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Psychological stress and cancer
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Abstract

Psychological or psychosocial stress has been emerging as one of the key factors associated with cancer initiation,
growth, and metastasis. Accumulating data, however, has mainly focused on cancer progression due to the
inconsistent results of cancer etiology caused by emotional stress. Depression is closely linked to stress and induces
hypothalamic-pituitary-adrenal (HPA) axis activation as well as sympathetic nervous system (SNS) down to immune
cell surveillance. This review briefly describes the activation of neuroendocrine system by psychological stress/
depression and its effect on cancer occurrence and metastasis, which may be useful for the design of new cancer
treatments.
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Introduction
Distress or depression can lead to a poor repair of damaged
DNA, an abnormal chromatid exchange, and reduced apop-
totic activity. Accordingly, psychological or behavioral
factors and stress can influence many physiological and
pathological disease outcomes including cancer (Andersen
et al. 1994, Andersen et al. 1998; Bovbjerg 1991; Levy et al.
1985, 1987; Spiegel and Kato 1996), as carefully examined for
the last three decades. Research over the past 30 years in the
field of psychoneuroimmunology (PNI) andmultiple clinical
and epidemiological studies have given much contribution
to the understanding of the effect of psychological stress
on human diseases, with particular emphasis on cancer
related to suppressed immune responses to tumors and
stress-induced alterations in the tumor microenvironment.
Subjects who are immunosuppressed either through
pharmacological means or via immunodeficiency diseases
have an increased risk of cancer (Herberman and Ortaldo
1981; Cohen andRabin 1998).Moreover, tumor growth, pro-
gression, and metastasis have also been correlated with
stress, anxiety, depression, and numerous other psycho-
logical and behavioral abnormalities (Lillberg et al. 2003;
Spiegel and Giese-Davis 2003). In vivo mouse models of
stress have made a significant progress in determining the
mechanisms of stress-induced alterations in inflammatory
immune responses; a social disruption (SDR) stress mouse
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model of repeated social defeat has linked stress to triggering
the generation, egress, and trafficking of immature, inflam-
matory myeloid-derived cells that are glucocorticoid (GC)
insensitive (Curry et al. 2010; Engler et al. 2004a, 2005) and
produce high levels of IL-6 and other inflammatory cytokines
and chemokines (Powell et al. 2009; Stark et al. 2002;Wohleb
et al. 2011). These stress-induced changes in the sympathetic
nervous system (SNS) led to significant immune and
prolonged anxiety-like behavior changes (Wohleb et al.
2011; Bailey et al. 2007, 2009a, 2009b, Dong-Newsom et al.
2010; Kinsey et al. 2007; Mays et al. 2010, 2012; Powell et al.
2011), and could be reversed by the blockade of sympathetic
signaling prior to stressor exposure (Wohleb et al. 2011).
Studies involving both animals and humans suggest that
natural killer (NK) cells are particularly important in the
elimination of metastatic tumor cells (Whiteside and Her-
berman 1989; Page et al. 1994). In perspective, SDR and
other knockoutmousemodels of stress can be ideally used
to explore the treatments and therapeutics against stress-
induced carcinogenesis. This short review focuses on the
effects of psychological stress on cancer etiology and pro-
gression in relation to immune functions.
Stress and immune response
Data from prospective studies suggest that even com-
monplace stressful events are associated with transient
decrements in a number of immunological functions, as
manifested by significant declines in NK cell activity and
interferon production in medical students on the day of
final examinations (Glaster et al. 1986; Kiecolt-Glaser
cle is distributed under the terms of the Creative Commons Attribution 4.0
rg/licenses/by/4.0/), which permits unrestricted use, distribution, and
e appropriate credit to the original author(s) and the source, provide a link to
changes were made.

http://crossmark.crossref.org/dialog/?doi=10.1186/s40543-015-0070-5&domain=pdf
http://orcid.org/0000-0003-1105-5480
mailto:bykim@kribb.re.kr
http://creativecommons.org/licenses/by/4.0/


Soung and Kim Journal of Analytical Science and Technology  (2015) 6:30 Page 2 of 6
et al. 1984, Kiecolt-Glaser et al. 1986; Glaser et al. 1987;
Herberman et al. 1982). In contrast, significant immune
enhancement via a behavioral intervention could be de-
tected in 45 older adults who were randomly assigned to
relaxation training, social contract, or no intervention
(Kiecolt-Glaser et al. 1985a, b). Several subsequent studies
have also suggested a link between personal relationships
and NK cell cytotoxicity, consistent with the broad litera-
ture on social support and health (Uchino et al. 1996), be-
reavement or loneliness (Kiecolt-Glaser et al. 1984; Irwin
et al. 1988) and NK cell activity, negative mind or hostility
during discussion (Kiecolt-Glaser et al. 1993), and AD pa-
tient’s caregivers and neuropeptide levels (Irwin et al.
1991). A follow-up study using cell preparations enriched
for NK cells (approximately 90 %) replicated the previ-
ously observed group differences between caregivers
(current and former) and controls (Esterling et al. 1996).
In addition, higher levels of social support were associated
with heightened NK cell responses to cytokines, independ-
ent of the level of depression.
From the data obtained to date, it is clear that stress can

alter a potentially important defense mechanism against
malignant diseases; stress can not only alter NK cell activ-
ity in normal populations but can also depress the ability
of NK cells to respond to the cytokines necessary for ef-
fective cell killing of appropriate tumor or virally infected
cells (Glaser and Kiecolt-Glaser 1994). Immune cells like
inflammatory macrophages, NK cells, and cytotoxic T cells
(CTL) can be found in the core of primary tumors and
within the invasive and metastatic tumor microenviron-
ments Hanahan and Weinberg 2011). NK cells and CTL
are known to be regulated by stress, influencing tumor
progression through association with major histocompati-
bility complex (MHC) class I expression, interferon (IFN)
production and release of apoptotic protein perforins,
granzymes A and B, and FasL (Bubenik 2004).
Chronic inflammation has been linked to several types

of cancers; a study of breast cancer patients 3 years
post-treatment showed elevated levels of stress-inducible
acute phase proteins correlating with an increase in
morbidity and mortality in the experimental cohort
(Pierce et al. 2009), and circulating levels of IL-6 have
been reported as a prognostic indicator of survival and
metastasis in human cancers (Chung and Chang 2003;
Salgado et al. 2003). Evidence linking chronic inflamma-
tion and SNS activation to cancer progression provides
insights into how cancer-related genes (e.g., IL-6) modu-
late the effects of stress on cancer.
Stress has also been shown to modulate the inhibitory

receptors, potentially mediating the effect of NK and CTL
on viral replication (Hunzeker et al. 2004; Tseng et al.
2005) and cancer progression Andersen et al. 1998).
Stress, however, may also cause beneficial effects on NK
activity by enhancing migration and function Schedlowski
et al. 1993), increasing NK cell trafficking from the bone
marrow, into the blood and peripheral organs (Engler
et al. 2004b; Kradin et al. 2001). Enhanced generation
of primary and memory CTL in response to a stressful
infection was reported to increase inflammatory and
anti-viral cytokine secretion and enhance killing (Mays
et al. 2010, 2012).
Stress and carcinogenesis
Most carcinogens are expected to damage the cellular
DNA, producing mutant cells (Setlow 1978). However,
defense mechanisms in the body exist, activating enzyme
systems that destroy chemical carcinogens and processes
for identifying and repairing damaged DNA and the de-
struction of mutant or unrepaired DNA by the immune
system Fox 1978). When these processes are not in the
correct work, the resulting faulty DNA might be associ-
ated with an increased risk of cancer (Setlow 1978).
Stress was suggested to be able to alter the DNA repair
process; in a study exploring the effect of carcinogen di-
methylnitrosamine on the component of the DNA repair
system, the levels of an important DNA repair enzyme
methyltransferase were significantly lowered in stressed
animals’ splenic lymphocytes compared with control rats
(Glaser et al. 1985). It was also suggested that stress
might have affected carcinogenesis through alterations
in DNA repair and that sister chromatid exchange (SCE)
could occur through different types of stress in bone
marrow cells (Glaser et al. 1985; Kiecolt-Glaser et al.
1985a, b; Fischman and Kelly 1987; Dhillon and Dhillon
1998; Li et al. 1989).
The carcinogenic agents, tumor-promoting phorbol

esters, were shown to block ionizing radiation-induced
apoptosis in vitro (Kanter et al. 1984; Tomei et al. 1988).
Low concentrations of 12-0-tetradeconoyl-phorbol-13-
acetate (TPA) specifically blocked apoptosis in response
to ionizing radiation in peripheral blood lymphocytes
(PBLs) (Tomei et al. 1990). Another study showed that
PBLs obtained from medical students at the time of
examination survived treatment with TPA and radiation.
Thus, stress could induce changes in apoptosis in the
body, rendering the survived cells with abnormal levels
of DNA to increase the risk of the development of ma-
lignant cells.
Although the precise mechanism linking the physio-

logical changes induced by carcinogenic stress and the
observed changes in DNA repair, apoptosis, and sister
chromatid exchange is not yet known, given the activa-
tion of the hypothalamic-adrenal-pituitary (HPA) axis
and the autonomic nervous system by stress, stress hor-
mones appear to mediate these responses and are tar-
gets for the development of therapeutics against stress-
induced carcinogenesis.
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Stress effect on cancer
With great interest in psychological factors that could
affect the cancer etiology and progression, earlier stud-
ies suggested links between personality types and can-
cer etiology. Methodological problems in many of these
studies, however, significantly hampered the interpret-
ation of the links, and a great deal of important work in
this area over the past three decades tremendously ac-
celerated demonstration of potential effects of stress on
tumor metastasis, the tumor microenvironment, and
regulation of cell growth.
The data until 1997 was too inconsistent to find a rela-

tionship between stressor exposure and cancer etiology
(Reiche et al. 2004; Antoni et al. 2006). In addition, de-
pression and other psychological factors were not consist-
ent predictors of cancer etiology (Antoni et al. 2006).
Thus, it would only be detectable if considered in con-
junction with known risk factors such as genetics, gender,
site of cancer, age, and health behaviors, such as smoking.
In contrast to cancer etiology, animal studies and in vitro

work have contributed to the researches on human, unco-
vering the molecular mechanisms that would allow stress
and psychological factors to affect tumor progression, at
least with certain forms of cancer. Regarding the relation-
ship between stress and immune function in cancer pa-
tients, including in the tumor microenvironment, TNF-a,
known to be associated with tumor regression and survival,
was decreased in breast cancer patients with social disrup-
tion (Marucha et al. 2005). Reduced DNA repair in those
with psychiatric illness was also found (Reiche et al. 2004).
The data suggested that cancer-relevant process may be
amenable to influence by psychological factors. Starting
from the animal studies demonstrating the effects of
stressors such as restraint, forced swim, and social isolation
on tumor growth or metastasis (Reiche et al. 2004), a few
researches may have clinical utility in humans for suppres-
sion of tumor metastasis in that a product could cause NK
cells to be partially resistant to suppression by agents that
increase cAMP. Direct researches with human cancer cell
lines have also been fruitful, identifying the potential path-
ways from stress to tumor cell development. Noradrenaline
(NE) was found to promote metastatic processes in vitro,
acting on the b-adrenergic receptor-cyclic AMP protein
kinase A pathway in ovarian cancer cell lines, which could
be antagonized by a beta blocker. HPA axis was also dem-
onstrated to play a role in tumor initiation, growth, and
survival by effecting on apoptosis of lymphocytes, sur-
vival genes that protect cancer cells from chemotherapy
effects, oncogenic viruses, and immune responses to tu-
mors (Antoni et al. 2006).
Stressful life experiences, depression, and other psychi-

atric disorders have been shown to disrupt circadian
rhythms of the HPA, and these stress-related alterations
in hormonal and immunological circadian rhythms was
also proposed to play a role in cancer progression
(Sephton et al. 2003). Abnormal circadian rhythms were
observed in individuals at high risk for breast cancer and
predicting cancer outcomes, decreasing the number and
activity of NK cells and increasing early mortality up to
7 years after assessment. These HPA alterations were asso-
ciated with poor sleep, prior marital disruption, and muta-
tions in circadian clock genes that may be at increased risk
for tumor development and shortened survival.
Collectively, thorough exploitation of the signaling

pathway from the neuroendocrine system to immune
cancer may give a chance of therapeutics development
in this sense.

Animal model studies
The neuroendocrine and sympathetic-mediated regula-
tion of immune function and the changes in immune
status in relation to tumor growth and progression and
cancer biology have been provided by the animal models
of stress after exposure to a variety of different stressors.
A mouse model of cancer socially isolated showed de-
creased macrophage activity and increased tumor growth
(Palermo-Neto et al. 2003), and similar results could be
obtained demonstrating a decreased number of immune
cells including suppressor T cells and reduced cytokine/
chemokine secretion in breast cancer, and skin and squa-
mous cell carcinoma models following exposure to stress
(Saul et al. 2005; Steplewski et al. 1985). b-Adrenergic ago-
nists and its antagonists showed increased metastasis of
breast cancer to lung and amelioration of stress-associated
increase in lung metastasis, respectively (Sloan et al. 2010)
but without effect on the tumor size itself. The data iden-
tified infiltrating macrophage as a key intermediate in
stress-induced tumor cell metastasis, demonstrating the
important relationship between behavioral stress, immune
system, and disease outcomes. Moreover, although the
effect of psychosocial stress on cancer is largely unex-
plored, social disruption (SDR) stress animal model has
been effective in predicting its impact on disease and
behavior, including the response to influenza viral in-
fection (Mays et al. 2010, 2012; Powell et al. 2011) and
pronounced anxiety-like behavior in mice exposed to
SDR (Curry et al. 2010; Engler et al. 2005; Wohleb et al.
2011; Kinsey et al. 2007; Avitsur et al. 2002). Stress it-
self could induce significant lung inflammation in mice
experiencing SDR (Curry et al. 2010).
Tumor progression and metastasis are closely associ-

ated with stress through inflammatory cells, including
myeloid cells like macrophages and neutrophils. These
normal immune cells are typically present within and
along the margin of invasive and metastatic tumors, and
produce pro-angiogenic factors, pro-inflammatory cyto-
kines, and/or pro-invasive matrix degrading enzymes
like matrix metalloproteinases (MMPs) (Hanahan and
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Weinberg 2011). Stressor or exposure to stress hormone
enhances the production of MMPs, which is required for
both local and distant tumor spread (Sood et al. 2006; Yang
et al. 2006) as illustrated in ovarian cancer cells treated
with stress-levels of NE (Sood et al. 2006). In addition to
MMPs, IL-6, a circulating biomarker indicative of immune
changes in tissue and circulation, can be produced within
the tumor microenvironment (Kossakowska et al. 1999) by
both tumor cells and macrophages that infiltrate the tumor
site. Secreted by stress in models of repeated social defeat,
increased plasma IL-6 levels is a hallmark of the physio-
logic response to a stressor. Stressed-primed cells secrete
cancer-modulating cytokines including IL-6, and have an
increased capacity for survival and migration. Social
defeat-induced activation of the HPA axis and SNS and the
resultant immune alterations will likely impact factors that
lead to the morbidity and mortality associated with cancer.
This may include but is not limited to enhanced inflamma-
tory mediators and immune cells in the tumor microenvir-
onment, increased tumor growth, increased migration and
invasion of tumor cells, and enhanced angiogenesis. The
possible interaction of stress-induced cytokine production
with tumor initiation, however, needs to be elucidated with
more accumulating evidence.

Cancer treatment
Despite investigation linking the relationship between psy-
chosocial stressors and tumor development or progression
facing many obvious difficulties including the stage of dis-
ease and a number of side-effects associated with the can-
cer treatments (Andersen et al. 1994), a number of
observations showed that stress-reducing interventions
could improve immune function (Kiecolt-Glaser and Gla-
ser 1992; Fawzy et al. 1990, 1993). Patients with stage I or
II malignant melanoma, not having received any treat-
ment after surgical excision of the cancer, showed signifi-
cant relationship of reduced psychological distress with
increased percent and cytotoxicity of NK cells compared
with control groups. A 6-year follow-up study of these pa-
tients showed a trend towards significantly lowered recur-
rence and mortality rate in the intervention patients
compared to control group. Consistent results could also
be found in the intervention study showing that continued
therapy with self-hypnosis extended survival time in
women with metastatic breast cancer (Spiegel et al. 1989).
Although it is not known if these data reflect immuno-
logical alterations that influenced the course of the cancer,
and a number of other interpretations are plausible, be-
havioral differences could have contributed to the ob-
served outcomes. Other data from breast cancer patients
consistently linked NK cell activity with social support, as-
sociating higher NK cell activity with the perception of
high-quality emotional or social support from a spouse or
the patient’s physician (Levy et al. 1990).
Recently, our group discovered a new function of a
protein involved in protein degradation and tumorigen-
esis through autophagy. Knockout model mouse of the
protein showed possible link of psychological stress to
protein quality control, suggesting its extension to can-
cer. Further study with these animal models would be
expected to uncover novel target genes for the treat-
ment of cancer.

Conclusions
Studies have suggested that psychological or behavioral
factors may influence the incidence or progression of can-
cer through psychosocial influences on immune function.
In this respect, physiological pathways and mechanisms
for bio-behavioral factors and cancer progression was
reviewed (Lutgendorf et al. 2011). In addition, molecular
study with telomerase activity associated telomere length
with environmental and psychological stress (Epel et al.
2010; Romano et al. 2013). A result of interest, however,
was recently published demonstrating that the effects of
personality traits and depression on cancer risk and sur-
vival appear to be extremely as small as the data obtained
from prospective cohort studies in population-based and
clinical databases Nakaya 2014). Despite this database re-
sult, the possibility and abundance of evidence showing
that psychological interventions and social support may
enhance immune function and survival among cancer
patients clearly merits further exploration, particularly
for the treatment of cancer associated with stress and
depression. Although not yet clearly defined, cancer ini-
tiation can also be affected by psychosocial behavior
and psychological stress. Identification of the genes af-
fected by those emotional changes including depression
and stress is expected to shed light on the discovery of
a new family of anticancer drugs related with psycho-
logical disorder or stress.
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