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Abstract

For many years, anecdotal evidence and clinical observations have suggested that exposure to psychosocial stress can affect disease
outcomes in immune-related disorders such as viral infections, chronic autoimmune diseases and tumors. Experimental evidence in
humans supporting these observations was, however, lacking. Studies published in the last 2 decades in Brain, Behavior and Immunity

and other journals have demonstrated that acute and chronic psychological stress can induce pronounced changes in innate and adaptive
immune responses and that these changes are predominantly mediated via neuroendocrine mediators from the hypothalamic–pituitary–
adrenal axis and the sympathetic–adrenal axis. In addition, psychological stress has predicted disease outcomes using sophisticated mod-
els such as viral challenge, response to vaccination, tracking of herpesvirus latency, exploration of tumor metastasis and healing of exper-
imental wounds, as well as epidemiological investigations of disease progression and mortality. These studies have contributed
significantly to our understanding that the neuroendocrine–immune interaction is disturbed in many pathophysiological conditions, that
stress can contribute to this disturbance, and that malfunction in these communication pathways can play a significant role in the pro-
gression of disease processes. There are, however, significant gaps in the extant literature. In the coming decade(s), it will be essential to
further analyze neuroendocrine–immune communication during disease states and to define the specific pathways linking the central ner-
vous system to the molecular events that control important disease-relevant processes. This knowledge will provide the basis for new
therapeutic pharmacological and non-pharmacological behavioral approaches to the treatment of chronic diseases via specific modula-
tion of nervous system–immune system communication.
� 2007 Elsevier Inc. All rights reserved.
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1. Introduction

The notion that stressful life experiences and one’s psy-
chological state can influence the onset and progression of
disease has existed for centuries, despite a paucity of evi-
dence. Research conducted over the past 20 years in the
field of psychoneuroimmunology has carefully examined
this premise, leading to a much clearer picture of its
strengths and weaknesses. The last 2 decades of research
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in the field of psychoneuroimmunology have been exciting,
beginning with rigorous evidence that stress can affect the
immune system, followed by intensive investigation of
mediating mechanisms and extrapolation to disease pro-
cesses. This short review focuses on the effects of psycho-
logical stress on immune functions and the etiology and
progression of immune-mediated diseases since Brain,

Behavior and Immunity (BBI) was first published in 1987.
We will mainly concentrate on human work, in particular
on the effects of stressors on viral infections, autoimmune
diseases, wound healing and cancer. Since we are limited
in the number of citations, we will predominantly cite
review articles and apologize to all those colleagues who
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contributed to the findings but whose work could unfortu-
nately not be cited due to page and reference limitations.

1.1. Psychosocial stress, neuroendocrine–immune

interactions

In response to stressful circumstances, the neuroendo-
crine system stimulates a series of adaptive responses
involving behavioral, cardiovascular, metabolic, and
immunological changes. Pituitary hormones such as pro-
lactin and growth hormone, and neuropeptides like corti-
cotropin-releasing hormone (CRH), adrenocorticotropic
hormone (ACTH), neuropeptide Y (NPY) and the opioids
can be released during stressor exposure and can affect cel-
lular and humoral immune responses (Malarkey and Mills,
2007; Kelley et al., 2007; Blalock and Smith, 2007; see
Fig. 1).

Experimental data in rodents and humans demonstrate
that: (1) primary and secondary lymphoid organs are inner-
vated by sympathetic noradrenergic nerve fibers, (2) all
lymphoid cells express b-adrenoceptors and some subsets
express a-adrenoreceptors, and (3) adrenaline and nor-
adrenaline can alter circulation of leukocyte subpopula-
tions and the functional capacity of immuncompetent
cells, including cytokine production and release (Glaser
and Kiecolt-Glaser, 2005; Sanders and Kavelaars, 2007).

Increased sympathetic adrenal activity appears to play a
major role in immune changes observed after acute psycho-
logical stress. Hypothalamic–Pituitary–Adrenal (HPA)
axis-activity, resulting in enhanced release of glucocorti-
coids, together with sympathetic mechanisms are mainly
responsible for the inhibition of cellular and humoral
immune responses after chronic psychological stress expo-
sure (Glaser and Kiecolt-Glaser, 2005) (Fig. 1).

Glucocorticoids regulate multiple aspects of immune cell
functions. For example, they regulate innate immune
responses to bacterial and viral infection and can cause a
shift in the adaptive immune response from T-helper-1
(Th-1) to T-helper-2 (Th-2) cell activity by inhibiting the
production of pro-inflammatory cytokines such as Inter-
leukin 12 (IL-12) and Tumor Necrosis Factor (TNF) or
IL-2 and by stimulating the synthesis of the Th-2 cytokines
IL-10 or IL-4 (Glaser and Kiecolt-Glaser, 2005).

Sensory peptides, such as Substance P (SP), also interact
with the immune system and may play a role in the link
between stress and inflammatory processes. The primary
role of SP in the periphery is to promote inflammation in
order to protect tissue from irritants and pathogens. Many
immune cell types express receptors for SP and SP afferents
innervate immune organs. Binding of SP to its receptor up-
regulates pro-inflammatory cytokines, and influences a
variety of other immunological processes that support
inflammation. SP also plays a role in moderating stress
pathways, such as the HPA-axis (see Rosenkranz, in press).

Glaser et al. (1987) published the first study on stress
and immune functions in humans in BBI, demonstrating
an inhibition of cellular immune functions and poorer cel-
lular immune control of herpesvirus latency during exami-
nation stress in medical students. This first report in BBI
confirmed earlier studies of this group and others demon-
strating a suppression of humoral and cellular immune
responses in individuals exposed to psychological stress.
Over the last 20 years, the concept of immunosuppression
following prolonged psychological stress has been demon-
strated by numerous studies employing different stress
models (e.g., examination, caregiving, marital conflict,
bereavement) and parameters of the innate and adaptive
immune response (e.g., circulation of leukocyte subpopula-
tions, lymphocyte activity, cytokine production; Glaser
and Kiecolt-Glaser, 2005).

At approximately the time that BBI was first published,
an increasing number of publications reported effects of
acute psychological stress on human peripheral immune
functions. These studies, using public speech, mental arith-
metic or naturalistic stressors such as a parachute jump,
demonstrated a transient activation in innate immune
responses, such as an increase in natural killer (NK) cell
activity and NK cell and granulocyte numbers.

Over the last 2 decades we have learned a remarkable
amount about how immune responses change during and
after stressful events. However, there is still considerable
debate over the normal versus pathological nature of these
shifts in immunity. In healthy individuals, the changes in
immune response following exposure to an acute psycho-
logical stressor are generally evaluated as an evolutionary
adaptive process, indicating that immune responses are
highly sensitive and quickly responsive to environmental
stimuli, such as stressful or threatening circumstances.
And the healthy immune system is capable of compensat-
ing for prolonged exposure to psychosocial stress-induced
immune inhibition. However, experimental data in humans
clearly indicate that the risk for illness due to the adverse
effects of stress on the immune system can be increased.

Not only from animal experiments but also from human
studies, we recognize today, however, that even exposure to
acute stressors can have prolonged effects on the immune
response to pathogens (Edwards et al., 2006). In addition,
numerous studies demonstrate that maladaptive neuroen-
docrine hyper- or hypoactive responses of the HPA or
the sympathetic nervous system (SNS) to stress, including
glucocorticoid resistance, can function as risk factors for
the initiation and progression of specific diseases, in partic-
ular viral infection and chronic, inflammatory autoimmune
diseases.

2. The first decade 1987–1996

2.1. Stress and chronic inflammatory diseases

The etiology of chronic inflammatory diseases such as
rheumatoid arthritis (RA) or systemic lupus erythematosus

(SLE) has been and remains unclear. Clinical observations
suggest that stressful life events are associated with the
onset and aggravation of symptoms in these autoimmune



Fig. 1. Acute and sustained psychosocial stress affects the circulation and activity of immuncompetent cells via the release of neuroendocrine mediators.
The major neural efferent pathways, through which stress can affect peripheral immune functions, are the neocortical–sympathetic–immune axis, the
hypothalamus–pituitary–adrenal immune axis, and the brain stem–vagus–cholinergic pathway with the release of the major mediators noradrenaline,
cortisol and acetylcholine. These hormones and neurotransmitters can subsequently modulate the inflammatory process in autoimmune diseases such as
rheumatoid arthritis, multiple sclerosis or skin disease, affect the immune response during infection and may influence tumor development and
progression. ACTH, adrenocorticotropic hormone; Ach, acetylcholine; NE, noradrenaline.
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disorders. Twenty years ago, however, experimental data
investigating the effects of stress on neuroendocrine and
immunological responses and disease outcome in patients
with RA or SLE were rare. Most of our knowledge came
from work with experimental animals demonstrating that
stress effects on these inflammatory processes seem to be
predominantly mediated via two neuroendocrine commu-
nication pathways. Chronic inflammatory processes
appeared to be associated with a dysfunction of the
HPA-axis, resulting in an altered secretion pattern of
CRH, ACTH and glucocorticoids, which in turn modu-
lated immune functions in the autoimmune process. In
addition, animal data clearly showed an involvement of
the SNS and adrenoceptor mediated mechanisms, in partic-
ular in chronic inflammatory processes. Treatment with b-
adrenoceptor antagonists in experimentally induced arthri-
tis in rats significantly decreased disease symptoms. In
contrast, the application of adrenaline exacerbated arthritis
in rats via b2-adrenergic mechanisms (Wilder, 1995).

Most of the studies in humans on the effects of stress and
disease outcomes were retrospective. However these studies
suggested that stress can be a disease permissive and aggra-
vating factor in particular in juvenile idiopathic arthritis
(JIA) and less so in RA. These findings were experimentally
confirmed in studies demonstrating a disturbed, b2-adreno-
ceptor mediated SNS–immune system interaction in JIA
patients in response to stress (Kuis et al., 1996).

Researchers investigated the effects of stress on the exac-
erbation and the subsequent development of brain lesions
in patients with multiple sclerosis (MS). Also here, a num-
ber of clinical, mainly retrospective studies indicated that
critical life events preceded the onset or exacerbation of
MS (Grant et al., 1989). Again, 20 years ago, experimental
data on the effects of stress in MS patients were lacking and
hypotheses regarding these effects and possible underlying
mechanisms could only be generated from animal experi-
ments. These data in experimental allergic encephalomyeli-

tis (EAE), an animal model of MS, showed that exposure
to stress such as restraint stress or maternal deprivation
influenced the development of EAE in rats. However, these
data also underscored the importance of effects of sex,
strain, time of the onset of the stressor and subsequent
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kinetics of the immune response on disease exacerbation
(Griffin et al., 1993).

Although clinical evidence suggested an association
between psychosocial stressors, immunological functions
and other chronic inflammatory diseases such as skin dis-
eases (psoriasis or atopic dermatitis; Gaston et al., 1987)
or inflammatory bowel diseases (IBD), no systematic
approach to investigation in these areas had been under-
taken during the first decade of BBI.

A number of human studies also published in BBI dur-
ing the first decade demonstrated that acute psychological
stress induced a transient activation in particular innate
immune responses such as increased natural killer and
granulocyte numbers. In contrast, sustained psychosocial
stress was documented to suppress humoral and cellular
immune responses and inflammatory reactions. Against
the background of inconclusive results from retrospective
studies on the effects of stress on the onset or aggravation
of symptoms in patients with chronic inflammatory dis-
eases however, the mechanisms underlying effects of stress
on inflammatory processes in these conditions were largely
unknown during this first decade.

2.2. Stress and infectious disease

A number of paradigms have been utilized to examine
the effects of stressful life experience on infectious disease
outcomes. The most rigorous of these have involved viral
challenge, response to vaccinations, and a focus on reacti-
vation of latent viruses. Viral challenge studies involve
inoculating healthy individuals with a virus under con-
trolled conditions and quarantine and then examining indi-
viduals for evidence of infection and symptoms on a daily
basis. The advantages of this approach are its ability to
control viral exposure, verify effects observed in naturalistic
studies and test for physiological mediators. In this early
period, Cohen et al. (1991) found that greater levels of
stress (defined on the basis of stressful life events, perceived
stress and negative affect) predicted greater susceptibility to
rhinovirus infection, lower neutralizing antibody titers and
higher cold symptoms. During this same time period, Stone
and colleagues found that stressful events, but not per-
ceived stress, predicted rhinovirus virus infection using a
similar paradigm.

Another excellent model involves measuring the immune
response to vaccinations against influenza or Hepatitis B,
since there is important variability in the extent to which
individuals develop protective immunity following vaccina-
tion. Antibody titers following vaccination with Hepatitis
B and/or influenza were predicted by acute stress (medical
student exams), chronic stress (caregiving for a family
member with Alzheimer’s Disease), as well as perceived
stress (Glaser, 2005). Other relevant immune processes in
this context, such as virus-specific IL-2 and IL-1b levels,
were also related to chronic stress.

A third important model is reactivation of latent herpe-

sviruses, such as the Epstein–Barr virus (EBV), capable of
causing mononucleosis, the herpes simplex virus (HSV),
and the cytomegalovirus (CMV). Early work examined
predictors of EBV infection and illness in West Point
cadets and found that psychological factors such as a high
motivation to achieve and poor academic performance pre-
dicted seroconversion, EBV titers and length of hospital-
ization. Glaser and colleagues reported effects of
examination stress on herpesvirus latency beginning in
1984. Subsequent studies showed that academic exam
stress and other stressors were capable of reactivating
latent EBV as well as HSV-1 and CMV (see Glaser, 2005).

Another latent virus, HIV-1, has been a focus for a num-
ber of studies in PNI. HIV-1 infection is an important
model for understanding the potential impact of stressors
on disease because immune and virologic processes that
play a significant role in disease pathogenesis are known
and easily accessible to investigation. In addition, there is
a great deal of unexplained variability in disease course
even in those on an adequate medical regimen, suggesting
that factors such as stress may be capable of affecting dis-
ease course. HIV positive individuals are exposed to pro-
foundly stressful circumstances (e.g., death of loved ones
to HIV, stigma) which can be a focus for investigation.
While there were a few studies documenting a link between
exposure to AIDS-related bereavement and markers of
HIV progression, the data demonstrating a relationship
between stressful life events more generally and indices of
HIV progression was limited during this period (see Cole
and Kemeny, 2001). However, those stress studies that
incorporated measures of stressor context so that the
stressfulness of the event could be more readily assessed
were better able to predict CD4 T cell decline and time
to onset of AIDS, controlling for relevant alternative
explanations (see Leserman et al., 2000). Particular psycho-
logical responses to the risk of HIV progression, such as
HIV-specific pessimism about one’s future health, have
been shown to predict onset of HIV-related symptoms
and mortality, particularly among those who experienced
the death of a close other to AIDS (e.g., Reed et al., 1994).

2.3. Stress and cancer

There is a long history of interest in whether psycholog-
ical factors can affect the etiology and progression of can-
cer. Very early studies suggested links between personality
types and cancer etiology; however, interpretation of these
findings has been significantly hampered by methodologi-
cal problems in many of these studies. A great deal of
important work has taken place in this area over the past
2 decades with a tremendous acceleration of studies dem-
onstrating potential effects of stress on tumor metastasis,
the tumor microenvironment, and regulation of cell
growth.

2.3.1. Cancer etiology
During this decade and before, the data linking stressor

exposure to cancer etiology was quite inconsistent and
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most reviews failed to find a relationship (Reiche et al.,
2004), although evidence may have been stronger for severe
life events, such as death of a child or spouse (see Lutgen-
dorf et al., 2007). Also, depression and other psychological
factors were not found to be consistent predictors (see Lut-
gendorf et al., 2007).

2.3.2. Cancer progression

The strongest relations with course of cancer were found
for social support and emotional expression (see Sephton
and Spiegel, 2003). For example, higher levels of social sup-
port (e.g., emotional support, presence of supportive per-
sons, marriage) have been associated with survival time
in breast, colorectal and lung cancer. Important studies
were conducted on the effects of psychological interven-
tions and cancer prognosis during this early period. Spiegel
and colleagues utilized a supportive–expressive group ther-
apy approach in studies of women with metastatic breast
cancer. This therapeutic approach involves expressing
and dealing with negative emotions in a supportive group
environment. They found that participation in this inter-
vention predicted longer survival time, with support group
members surviving an average of 18 months longer than
those assigned to the control condition (Spiegel et al.,
1989). The impact of a psychoeducational group interven-
tion for patients with malignant melanoma was evaluated
in relation to mood, the natural killer cell system, recur-
rence and survival over a 6-year period (Fawzy et al.,
1993). The intervention involved health education, training
in problem-solving skills, stress management, and social
support. Those randomly assigned to the 6-week interven-
tion showed improved mood relative to the controls, as
well as increases in the number of NK cells and in IFN-a
augmentation of NK cell activity at 6 months. Most impor-
tantly, the intervention group had fewer deaths than con-
trols at 6 years post treatment.

3. The second decade 1997–2007

3.1. Stress and chronic inflammatory diseases

Based on knowledge of the kinetics and potential mech-
anisms of the way stress affects the immune response in the
healthy individual, further research activities demonstrated
that leukocytes from individuals with chronic inflamma-
tory diseases such as RA or SLE differ in their response
to acute psychological stress or adrenergic and corticoid
stimulation in comparison to immuncompetent cells from
healthy subjects (Straub et al., 2005). This can be explained
by a disturbed neuroendocrine–immune interaction in
these chronic inflammatory states based on an inadequate
HPA-axis and SNS response to stress. For example, RA
patients with a recent diagnosis showed a significantly
impaired stress- or dexametasone-induced ACTH or corti-
sol increase, with this insensitivity apparently located both
at a hypothalamic/pituitary and at an adrenal level (Dek-
kers et al., 2001). Similarly, the SNS response to acute psy-
chological stress seemed to differ in RA and SLE patients
in comparison to healthy controls. The expression of b-
adrenoceptors on peripheral and synovial immune cells
appeared to be decreased in patients and the numbers of
b-adrenoceptors on peripheral blood mononuclear cells
(PBMC) significantly increased in healthy subjects but
not in SLE patients after stress exposure (Pawlak et al.,
1999). In addition, an up-regulation of a-adrenoceptors
on monocytes of patients with JIA has been reported.
Due to this shift from b- to a-adrenoceptors, the immuno-
suppressive effect of noradrenaline by activation of b-
adrenoceptors might be prevented in these patients (Kuis
et al., 1996; Straub et al., 2005). In addition, patients with
SLE or RA react differently in terms of leukocyte numbers
in circulation, activity and cytokine release to acute psy-
chological stress in comparison to healthy controls, under-
scoring the disturbed communication pathway between the
brain, the neuroendocrine system and the immune system
(Pawlak et al., 1999). In particular, the disturbed SNS–
immune pathway seemed to be partly due to an altered
receptor sensitivity mediated by the activity of G-protein-
coupled receptor kinases (GRK) and protein expression.
For example, in RA patients, the pro-inflammatory signal-
ing pathway mediated through G-protein coupled recep-
tors (i.e., b2-adrenoceptors) are less efficiently turned off
by the GRK/b-arrestin desensitization machinery (Lom-
bardi et al., 1999). Moreover, the inflammatory process
in vivo induces a tissue-specific down-regulation of GRKs
in lymphocyte subpopulations in these patients (Lombardi
et al., 2001).

All together, these data demonstrate that, in the healthy
individual, acute psychological stress leads to various
forms of immune system activation, whereas sustained
stress exposure inhibits key immune responses. In condi-
tions of chronic inflammation such as in the rheumatoid
diseases (RA, JIA or SLE) however, experimental evidence
in humans demonstrates disturbed neuroendocrine–
immune communication during stress exposure. These data
show an inadequate secretion of cortisol as well as
increased sympathetic tone at rest but an inadequate
response during stress exposure, a functional loss of syno-
vial sympathetic nerve fibers, a local b- to a- adrenergic
shift, and a disturbed adrenoceptor intracellular signaling
cascade in leukocytes, which seemed to generate the basis
for stress-induced aggravation of these chronic inflamma-
tory rheumatoid diseases (Straub et al., 2005).

Similar to inflammatory rheumatoid diseases, the path-
ogenesis of MS remains unclear and is most likely hetero-
geneous. However, there is increasing evidence during the
last decade that stressful life events correlate with exacerba-
tions in MS. Also, here we see the disruption in the com-
munication between the peripheral immune system and
the two major stress response systems, the HPA and the
SNS. Disturbed glucocorticoid and b-adrenergic modula-
tion of immune responses during stress exposure may be
mainly responsible for the overshooting inflammatory pro-
cess in MS. In addition, hyperreactivity of the HPA-axis in
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MS might be responsible, in part, for the neurodegenera-
tive process and increased disability (Gold et al., 2005). It
has been recently suggested that the impact of stress on dis-
ease outcome in MS may be related to the temporal rela-
tionship of the stressor, the stress response and the
disease outcome. This may include the onset of the stressor
and the temporal course from acute to chronic and the res-
olution of the stress response with a unique neuroendo-
crine–immune interaction influencing the exacerbation
process in MS (Mohr and Pelletier, 2006).

During the last decade, increasing experimental evidence
indicated that patients with inflammatory skin diseases
such as psoriasis or atopic dermatitis also differ in their
response to psychological stress (Buske-Kirschbaum
et al., 2007) and that stress exposure can trigger or aggra-
vate the inflammatory skin process (Paus et al., 2006).
Although the mechanisms underlying the impact of stress
on the inflammatory process in the skin are still largely
unknown, the activity of mast cells, NK cells or dendritic
cells in the skin are regulated by neuroendocrine mediators
such as CRH, Substance P, ACTH, glucocorticoids and
catecholamines, mediating the brain–skin cross talk (Paus
et al., 2006).

Psychological stress has long been suggested to increase
the likelihood of relapse in patients with inflammatory bowl
diseases (IBD) such as Crohn’s disease or ulcerative colitis.
However, experimental data in humans providing evidence
of a causal link between stress exposure, and neuroendocrine
and immune responses in these patients are rare. However,
preliminary evidence also indicates disturbed adrenocep-
tor-mediated cytokine production in these patients.

3.2. Stress and infectious disease

The relations between stress and response to viral chal-

lenge were replicated and extended in the second decade
by Cohen and colleagues (see Cohen, 2005). In a viral chal-
lenge study including 276 individuals, for example, Cohen
and colleagues found that exposure to chronically stressful
life events (of one month or longer duration) predicted
greater susceptibility to infection. Extending this paradigm
to influenza virus, they found that greater levels of psycho-
logical stress were associated with greater symptom scores
and mucus weights, as well as higher levels of IL-6. In addi-
tion, the greater the diversity of one’s social network
(defined by types of social groups) the lower the susceptibil-
ity to viral infection using this model. Thus far, little is
known about the physiological mediators of these effects
since attempts to link hormonal and immunologic pro-
cesses to viral outcomes in this paradigm have been largely
unsuccessful. However, animal studies conducted by Sher-
idan and colleagues suggest three major pathways linking
stress exposure to natural resistance to influenza viral infec-
tion—the response of pro-inflammatory cytokines, b-che-
mokines, and natural killer cells. In addition, the
adaptive immune response, involving antigen-specific T cell
activation, also plays a role in this process (see Bailey et al.,
2007). These may be important targets for future influenza
viral challenge studies in humans.

In the second decade, the chronic stress of caregiving,
other stressors and certain psychological factors continued
to demonstrate relationships to response to vaccination (in
most but not all studies; Glaser, 2005). An interesting study
published in BBI found that an acute laboratory stress fol-
lowed by influenza vaccination increased antibody titers at
4 and 20 weeks (Edwards et al, 2006), but only in women.
On the other hand, distress on the days after the vaccina-
tion but not before may contribute to an inadequate
response to vaccination (Miller et al., 2004). It is interesting
to note that the antibody response to a Hepatitis B vacci-
nation can be enhanced by a brief psychological interven-
tion provided after the vaccination.

Following on the findings in the first decade on stress
effects on EBV in West Point cadets, Glaser et al. (1999)
published a paper in BBI, examining effects of West Point
training and final exam stress during training on herpesvi-

rus latency. They found that exam stress was associated
with increases in EBV-titer but not HSV-1 or human her-
pesvirus 6 (HHV)-6 titers. Based on a recent meta-analytic
review of the research on the effects of stress on the immune
system, there appear to be relatively consistent effects of
stress on antibody titer to the EBV virus (Segerstrom and
Miller, 2004). Overall, about seven studies of brief natural-
istic stressors, primarily examination stress, demonstrated
a significant relationship between stress exposure and ele-
vated EBV antibody titers.

In the second decade of research on predictors of HIV
progression, a number of studies utilized measures of stress-
ful events that incorporated measures of subjective experi-
ence and found that stress predicted a more rapid loss of
the CD4 T cells, and onset of AIDS-related conditions
(see Sloan et al., 2007). These studies have been bolstered
by studies of Rhesus macaques inoculated with the Simian
immunodeficiency virus (SIV), showing that social stressors
such as housing changes and separation predict accelerated
disease progression and alterations in relevant immune
processes (e.g., Capitanio and Lerche, 1998). Depression
has also been shown to predict accelerated disease course
in some, but not all studies, and effects appear to depend
on stage of disease. A wide range of other psychological
responses to the presence of HIV infection have been exam-
ined as predictors of disease course. For example, cognitive
and emotional reactions associated with negative views of
the self, stigmatization or rejection predicted virologic
and immunologic evidence of disease progression and mor-
tality as well as a weaker response to anti-viral therapy in
terms of HIV viral load (e.g., Cole et al., 2003). Effects were
not explained by health behavior, demographics, medica-
tion regimen or general levels of stress or depression.

Higher levels of distress have also been associated with
alterations in HIV-relevant immune parameters, such as
CD4 and CD8 T cells, and NKCA. While HPA activity
has been invoked as a potential mediator of such effects
since corticosteroids can enhance viral replication and
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may prolong viral gene expression and HPA activity has
predicted disease progression in both the HIV and SIV
models, cortisol levels have not been found to mediate
the relations between stress and disease progression noted
above. An alternative proposed pathway is via SNS reac-
tivity. Cole and colleagues have conducted intensive inves-
tigation of the role of the SNS in HIV replication and
disease progression, taking these studies from the epidemi-
ological to the molecular (see Sloan et al., 2007). They have
found that SNS activity predicts viral load and CD4
responses to anti-retroviral therapy and mediates some of
the effects of psychological factors on disease course. In
vitro studies showed that NE can enhance HIV replication
in a dose–response relationship. This relationship involves
the cyclic AMP/protein kinase A signaling pathway.

In terms of interventions, both short and longer term psy-
chological interventions have been associated with immuno-
logic or virologic benefit in HIV positive individuals. The
intervention program Cognitive Behavioral Stress Manage-
ment (CBSM) has undergone intensive investigation by a
team of researchers including Antoni, Schneiderman, Iron-
son, Esterling and others. CBSM focuses on modifying
stress-related cognitive appraisals and teaching effective cop-
ing skills (Antoni, 1997). For example, in HIV positive indi-
viduals, CBSM has been shown to result in a decrease in
antibody titers to herpesviruses EBV and HSV-2 along with
reductions in negative mood. Also, CBSM + adherence
training versus adherence training alone reduced HIV viral
load in gay men treated with HAART (Antoni et al.,
2007). Goodkin and colleagues found that a 10 week sup-
portive–expressive program combined with coping skills
training was associated with decreased cortisol, increased
CD4 counts, and decreased viral load relative to controls
in recently bereaved HIV infected gay men (see Antoni
et al., 2007). At the same time, there have been many inter-
vention studies with HIV+ samples that have not found
effects on relevant virologic or immune processes (Carrico
and Antoni, in press). No studies have reported intervention
effects on mortality outcomes.

3.3. Stress and cancer

3.3.1. Cancer etiology

A few recent studies suggest a relationship between stress
and the onset of cancer (e.g., a 20 year longitudinal study of a
very large sample of Isrealis who experienced the death of an
adult son due to accidents or related to war). However, over-
all, the relationship between stressor exposure and the etiol-
ogy of cancer in humans is weak (Reiche et al., 2004). If there
is such a relationship, it is highly likely that it will only be
detectable if considered in conjunction with known risk fac-
tors such as genetics, gender, site of cancer, age and health
behaviors, such as smoking.

3.3.2. Cancer progression
In the second decade, a few well conducted studies do

support a relation between stress and cancer progression.
For example, one interesting model involved examining
effects on human papilomavirus (HPV)-associated cervical
intraepithelial neoplasia (CIN), a precursor to cervical can-
cer. Stress and pessimism have predicted greater severity of
CIN (see Antoni et al., 2007). In women coinfected with
HIV and HPV, greater negative life events predicted
declines in NK number, greater risk of outbreak of genital
herpes, as well as persisting CIN over a year follow-up.
However, overall, the relationship between stress and can-
cer prognosis has not been strengthened by the recent evi-
dence. For example, some of the effects of interventions on
cancer progression found during the first decade were not
replicated in more recent studies. One study, using the Spie-
gel supportive–expressive intervention, did not show effects
on breast cancer survival despite psychological benefits.
Overall, the potential benefit of psychological interventions
for slowing cancer progression and increasing survival is
unknown, since there are well designed studies that demon-
strate effects on survival and those that do not (see Spiegel,
2002).

A promising area of current research evaluates the rela-
tionship between stress and immune function in cancer
patients, including in the tumor microenvironment (see
Lutgendorf et al., 2005). Lutgendorf and colleagues have
found stress to be associated with lower NKCA in
tumor-infiltrating lymphocytes from patients with ovarian
cancer, while social support has been associated with
higher NKCA. Impaired NKCA has been linked with pro-
gression of this tumor in previous research. In a study
reported in BBI, TNF-a, which is associated with tumor
regression and survival time, was found to be decreased
in breast cancer patients with social disruption at cancer
diagnosis (Marucha et al., 2005). A number of studies have
found that interventions can influence important immune
parameters relevant to cancer progression in cancer
patients, for example, the lymphocyte proliferative
response. Studies of stress effects in healthy humans on
processes important to cancer also support potential mech-
anistic pathways. For example, acute stress has been shown
to alter the response of leukocytes to factors that induce
apoptosis, a process that plays an important role in defense
against the development of malignant cells. In addition,
Kiecolt-Glaser and colleagues found greater impairment
of DNA repair mechanisms in those with psychiatric illness
compared to healthy controls (see Reiche et al., 2004) sug-
gesting that this critically important cancer-relevant pro-
cess may be amenable to influence by psychological factors.

The animal literature appears to show a more robust
and consistent relation between stress, tumor growth and
metastases. Animal studies have demonstrated effects of
stress on tumor growth or metastasis, with stressors such
as restraint, forced swim and social isolation (see Reiche
et al., 2004). For example, Ben-Eliyahu and colleagues
have demonstrated that surgical and psychological stress
can suppress NK activity in rats, and this suppression com-
promises resistance to tumor progression. NK effects in this
tumor model can be mediated by catecholamines, which
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suppress NK activity by elevating cAMP levels. More
recently, in BBI, these researchers report on a successful
method for preventing the negative effects of stressors on
metastasis utilizing a product that causes NK cells to be
partially resistant to suppression by agents that increase
cAMP. These findings may have clinical utility in humans.

Studies of human cancer cell lines have also provided an
important opportunity to investigate potential pathways
between stress and tumor cell outcomes. Intriguing findings
demonstrate that noradrenaline can promote processes
related to metastases in vitro, such as cancer cell migration.
NE acts on the b-adrenergic receptor-cyclic AMP–protein
kinase A pathway in ovarian cancer cell lines, with effects
abolished by a b blocker. Also HPA effects on apoptosis
of lymphocytes, survival genes that protect cancer cells
from chemotherapy effects, oncogenic viruses, and immune
responses to tumors may play a role in tumor initiation,
growth and survival (Antoni et al., 2006).

In BBI, Sephton and Spiegel (2003) proposed an inter-
esting hypothesis that stress-related alterations in hor-
monal and immunological circadian rhythms could play a
role in cancer progression. Stressful life experiences,
depression and other psychiatric disorders have been
shown to disrupt circadian rhythms of the HPA. There is
some evidence of abnormal circadian rhythms in individu-
als at high risk for breast cancer and predicting cancer out-
comes. For example, a flattened cortisol rhythm has
predicted early mortality up to 7 years after assessment
as well as decrements in number and activity of NK cells,
which also predicted mortality. These HPA alterations
were associated with poor sleep and prior marital disrup-
tion. In addition, animals with mutations in circadian clock
genes are at increased risk for tumor development and
shortened survival.

Clearly, animal studies and in vitro work are pointing to
mechanisms that would allow stress and psychological fac-
tors to affect tumor progression, at least with certain forms
of cancer. Future directions in this area may include an
attempt to integrate the molecular level investigation with
the human experimental study paradigms in order to begin
to define the pathway from stress to the molecular events
controlling tumor progression.

3.4. Stress and wound healing

Wound healing became a very important outcome in
PNI research in this second decade (see Marucha and
Engeland, 2007). The initial study in this area conducted
by Kiecolt-Glaser, Marucha and colleagues showed that
the chronic stress of caregiving for a person with Alzhei-
mer’s Disease was associated with a delay in wound heal-
ing. Punch biopsy wounds healed about 25% more slowly
in the chronically stressed group, and these individuals also
produced lower blood levels of IL-1b, which may have
played a role in the wound healing effect. These investiga-
tors have also examined the impact of examination stress
on wound healing, and found that oral wounds placed 3
days before exams healed 40% more slowly on average
when compared to those placed during the less stressful
summer vacation. In addition, higher perceived stress and
cortisol levels have been associated with slower wound
healing, consistent with the evidence that glucocorticoids
have an inhibitory effect on wound healing via effects on
recruitment and bacterial killing. Physiological processes
taking place within the wound, for example, levels of
IL-1b, IL-8, and MMP-9, have also been found to be asso-
ciated with level of perceived stress. The role of pro-inflam-
matory cytokines as mediators of effects of stress on wound
healing is supported by animal studies. For example, in a
study published in BBI, Padgett et al. (1998) demonstrated
that restraint stress lowers levels of pro-inflammatory cyto-
kines, such as IL-1b in wounds with effects due to glucocor-
ticoids. However, evidence also published in BBI by these
investigators suggests that HPA induced effects on
pro-inflammatory cytokines are not the sole mediators. In
another paper published in BBI, these researchers show
that stress effects on iNOS gene expression in mice have
also been implicated in dermal wound healing effects, sug-
gesting a role for stress induced SNS effects on tissue oxy-
gen levels. Overall, these results provide strong support for
a link between stressor exposure and physiological
processes that regulate the wound healing process (see
Marucha and Engeland, 2007).

3.5. Future directions for the next decade(s)

Overall, research conducted in the decade encompassing
1987–1996 laid down a research foundation indicating a
relationship between stress and specific diseases and dis-
ease-related processes, such as infectious disease, antibody
response to vaccinations, and latent virus reactivation.
Results of such studies in the area of autoimmune disease
and cancer were weaker. In the second decade, 1997–
2007, neuroendocrine and immunologic mechanisms were
more carefully specified and the complexities of these rela-
tionships began to be revealed. Important mechanistic
work was conduced in cancer (including a focus on the
tumor microenvironment, and in vitro studies of cancer cell
lines), autoimmune disease, wound healing, HIV-1 and
other latent viruses. These data clearly indicate that neuro-
endocrine and immune system interactions are relevant to
the etiology and course of many immunological diseases.
It is interesting to note that epidemiological evidence
remains weak is some of these areas (e.g., autoimmune dis-
ease, cancer) probably as a result of the multiple, interact-
ing factors controlling disease etiology and progression
(genetics, lifestyle and environmental factors, etc.).

One of the major challenges for future research activities
is to elucidate the hierarchical, temporal and spatial com-
munication patterns linking the brain, our stress-perceiving
system, and the neuroendocrine and peripheral immune
responses to acute and chronic psychosocial stress in the
different diseases. We must understand in more detail
how, where and when the brain–immune axis is disturbed
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in the different, immune-related diseases. It is important to
identify the basic psychological mechanisms that are asso-
ciated with the relevant brain structures and signaling that
are subsequently processed via neuroendocrine efferent
pathways to immuncompetent cells in the periphery. Thus
far, we know very little about the role of the CNS in
orchestrating these neuro-immune responses to emotion-
ally provocative circumstances. Borrowing concepts and
tools from affective and cognitive neuroscience would facil-
itate the integration of neuroscience into these investiga-
tions. In addition, it is important to focus on how these
stress-induced neuroendocrine signals alter downstream
receptor physiology, intracellular signaling cascades and
gene expression in normal physiological states and in path-
ophysiological conditions. Based on this knowledge, new
pharmacological and non-pharmacological diagnostic and
treatment options can be developed that result in a specific
modulation of the nervous system–immune system commu-
nication. On a behavioral level in particular, this knowl-
edge will provide the basis for new specific behavioral
intervention strategies for the treatment of chronic diseases
(Pacheco-Lopez et al. 2006).
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