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BACKGROUND (J. DEAN)*

This article represents a composite of ideas expressed by the authors in
a symposium, Safety Evaluation and Risk Assessment Using Immuno-
toxicology Methods, presented at the 1996 Annual Meeting of the Amer-
ican College of Toxicology. The purpose of this symposium was to exam-
ine the current status of immunotoxicity assessment methodology and
its application in the safety evaluation and risk assessment of drugs
and chemicals.

Chemical- and drug-induced effects on the immune system are
thought to be manifested by either suppression or induction of aberrant
immune responses, such as hypersensitivity or allergy (National
Research Council, 1992). Evidence of the immunosuppressive effects of
chemicals in rodents is well established (Urso and Gengozian, 1980;
Holsapple et al., 1983; Pestka et al., 1987; see review by Dean and Mur-
ray, 1991) and in humans (Bekesi et al., 1978; Lew et al., 1986; Boyer,
1989) is well documented. Experimental procedures for the assessment
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of the potential of chemicals to induce immunosuppressive (including
myelosuppressive) effects in rodents are well established and validated
(Luster et al., 1992, 1993). Compound development and marketing deci-
sions, when warranted, are often based on preclinical evidence that a
compound has immunosuppressive effects.

Procedures for assessing hypersensitivity in chemical exposed
rodents are routinely used in safety evaluation studies (Karol et al.,
1985; Buehler, 1985), and various compounds have been regulated on
the basis of their associated hypersensitivity reactions (Office of Tech-
nology Assessment, 1991).

This article focuses on the current status of immunotoxicity testing
methods and newer approaches for assessing immunosuppression,
myelosuppression, hypersensitivity, and autoimmunity. It examines the
practical application of these methods in safety evaluation and risk
assessment relative to the extent of their characterization and predic-
tive value. Newer methodology is described that holds promise for the
future and may further enhance risk assessment. Finally, we explore
strategies in immunotoxicity assessment that might aid in the develop-
ment of a new drug candidate.

The term “risk assessment”is widely used in this article and deserves
some definition. Risk assessment was best defined by an often cited
National Academy of Science report (1983), and is said to be comprised
of four steps: hazard identification, dose-response assessment, exposure
assessment, and risk characterization. While exceptions exist, the
majority of data from immunotoxicity studies have not been widely or
routinely used in this process. Although direct comparisons of human
clinical and animal study data are limited, other factors may also be
responsible for the minimal use of these data in risk assessment. This
may include a concern that immunotoxicity testing has often been con-
ducted without full knowledge of its predictive value in humans or its
quantitative relationship to immune-mediated diseases. Increasing
numbers of immunotoxicology studies in human populations have
demonstrated subtle immune test changes including altered lympho-
cyte phenotype distribution. While these immune changes represent
dose-related, statistically significant effects, the data are usually within
the normal ranges and are not associated readily with detectable dis-
ease. Thus, establishing the quantitative relationship between immune
parameter changes and disease progression is paramount for accurate
risk assessment.

IMMUNOSUPPRESSION (M. LUSTER)

Luster et al. (1988) have previously reported on the design and content
of a screening test battery involving a “tiered” approach (Table 1) for
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Table 1. Panel recommended for detecting immunomodulation following
chemical or drug exposure in rodents from the NIEHS/NTP (Luster et al.,
1988)

Parameter Procedures

Screen (Tier I)?
Immunopathology Hematology: complete blood count and differential

Weights: body, spleen, thymus, lymph node, kidney,
liver

Cellularity: spleen, bone marrow

Histology: spleen, thymus, lymphoid node

Quantitation of splenic B, T, and lymphocyte
subpopulations

Humoral immunity Enumerate immunoglobulin (Ig) M antibody to
T-dependent antigen (sRBC)

Nonspecific immunity Natural killer (NK) cell activity

Comprehensive (Tier II)

Nonspecific immunity Macrophage function—quantitation of resident
peritoneal cells and phagocytic ability (basal and
activated by MAF)

RES clearance

Humoral immunity Secondary (IgG) antibody response

Host resistance Syngeneic tumor cells
challenge models® PYB6 sarcoma (tumor incidence)
B16F10 melanoma (Lung burden)
Bacterial models: Listeria m onocytogenes,
Streptococcus sp.
Viral models: influenza
Parasite models: Plasm odium yoelii

“The testing panel was developed using B6C3F1 female mice, but have been
successfully adapted for use in rats.

"For any particular chemical tested, only two or three host resistance mod-
els are selected for examination.

detecting potential immunosuppressive compounds in mice as part of a
National Toxicology Program development and validation effort. This
test battery has been used to examine a variety of compounds, and the
databases generated from these studies include an expanded dose study
with the classical immunosuppressant cyclophosphamide. The National
Toxicology Program (NTP) database, consisting of over 50 compounds,
has been analyzed in an attempt toimprove the accuracy and efficiency
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of screening chemicals for immunosuppression and to identify tests that
better predict experimental-induced, immune-mediated diseases (Lus-
ter et al., 1992, 1993). While a number of limitations existed in the
analyses, several conclusions were obtained from the results:

1. Normally, examination of only two or three immune parameters is
needed to successfully identify an immunotoxicant. In particular, lym-
phocyte subpopulation enumeration and quantification of the antibody
response to T-cell dependent antigens appeared particularly beneficial.
Furthermore, some commonly measured parameters (e.g., leukocyte
counts, lymphoid organ weights) were found to be fairly insensitive.

2. A good correlation was found between changes in the immune tests
and altered host resistance, in that there were no instances of altered
host resistance without significant changes in the immune test para-
meter(s). However, in many instances, immune changes were
observed in the absence of detectable changes in host resistance.
This was interpreted as a reflection that immune tests are generally
more sensitive than the host resistance assays.

3. Several assays were relatively good indicators, while several, such as
leukocyte counts and proliferative response to lipopolysaccharide
(LPS), were poor indicators for host susceptibility changes. Some of
the tests that gave the highest association with host challenge models
(tumor cell or infectious agent challenge) were those that we described
previously as being the best indicators for immunotoxicity, such as the
antibody plaque assay and surface marker analysis. The plaque form-
ing cell (PFC) and surface marker tests have individual predictive val-
ues for altered host resistance of 78 %oand 83% respectively, and could
reasonably be described as highly predictive stand-alone tests. The
only paired tests that exceed 83% joint (pairwise) predictive value
were pairings of these assays (PFC or surface antigens) with other
tests, and for many such pairings the predictive values increased only
minimally. Thus, the PFC and, especially, surface marker tests have
high individual predictive values for immunosuppression.

4. Considering that a “background”level of infectious diseases exists in
a population, it is possible that moderate changes in immune func-
tion would translate to a clinically significant change in host resis-
tance outcomes, given that the population exposed is sufficiently
large. While this would be difficult to demonstrate in the human pop-
ulation, it can be demonstrated experimentally in animals using
“infectivity models” whereby the virulence of the agent or challenge
dose of the infectious agent is controlled. In using one of these chal-
lenge models (see Figure 1), it was observed that tumors will develop
even in control mice provided sufficient numbers of tumor cells to
overcome natural resistance are administered.
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Figure 1. Effects of cyclophosphamide on PYB6 tumor formation as a function
of tumor cell challenge. Groups of mice were administered a single ip injection of
saline or 50 or 200 mg/kg cyclophosphamide, followed 48 h later by subcutaneous
injection of either 1 X 104, 2 X 104 4 X 104 or 8 X 10* PYB6 tumor cells. The
data are presented as the percent of animals that develop palpable tumors within
60 days. Each point represents 20 mice. Asterisk indicates significant, p < .05,
and double asterisk, p <.01, versus vehicle-treated group by Fisher’s exact test.
Reprinted from Luster et al. 1993. As shown in the top panel, groups of animals
with a “normal” immune system can develop increased frequency of tumors,
given that the number of tumor cells administered is high. In contrast, animals
receiving the 200-mg/kg dose of cyclophosphamide (bottom panel) all develop
tumors, albeit at different frequencies. In animals mildly immunosuppressed (50-
mg/kg dose level, center panel), small differences in tumor frequency can be
detected depending on the number of tumor cells administered.
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5. Regression modeling, using the cyclophosphamide data, indicated
that most, but not all. of the immune function-host resistance rela-
tionships follow a linear model. When the data from all 50 chemicals
were combined, this trend was evident; however, it was not possible
to statistically confirm linear or threshold relationships because of
the limited number of doses. Thus, a more mechanistically based
mathematical model will have to be developed.

6. Finally, using one data set, methods were developed for modeling
quantitative relationships between changes in selected immune
assays and host resistance tests. It is impossible, at present, to deter-
mine how applicable these analyses will be for immunotoxic com-
pounds with different immune profiles. However, as more analyses
become available, our ability to accurately estimate potential clinical
effects from immunological tests in animals should improve.

MYELOSUPPRESSION (J. HINCKS)

Myelosuppression is often one of the dose-limiting toxicities associated
with anticancer and anti-AIDS (AIDS-acquired immune deficiency syn-
drome) agents. Thus, the assessment of human myelotoxic potential of
new chemical entities, prior to clinical trials, is of critical importance in
the process of drug development. This type of assessment during drug
discovery can assist in the selection of candidate compounds for further
development as well as assist clinicians in the selection of the maximum
tolerated dose in humans. Classical preclinical toxicology studies in
mice, rats, and dogs provide an indication of the degree of drug-induced
bone-marrow suppression and recovery. However, it is difficult to relate
myelosuppression detected in animal studies to a possible human
response without some human data. In vitro bone-marrow stem-cell
assays, together with in vivo preclinical toxicology studies, can be used
to predict the human response prior to clinical trials (see Figure 2). This
prediction paradigm is based on determining species differences between
mouse or dog and human using in vitro myelotoxicity assays, coupled
with careful evaluation of the in vivo preclinical toxicology results. Dif-
ferent types of in vitro bone-marrow stem-cell assays can be conducted to
provide myelotoxicity information on different hematopoietic lineages of
the bone marrow. For example, methodologies for in vitro bone-marrow
stem-cell assays are available to detect colony-forming units (CFUs) in
the erythroid, granulocyte and macrophage, and megakaryocytic series
(CFU-E, CFU-GM, and CFU-Meg, respectively).

For a general review of the culture conditions for in vitro bone-
marrow stem-cell assays see Harvey et al. (1984). These types of assays
have been used in the past (Du et al., 1990) to assess the in vitro myelo-
toxicity of anti-HIV agents such as 3’-azido-3’-deoxythumidine (AZT),
dideoxyinosine (ddI), and dideoxycytosine (ddC). In addition, in vitro
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Figure 2. Experimental design using in vitro myelotoxicity studies and in
vivo preclinical toxicology study results to predict human myelosuppression of
new drugs prior to Phase I clinical trials. From J. Hincks.

bone-marrow stem-cell assays have been used to assess the relative effi-
cacy and toxicity of two antileukemia drugs, busulfan and hepsulfam
(Hincks et al., 1990). Methods have been developed to support the
growth of CFU-E, BFU-E (blast-forming units, erythroid), and CFU-GM
from mouse, dog, and human bone marrow in a methylcellulose support
matrix. The mouse and dog assays were selected by Hincks et al. (1990)
based on the fact that these are the most common species used in pre-
clinical toxicology studies for anticancer drug evaluation. The human
assay was developed in one of our laboratories (J. Hincks) in order to
correlate preclinical and clinical responses (see Figure 2), and then was
applied to assess myelotoxicity in human bone-marrow stem cells of
new anticancer drugs prior to clinical trials. Twonew chemical entities,
SR259075 and SR333377, were tested in this system (Fischer and
Hincks, 1992; Fischer et al., 1995). Results of these studies indicate the
following utility of in vitro bone marrow assays:

1. Can provide human myelotoxicity data prior to Phase I clinical trials.

2. Can assist clinicians in defining a safe starting dose for Phase I clin-
ical trials.

3. Can assist clinicians in designing safe and rapid dose escalation
strategy.

4. Can reduce new drug development time and resources.

CONTACT HYPERSENSITIVITY METHODS (G. F. GERBERICK)

Various classical guinea pig tests have been developed for evaluation of
skin-sensitizing potential of chemicals or drugs. Among those most rig-
orously validated and widely applied are the guinea pig maximization
test (GPMT) (Magnusson and Kligman, 1969) and the Buehler occluded
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patch test (Buehler, 1965, 1985). Thus, the current accepted animal
testing methods for predictive assessment of contact sensitization are
limited to various guinea pig skin sensitization protocols that measure
cutaneous erythema and/or edema in induced, sensitized, and chal-
lenged animals (Botham et al., 1991). A newer approach is represented
by the murine local lymph node assay (LLNA), which represents a pre-
dictive test that utilizes in vivo cell proliferation in the draining lymph
nodes for assessment of the contact sensitization potential or materials
(Kimber et al., 1986, 1989). This assay measures the proliferative
response in the draining auricular lymph nodes during the induction
phase of a contact sensitization response after topical exposure to mate-
rials. It is based on the observation that the induction phase of a contact
sensitization response to allergen is characterized by lymphocyte pro-
liferation and hyperplasia in the lymph nodes draining the site of topi-
cal exposure. The LLNA has been proposed for use in screening materi-
als for their contact sensitization potential.

Validation Status of Murine LLNA

To define the role of the LLNA in predictive testing, results from the
assay have been compared with results from guinea pig and human
tests. Specifically, the LLNA assay has been evaluated extensively for
its reliability and sensitivity in predicting the contact sensitization
potential of materials through both internal and interlaboratory vali-
dation studies (Loveless et al., 1996; Kimber et al., 1995; Kimber and
Basketter, 1992; Basketter et al., 1991) and has been found to correlate
well with guinea pig studies and analyses in humans (Basketter et al.,
1993, 1994). For example, Kimber et al. (1990) reported a comparative
analysis in which 24 chemicals, of previously unknown contact sensi-
tizing potential, were evaluated in both the local lymph node assay and
the occluded patch test of Buehler. The data reported demonstrate that
the local lymph node assay successfully identified those chemicals that
were classified as moderate or strong skin sensitizers in the Buehler
test. Basketter et al. (1991) evaluated the performance of the LLNA
with 25 chemicals on which guinea pig maximization test or Buehler
occluded patch test data were available. The 25 chemicals included
preservatives, perfume ingredients, surfactants, plastics/resin chemi-
cals, and oil additives. A high level of agreement between the results of
local lymph node assays and guinea pig test data was found. Recently,
the LLNA was evaluated in two international studies by five indepen-
dent laboratories. In the first international study, two sensitizers and
one nonsensitizer were evaluated (Kimber et al., 1995). All five labora-
tories identified the two known sensitizers as being positive in the
LLNA. In the second international study, the sensitivity and selectivity
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of the assay were examined further by analysis of six additional chemi-
cals. All five laboratories identified as positive the five moderate to
strong sensitizers and the one nonsensitizer as negative. However,
sodium lauryl sulfate, considered to be a nonsensitizing skin irritant,
was identified as positive in the assay. The overall conclusion from these
international studies is that five laboratories successfully and consis-
tently employed the LLNA to reach identical conclusions on the sensi-
tizing potential of nine chemicals. Finally, in a comprehensive review of
published and unpublished LLNA data, a high level of concordance
between LLNA and guinea pig data was reported for a wide range of
chemicals (Basketter et al., 1996).

As stated, an essential comparison for the LLNA is with human data.
Basketter et al. (1994) compared human maximization test results with
those obtained with the LLNA. The human maximization test method is
a rigorous assessment of the sensitization potential of chemicals in
humans. The authors reported that the LLNA identifies those chemicals
that are significant human contact allergens and that the specificity of
the assay is good.

Advantages and Limitations of the Murine LLNA

As the skin sensitization potential of chemicals has been determined by
using guinea pig tests, there is a strong temptation to judge the merits
of a new assay validated against the “gold standard” of a guinea pig
assay such as the maximization test or Buehler test. As discussed ear-
lier, the LLNA shows good concordance with guinea pig test results.
However, technical aspects of test conduct and species differences
between guinea pigs and humans inevitably mean that no such gold
standard exists. Seventy-seven chemicals were tested with results indi-
cating 89.6% concordance between studies. Guinea pig or mouse data
may not always mirror precisely and quantitatively the extent of the
hazard to humans. In general, it is difficult to compare predictive tests
with human data, since the former relate to hazard identification
whereas the latter represent problems arising from the expression of
that hazard: risk. Fortunately, the LLNA assay is capable of identifying
chemicals that have the potential to cause significant allergic contact
dermatitis in humans.

Compared with classical guinea pig methods, the LLNA offers a num-
ber of important advantages, not the Ieast of which are that:

1. The endpoint is both quantitative and objective and not subject to
interpretative difficulties associated with the visual assessment of
challenge-induced skin reactions.
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2. It offers the advantages of speed and comparatively low cost (and
thus the opportunity for high throughput).

3. It uses about half the number of animals required for organization
for Economic Cooperation and Development (OECD) protocol GPMT
and Buehler tests.

4. It also offers a clear advantage for evaluation of colored compounds
and dye chemicals which may obscure cutaneous erythema (Kimber
et al., 1994).

5. There is a further animal welfare advantage in that the LLNA does
not require the use of Freund’s compete adjuvant, intradermal injec-
tions of test substance, fur removal, occlusive dressings, or the use of
restraints, which are all features of the GPMT and/or the Buehler
test. Thus, there is an important opportunity for both substantial
reduction and refinement of animal usage in a manner that will not
compromise the existing standard of classification and labeling of
skin sensitization in the European Union.

Chemicals that are classified as having moderate or greater sensitiz-
ing potential on the basis of guinea pig tests and many that are consid-
ered weak or mild sensitizers prove positive in the LLNA. Unfortu-
nately, the local lymph node assay fails to identify as positive some
chemicals that provoke comparatively weak responses in the more sen-
sitive guinea pig tests. However, as defined in the classification thresh-
olds set by the European Economic Community, these chemicals need
not be positive in a suitable alternative assay.

The LLNA may also be of value for the assessment of irritant chemi-
cals. It is a requirement of guinea pig tests, which rely upon measure-
ment of induced erythema in previously sensitized animals, that chal-
lenge is performed with a concentration of the test material that is
unable to provoke skin irritation or inflammation in nonsensitized con-
trols. It is possible with highly irritating materials that the concentra-
tions selected for challenge are below those necessary to elicit a contact
hypersensitivity reaction. In contrast, the use of high concentrations of
irritants in the LLNA can be problematic in some instances. For exam-
ple, sodium lauryl sulfate (SLS), benzoylkonium chloride, and salicylic
acid are a few irritants that can give positive responses in the LLNA
(Montelius et al., 1994; Gerberick et al., 1992). Thus, the question is,
why do irritants cause positive responses in LLNA tests? One explana-
tion could be that irritants cause lymph-node proliferation by a nonim-
mune mechanism involving the stimulation of epidermal cytokines.
Clarification using an alternative procedure, or by more detailed analy-
sis of the lymph-node response, may be indicated. Potential endpoints for
use in differentiating irritant and allergic responses include quantifica-
tion of B and T cells as well as analysis of T-cell activation markers on
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CD4 and CDS8 cells (Gerberick et al., 1996; Sikorski et al., 1996). It is
very important to point out, however, that not all irritants are positive in
the LLNA (Kimber et al., 1994; Gerberick et al., 1992).

Use of Murine LLNA in Safety Evaluation and
Risk Assessment

The LLNA is already named in the OECD Guidelines for the Testing of
Chemicals, Volume 1, Skin Sensitization, where it is presented as a
screening method. The guidelines state that when the LLNA result is
negative it is necessary to conduct a confirmatory guinea pig test. How-
ever, the data available on the LLNA (Basketter et al., 1996) strongly
support the view that the assay detects “most important contact aller-
gens.” Moreover, it may be concluded from the data that a substance
negative in the LLNA may not be considered an important contact aller-
gen for humans and that no further animal testing may be necessary.

In conclusion, it can be stated that the LLNA offers a number of
advantages over available guinea pig methods. The assay is rapid, rel-
atively cost-effective, and requires small amounts of test material.
Exposure is via the relevant route and there is norequirement for adju-
vant. The endpoint is objective and quantitative and appears to be
largely uninfluenced by the color of the test chemical. The LLNA has
been evaluated as a methodology for the identification of significant
skin sensitizers and is accepted by some regulatory agencies as a
method suitable for the classification of the skin-sensitizing potential of
chemicals.

SYSTEMIC HYPERSENSITIVITY AND AUTOIMMUNITY
METHODS (D. NEUMANN)

Although the notion that chemical exposure might result in the induc-
tion or modulation of systemic or general hypersensitivity or autoim-
munity is generally accepted, evidence for such effects is limited in ani-
mals (Bigazzi, 1988; National Research Council, 1992). In part, this
reflects uncertainty about how to distinguish between normal self-
reactivity and autoimmune disease and how to prospectively evaluate
chemicals for their potential to elicit or modulate autoimmune
responses. Consequently, there is little evidence that procedures for
assessing the hypersensitive or autoimmune status of rodents in pre-
clinical studies are sufficiently robust to yield data on which to base
development, regulatory, or marketing decisions.

Rodents as well as humans constitutively express self-reactive effec-
tors, that is, autoantibodies and self-reactive T cells (e.g., see Shoenfeld
and Isenberg, 1989). Background concentrations of such effectors are
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not well established, and criteria for distinguishing between back-
ground levels and those associated with pathogenesis or other adverse
health effects are elusive, except in specific clinical settings (Condemi,
1992) or in association with certain animal models of autoimmunity
(e.g., see Cohen and Miller, 1994). From both theoretical and pragmatic
perspectives, the distinction between background autoimmunity and
disease-associated autoimmune status often becomes mired in uncer-
tainty about clonal anergy of B and T lymphocytes and the induction
and loss of self-tolerance (Abbas et al., 1991). Although these processes
are reasonably well understood, it is unclear if such processes can be
well addressed in immunotoxicity testing.

Another confounding issue, when considering design of studies to
determine whether exposure to a chemical elicits an autoimmune
response, is uncertainty about the relevant autoantigen. Virtually any
self molecule in any organ or tissue may be the target of immune self-
reactivity. In addition, the induction of self-reactivity may be associated
with the release of sequestered self-antigens, expression of altered self-
antigens, self-antigens bearing foreign antigen determinants, idiotypic
antigens, aberrant expression of self-antigens, polyclonal activation of
self-reactive cells, regulatory dysfunction, or antigenic mimicry (Shoen-
feld and Isenberg, 1989; Rose and Mackay, 1992). The inability to pre-
dict the relevant autoantigens on which to base an autoimmune toxico-
logic assessment is an impediment to attempting such studies.

A potentially useful concept for approaching autoimmunotoxicity in the
context of preclinical studies is that of examining for biomarkers of effect
(National Research Council, 1992). This concept suggests that exposure to
a chemical that can elicit or modulate autoimmunity would result in a
demonstrable effect on autoimmune effectors. Detection of such effects
does not require a prior knowledge of the specificity of the autoimmune
effectors, the specific autoantigenic target, and mechanisms of induction
and loss of self-tolerance or the process(es) leading to the observed effect.
Rather, by using tissue-based autoimmune effector detection methods,
investigators can screen for autoimmunotoxic effects.

Autoimmune-mediated pathologies often are associated with target
tissue inflammation, suggesting that a useful starting point would be a
thorough examination of animals on test for gross abnormalities with
possible inflammatory involvement. Key signs might include fibrotic
changes, hemorrhage, or anatomic changes in tissue/organ appearance,
such as enlargement. Routine hematoxylin and eosin staining of suspect
abnormalities can confirm the presence of inflammatory infiltrates and
reveal information about the phenotypes of infiltrating cells. Direct
immunohistochemical staining of inflamed tissue can establish the phe-
notypes and activation status of the inflammatory cells, determine
whether immunoglobulin is deposited in the lesion, establish whether
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complement plays a role in the observed pathology, and assess whether
major histocompatibility complex (MHC) molecule expression has been
upregulated in such a manner as to suggest autoimmune activation.
Such procedures are typically most effective with sections of frozen tis-
sue (which preserves antigen expression, although paraffin-embedded
tissues may be used with some staining reagents) and require careful
attention to the use of control tissues and reagents (Tubbs et al., 1986).
Although immunohistochemical analysis is often qualitative, both
semiquantitative scoring and quantitative procedures, such as quanti-
tative microscopy, image analysis, and radiolabeled secondary antibod-
ies, have been described (Kuper et al., 1995).

Indirect immunohistochemical procedures can be used to assess for
autoantibodies or systemic hypersensitivity by incubating serum from
treated animals on frozen sections of perfused tissues from normal or
control animals (Wolfgram et al., 1985; Rosenberg et al., 1987). Cell
binding assays in which splenic or peripheral blood lymphocytes (or
preferably T cells) are incubated on similar frozen tissue sections
(Jalkanen and Butcher, 1985; Chin et al., 1990) may yield evidence for
T-cell mediated autoimmunity. Because exposure toa test material may
result in altered self-antigen expression or self-protein/adduct forma-
tion creating novel self antigens (Rose and Mackay, 1992), indirect
immunohistochemistry and cell binding assays should also be per-
formed on tissues from treated animals to facilitate detection of self-
reactivity to these types of autoantigens.

Newer methods have been proposed that might be useful in some sit-
uations (Descotes, 1992) for detecting the potential for systemic hyper-
sensitivity or autoimmunity. One of these, the popliteal lymph node
assay (PLNA) is a relatively simple test in which the test article is
injected into the foot pad of a mouse and the draining lymph node is
then obtained and weighed (Kammuller et al., 1989). Increased relative
lymph node weight is an indication of immune stimulation. Taken in the
context of known autoimmune effects associated with chemical classes,
the PLNA could be valuable. However it is uncertain, at this time, that
the PLNA assay would be valuable as a stand-alone assay for assessing
chemicals, although validation studies are in progress that should
answer this question.

APPROACHES FOR INVESTIGATIONAL NEW DRUGS
(K. HASTINGS)

With the exception of skin sensitization studies, immunotoxicology studies
per se are rarely conducted by the sponsor on an investigational new drug.
The more common practice is for sponsors to determine the possibility that
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adverse effects observed in standard repeat-dose toxicology studies could
indicate potential immune impairment (Bloom et al., 1987). Inherent in
this approach is the notion that the ability to detect potential immunotoxic
effects depends on the conduct of standard preclinical toxicology studies.
The probability is better that potential immunotoxic effects will be discov-
ered if particular attention is given to directly assessing the immune sys-
tem. The term “enhanced histopathology” has been coined in Europe to
denote a specific approach in which lymphoid tissues (spleen, thymus,
lymph nodes) are examined in detail using specific antisera to identify T
and B cells to discern changes in resident cell types (Schuurman et al.,
1994). It has been proposed that this approach results in an increased
potential to discover immunosuppressive effects (Kuper et al., 1995; van
Loveren et al., 1996). If evidence of immunosuppressive potential is
observed in standard nonclinical toxicology studies, the sponsor could con-
duct specific follow-up immunotoxicity studies to determine the potential
for the investigational drug to impair immune function parameters.

Preclinical studies designed to determine the sensitizing potential of
investigational drugs are commonly conducted, especially for those
intended to be used topically or via inhalation. The most commonly used
guinea pig models are intended to mimic potential clinical effects, such
as cutaneous or pulmonary hypersensitivity. However, it should be noted
that guinea pig sensitization studies have proven useful primarily in
detecting contact sensitizers (Botham et al., 1991). Adaptations designed
todetect pulmonary sensitization have not proven particularly useful in
detecting relatively weak sensitizers that might produce clinically
important adverse effects (Blaikie et al., 1995).

Some commonly used tests for systemic sensitization as the passive
cutaneous assay (PCA) and the active systemic assay (ASA) rarely pro-
vide clinically relevant results (van der Laan and Dean, 1996). The PCA
does detect antigenicity, but, almost always, the compounds giving pos-
itive results might also be detected in standard skin sensitization
assays (because of inherent reactivity with proteins) or are proteins or
other macromolecules that are predictably antigenic. The ASA might be
useful in some very unusual situations (especially if metabolism of the
drug results in antigenic products) but rarely provides clinically useful
information (Verdier et al., 1994).

Considerable attention has been given in recent years to the use of
mice in detecting chemical sensitizers. Of particular importance is the
mouse local lymph node assay (LLNA) discussed previously. Based on
currently available information, the LLNA may be considered satisfac-
tory for preclinical safety evaluation of topical drug products.

Drug-associated autoimmunity is a phenomenon that is rarely if ever,
predicted in preclinical toxicology studies. No widely evaluated methods
are available to predict the potential of a drug to produce autoimmune
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reactions. Adverse reactions in the clinic that mimic hypersensitivity
reactions, but do not involve specific immune responses to the drug, are
often referred to as pseudo-allergy (Descotes, 1986) and are alsonot pre-
dicted by preclinical studies. Taken in the context of known autoimmune
effects associated with drug classes, the popliteal lymph node assay
(PLNA) may be valuable once evaluation is completed.

Immunostimulation by a drug candidate is rarely encountered and
can be associated with several findings in nonclinical toxicology studies,
such as histologic demonstration of lymphocytic infiltrates and nonspe-
cific increases in serum immunoglobulins. For some types of com-
pounds, such as adjuvants, immunostimulation may represent the
desired pharmacodynamic effect. The PLNA has been proposed as a
general assay for detecting immunostimulants (van der Laan et al.,
1997). However, as with autoimmunity, the results of the assay should
be evaluated in the context of drug class.

In some situations it may be important to determine if a drug has
antigenic potential unrelated to sensitization. This is especially the case
in repeat-dose toxicology studies with protein or peptide drugs (Dean et
al., 1992). Although demonstrating that a drug is antigenic in a given
animal model should not always be taken as a safety concern, this could
be important in fully evaluating the results of nonclinical toxicology
studies. Antidrug immune responses can alter toxicologic, pharmacody-
namic, and especially, pharmacokinetic properties of the drug in animal
models. In addition, antidrug immune responses can alter clinical
effects or produce adverse effects.

Pseudo-allergic reactions can be modeled in nonclinical toxicology
studies and are often predictable based on preclinical findings
(Descotes, 1986). Phenomena evaluated include potential for drug-
induced histamine release and complement activation. It is especially
useful that sponsors determine drug exposure levels associated with
pseudo-allergic reactions in order to set safe dose levels in clinical trials.
In addition, these findings may contribute to drug labeling.

SUMMARY (J. DEAN)

The field of immunotoxicity has advanced considerably in the past few
years with the systematic evaluation of methods to predict immuno-
suppression, myelosuppression, and certain types of hypersensitivity.
International interlaboratory comparisons have been conducted with
methods for detecting immunosuppression (White et al., 1994) and con-
tact hypersensitivity with good agreement (Kimber et al., 1995). The
standard tier for immunotoxicity assessment, as described by the
National Toxicology Program (Luster et al., 1988), and methods sug-
gested by the OECD 407 Guideline (van Loveren et al., 1996) are con-
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sidered useful in both the mouse and rat. Likewise, these new methods
have been introduced and evaluated in the safety assessment of new
pharmaceuticals and chemicals by some companies. Most of the meth-
ods developed have been drawn from our experience in clinical
immunology and an improved understanding of the immune system
through advances in molecular biology and basic immunology. There is
still work to be done to better document the correlation between animal
immunotoxicity results and adverse effects in humans following expo-
sure to chemicals in our environment, and to define predictive methods
for evaluating the potential of a drug to induce allergy and autoimmu-
nity, still a significant unpredicted clinical finding.
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