pathway 
and is thus formed in the majority of individuals undergoing 
anaesthesia with halothane. It is not yet clear why such a 
readily formed metabolite which should react·with hepatocytes 
in most individuals, induces an adverse reaction only in a 
very small number of subjects. 

It is not known to what extent drug metabolites feature in 
allergic drug reaction, mainly because reactive species are 
difficult to identify and utilise in immunological assay 
systems. Further work exploring the applicability of the 
in-vitro metabolising system as used forpractolol might 
produce more information. 

CHEMICAL INTERACTIONS 

The proposition that functional groups capable of co-valent 
bond formation can be generated in chemicals by interaction 
with environmental agents, is yet to be explored. 

Chlorine, for example, is a relatively ubiquitous molecule, 
and it is widely used in domestic water supplies for 
purification. there is sufficient, albeit sparse literature, 
on N-chloramido compounds, to indicate that almost any 
compound carrying an imidic residue X-NH-Y will yield the 
corresponding chloramide X-NC1-Y on contact with elemental 
chlorine or the hypochlorite. Whether such interaction, which 
should encourage co-valent linkages with nucleophilic groups 
on proteins, will be of any significance in the formation of 
hapten protein conjugates, remains to be established. 
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CLINICAL SIGNIFICANCE OF CO~JUGATES FORMED BETWEEN SMALL 
MOLECULAR WEIGHT CHEMICALS AND PROTEINS 

The most important consequence of conjugate formation is 
activation of the immunological system, but it must be 
remembered that conjugation with endogenous compounds is a 
normal process in excretion, and many small molecules are 
rapidly cleared without recourse to antibody formation. 

There are also many additional factors which operate to 
convert a co-valently bound complex into an immunogen. 

1) Conjugate Stability 

Triggering the immunological system takes a finite time, and 
the integrity of the antigenic determinant must be maintained 
for the duration. Thiol reactive drugs such as captopril 
which form disulphide linkages with plasma proteins, would be 
expected to stimulate antibodies. It has been shown that 
three hours after an intravenous administration of 
radiolabelled captopril to rats, 35% of total radioactivity in 
plasma was co-valently bound to plasma proteins. Such 
complexes however, are rapidly broken down in the presence of 
endogenous thiols such as glutathione and cysteine with the 
concomitant excretion of captopril mixed disulphides (14). 
Immunochemical studies in rabbits failed to demonstrate any 
antibodies with captopril specificity, inferring that the 
captopril-plasma protein conjugates were too labile to 
stimulate an antibody response, (Yeung and Park, 1984. 
Unpublished observations). 

2) Epitope Density 

There is an undoubted correlation between the degree of hapten 
substitution on the carrier molecule and immunogenic potency. 
For example; a conjugate which contains 11 penicilloyl 
residues per bovine serum albumen molecule will induce 
antibody formation in mice after a single injection, but if 
the ratio is less than one no antibodies can be detected even 
after three injections (15). It is worth noting that epitope 
density may influence the non-immune excretion of drug 
macromolecular conjugates. Using dinitrophenylated protein 
conjugates, it has been shown that following intravenous 
injection with epitope densities of 10-20 there was a marked 
increase in uptake of conjugate into the liver Kupfer cells 
(16,17). Subsequent degradation by liver lysosomal enzymes 
releases N-acetyldinitrophenyl lysine into the bile for 
excretion. 

3) Nature of the carrier molecule 

Little attention has been paid to the influence 
molecule on antibody responses to haptens, but 
to show that the influence may be considerable. 
study using intra lymphatic infusion 
dinitrophenylated conjugates (18,19) for contact 
it was shown that a cell mediated response was 

of the carrier 
there are data 
In an elegant 
of various 
sensitivity 
induced. by 



464 

in-vivo conjugated afferent lymph node cells. 
serum albumen or globulin failed to create 
immunogen. 

Conjugation to 
en effective 

Conjugation of haptens to immunoglobulin may lead to a state 
of immunological tolerance rather than a specific hapten 
immune response. Haptenated immunoglobulins are more 
effective B cell tolerogens than haptenated non-immunoglobulin 
proteins which suggest that the carrier portion of a drug 
protein conjugate can contribute to its tolerogenicity as well 
as to its immunogenicity. 

4) Drug induced auto allergy 

A difficult safety evaluation question which must be addressed 
is the toxicological significance of auto antibodies induced 
by drug administration. There is no doubt that auto 
antibodies are found in systemic disease, eg, thyroiditis and 
membranous nephritis, but auto antibodies ar~s~ng in response 
to a specific drug stimulus may occur without any concommitant 
sign of an underlying pathological process. Moreover, the 
antibodies are transient - their presence depending on the 
continued initiating stimulus. 

It is axiomatic that under normal conditions antibodies are 
not produced against self tissue, but in normal individuals 
there are auto-reactive B cells held under some form of 
constraint which may be multifactorial, eg, colonal deletions, 
suppressor cell activity or malfunction of antigen presenting 
cells (20). The main constraint, however, on auto reactive B 
cell clone activitation is suppression of T inducer cells. 
This suppression can be bypassed if self determinants are 
connected with a new carrier for which T induces are not 
tolerant (20,21,22). The new carrier determinants can be 
provided by a number of agents of which drugs may be one. 
Production of auto antibodies by this mechnism will not 
invariably lead to a disease state. There is an inbuilt 
ability to dampdown auto antibody production through T 
suppressor interactions; a mechanism which contributes to the 
transient nature of the response. 

An interesting suggestion but as yet unproven, is that certain 
drugs may derepress gene coding for class II antigens (HL-D). 
This would allow their expression in the plasma membrane and 
create neodeterminants. It is not certain what the 
consequences of such a mechanism would be, this would depend 
on the stability of derepressed genes (23). 

Auto antibodies, of course, may be an indication of direct 
tissue toxicity, although conclusive evidence is difficult to 
find. It was thought at the time that methyldopa could 
interfere with the integrity of red blood cell membranes 
leading to auto antibodies with specificity for the Rh antigen 
system (24). There is some doubt, however, whether this is 
the whole story as it has subsequently been shown that 
methyldopa has an effect on the suppressor arc of the immune 
response (25). 
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It is unlikely that these mechanisms comprehensively account 
for the production of auto antibodies but each of them may 
require a different toxicological interpretation. It is 
difficult, however, to decide which mechanism of auto antibody 
production is operating, when faced with the demonstration of 
auto antibodies without clinical signs of an untoward effect. 

CONCLUSION 

The study of drug allergies is a complex toxicological problem 
which outstrips the limited horizons of academic immunology. 
Being able to predict potential immunogens is a priority for 
the immunotoxicologist., but much more understanding is needed 
on the immunochemistry of immunogen formation before suitable 
test systems can be contemplated. 

It is certainly an achievable aim to define the criteria 
necessary for a small molecular weight compound to switch on 
the immunological systems, but is this a toxic event? Clearly 
hypersensitivity can ensue, but the normal sequence of events 
may be that antibody formation is an adaptive response of the 
individual's normal biological activity. Certainly it is 
known that many individuals have antibodies to the pencilloyl 
conjugate of penicillin without experiencing clinical 
hypersensitivity (7). To what extent antibodies are found 
against other drugs during an uneventful therapeutic regime is 
not exactly known and it is doubtful if such a survey would 
ever be carried out. 

Thus, although it may be possible to define a drug immunogen, 
it is not possible for pre-clinical evaluation studies to 
predict the incidence of hypersensitivity responses. It could 
be debated whether this objective would ever be reached, but 
as these date are necessary for patient protection, perhaps 
the emphasis should move from pre-clinical studies to the 
clinical monitory phase. This would entail specific 
monitoring of the immune response, utilising immunochemical 
data in immunological assays. 
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CONTACT HYPERSENSITIVITY TO ENVIRONMENTAL CHEMICALS 

DEFINITION 
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Allergic contact dermatitis has been defined in many ways: 
the classical statement in toxicology texts states that it 
occurs after multiple (rather than first) exposures, is 
immunologic (cell mediated), and that it can be reproduced by 
patch testing at low levels of antigen. In recent years this 
definition has proven inadequate and it has led to incorrect 
classification of several dermatitis producing chemicals. For 
this reason, an operational, rather than a purely mechanistic 
definition, has proven more useful. This operational defini
tion includes not only patch test results, but verification 
(retesting) and provocative use tests, to rule out the Excited 
Skin Syndrome (see below). 

It is not clear whether delayed hypersensitivity in the guinea 
pig and man are identical in reference to allergic contact 
dermatitis. An important difference is that allergic contact 
dermatitis can be passively transferred readily with immuno
genic cells in the guinea pig, but not reliably in man. 
Whether this is a technical or mechanistic difference is not 
known. Its practical ramification is that allergic contact 
dermatitis in the guinea pig can be definitively defined in a 
mechanistic sense by utilising passive transfer of immunogenic 
cells; this opportunity is denied to us in human studies, and 
argues for an operational rather than purely mechanistic 
definition. 

It is important to separate delayed hypersensitivity per se 
from clinical allergic contact dermatitis. The latter clearly 
implies a clinically demonstrable lesion. Many patients have 
patch test hyperreactivity on a presumed hypersensitivity 
basis without a clear history of clinical allergic contact 
dermititis. Others with patch test hyperrreactivity will not 
respond to a provocative-use test with environmental agents 
containing the antigen, thus other factors such as dose 
pharmacokinetics, method of use, and other unidentified 
factors must be involved. 

TELEOLOGY OF HUMAN ALLERGIC CONTACT DERMATITIS 

Why does man develop allergic contact dermatitis? Patients 
suffering from this clinical entity certainly ask this 
question. In a teleological sense delayed hypersensitivity is 
often protective, i.e., in resistance to microbial infection. 
However, in advanced carcinomatosis, allergic contact derma
titis' and delayed hypersensitivity are diminished. Did man, 
in fact, develop allergic contact dermatitis for some useful 
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function, or is it in fact a totally negative development for 
man? The answer should help decide the ultimate need and 
adviseability of the removing allergens from the human 
environment. 

DIAGNOSTIC TECHNIQUES 

The patch test was developed in 1896. Yet, it has only been 
in recent years, largely through the leadership of the Inter
national Contact Dermatitis Research Group, that any aspects 
ot this bioassay have been standardized. In spite of the many 
advances, much remains to be accomplished. Recently, Torkel 
Fisher (Uppsala) has identified many additional potential 
improvements: these includes identifying an extraordinary 
lack of homogenity in the standard commercial antigen 
preparations, and the importance of correct loading of patch 
test chambers. Unfortunately, even with the great improvement 
in our practical techniques in the last decade, no commercial 
practical patch test diagnostic kit exists suitable for use in 
much of the world where there is limited dermatological 
superv1s10n. The development of stable, homogenous, easily 
applied preparations for the 100-200 most common allergens 
would greatly improve this aspect of health in the developed 
and under developed countries. 

EPIDEMIOLOGY 

Our knowledge of the epidemiology of allergic contact derma
titis has improved significantly - largely under the aegis of 
the International Contact Dermatitis Research Group. Un
fortunately available data tell us only about the frequency of 
contact allergy in populations that have access to sophisti
cated dermatoallergy clinics. Even here, much of the data 
interpretation is clouded by the fact that only a few studies 
have been performed in which patch test respondees have been 
thoroughly evaluated - utilizing the operational techniques 
described above to ascertain the likelihood of a truly 
clinically relevant allergy. The importance of such 
follow-ups is that almost half of all positives in battery 
testing may be non specific (non-allergic) - due to the 
Excited Skin Syndrome, and not due to true allergy. Only when 
follow up studies of this type become generally available will 
we have a better view of the number of patients who have 
allergic contact dermatitis in this special clinical 
environment. The only available data, and that for a few 
chemicals, on the frequency of allergic contact dermatitis 
comes from the general population, i.e. from so called 
"normal" volunteers, who are not usually seen in the context 
of a dermatitis clinic. This type of data is urgently needed 
to validate the relevance of animal and human toxicologic 
assays for clinical allergic contact dermatitis in the general 
population. 



470 

TOXICOLOGIC ASSAYS 

Guinea pig 

The guinea pig assay has been vigorously exploited by many 
inves~igators since it was initiated by Landsteiner and Chase 
(1). The volume of data and the number of available methods 
are sufficiently large that a text book summarizing this 
aspect alone will shortly be published. It is clear that 
methods vary in their advantages and disadvantages. The tests· 
are no better than the competence and experience of the 
investigator planning the study and the skills of the techni
cian performing the tests. It is unfortunate that this task 
is often relegated to the most junior person in the 
laboratory, when, in fact, the complexity of design, 
performance, reading, and interpretation requires extensive 
training, experience and judgement. It is not until there are 
more laboratories fulfilling these latter criteria that public 
health will be served in this important area. 

studies in humans. 

In Europe there is considerable controversy over the appro
priateness of performing human allergic contact dermatitis 
assays. In the United States the general experience has been 
that appropriately planned and supervised, the risk to the 
volunteer is minimal and the information gained invaluable for 
the general population The basic issue then is whether it is 
appropriate to apply new chemicals to an informed small 
population of volunteers under carefull supervision or if it 
is better to allow millions of consumers to unknowingly use 
the chemicals. It is my judgement that the former is 
preferable, ethical, and highly effective, in terms of public 
health. 

Dose-Response Relationships 

Whether dealing with experiments on the guinea pig or human or 
clinical allergic contact dermatitis in man, there has been 
considerable controversy over-dose response relationships. 
Some knowledgeable investigators have insisted that they do 
not exist. Industrial policy has sometimes taken the same 
approach. Fortunately current experimental data in the guinea 
pig and man indicates that there is a dose-response relation
ship and that much benefit can be obtained by determining the 
Minimum Threshhold Level for Induction and the Minimal Thresh
hold Level for Elicitation in such experiments (2). This 
allows one to begin to consider developing so called safety 
factors that are invaluable in making judgements of risk for 
intended use. 

Structure-Activity Relationship (SAR) 

Although guinea pig and human studies can identify contact 
allergens, the synthetis chemist needs quicker more efficient 
techniques to ascertain if he is likely to be developing a 
contact allergen. Dupuis and Benezra have summarized the data 
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on what physico-chemical properties are involved in the 
proclivity of a chemical to induce allergic contact dermatitis 
(3). 

This work is currently being extended in a cooperative venture 
between C. Benezra (Strasbourg), C.Sigman and T. Helmes 
(Menlo Park, California), and myself (4). All publications on 
guinea pig and human sensitization are being entered into the 
SRI computer with notation for the chemical structure, its 
physico-chemical properties, and quantification and qualifica
tion of the biological data. It is hoped that this SAR 
approach will lead to more approapriate prediction of sen
sitization proclivity from chemical structure. 

PERCUTANEOUS PENETRATION 

No matter what technique is used, i.e., SAR or assay systems 
in a guinea pig and/or man, there will be many situations in 
which the data will require sophisticated interpretation in 
terms of actual usage. Many chemicals (formalin, benzoyl 
peroxide, etc.) are potent sensitizers in these models. Human 
experience has indicated that they can be safely handled by 
the vast majority of human beings if the appropriate con
centrations and circumstances are employed. Judgements about 
risk evaluation are facilitated if appropriate data on percu
taneous penetration is available. Percutaneous penetration is 
a multi step procedure: several of these are quantifiable 
(5). When a chemical does not cross the skin and reach the 
appropriate immunogenic cells, there will be no allergy. Thus 
obtaining penetration and substantivety data is an efficent 
aid in interpreting the sensitization assays. 

COMMENT 

In summary, the last decades have been highly productive in 
the field of allergic contact dermatitis. However much of the 
information is clinically available only in limited centres. 
The next decade should see the training of more people who can 
bring this information to the remainder of the world and to 
improve upon the methodologies currently being used to dia
gnose and prevent allergic contact dermatitis. 
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LUNG REACTIONS TO ENVIRONMENTAL CHEMICALS 

J. MORLEY 
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EXPOSURE OF THE LUNG TO ENVIRONMENTAL CHEMICALS 

The high metabolic requirements of human tissue necessitate 
regular inspiration and expiration to maintain adequate levels 
of tissue oxygen. Hence, exposure of airway epithelia to the 
environment is in essence constant. This circumstance can be 
presumed to account for the dev~lopment and retention of 
certain anatomical and physiological features of the respira
tory tract in mammalian species. For instance, respiration 
via the nares causes air to traverse a series of 
chambers, which serve to limit ingress of particles and of 
water-soluble noxi into the airways. A similar function is 
subserved by the branching of large airways within the lung, 
which favours deposition of particles by impaction. A physio
logical counterpart to these anatomical adaptations is provid
ed by bronchoconstrictor responses to stimuli (such as parti
cles of aerosols) which, together with the cough and sneeze 
reflexes, protect lung epithelium from exposure to noxi (1). 
Normally, the s~rface of airway epithelium is coated by 
plaques of mucus Which can form a continuous layer. As in the 
stomach, this material may provide a barrier to noxi, inclu
ding micro-organisms which may be precluded thereby from 
contact and attachment to epithelial cells. The mucus layer 
also facilitates removal of inhaled material, for the gel 
layer of this mucus blanket is transported in an adoral 
direction by ciliated cells which line tracheal and bronchial 
surfaces (2). It is likely that the response to certain noxi 
includes changes in the composition and volume of bronchial 
mucus secretion so as to facilitate removal by mucociliary 
transport, although quantitative description of such events is 
difficult to achieve. Finally, within the airways there is a 
sustained migrat10n of haematogenous cells into the ei
pithelial surface. Cells of the granulocyte lineage may serve 
to assist in destruction of invading parasites; whilst 
activation of mononuclear cells to macrophages provides a 
mechanism for phagocytosis of particulate material, hence 
macrophages are the predominant cell type in samples of 
bronchial secretion or broncho-alveolar lavage. Lymphocytes 
are also represented in lung, not only as circulating cells, 
but as constituents of organised lymphoid tissue, which serves 
to respond to allergen exposure by local secretion of immmuno
globulin (IgA) into bronchial fluid, as well as by formation 
of immonoglobulins which enter the circulation (IgG and IgE) 
and by initiation of T-cell-dependent immune responses (3). 

It is apparent, therefore, that the lung exhibits a number of 
features which combine to minimise the effects of noxious 
environmental chemicals. However, certain of these endogenous 
processes, particularly those involving cellular activation, 
may serve to induce tissue damage following exposure to 
noxious chemicals. Such processes can be considered to 



474 

represent an excessive, or inappropriate, response to the 
inciting agent, alternatively responses may represent a 
manifestation of hypersensitivity to allergen. 

Endogenous inflammatory reactions in lung 

Even when an environmental chemical is directly cytotoxic, 
endogenous processes predominate in the tissue reaction, as is 
evidenced by a common pattern of inflammation, irrespective of 
the inciting agency (4). Inflammatory responses have been 
most extensively analysed in skin, but it is reasonable to 
presume that corresponding changes occur in lung. Lung tissue 
can respond to noxious stimuli by the expression of plasma 
protein extravasation indicative of increased vascular 
permeability. This can be visualised directly in the bronchi 
of experimental animals following intravenous injection of 
Evans blue dye prior to sacrifiece; whilst in man erythema 
and oedema of bronchial mucosa have been observed to be acute 
sequelae of antigen application during bronchoscopy (5). The 
erythematous element of the inflammatory response has not been 
measured in lungs of intact animals, but the extravasation can 
be quantitated conveniently by use of radiolabelled dye. In 
the isolated, perfused lung, agents such as histamine cause an 
increased resistance to perfusion, from which it may be 
inferred that exudation in responses to this and other permea
bility factors may include an element of increased bulk flow 
resulting from the increased hydrostatic pressure across 
capillary walls (6). 

The endogenous agencies which induce increased vessel wall 
permeability in the lung are not dissimilar from those that 
are effective in skin; thus, amines such as histamine, 
peptides such as bradykinin, and phospholipids such as 
Paf-acether, are potent permeability factors. In skin, 
vasodilator materials strongly enhance the plasma protein 
extravasation which follows permeability factor injection or 
release. It is not known if such processes are operative in 
lung. In skin, the vascular action may cause an increase in 
the vessel wall area that has been affected by the permea
bility factor (7) and/or an increase in hydrostatic pressure 
at the site of increased vessel wall porosity. Extrapolation 
of this scheme to pulmonary tissue may not be warranted if the 
increased perfusion pressure is of primary importance in 
causing extravasation. Yet, there are indications that 
potentiation may be a feature of prostaglandin effects, on 
lung tissue. For example, PGF; alpha is a most potent expec
torant by inhalation (8), even though in vitro it has only 
modest effects __ on mucus secretion, or on ciliary activity. 
Similarly, PGEa, which relaxes airway smooth muscle in normal 
aninmals and has proved to be bronchoconstrictor in the 
majority of astrunatics and causes retrosternal pain following 
inhalation (9). 

In terms of acute inflammatory reactions to environmental 
chemicals, there are several points of resemblance between the 
lung and the skin. Thus, in addition to the vascular manifes
tations that characterise inflammation, there is also an 
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infiltration of haematogenous cells, with a preponderance of 
polymorphonuclear leucocytes during the acute response that 
can predispose to mononuclear cell accumulation. Such respon
ses are commonly self~limiting and reflect progression of an 
endogenous inflammatory process. However, more persistent 
changes may follow stimuli to the lung, where by exposure is 
effectively constant (e.g. atmospheric pollution by oxides of 
nitrogen or sulphur, repeated inhalation of tobacco smoke, or 
alveolar deposition of silica or asbestos fibres). In such 
circumstances, there may be persisting cellular infiltration 
with secondarY changes of pulmonary tissue. These secondary 
changes can include bronchial smooth muscle hypertrophy, mucus 
gland hypertrophy and hyperplasia, and activation of fibro
blasts (10). The biochemical basis of these processes remains 
poorly understood, even though they represent the major 
determinants of lung pathology in prevalent diseases such as 
asthma, bronchitis, emphysema and carcinoma of the bronchus. 

Platelet activating factor 

Since inflammatory reactions conform to a common pattern, it 
is reasonable to attempt to relate persisting pathology to the 
release or generation of inflammatory mediators. However, 
until recently, the inflammatory stimulus provided by those 
mediators that have been characterised chemically have proved 
insufficient to account for the sustained pa~hology of cel
lular inflammmation. A noteworthy exception is PAF (platelet 
activating factor) which can be referred to as Paf-acether, 
AGEPC or ARPL (11). PAF was described originally as a product 
of allergen activation of IgE-sensitised rabbit basophils. 
With an appreciation of the chemical structure of PAF, it has 
become evident that production of PAF is not restricted to the 
basophil and there is now evidence that PAF is also generated 
by neutrophils, macrophages, eosinophils and platelets; 
moreover, it is apparent that stimuli to PAF formation include 
both non-allergic and allergic agencies (11). In the context 
of lung pathology, it is noteworthy that PAF is produced in 
significant quantities by lung macrophages, as might be 
anticipated for a cell-type in which arachidonic acid com
prises the major polyunsaturated acid constituent of membrane 
fatty acids and in which there is an abundance of phospholi
pase Aa in the outer cell membrane (12). It is possible that 
there may be preferential formation of PAF by alveolar macro
phages in certain forms of lung pathology, for it is known 
that different patterns of arachidonic acid metabolism are 
obse~ed when cells collected by broncho-alveolar lavage from 
patients with asthma and bronchitis· are cultured in vitro. 
Moreover, in asthma, it has been reported that alveolar 
macrophages produce significant quantities of PAF in circums
tances in which normal cells are ineffectual (13). Thus, 
existing evidence favours a conclusion that PAF formation by 
lung tissue ~epresents a common response during inhalation of 
noxious chemicals. It remains to be established whether the 
quantities of PAF so generated are sufficient to induce 
pathological effects; there is no convenient metabolic 
indicator of PAFformation, since lyso-PAF, the precursor and 
degradation product of PAF, exists in relatively high concen-
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trations that would not be noticeably affected by PAF 
metabolism. However, it is known that endogenous generation 
of PAF results in impaired reactivity of circulating platelets 
to PAF activation without loss of reactivity to other stimuli. 
Such an effect can be achieved by inhalation of antigen 
(14,15) orin acute severe astham (14). It is reasonable to 
assume, therefore, that PAF can be formed in the lung in 
amounts sufficient to cause substantial biological effects. 

Both the nomenclature and much original research have empha
sised the effect of PAF upon platelets. However, it is now 
apparent that low concentrations of PAF can produce biological 
effects, not only as a consequence of effects upon platelets, 
but also by directly affecting other cell types (11). Hence, 
during inflammation, both platelet-independent and 
platelet-dependent effects can be anticipated. Thus, PAF 
produces pronounced increased vascular permeability in animals 
that have been depleted of circulating platelets, or in 
animals in which platelet activation has been suppressed by 
use of drugs (11); more direct evidence of 
platelet-independent processes is provided by the observation 
that PAF produces increased vascular permeability in isolated 
perfused lungs (11). On the other hand, cell accumulation at 
sites of PAF application only becomes evident in animals when 
platelets are responsive to PAF. Thus, platelet accumulation 
precedes the accumulation of granulocytes and the more persis
tent accumulation of mononuclear cells that is evident in 
response to PAF in guinea-pig skin (11,16), but these effects 
are not evident in the rat, whose platelets are unresponsive 
to PAF. In the lung, such cellular inflammatory responses to 
PAF inhalation are both pronounced and persistent, such that, 
after single exposure of the rabbit lung to PAF, inflammatory 
changes remain evident for up to a month (17). 

Bronchoconstrictor responses to PAF are also platelet- depen
dent and, hence, are not evident in animals from which plate
lets have been depleted. The acute bronchoconstrictor respon
se to intravenous PAF is impressive because of the potency of 
this material; perhaps of greater biological relevance 
however, is the more sustained response to inhalation of PAF, 
which becomes evident over several hours. This response is 
reminiscent, in both time-course and histopathology, of the 
response to allergen inhalation in IgE-sensitised animals 
(18). It is now known that increased bronchial 
hyper-reactivity is a consequence of allergen inhalation' in 
such experimental animals, as is also evident in allergic 
asthmatics; hence, it may be presumed that the response to 
PAF may be succeeded by increased hyper-reactivity, especially 
as responses both to PAF (18) and allergen (18) are sensitive 
to inhibition by DSCG. Should this prediction be fulfilled, 
then effects of PAF as a bronchoconstrictor agent will be 
determined by two processes: firstly, by acting as an acute 
constrictor agent and, secondly, by serving as an agency which 
sensitises the lung to other agents. This latter effect is of 
considerable interest because of the theoretical and practical 
consequences that arise.. At an academic level, the subordina
tion of mast cells to macrophages in schemes of asthmatic 
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pathology represents a major shift of emphasis; the practical 
consequence lies in the prospect of identifying appropriate 
therapy for airway hyper-reactivity and, more particularly, 
for prophylaxis against the intensification of airway 
hyper-reactivity that may be a consequence of ingestion or 
inhalation of environmental chemicals. It must be emphasised 
that generation of PAF to produce adverse effects in the lung 
need not necessarily depend upon exposure to chemical agents 
by inhalation. Oral ingestion of materials can also activate 
platelets by generating PAF systematically, as during release 
of entreric endotoxin into the circulation. In this later 
category may be included not only food allergens, but also 
chemial toxins or food additives, which may be ingested in 
amounts sufficient to cause pseudo-allergic reactions (19). 

Therapeutic implications 

Acute severe inflammatory reactions to inhaled chemicals may 
necessitate anti-inflammatory therapy, in which circumstances 
steroids are pre-eminent. In these circumstances and for 
other less severe consequences of adverse reactions to inhaled 
or ingested chemicals, it is conventional to advocate avoi
dance of the inciting chemical. Thus prevention of future 
occurrences of tissue injury can be achieved by elimination or 
enclosure of the offending chemical. For environmental 
chemicals that are rarely encountered and can be unequivocally 
identified, such advice is of undisputed benefit. However 
because of the many possible responses of lung tissue, such an 
approach may be inappropriate. Thus, when pseudo-allergic 
reactions to drugs or food are identified, it is usual to 
instigate avoidance measures. However, such advice may be 
difficult to adhere to, since the inciting agent or agencies 
may be ubiquitous in distribution or even difficult to 
identify. Moreover, exposure may be inherent in the environ
ment of an individual, such as with an occupational allergy, 
when avoidance would mean long-term, premature, unemployment. 
Understandably, such advice is unwelcome to an affected 
individual. Furthermore, although it is widely accepted that 
avoidance "is unquestionably beneficial, such an assumption may 
be unwarranted. For example, in analgesic hypersensitivity, 
the exquisite sensitivity of certain individuals may be 
overcome by regular exposure to an analgeSic such as aspirin; 
conversely, such subjects become highly sensitive to aspirin 
following aspirin avoidance (20). This type of phenomenon may 
account for the mixed fortunes of avoidance therapy and raise 
questions as to the benefit of indiscriminate use of this 
therapeutic strategy for ubiquitous chemicals to which indivi
QuaIs have become hypersensitive. 

On the other hand, many hypersensitivity reactions are due to 
antibody-mediated allergic responses. Individuals who develop 
high titers of 19B to a specific allergen can respond to 
inhalation of such substances by severe and sustained inflam
matory- reations (21). Such allergic asthamatics benefit from 
allergen avoidance although benefit only becomes clearly 
evident over a period of months. Individuals showing such 
hypersensitivity may, in practice, be unable to avoid common 
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allergens for a sufficient period for reversal of pathological 
changes in lung to become evident. An analogous problem may 
be posed by highly reactive industrial chemicals which enter 
the environment, for whilst such substances are not toxic per 
se,they may induce toxic reactions by systemic effects which 
change the responsivity of a subject, as is well illustrated 
by toluene di-isocyanate (23). 

It is of interest to consider what proportion of the popula
tion may have been adversely affected by chemicals to an 
extent that they have significant airway pathology. There is 
a high prevalence of respiratory disease in Western society 
which, in part, may be attributed to regular exposure to viral 
infection of the airways and to regular inhalation of tobacco 
smoke. However, there is also evidence that children commonly 
experience wheezing in early life and this impression is 
confirmed from estimates of the incidence of children with 
increased reactivity to bronchial provocation (e.g. histamine 
inhalation), when values between 10 and 20% have been cited. 
Such children may be classified as asthmatic or may be consi
dered as predisposed to subsequent expression of clinical 
asthma. Participation of genetic and infective fctors cannot 
be precluded (24), but it seems inescapable that environmental 
chemicals contribute to this abnormality in a substantial 
proportion of affected individuals. Asthma death is relati
vely uncommon, so that mortality does not provide a satisfac
tory estimate of asthma incidence. However, it is noticeable 
that death rates seem little affected by a progressive impro
vement of therapeutics in this disease, which may warrant 
suspicion of an increase in the incidence and severity of 
asthma. 

Thus, a pattern emerges in which the tendency to persistent 
airway dysfunction, either as asthma or bronchitis, is increa
sed by the exposure to environmental chemicals of natural 
(allergen and toxins) or synthetic (haptens, pseudo-allergens 
and toxins) origin. Persisting airway dysfunction may possi
bly reverse as a consequence of endogenous influence (i.e. 
puberty or pregnancy); however, more commonly it continues as 
a sub-clinical state which can be manifest as asthma in 
circumstances involving further inflammatory events. It is 
suggested that the events which determine this intensification 
of symptomatology involve PAF formation and consequent neutro
phil activation (18). Hence, changes which impair this 
succession of events will be prophylactic for expression of 
asthma and possibly exacerbation of bronchitis. Drugs which 
have been shown to be effective inhibitors of PAF-induced 
pathology include DSCG, ketotifen, theophylline and steroids. 
DSCGH impairs PAF-induced pathological events in the lung by a 
mechanism yet to be identified. Ketotifen and theophylline, 
on the other hand, have been shown to impair 
platelet-dependent secretion, both in vitro and in vivo at 
therapeutic concentrations. In addition to inhibiting 
platelet-dependent secretion, other sites, are affected which 
may be presumed to include leucocyte activation and recruit
ment (i.e. anti-flammatory effects). Low concentrations of 
ketotifen suffice to inhibit the secretory effect of platelet 
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activation without impairing the thrombotic function of these 
organelles and - there is a-noteworthy absence of long-term 
toxicity both from this drug and from theophylline. Conside
ration should therefore be given to the identification of 
compounds of lo~ toxicity whose use in prophylaxis could 
preempt progression into asthma and possibly bronchitis in 
subjects who are unavoidably exposed to environmental chemi
cals that induce astham or bronchitis in predisposed 
individuals. 
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