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Introduction

Stress and immune dysregulation

A growing body of research linking psychological and
behavioral factors to the incidence and progression of cancer
suggests that psychosocial factors may have an impact on
some types of cancer [1–6]. In this paper, we suggest that it
is through the impact these behavioral and psychological
factors have on the cellular immune response, including
natural killer (NK) cell function, that they may ultimately
affect the occurrence and progression of certain tumors. Our
discussion of this link begins with a brief overview of the
evidence that psychoneuroimmunology (PNI) research with
healthy individuals may be relevant to cancer. Next, to link
extant PNI research findings with tumorigenesis, we draw
upon two important PNI findings relating psychological
distress to two important aspects of carcinogenesis: (i) poorer
repair of damaged cellular DNA and (ii) modulation of apoptosis. Finally, we focus on the implications of intervention
research in cancer patients for cancer progression and treatment.
Before reviewing the evidence regarding stress-related
immunological changes, it should be noted that one recurrent
concern in the literature is the question of the significance of
the immune system for cancer. Cancer is comprised of a heterogeneous group of diseases with multiple etiologies [1], and
immunological involvement varies across different cancers.
Those cancers that are induced by chemical carcinogens
(e.g. lung cancer) may be less influenced by psychological,
behavioral and immunological factors than cancers that are
associated with a virus, such as Epstein–Barr Virus (EBV),
which are immunogenic. Suppression of cellular immunity is
associated with a higher incidence of certain types of tumors,
particularly EBV-associated lymphoproliferative diseases in
organ transplant patients, and Kaposi’s sarcoma and EBVassociated B-cell lymphoma in AIDS patients [7]. Additionally, some researchers have questioned whether stress-related
immune changes are of either the type or the magnitude to
influence tumor growth and metastases [3, 8]. While such
issues are beyond the scope of this paper, compelling evidence
exists for the role of cells, such as NK cells, in resisting the
progression and metastatic spread of tumors once they have
developed [7].

Across a broad number of studies, stressors are associated with
dysregulation of the immune system. In particular, decreased
lymphocyte proliferation and reduced NK cell cytotoxicity are
consistently observed in the literature [9]. As noted above, our
discussion of stress-related immune changes highlights NK
cells because of their importance for cancer [10]. NK cells
play an important role in a variety of immune functions,
including defense against viral infections [11] and surveillance of tumor cells [12]. NK cell cytotoxicity can be downregulated by stress, presumably through neuroendocrine
mechanisms [5, 13, 14].
Cytokines such as interferon-γ (IFN-γ) and interleukin-2
(IL-2) can enhance NK cell and lymphocyte-activated killer
(LAK) cell cytotoxicity [12]. There is evidence that stress can
modulate IFN-γ and IL-2 synthesis by mitogen treated peripheral blood leukocytes (PBLs) [15, 16]. Interferon is a major
regulator of NK cells, stimulating their growth and differentiation, as well as enhancing their ability to destroy target cells
[7]. Among 40 second-year medical students, the production
of IFN-γ by lymphocytes stimulated with concanavalin A
(Con A) plummeted from a mean of 2000 µ/ml at baseline
to 80 µ/ml during final exams [13], a finding subsequently
replicated across several exam series [15].
Studies using individuals who were caregiving for a spouse
with Alzheimer’s disease provided data on the immunological
consequences of chronic stress in older individuals. One series
of studies focused on NK cells. We examined differences in
NK cell activity among current dementia spousal caregivers,
former (bereaved) caregivers whose spouse had died, and
noncaregiving controls. Consistent with other work [17], we
found no differences in NK cell cytotoxicity in PBLs obtained
from continuing or former caregiver groups or control subjects. However, PBLs from both continuing and former caregivers had a significantly poorer NK cell response to
recombinant interferon-γ (rIFN-γ) or recombinant interleukin
2 (rIL-2) in vitro [18]. Moreover, caregivers who were low
NK cell responders to both cytokines reported significantly
less positive social support, less emotional closeness in
their social contacts and more physician visits for infectious
illness symptoms compared with caregivers who were high
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responders to at least one of the two cytokines. A follow-up
study using effector cell preparations enriched for NK cells
(approximately 90%) replicated the previously observed
group differences between caregivers (current and former)
and controls [19].
Several subsequent studies have also suggested a link
between personal relationships and NK cell cytotoxicity,
consistent with the wide range of literature on social support
and health [20]. For example, bereaved spouses had elevated
cortisol and decreased NK cell activity [21]. Among spouses
of cancer patients, those who reported lower levels of social
support had lower levels of NK cell cytotoxicity [22]. In a
study of newlywed couples, those who were more negative or
hostile during a discussion of marital problems with the
spouse showed greater downward change in NK cell activity
24 h later [23]. Evidence using rodent models shows that
social stressors not only decrease NK cell cytotoxicity, they
also enhance metastasis of transplantable tumors [24, 25].
Collectively, these studies demonstrate that stress can dysregulate NK cell function, including depressing the stimulatory response of NK cells to cytokines. Psychosocial factors
may also act in concert with other risk factors for cancer to
promote immune dysregulation. For instance, depression and
smoking had synergistic effects on reduced NK cell lysis [26].
It should be noted that there is good evidence that several
aspects of the cellular immune response are also adversely
affected by psychosocial stress [9, 27]. It is, therefore, possible that stress could alter potentially important defenses
against malignant disease.
The past two decades of PNI research on stress and cancer
have primarily focused on nonspecific immune responses,
including NK cell function, mitogen stimulation of PBLs and
subsequent cytokine production. An important future direction for PNI and cancer research is exploring tumor-specific
T-cell and antibody responses to immunogenic tumors [28].

Effects of psychological distress on cellular
DNA repair and apoptosis
In the previous section, we presented evidence that psychological stress can affect the ability of NK cells to function
properly, and thereby have an impact on one aspect of how the
immune system defends the body against the spread of tumor
cells. Stress may also have a direct effect on the initiation and/
or production of abnormal cells independent of the immune
system. Most carcinogens appear to induce tumors by damaging cellular DNA producing abnormal cells [29]. The body’s
defenses against this process include enzymes that destroy
chemical carcinogens, processes for repairing damaged cellular DNA and the destruction of abnormal cells by the immune
system [30]. Given that faulty DNA repair is associated with
an increased incidence of abnormal cells [29], the processes
for repair or destruction of damaged cellular DNA are critical
when it comes to defending the body against carcinogens.

The possibility of a linkage between emotional distress and
DNA repair was explored in a study using PBLs obtained from
28 nonpsychotic, nonmedicated new psychiatric admissions
and 28 age- and gender-matched blood bank controls [31].
Following exposure to X-radiation, lymphocytes from psychiatric patients demonstrated greater impairments, relative to
controls, in their ability to repair damaged cellular DNA. In
addition, within the inpatient group, those patients who were
more depressed showed significantly poorer repair of damaged
DNA than their less depressed counterparts.
An additional study also suggests that stress may alter the
DNA repair process [32]. Forty-five rats, half of which were
assigned to a rotational stress condition, ingested the carcinogen dimethylnitrosamine. The levels of methyltransferase, an
important DNA repair enzyme induced in response to carcinogen damage, were significantly lower in stressed animals’
spleenic lymphocytes. Consistent with the depression-related
deficits in DNA repair found in psychiatric patients, these data
also suggest that stress may alter the DNA repair process [32].
In a more recent study utilizing an academic stress model,
DNA repair capacity (DRC) of 16 first- and second-year
medical students was assessed using a host-cell reactivation
assay [33]. An index of DNA damage, DRC refers to the
ability of cells with damaged DNA to self-repair, a necessary
process for maintaining a normal cell cycle. In this study,
DRC was positively associated with medical students’ levels
of perceived stress. Although these findings are in apparent
contrast with the psychiatric inpatient study [31], the authors
caution that a number of important methodological differences between the two studies warrant consideration and do
not necessarily imply that the studies contradict each other
(e.g. characteristics of subject populations, assays employed
to measure DNA repair, the impact of acute versus chronic
stress). Clearly additional research is warranted in order to
gain a fuller understanding of the role of psychosocial
stressors on DNA repair. Importantly, regardless of the interpretation of the results, both of these studies suggest that
psychosocial factors may impact on DNA repair. Thus, it is
possible that stress might have direct effects on carcinogenesis
through alteration in DNA repair, as well as affecting the
ability of the specific and innate immune responses to eliminate growth-transformed as well as fully malignant cells.
In addition to the effects of stress on DNA repair, additional
research has documented the impact of stress on apoptosis, a
process of genetically programmed alterations in cell structure
that leads to failure of proliferation and differentiation, and
eventual cell suicide [34]. Control of the expression of apoptosis is critical to the function of several cell types, including
target cells of cytotoxic effector cells. Therefore, the inhibition of apoptosis could result in suppression of immune
function.
Utilizing an academic stress paradigm Tomei et al. [34]
studied phorbol ester inhibition of radiation-induced apoptosis in PBLs obtained from medical students during an examination and at a time point before and after the examination.
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Low concentrations of a tumor-promoting phorbol ester
specifically blocked apoptosis induced by either growth factor
deprivation or ionizing radiation [35, 36]; examination stress
enhanced this process.
Toxic stress induced by treatment may also curb the
efficacy of some anti-tumor cancer therapies. Specifically,
cytotoxic insults that result from virus infection, chemical
exposure or ionizing radiation can elicit the expression of
gene-directed cell death marked by the appearance of extensive and characteristic fragmentation of cellular DNA. Szende
et al. [37] presented evidence that the anti-tumor effects of
analogs of somatostatin and luteinizing hormone releasing
hormone are a consequence of their effect on control of apoptosis. These actions may involve the restoration of the ability
of the tumor cells to initiate apoptosis. Thus stress-related
modulation of apoptosis could have maladaptive consequences.
The data obtained in this study provide additional evidence of
pathways through which psychological stress could contribute
to increased cancer risk by modifying cell responses to
environmental factors such as tumor promoters and oncogenic
viruses [38]. These physiological changes could operate
independently and/or in conjunction with the stress-induced
immune dysregulation described earlier [39]. This is especially pertinent since it has been demonstrated that target cell
death requires gene expression and initiation of apoptosis
[40]. If these interpretations are correct, then psychosocial
stressors could ultimately lead to progressive accumulation of
errors within cell genomes as well as reducing tumor specific
and innate immune responses.

PNI and cancer progression: behavioral
interventions and treatment issues
The research discussed to this point suggests mechanisms
whereby psychosocial stressors could play a role in the
immunological and cellular processes that underpin tumor
development; however, difficulties arise when attempts are
made to directly link psychosocial stressors and tumor
development/progression in humans [1]. Importantly, the
stage of disease can have a profound effect on how patients
feel, and cancer treatments such as chemotherapy and radiation therapy are associated with a number of side effects,
including immunological alterations.
In a study of 45 healthy, older adults who were randomly
assigned to one of three protocols (relaxation training, social
contact or no intervention), relaxation subjects showed a
significant enhancement in NK cell activity at the end of the
1-month intervention, with concomitant decreases in distressrelated symptomatology, in comparison to nonsignificant
changes in the other two groups [41]. These data provided the
first well-controlled demonstration of immune enhancement
via a behavioral intervention. Following this initial demonstration of a behaviorally mediated enhancement of NK cell
activity among older adults [41], a number of researchers have

confirmed these findings that stress-reducing interventions
can improve immune function [42].
Well-designed behavioral intervention studies hold great
promise for the understanding of psychoneuroimmunological
processes associated with cancer progression providing
investigators take into account such issues as disease stage and
treatment. By randomly assigning patients who have the same
tumor histopathology and stage of disease to control and intervention conditions, it may be possible to assess psychological,
immunological and clinical outcomes in a meaningful way.
One of the most comprehensive intervention studies in
cancer research evaluated both the immediate and longerterm effects of a 6-week structured group intervention that
consisted of health education, enhancement of problemsolving skills regarding diagnosis and stress management
techniques, such as relaxation, and psychological support
[43, 44]. The patients had stage I or II malignant melanoma
and had not received any treatment after surgical excision of
the tumor. Noteworthy effects included reduced psychological distress and significant immunological changes in
intervention patients compared with controls; the former
showed significant increases in the percentage of NK cells, as
well as an increase in NK cell cytotoxic activity, compared
with controls.
A 6-year follow-up of these patients showed a trend toward
greater recurrence, as well as higher mortality rates among
patients in the control group when compared with patients in
the intervention group [44]. The group differences remained
significant after adjusting for the size of the initial tumor
lesion, a key risk factor.
Results of studies examining the longer-term effects of
interventions on survival outcomes of cancer patients have
been inconsistent. Spiegel et al. [45] showed that a year of
weekly supportive group therapy sessions with self-hypnosis
for pain was associated with extended survival time in women
with metastatic breast cancer. More recently, in an attempt to
replicate the results of Spiegel et al. [45], Goodwin et al. [46]
found no difference in survival for metastatic breast cancer
patients who received supportive-expressive group therapy
when compared with controls, but the support group did
exhibit improved mood and perception of pain compared with
controls. Other studies have also yielded inconsistent results
[47], but aside from the work of Fawzy et al. [43, 44], much of
the survival research has not attended to shorter-term alterations in immune function concurrent with behavioral interventions. Without such information, it is difficult to discern
whether the psychosocial effects of interventions were also
accompanied by immunological changes, which may be
necessary to enhance longevity of cancer patients. Further, as
noted by Spiegel et al. [45], patients in the intervention condition could have been more compliant with medical treatment, and/or they might have had better health behaviors such
as exercise and diet. Such behavioral differences could have
contributed to the observed outcome. These uncertainties
illustrate the need for further comprehensive study of both
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shorter-term immunological effects of interventions and their
associated, longer-term morbidity and mortality outcomes.
The differences in the outcome of studies by Fawzy et al. [43,
44] and the breast cancer intervention studies [45, 46] may be
related to the fact that malignant melanoma is an immunogenic tumor. If behavioral intervention is employed as a
procedure to up-regulate the immune response to a tumor,
studying patients with immunogenic tumors should enhance
the possibility of showing some clinical outcome.
Finally, other researchers have linked stress to poorer
immune function in cancer patients whose immune systems
are already affected by disease. Among 116 women recently
treated surgically for invasive breast cancer, greater stress
(assessed via a self-reported measure of intrusive and avoidant
thoughts and behaviors related to cancer) was associated with
lower proliferative responses of PBLs to mitogens and to a
monoclonal antibody against the T-cell receptor [2]. Importantly, stress was also related to lower NK cell lysis, as well as
diminished responsiveness of NK cells to rIFN-γ. These findings suggest that therapeutic interventions could be beneficial
in the reduction of both the stress associated with cancer and
the concomitant stress-related immune down-regulation.
In summary, there is substantial evidence from both healthy
populations as well as individuals with cancer linking psychological stress with immune dysregulation. Stress may also
enhance carcinogenesis through alterations in DNA repair
and/or apoptosis [31–33]. In addition, the possibility that
psychological interventions may enhance immune function
and survival among cancer patients is still an open question
[43, 44], as is the evidence suggesting that social support may
be a key psychological mediator. However, these studies and
others suggest that psychological or behavioral factors could
influence the initiation/progression of cancer. Further studies
to explain these relationships need to be performed.
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