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INTRODUCTION

During the past 10-15 years, psychoneuroimmunology—the study of the in-
teractions among behavior, neural and endocrine function, and immune pro-
cesses—has developed into a bona fide field of interdisciplinary research
(Ader 1981a, 1991a). Previously unknown and unsuspected connections be-
tween the brain and the immune system provide a foundation for the now
numerous observations both (a) that the manipulation of neural and endocrine
functions alters immune responses, and the antigenic stimulation that induces
an immune response results in changes in neural and endocrine function and
(b) that behavioral processes are capable of influencing immunologic reactiv-
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ity and, conversely, the immune status of an organism has consequences for
behavior. This new research indicates that the nervous and immune systems,
the two most complex systems involved in the maintenance of homeostasis,
represent an integrated mechanism contributing to the adaptation of the indi-
vidual and the species. Psychoneuroimmunology emphasizes the functional
significance of the relationship between these systems—not in place of, but in
addition to the more traditional disciplinary analysis of the mechanisms gov-
erning functions within a single system.

The range of phenomena that bears on the relationship between behavior
and immunity is quite broad, and no attempt will be made to provide even a
cursory summary of all this literature. We focus here on animal studies of the
effects of conditioning and stress in the modulation of immune function. There
are several more or less programmatic lines of research in humans that the
reader may wish to explore. These deal with the immunologic correlates of
emotional states (primarily depression), personality traits as modulators of
immune function, and the effects of stress on immune function. Few general-
izations are possible based on currently available data. Although there is no
definitive evidence for the implied chain of events, the hypothesis that im-
mune function may mediate the effects of psychosocial factors on the suscepti-
bility to or progression of some disease processes remains tenable. We confine
this review, however, to the experimental literature on the modulation of
immunity by stress and conditioning. Other recent reviews (e.g. S. Cohen &
Williamson 1991; Geiser 1989; Kemeny et al 1992; O’Leary 1990) have dealt
with personality and emotional factors and immunity and/or disease. Some of
these have included an introductory outline of the immune system; an exten-
sive treatment of immune function can be found in any of several recent texts
(e.g. Stites & Terr 1991).

CONDITIONED MODULATION OF IMMUNITY

Immune responses, like other physiological processes, can be modified by
classical conditioning. Conditioned modulation of host defense mechanisms
and antigen-specific immune responses were first explored by Russian investi-
gators and followed the Pavlovian conditioning principles and procedures of
the day (Metal’nikov & Chorine 1926, 1928). Typically, multiple pairings of a
conditioned stimulus (CS; e.g. heat, tactile stimulation) were paired with injec-
tions of a foreign protein, the unconditioned stimulus (UCS); subsequent
presentation of the CS alone was reported to elicit conditioned increases both
in a variety of nonspecific defense responses and in antibody production.
There were English language reviews of this literature (Hull 1934; Kopeloff
1941), but they apparently attracted little attention, probably owing to the
nascent state of immunology at the time and to the fact that by today’s
standards most of these early animal experiments were inadequately de-
scribed, poorly designed, lacked appropriate control groups, and constituted
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little more than preliminary observations. Although the data on specific anti-
body responses were not convincing, the studies of nonspecific cellular events
(e.g. changes in leukocyte number, phagocytosis, inflammatory responses)
were consistent and provided provocative evidence that conditioning could
modulate host defenses. A detailed review (and some reanalyses) of these data
was provided by Ader (1981b).

Effects of Conditioning on Humoral and Cell-Mediated
Immunity

One of the hallmarks of the immune system’s defense of the organism against
foreign, “nonself” material (antigens) is its specificity—its ability to recognize
precisely and then eliminate only the antigens it has confronted. These activi-
ties are carried out by a variety of white blood cells (leukocytes). Prominent
among these are T and B lymphocytes that are capable of clonal proliferation
in response to antigens and retaining the “memory” of that encounter. Hu-
moral or antibody-mediated immunity involves the exposure of antigens to
bone marrow—derived B cells. These cells effect the ultimate production of
antibodies that protect the organism against extracellular microorganisms and
reinfection. Cell-mediated immunity is provided by thymus-derived T cells
that protect against intracellular parasitic and viral infections. An integrated
immune response to antigens, however, involves complex interactions among
specialized subpopulations of T cells (i.e. helper, suppressor, cytotoxic), B
cells, other white blood cells such as macrophages, and substances (cytokines)
that are secreted by activated leukocytes. A variety of techniques have been
developed to measure these cellular interactions in vitro. The essence of psy-
choneuroimmunology, however, is the recognition that in vivo these reactions
occur within a neuroendocrine milieu that is demonstrably sensitive to the
organism’s perception of and adaptation to events occurring in its environ-
ment.

HUMORAL IMMUNITY Current interest in conditioned changes in immunologic
reactivity began with a study by Ader & Cohen (1975). Using a taste aversion
conditioning paradigm, a saccharin-flavored drinking solution, the CS, was
paired with an injection of cyclophosphamide (CY), an immunosuppressive
UCS. All rats were subsequently immunized with sheep red blood cells (SRBC).
Antibody titers were measured in conditioned animals that were injected with
CY on the day of immunization (to define the unconditioned immunosuppress-
ive effects of CY), in conditioned animals that were not reexposed to the CS (to
assess the influence of prior conditioning and the residual effects of CY), and
in conditioned animals that were reexposed to the CS on the day of immuniza-
tion and/or three days later (the critical experimental group). Subgroups of
(nonconditioned) animals were injected with CY following the drinking of plain
water before immunization and were subsequently provided with the presum-
ably neutral saccharin solution whenever a comparable subgroup of conditioned
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animals received saccharin. A placebo-treated group was injected with vehicle
after consuming saccharin or water before immunization and was exposed to
saccharin after immunization. As expected, conditioned animals showed an
aversion to the saccharin solution that had been paired with CY. Conditioned
animals that were reexposed to the CS at the time of, and/or three days after,
immunization also showed an attenuated anti-SRBC antibody response relative
either to conditioned animals that were not reexposed to saccharin or to
nonconditioned animals that were similarly exposed to saccharin. These results
were interpreted as reflecting a conditioned immunosuppressive response. The
acquisition and the experimental extinction of a conditioned suppression and/or
enhancement of antibody- and cell-mediated immune responses as well as
nonspecific host defenses have now been observed under a variety of experi-
mental conditions. Only a brief overview of this research is provided here; more
detailed reviews are available elsewhere (Ader & Cohen 1985, 1991).

In the conditioned taste aversion paradigm, animals learn to avoid flavored
solutions previously paired with the noxious or illness-inducing effects of a
variety of (pharmacologic) agents; that is, they reduce their consumption of
the CS solution. Therefore, to obviate the conflict (“stress”) induced by having
either to drink a solution paired with illness or to remain thirsty—and to
equate total fluid consumption among differentially treated animals—condi-
tioning can be assessed with a two-bottle preference procedure that permits the
animal to choose between plain water and the flavored CS solution. Under
these conditions, conditioned alterations of humoral (e.g. Ader et al 1982;
Bovbjerg et al 1987b; N. Cohen et al 1979) and cell-mediated (Bovbjerg et al
1982, 1984) immune responses are still obtained. The available literature
reveals no consistent relationship between conditioned bchavioral (aversive)
responses and conditioned immune changes in the taste aversion learning
paradigm; taste aversions can be expressed without concomitant changes in
humoral immunity, and conditioned changes in immune function can be ob-
tained without observable conditioned avoidance responses (Ader & Cohen
1975; Ader et al 1987; Bovbjerg et al 1987b; Gorczynski 1987; Gorczynski et
al 1984; Rogers et al 1976; Schulze et al 1988; Wayner et al 1978). Moreover,
reexposure to the CS before rather than after immunization with SRBC also
depresses in vivo antibody production (Ader et al 1982; Schulze et al 1988;
Kusnecov et al 1988). The latter results suggest that an antigen-activated
immune system is not necessary for the conditioning of an immunosuppress-
ive response.

Conditioned immunomodulatory effects are not confined to the use of CY
or the taste aversion conditioning situation. Conditioned changes in various
parameters of immunologic reactivity have been observed using other im-
munomodulating substances (e.g. Ader & Cohen 1981; King et al 1987,
Kusnecov et al 1983; see also Hiramoto et al 1987; Husband et al 1987). Tt is
not even necessary to use immunopharmacologic agents as UCSs; evidence
for a conditioned suppression of antibody-mediated responses has been ob-
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tained using electric shock as the UCS (Sato et al 1984; Zalcman ct al 1989,
1991b).

There have been a few studies in which there were no observable condi-
tioned effects (Krank & MacQueen 1988; MacQueen & Siegel 1989). For
theoretical reasons (see Eikelboom & Stewart 1982), these experiments were
conducted with the expectation of observing “paradoxical” or compensatory
conditioned responses (responses opposite in direction to the unconditioned
response). In conditioned animals reexposed to a CS previously paired with
CY, the anti-SRBC antibody response was higher than the response of condi-
tioned animals that were not reexposed to the CS and the response of animals
that experienced unpaired CS-UCS presentations, but the responses of condi-
tioned animals reexposed to the CS did not differ from those of a saline-treated
control group. Such results may permit one to infer the existence of a condi-
tioned enhancement of antibody production based on the failure to observe
immunosuppression, but, as the investigators acknowledge, no direct evidence
of compensatory conditioning was obtained. There is no obvious explanation
for the difference between these results and those in the rest of the literature on
conditioned immunologic changes.

Evidence for the existence of the compensatory conditioning of host de-
fense reactions, however, can be derived from studies on the role of condition-
ing in the development of pharmacological tolerance to repeated injections of
polyinosinic-polycytidylic acid (poly I:C; Dyck et al 1986, 1987). In keeping
with a conditioning analysis of the development of tolerance to some other
pharmacologic agents (Siegel 1983), tolerance to the enhancing effects of poly
I:C on natural killer cell activity is abrogated by unreinforced exposures to the
CS; preexposure to the CS interferes with the development of tolerance; and
tolerance is attenuated when poly I:C is injected in the absence of environmen-
tal cues previously paired with injections of the drug.

CELL-MEDIATED IMMUNITY The immunosuppressive effects of CY can also be
used to condition changes in cell-mediated responses. In the studies by Bovbjerg
etal (1982, 1984), (Lewis X Brown Norwegian)F| rats were injected with Lewis
strain spleen cells to induce a local graft vs host (GvH) response.1 The basic
experimental protocol used by Ader & Cohen (1975) was modified so that: (a)
there was a 7-week interval between conditioning of the Fy hybrid hosts and
injecting them with donor cells (at which time there were no detectable residual
effects of CY), and (b) experimental animals were reexposed to the CS in the
context of reexposure to a minimally effective injection of CY. (The Lewis X
Brown Norwegian)F rats were first conditioned by pairing saccharin consump-
tion and CY and were subsequently injected (“grafted™) with splenic leukocytes

1

When splenic leukocytes from an inbred strain of Lewis rats are injected into the footpad of
hybrid (Lewis x Brown Norwegian)F rats, the grafted cells recognize the host as “foreign,” and a
local inflammatory reaction (the GvH response) ensues and can be measured by weighing the
popliteal lymph node that drains the injection site.
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from Lewis strain donors. On the day of grafting and on the following two days
they were reexposed to the CS; on the day after grafting they were also given a
low dose injection of CY. While low-dose injections of CY on Days 0, 1, and
2 dramatically suppressed the local GvH response, a single injection on Day 1
caused only a modest decrease in the response. However, a single low-dose
injection of CY plus reexposure to the CS previously paired with CY signifi-
cantly suppressed the GvH response relative to control groups that received only
the single low-dose injection of CY. As expected, unreinforced exposures to the
CS during the 7-week interval between conditioning and induction of the GvH
response resulted in extinction of the conditioned immunosuppressive response.
Experimental extinction, one hallmark of a conditioned response, has also been
reported for other conditioned immunologic effects (Dyck et al 1986;
Gorczynski et al 1982; see also Lysle et al 1988).

Cyclophosphamide can enhance as well as suppress immunologic reactiv-
ity. In the case of a delayed-type hypersensitivity (DTH)2 reaction to SRBC,
low-dose treatment with CY at the time of sensitization can enhance DTH in
response to a subsequent challenge with the same antigen (Turk & Parker
1982); CY treatment of sensitized animals just before antigenic challenge
decreases the DTH response (Gill & Liew 1978; Rodinone et al 1983). Al-
though CY decreases the DTH reaction to an initial antigenic challenge, the
response to subsequent challenges is enhanced (Bovbjerg et al 1986).
Bovbjerg et al (1987a) did not observe any conditioning effects when sensi-
tized animals, previously conditioned with CY, were reexposed to the CS
before their initial challenge. However, reexposing conditioned animals to the
CS before two subsequent antigenic challenges resulted in enhanced DTH
responses. The conditioned enhancement could be a consequence of a selec-
tive conditioned immunosuppressive effect on suppressor cells (Gill & Liew
1978; Mitsuoka et al 1979). Another drug, levamisole, has been purported to
selectively depress cytotoxic/suppressor T cells. Thus, the conditioned eleva-
tion of the T-helper:T-suppressor-subset ratio in animals reexposed to a CS
previously paired with levamisole (Husband et al 1987) could be the phenom-
enological expression of a conditioned immunosuppressive response. Such an
interpretation would be consonant with data suggesting that T cell-dependent
reactions are especially sensitive to conditioning.

As in the case of antibody-mediated immune responses, conditioned
changes involving cell-mediated immunity are not confined to the use of the
taste aversion conditioning model. Mice exposed to a novel environment plus
a distinctive taste in conjunction with rotation on a turntable (the UCS) show a
decreased ability to reject allogeneic skin grafts when reexposed to the com-
pound CS at the time of and following the antigenic challenge (Gorczynski
1992), In addition, when conditioned females (mated with nonconditioned

2
DTH is an in vivo inflammatory reaction mediated by sensitized T cells that is evoked by
contact with the antigen with which the animal had been immunized.


http://www.annualreviews.org/aronline

Annu. Rev. Psychol. 1993.44:53-85. Downloaded from arjournals.annualreviews.org

by UNIVERSITY OF ILLINOIS - CHICAGO on 11/01/05. For personal use only.

Annual Reviews. )
www.annualreviews.org/aronline

PSYCHONEUROIMMUNOLOGY 59

males) were reexposed to the CS on Days 13, 16, and 19 of gestation, there
was a depression of humoral and cell-mediated immunity in their un-
manipulated offspring.

Effects of Conditioning on Nonimmunologically Specific
Reactions

In addition to studying antibody- and cell-mediated immunity, immunologists
also study the nonimmunologically specific in vitro actions of natural killer
cells and mitogens. These are among the most frequently used measures in
behavioral experiments. Natural killer (NK) cells are large granular lympho-
cytes that nonspecifically attack and destroy certain virus-infected cells and
tumor cells and may be involved in preventing tumor metastasis.

T and/or B lymphocytes can be induced to proliferate in vitro by stimula-
tion with various lectins {chemical substances obtained from plants), and the
lymphoproliferative response to such mitogens has been used to indicate an
alteration of the physiological state of T or B cells in a particular lymphoid
compartment (e.g. spleen, lymph nodes, peripheral blood). Changes in mito-
genic responsiveness, however, do not necessarily reflect an organism’s abil-
ity to respond to antigens in vivo or in an immunologically specific manner.

In a comprehensive series of experiments, Lysle and his colleagues (1988,
1990a,b, 1991, 1992b) characterized the conditioned suppression of a variety
of nonspecific responses in rats reexposed to cues previously paired with
stressful stimulation. Compared to nonconditioned animals, to conditioned
animals exposed to novel environmental cues, and to animals exposed to cues
explicitly unpaired with the UCS, animals reexposed to auditory (or visual)
cues paired with electric shock stimulation showed a reliable suppression of
Iymphoproliferative responses to concanavalin A (Con A) and phytohemag-
glutinin (PHA) (two T cell mitogens), lipopolysaccharide (LPS) (a B cell
mitogen), interteukin-2 (IL-2)” production, and NK cell activity. As expected,
exposure to the CS before conditioning retarded development of the condi-
tioned response, and unreinforced exposures to the CS resulted in experimen-
tal extinction (Lysle et al 1988). In addition, the conditioned responses varied
as a function of both the timing of reexposure to the CS in relation to the time
of conditioning and the immune compartment from which the cells were
obtained (Lysle et al 1990a,b; Lysle & Maslonek 1991). In splenic lympho-
cytes there was a depressed response to T and B cell mitogens; in whole blood,
there was a suppression of the response to Con A and PHA, but not to LPS;

3

Macrophages and activated lymphocytes produce soluble products (cytokines), such as interleu-
kin-1 (IL-1), IL-2, interferons, and tumor necrosis factor that are involved in the proliferation,
differentiation, and effector functions of lymphocytes. In addition, they serve as “im-
munotransmitters” in the sense that some, if not all of them have effects within the central nervous
system and stimulate the release of hormones.
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cells obtained from mesenteric lymph nodes showed no effects of CS reexpos-
ure.

Using either a taste or odor aversion conditioning paradigm or a stressor as
the UCS, other studies have also observed the conditioned suppression of
lymphoproliferative responses both to mitogenic stimulation (Drugan et al
1986; Kusnecov et al 1988; Neveu et al 1986, 1987), NK cell activity
(Gorczynski et al 1984; Hiramoto et al 1987; Lysle & Maslonek 1991;
O’Reilly & Exon 1986), and total white blood cell count (Klosterhalfen &
Klosterhalfen 1987). The conditioned enhancement of NK cell activity has
also been reported (Hiramoto et al 1987; Solvason et al 1988, 1991). However,
some of these latter studies suffer from major design flaws, and others have
been unable to repeat these observations (Ader & Cohen 1991).

In a recent study, Coussons et al (1992) paired exposure to a distinctive
environmental setting with injections of morphine (which unconditionally
suppresses several nonspecific immune responses). Reexposure to the envi-
ronmental cues resulted in a conditioned suppression of splenic and peripheral
blood lymphocyte response to T and B cell mitogens, splenic NK cell activity,
and IL-2 production. These results are of additional interest in relation to the
issue of compensatory conditioning discussed above. The conditioned re-
sponse mimicked the unconditioned response rather than inducing an opposite
or compensatory response; induction of such a compensatory response, how-
ever, characterizes some of the other behavioral and physiological cffects of
morphine (e.g. Siegel 1976, 1983).

As is the case with antibody-mediated responses, the above studies uncov-
ered no consistent relationship between conditioned behavioral responses and
conditioned changes in nonspecific defense reactions (Klosterhalfen &
Klosterhalfen 1987; Kusnecov et al 1988; Neveu et al 1986, 1987; Solvason et
al 1988).

Antigen as Unconditioned Stimulus

In behavioral terms, an antigen is an unconditioned stimulus for activation of
the immune system and has been used as the UCS in a few studies. A condi-
tioned release of histamine, a nonspecific mediator of an allergic reaction,
occurred in response to a CS associated with the injection of the antigen,
bovine serum albumin (Dark et al 1987; Peeke et al 1987; Russell et al 1984),
and an increase in mast cell protease II was observed in sensitized rats
reexposed to environmental cues previously paired with exposure to egg albu-
min (MacQueen et al 1989). With respect to an immune response, per se,
Gorezynski and his colleagues (Gorczynski et al 1982) repeatedly grafted
mice with allogeneic skin under a constant set of environmental conditions.
When these mice were given sham transplantations, there was an increase in
the number of precursor cytotoxic T lymphocytes. Subsequent unreinforced
exposures to the graft procedures resulted in extinction of the conditioned
response. These experiments are among the relatively few that have addressed
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conditioned immune responses as distinct from conditioned im-
munopharmacologic effects.

Biologic Impact of Conditioned Changes in Immunity

Although highly reproducible, the effects of conditioning in modulating im-
mune responses have been “relatively” small, and a recurring question has
been whether behaviorally induced alterations in immunocompetence have
any biological or clinical significance. So far, only a few studies have ad-
dressed this issue. In a study using mice that develop a systemic lupus-erythe-
matosus-like autoimmune disease (Ader & Cohen 1982), conditioned stimuli
were substituted for half of the weekly treatments with active im-
munosuppressive drug (CY). The onset of autoimmune disease in the geneti-
cally susceptible (NZB x NZW)F mice was thereby delayed using a cumula-
tive dose of CY that was not, by itself, sufficient to alter the progression of the
lupus-like disease. Also, in lupus-prone mice that had previously been given
weekly treatments with CY (paired with the taste of saccharin), reexposure to
the CS after discontinuation of active drug treatment prolonged survival rela-
tive to conditioned mice that received neither active drug nor reexposure to the
CS (Ader 1985). Analogous results were obtained in studies of adjuvant-in-
duced arthritis in rats using either CY or cyclosporin as the UCS
(Klosterhaifen & Klosterhalfen 1983, 1990) and electric shock as the UCS
(Lysle et al 1992a), and in a study in which reexposure to a CS previously
paired with CY accelerated mortality among conditioned animals inoculated
with a syngeneic plasmacytoma (Gorczynski et al 1985).

Recently the therapeutic potential of conditioning was examined in differ-
ent transpiantation models in an effort to prolong graft survival. A/J recipient
mice typically reject allogeneic skin grafts from BALB/c or C57BL/6 donors
within two weeks. A low-dose injection of CY on the day of grafting, how-
ever, prolongs graft survival. In mice conditioned by the pairing of saccharin
and CY, reexposure to the CS alone on the day of grafting and at 5-day
intervals thereafter also prolonged survival of the skin allograft (Gorczynski
1990). In another recent study (Grochowicz et al 1991), reexposure of trans-
plant recipient rats to a CS previously paired with cyclosporin A extended the
survival of a heterotopic heart transplant. Experiments such as these hint at the
potential clinical significance of conditioned alterations in immune function.

Conditioning in Human Subjects

“As early as 1557, Amatus Lusitanus related the case of a Dominican monk,
who, whenever he perceived the odor of roses or saw them at a distance, was
immediately seized with syncope and fell unconscious to the ground” (Mac-
kenzie 1896:51, italics added). Mackenzie described his ability to provoke
asthmatic symptoms by presenting an artificial rose to an allergic patient,
which “forcibly illustrates the role of purely psychical impressions in awaken-
ing the paroxysms of the disease familiarly known as ‘rose cold”” (Mackenzie
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1896:45). The literature contains descriptions of several similar cases of what
may represent conditioning phenomena (Hill 1930; Smith & Salinger 1933;
Dekker et al 1957). Laboratory studies in humans (Dekker ¢t al 1957; Khan
1977) and animals (e.g. Ottenberg et al 1958) confirm the clinical suggestions
that exposure to symbolic, nonallergenic stimuli (CSs) previously associated
with allergens are capable of inducing asthmatic symptoms in some subjects.

More recent data provide preliminary evidence that conditioning may be
able to modify immune responses in human subjects. In a study by Ikemi &
Nakagawa (1962), four subjects received cutancous stimulation with a methy-
lene blue solution (the CS) containing the extract of a Japanese lacquer tree
that unconditionally induced eczema within 24 hr. After an unspecified num-
ber of CS-UCS pairings, the CS alone elicited a skin reaction in all four
subjects. Smith & McDaniels (1983) also tried to condition a DTH response in
human subjects. Healthy volunteers underwent tuberculin skin testing six
times at monthly intervals. In a counterbalanced manner, the “blinded” re-
search nurse administered tuberculin obtained from a green vial to one arm
and saline drawn from a red vial to the other arm. On the test trial, the contents
of the colored vials were switched; neither the experimenter nor the subject
was aware that tuberculin had now been put into the red vial, saline into the
green. Saline administered to the arm that had previously been treated with
tuberculin did not evoke a skin reaction, but there was a significant diminution
of the erythema and induration elicited by tuberculin in the arm previously
injected with saline. This finding is remarkably similar to that reported by
Moynihan et al (1989) in mice.

The failure of saline to evoke a skin reaction could be instructive, particu-
larly for the strategy underlying such research. First of all, the immunologic
mechanisms that could dampen an immunologically specific response are not
necessarily the same as those that might elicit or enhance that same response.
In the case of immunoenhancement, an immunogenic stimulus may be re-
quired, even if it alone is not sufficient to elicit a discernible reaction. A more
reasonable paradigm for the behavioral modification of an immune response,
then, may require the application of a minimally effective immunogenic stim-
ulus—one barely able to elicit a measurable response but sufficient to initiate
some early event in the immunologic cascade that leads to a typical immune
reaction. If “subthreshold” stimulation is capable of being potentiated by an
alteration of the neural and/or endocrine environment in which immune re-
sponses occur, one might be more likely to observe a behaviorally induced
alteration in immunologic reactivity under immunogenic stimulus conditions
that actually approximate natural conditions. Thus, in the present example, a
sensory stimulus (e.g. saline) that does not affect the immune system directly
may not suffice to elicit a tuberculin-induced skin reaction. But the superimpo-
sition of an immunologically neutral stimulus previously paired with activa-
tion of the immune system or the response induced by what would ordinarily
be a subthreshold immunogenic stimulus may be sufficient to elicit a discern-
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ible immune response. This basic strategy was used by Bovbjerg et al (1982,
1984) who demonstrated that the combination of a CS for immunosuppression
and a low dose of CY depressed a GvH response to a significantly greater
degree than the low dose of CY was able to accomplish alone.

The anticipatory nausea that occurs in 25-75% of patients undergoing
repeated chemotherapy for cancer appears to reflect a classically conditioned
response (Andrykowski et al 1985, 1988; Andrykowski & Redd 1987; Carey
& Burish 1988; Morrow & Dobkin 1988; Redd & Andrykowski 1982).
Bovbjerg et al (1990) studied women who had experienced at least three
sessions of chemotherapy to determine if cancer patients who displayed antic-
ipatory nausea and vomiting during the course of chemotherapy would also
show anticipatory immunosuppressive changes. Peripheral blood was obtained
at the patients’ homes 3-8 days before a scheduled chemotherapy session and
again in the hospital just before the intravenous drug infusion. No differences
in NK cell activity or in cell counts or cell subset numbers were observed, but
in vitro proliferation in response to the T-cell mitogens PHA and Con A were
significantly lower prior to chemotherapy than the responses measured in the
home environment. There was no evidence that the decreased mitogen re-
sponses were related to anticipatory nausea or to the increased anxicty that
occurred in the hospital. This observation of anticipatory immunosuppression
is entirely consistent with the proposition that chemotherapy patients who
receive an immunosuppressive drug under a relatively constant set of environ-
mental conditions would show conditioned changes in immune function as
well as in behavior. The extent to which these behavioral and immune re-
sponses reflect the same underlying mechanisms—or, as the animal literature
suggests, represent independently conditioned responses—remains to be de-
termined and might prove important in the clinical management of chemother-
apy patients.

STRESS AND IMMUNITY

In the present context, “stress” refers to any natural or experimentally con-
trived circumstances that (intuitively, at least) pose an actual or perceived
threat to the psychobiological integrity of the individual. In nonhuman ani-
mals, environmental conditions that are apparently perceived as a threat to the
organism, and to which the organism cannot adapt, are accompanied by both
transient and relatively long-lasting psychophysiologic changes. We presume
that these changes contribute to the development of disease, especially if the
organism is at the same time exposed to potentially pathogenic stimuli. As
described below, however, the stress response is not uniformly detrimental to
the organism.
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Effects of Stress on Disease

Studies in humans have implicated psychosocial factors in the susceptibility to
and/or the progression of a variety of pathophysiologic processes including
bacterial, allergic, and autoimmune diseases that involve alterations in im-
munologic defense mechanisms. Specific examples include Epstein-Barr virus
infections, respiratory infections, streptococcal infections, asthma, and arthri-
tis. Comprehensive treatments of this subject have been provided recently by
S. Cohen & Williamson (1991) and Weiner (1977, 1991). Most of the experi-
mental work has been conducted with animals and indicates that a variety of
behavioral manipulations or stressors can influence susceptibility to a variety
of discase states in a variety of species. However, the stressors used do not all
produce the same effects. The impact and direction of the effects of stressful
stimulation depend upon the discase process to which the organism is concur-
rently subjected. For example, physical restraint in rodents increases suscepti-
bility to infection with herpes simplex virus (Bonneau et al 1991a,b; Rasmus-
sen et al 1957 ) and the Maloney sarcoma virus (Seifter et al 1973), has no
effect on the response to an experimentally induced lymphoma (Greenberg et
al 1984), and decreases susceptibility to allergic encephalomyelitis (Levine et
al 1962). Likewise, electric shock stimulation increases susceptibility to
Coxsackie B virus but decreases susceptibility to malaria (Friedman et al
1965) and to the spontaneous development of leukemia in AKR mice (Plaut et
al 1981). Using the same disease outcome (e.g. encephalomyocarditis virus),
electric shock stimulation decreases susceptibility but the stimulation of han-
dling has no effect (Friedman et al 1969); and, while both electric shock and
handling decrease susceptibility to collagen-induced arthritis, a different
stressor, auditory stimulation, increases susceptibility (Rogers et al 1980a,b).
Analogous results are observed in studies on the development and progres-
sion of tumors in animals (Justice 1985; Sklar & Anisman 1981). Psychosocial
factors can influence the development and/or growth of tumors, but the direc-
tion of the effects depends on the tumor model chosen for study. The results
also depend on the quality, quantity, and duration of the stressor; the temporal
relationship between exposure to the stressor and the introduction of patho-
genic stimulation; socioenvironmental conditions (e.g. whether animals are
housed individually or in groups); and a variety of host factors (e.g. species,
strain, and sex). Further, the observed effects depend on the outcome measures
and sampling parameters selected for study. As described below, the effects of
stressful stimulation on immune function parallel those on stressful stimula-
tion and disease susceptibility. It seems evident—or, at least likely—that the
ability to predict the outcome of studies of the pathophysiologic effects of
stressful stimulation depends upon a more detailed understanding of the inter-
action between responses unconditionally elicited by specific kinds of poten-
tially pathogenic stimulation and the pattern of psychophysiological responses
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