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Abstract: Psychological stress is a well-accepted risk factor in cancer initiation and progression. The explosive
growth of psychoneuroimmunology research in the past decade has yielded an unprecedented wealth of informa-
tion about the critical role of chronic stress in the immune dysfunction that influences tumor behaviors, which
presents insights to mitigate distress and improve prognosis in cancer patients. Chronic stress exacerbates in-
flammation and causes a metabolism disorder, making it difficult for the organisms to maintain homeostasis and
increasing its susceptibility to cancer. The shifted differentiation and redistribution of the immune system induced
by chronic stress fail to combat cancer efficiently. Chronic stress increases the tumor-educated immune suppressive
cells and impairs the cytotoxicity of cellular immunity, thereby promoting lymphatic metastasis and hematogenous
metastasis. In addition, the efficacy of existing cancer therapies is undermined because chronic stress prevents
the immune system from responding properly. Emerging stress-reduction measures have been administered to
assist cancer patients to cope with the adverse effects of chronic stress. Here we systematically review the current
molecular, cellular, physiological mechanisms about stress-mediated immune responses in the enhancement of
tumor initiation and progression, remodeling of tumor microenvironment and impairment of anti-tumor treatment.
We also summarize the potential clinically applicable stress-oriented strategies towards cancer and discuss briefly
where important knowledge gaps remain.

Keywords: Tumor immunology, psychological distress, tumor microenvironment, biobehavioral sciences, anti-
cancer therapy

Introduction

There is a growing awareness that psychologi-
cal stress is common in many physical diseas-
es and is increasingly recognized as a risk fac-
tor in cancer initiation and progression [1].
Stress can be as acute as several minutes, or
as long as hours to days. The concept of stress
being discussed here is defined as chronic
stress associated with alternations in the hypo-
thalamic-pituitary-adrenal (HPA) axis, activa-
tion of sympathetic nervous system (SNS) and
other physiological adaptations like hormones
secretion [2].

Using meta-analytic methods, Yoichi Chida and
his colleges reported that stress-related psy-

chosocial factors were related to higher cancer
incidence in healthy populations based on the
results of 165 studies [3]. In addition, it seems
that the diagnosis of cancer and following long-
term treatment put additional stress on patients
[4]. In addition, stress and its induced physio-
logical changes can in turn modulate immune
function. Sympathetic nerve fibers innervate
peripheral immune lymphoid tissues including
thymus, spleen, lymph nodes, and bone mar-
row, which provides a direct pathway to regulate
peripheral immune processes [5]. In addition,
the immune responses can be modulated in all
aspects [6, 7]. These preliminary observations
suggest the probable implication of chronic
stress in inducing an immune dysregulation and
influencing cancer behaviors. A series of stud-
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ies reported that cold stress changed the
immune composition of primary tumor and
spleen, which contributed to tumor develop-
ment. Intriguingly, the gross immune popula-
tions of naive mice exposed to the same stress-
or were comparable [8, 9]. This suggests the
stress-immune-cancer axis has its own unique
mechanism and needs further inspection. Here
we provide an overview of insights from human
and rodent studies highlighting the critical role
of psychological stress-mediated immune dys-
function in cancer initiation, progression, me-
tastasis, and treatment. We also focus on the
clinically applicable strategies against chronic
stress so as to resume the immune system and
fight against tumors based on molecular, cellu-
lar, and physiological mechanisms.

Chronic stress acts on the immune system to
promote tumorigenesis

The notion that a stress-mediated effect on the
immune system can increase host susceptibili-
ty to cancer has been reported in many studies.
The link among stress, immune system, and
tumorigenesis is perceived to some extent, yet
to what extent does stress-mediated immune
dysregulation influence tumorigenesis is still
obscure.

DNA damage

DNA damage and genomic instability are pre-
conditions for carcinogenesis. An efficient and
sufficient DNA repair system protects the
organism from cancer risk.

Chronic stress causes dysregulation of the
immune system, leading to a pro-inflammatory
state both in the central nervous system (CNS)
and periphery [10]. The excessive pro-inflam-
matory cytokines promote tumorigenesis by
inducing DNA damage or inhibiting DNA repair
through the generation of reactive oxygen spe-
cies (ROS) [11] or the impairment of the DNA
repair enzyme [12].

Virus-related tumors

Virus-related tumors are more affected by
chronic stress. The direct association among
stress, weakened cell cytotoxicity, and human
papillomaviruses (HPVs)-associated tumors
has been reported [13]. In a similar way, in-
creased expression of latent Epstein-Barr virus
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(EBV) and a reduced cytotoxic T lymphocyte
(CTL)-mediated killing have been seen in stress-
ful events [14]. It is reasonable to believe that
chronic stress blunts cellular immunity and pro-
motes the initiation of virus-related tumors.

Intestinal barrier dysfunction and colitis-asso-
ciated tumorigenesis

Chronic stress has been reported to induce
barrier dysfunction in ileum and colon and initi-
ate mucosal Inflammation, during which macro-
molecular permeability increases and mucus is
depleted [15]. The mucosa of the stressed rats
is seen with activated mast cells, increased
infiltrate of neutrophils, ly6C" macrophages,
and mononuclear cells, the reinforced activity
of myeloperoxidase (MPO), and more inflamma-
tion-promoting operational taxonomic units
[16]. Corticotropin-releasing factor receptor
subtype 1 (CRF1) signaling is a positive regula-
tor of psychological stress-induced mast cell
degranulation [17] and tumorigenesis [18]. The
much less tumorigenesis in Crf1%) mice is
accompanied by a lower inflammatory res-
ponse, including decreased interleukin-1 beta
(IL-1B), interleukin-6 (IL-6), and tumor necrosis
factor o (TNF-a) expression and macrophage
infiltration and increased interleukin-10 (IL-10)
expression [18]. Therefore, it is plausible that
chronic stress can enhance CRF1 signaling in
mast cells and promote colitis-associated tu-
morigenesis (Figure 1).

Immune dysregulation in stress-induced tumor
tumorigenesis

Chronic stress also exerts a negative influence
on immune regulation. It suppresses the se-
cretion of type | cytokines and decreases the
infiltration of CD4* T cells. In the meantime,
stressed mice show increased infiltration of
suppressive CD25* cells both in tumors and cir-
culation [19]. These stressed-induced modifi-
cations come together with a shorter median
time of the first appearance of ultraviolet B
(UVB)-induced squamous cell carcinoma (SCC)
[19] and increased tumorigenesis after being
exposed to the carcinogen methylcholanthrene
[8]. The significance of the immune system is
manifested in the observation that the tumor
growth rates are similar in immune-compro-
mised mice with or without stress expo-
sure.
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Figure 1. Chronic stress aggravates inflammation-mediated intestinal barrier dysfunction and promotes colitis-
associated tumorigenesis. In DSS and AOM treated murine colitis model, chronic stress increases mast cell de-
granulation by activating CRF1 signaling. It also increases the infiltration of monocytes, neutrophils, and macro-
phages, which produces pro-inflammatory cytokines like IL-13, IL-6, and TNF-at and increases the activity of MPO. In
the meantime, microbiota disorder is observed with an increase in inflammation-promoting operational taxonomic
units. The inflammatory environment is observed with more ROS, leading to the increased permeability of bacteria
and macromolecules and depletion of mucus. The intensified colitis in chronic stress is related to the higher inci-
dence of colitis-associated tumorigenesis. Abbreviations: DSS, dextran sodium sulfate; AOM, azoxymethane; MPO,
myeloperoxidase; CRF1, Corticotropin-releasing factor receptor subtype 1 (CRF1); IL-1B, Interleukin-1 beta; IL-6,
Interleukin-6; TNF-&, tumor necrosis factor (TNF)-o; ROS, reactive oxygen species.

Chronic stress acts on the immune system to
promote cancer progression

When irradiated animals are transferred with
lymphoid cells from stressed animals, acceler-
ated tumor growth is observed compared with
those transferred with lymphoid cells from con-
trol ones [20]. This finding suggests stress-
induced tumor growth can be attributed to the
changes in immune cells.

Immature myelopoiesis and impairment of in-
nate immunity

Chronic stress has been reported to induce a
shifted differentiation of hematopoietic stem
cells towards myeloid cell lineage [7]. In addi-
tion, it also induces higher expressions of C-X-C
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motif chemokine receptor 2 (CXCR2) on these
expanded myeloid cells via activating B-ad-
renergic signaling. The increased mobilization
of myeloid cells to tumor tissues promotes the
progression of hepatocellular carcinoma [21].

The activation of myelopoietic development of
precursor monocytes by chronic stress also
increases the density of tumor-associated mac-
rophages (TAM) in the tumor microenvironment
(TME). Chronic stress can significantly increase
C-C motif chemokine ligand 2 (CCL2) concen-
tration by catecholamine exposure, and then
enhance the infiltration of CD68* and F4/80*
macrophages in ovarian carcinoma models and
promote cancer growth [22]. In addition, the ris-
ing stress hormones polarize macrophages
to the M2 phenotype [23]. The M2-like TAMs
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secrete high levels of IL-10, angiogenetic fac-
tors such as vascular endothelial growth factor
(VEGF), prostaglandin E2 (PGE2), and matrix
metalloproteinase-9 (MMP)-9, which facilitates
tumor escape [24]. It is plausible that chronic
stress increases the density of TAMs, espe-
cially M2-like TAMs, to enhance tumor pro-
gression.

Chronic stress not only increases the number
of splenic and circulating myeloid-derived sup-
pressor cells (MDSCs) in tumor-bearing mice
but also enhances the production of IL-10 and
NO2 by splenic MDSCs, which leads to the
immune suppression and enlarged tumors vol-
ume [25, 26]. The mechanism may due to
adrenergic activation and neuropeptide Y se-
cretion [26].

Another group of myeloid cells that is indis-
pensable in anti-tumor response is natural kill-
er (NK) cells. NK cell cytotoxicity is significantly
impaired in ovarian cancer patients with higher
stress levels, especially in tumor-infiltrating
lymphocytes (TILs) [27]. The impaired NK lysis
in breast cancer patients with severe psycho-
logical stress is associated with altered surface
expression of killer immunoglobulin-like recep-
tors CD158b [28]. The association among ch-
ronic stress, abnormal cortisol rhythms and
lower NK cell cytotoxic activity has been well
discussed in a well-written review [29].

Stress-induced hormones like corticosteroids
prevent dendritic cells (DCs) from maturation in
response to inflammatory stimuli. Dexameth-
asone (DEX) can down-regulate surface expres-
sions of CD86, CD40, CD54, and major histo-
compatibility complex (MHC) class Il molecules
on DCs, which causes the impaired capacity of
antigen presentation. DEX-treated DCs are
unable to prime T helper type 1 (Th1) cells effi-
ciently, which leads to a significant reduction in
the number of interferon-y (IFN-y)-producing
effector cells [30] and an increase in regulatory
T cell (Treg) differentiation and IL-10 production
[31]. An In vivo study has confirmed that stress
can induce more immature DCs which cannot
be activated by tumor cells [9].

Impairment of adaptive immunity

A shift from Th1 to Th2 response in TILs also
leads to the accelerated tumor progression in
murine colon cancer model [32] and in patients
with ovarian neoplasms [33].
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When exposed to UVB light, high-anxious mice
show a higher average count of SCC with more
Treg infiltration [34]. B3-adrenergic receptor
(B3AR) and B2-adrenergic receptor (B2AR) acti-
vation favor the recruitment of T cells within the
tumor, the impairment of their cytotoxic func-
tions, and the promotion of CD4*CD25" Tregs
differentiation [35, 36]. B2AR signaling also
increases cytotoxic T-lymphocyte associated
protein 4 (CTLA-4) expression on Tregs as well,
further switching the anti-tumor immune res-
ponse to tumor-favorable response [36].

Besides, norepinephrine reduces the expres-
sions of growth-related cytokines in resting and
activated memory CD8"* T cells by B2AR activa-
tion [37]. The number of tumor-infiltrating CTLs
decreases in stressful conditions [34]. Do-
pamine secretion is reduced under chronic
stress, and dopamine depletion has been re-
ported to decrease T cell responses and pro-
mote tumor growth in mice [38, 39].

Chronic stress acts on the immune system to
promote tumor metastasis

The metastatic cascade is composed of a
number of sequential events that involve cell
detachment from the primary tumor, invasion
into surrounding tissue, intravasation migra-
tion, arrest and extravasation into distant tis-
sues, and formation of metastasis [40]. The
outcome of metastasis depends on the inter-
actions between cancer cells and a given mi-
croenvironment. In a murine lymphoma model
with chronic stress, total tumor cells secrete
more MMP2 and exhibit greater migration ca-
pacity than tumor cell suspensions depleted
the main infiltrating immune cell subsets [20].
These data suggest that psychological stress-
mediated dysregulation in TILs contributes to
enhanced tumor metastasis to a certain extent.

Mononuclear phagocyte system

It has been reported that chronic stress criti-
cally influences pre-metastatic lungs before the
arrival of disseminated tumor cells by increas-
ing the outputs of monocytes and augmenting
the infiltration of macrophages into the lung.
The underlying mechanism is the enhanced
CCL2-CC chemokine receptor 2 (CCR2) axis:
upregulated expression of CCL2 in pulmonary
stromal cells and CCR2 in monocytes/macro-
phages [41]. In addition, the increased infiltra-
tion of CD11b*F4/80*" macrophages in primary
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tumor parenchyma and an M2-like macrophage
differentiation promote pro-metastatic genes
expression and a 30-fold increase in metasta-
sis to distant tissues including lymph nodes
and lung [42].

Inflammation

It has been reported that tress activates mac-
rophages to express more cyclooxygenase 2
(COX2) and produce more PGE2. This elevated
inflammatory signaling is a prerequisite for
stress-enhanced VEGFC expression, tumor lym-
phatic remodeling, and tumor cell dissemina-
tion [43]. Other than lymph node metastasis,
chronic stress increases the invasive potential
of tumor cells into the brain by exacerbating
inflammation, impairment of the blood-brain
barrier, and facilitating angiogenesis of dissem-
inated tumor cells in the brain [10, 44, 45]. The
inflammatory environment is created by the
altered neuroinflammatory profile of microglial
cells and macrophages with increased levels of
MMP, ROS, cytokines, chemokines, and growth
factors.

Impaired NK cells

Stressed conditions have been reported to
compromise NK cell cytotoxicity and reduce the
resistance to the formation of metastasis of
various types of cancer [46, 47]. However, each
study reported different aspects of NK cell
impairment. The sources of impaired NK cells
include the spleen, distant metastatic site, and
peripheral blood. It has been reported that sur-
gery stress reduces circulating NK cell concen-
trations and the expression of fatty acid syn-
thase (FAS) ligand and CD11a [46]. Inflamma-
tory substances like prostaglandins and str-
ess-induced hormones, especially epinephrine,
can suppress NK cell activity by activating res-
pective membrane receptors, causing intracel-
lular elevation of cAMP levels [47, 48]. However,
this mechanism may only be applied to tumors
sensitive to NK cells [49].

Here we summarize the main mechanisms dis-
cussed above in stress-induced immune dys-
regulation in tumor progression and metastasis
(Figure 2).

Chronic stress acts on the immune system to
impair anti-tumor therapy

The anti-tumor immune responses are indis-
pensable in immunotherapy, chemotherapy,
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and radiation as well [50]. Any cancer treat-
ments taking effects by boosting the immune
system will be influenced by neuroimmune reg-
ulation. Researchers have conducted in-depth
studies in an attempt to elucidate the underly-
ing mechanisms, aiming to enhance the effica-
cy of treatments and benefit cancer patients.

Impairment of DCs

Therapeutic responses to immunogenic che-
motherapy, prophylactic tumor vaccination, and
programmed death receptor-1 (PD-1)-targeted
immunotherapy are perturbed by chronic stress
in murine transplanted tumor models [51]. Tu-
mor-infiltrating dendritic cells in stressed mice
upregulate TSC22D3 expression, which is a glu-
cocorticoid downstream effector sufficing to
induce immune suppression and weaken the
tumor-inhibition effect of cancer therapy (Figure
3).

Similarly, it is reported that chronic stress sup-
presses the therapeutic efficacy of cancer vac-
cine of melanoma in both prophylactic and
therapeutic conditions by impairing the capaci-
ty of DCs, including migration, antigen presen-
tation, and subsequent CD8* T cell priming [52]
(Figure 3).

Malfunction of CTLs

The stress-induced malfunction of CTLs is also
dependent on other mechanisms (Figure 3).
Chronic stress increases the expression of
PD-1 on CD8" TILs, weakens the therapeutic
efficacy of anti-PD-1 treatment, and decreases
the intra-tumoral frequency of effector CD8* T
cells in tumor-bearing mice [53]. In addition,
Psychological stress down-regulates the ex-
pression of interleukin-2 (IL-2) receptor in
peripheral blood leukocytes [54], which may
link with the observation that psychological sta-
tus affects the therapeutic efficacy of IL-2
immunotherapy in renal cell cancer patients
[55].

Decreased NK cells and IL-12 production in
CpG-C treatment

CpG-C potently activates the immune system to
produce interleukin-12 (IL.-12) and type | IFNs,
which has been identified as a potential treat-
ment against brain metastases [56]. It has
been reported that CpG-C-mediated IL-12 pro-
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Figure 2. Chronic stress plays multiple roles in tumor progression and metastasis. Stress increases myelopoiesis
and spleen mass. The expanded macrophages, MDSCs, and monocytes migrate into the TME due to the increased
expressions of chemokines including CCL2, CXCL2, and CXCL3. Stress also alters the composition of immune cells
in the TME. The number of M2-like TAM, immature DC, MDSC, and Treg increases, which produces more IL-10, NO2,
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VEGF, PGE2, and MMP9. At the same time, stress changes the metabolic pattern by increasing the expression of
LDHA and promoting glycolysis, which creates an immunosuppressive microenvironment. In addition, stress in-
creases the lymphatic metastasis and hematogenous metastasis. Stress activates macrophages to express more
COX2 and produce more PGE2, which is a prerequisite for tumor lymphatic remodeling and tumor cell dissemina-
tion. Monocytes/macrophages have been recruited to the lungs and form a pre-metastatic niche for the subsequent
arrival of disseminated tumor cells via the CCR2-CCL2 axis. Besides, the NK cell cytotoxicity has been impaired.
Chronic stress also increases the secretion of the pro-inflammatory cytokines in microglia cells and macrophages,
which impairs the integrity of the blood-brain barrier and increases the survival chance of disseminated tumor cells
in the brain. Abbreviations: TME, tumor microenvironment; COX2, cyclooxygenase 2; MDSC, myeloid-derived sup-
pressor cell; CCL2, C-C motif chemokine ligand 2; CXCL2, (C-X-C motif) ligand 2; CXCL3, (C-X-C motif) ligand 3; DC,
dendritic cell; TAM, tumor-associated macrophage; Treg, regulatory T cell; IL-10, Interleukin-10; VEGF, vascular en-
dothelial growth factor; PGE2, prostaglandin E2; MMP9, matrix metalloproteinase 9; IL-1j3, Interleukin-1 beta; IL-6,
Interleukin-6; TNF-a, tumor necrosis factor (TNF)-a; ROS, reactive oxygen species; GF, growth factor; FAS, fatty acid
synthase; LDHA, lactate dehydrogenase A; COX2, cyclooxygenase 2; CCR2, CC chemokine receptor 2; NK, natural
killer; CTL, cytotoxic T lymphocyte; FAS, fatty acid synthase.
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Figure 3. Chronic stress weakens the therapeutic responses of anti-tumor therapies. Chronic stress impairs the
maturation, antigen presentation, and migration of DCs, which fails to initiate CD8* T cell activation and IFN-y
secretion. Chronic stress also blunts CTLs by increasing PD-1 expression and decreasing IL-2 receptor expression,
resulting in lower production of IFN-y and IL-2. The stress-induced malfunction of the immune system weakens the
efficacy of anti-cancer therapies and promotes tumor progression. Abbreviations: DC, dendritic cell; IFN-y, interferon
y; CTL, cytotoxic T lymphocyte; PD-1, programmed death receptor-1; IL-2, Interleukin-2.

duction is impaired with corticosterone admin-
istration [57]. An in vivo study has conducted
experiments on three kinds of cancer models
treated with CpG-C and exposed to chronic
stress [58]. The extent of impairment of CpG-C
efficacy is different in each disease model, and
the reason may lie in the different physiological
mechanisms of diseases.
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Metabolism disorder in stressimmune-cancer
axis

Mitochondria dysfunction and energy competi-
tion

TME is one of the key regulators in the stress-
immune-cancer axis. It has been found that
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tumor implantation can augment the immune-
suppressive effects exerted by chronic stress
[25, B53]. Tumor-induced intensified immune
suppression may result from the intensified
energy competition in the organism. A system-
atic review has concluded that chronic stress
exposure can decrease the mitochondrial ca-
pacity of energy production and alter mitochon-
drial morphology [59]. Mitochondrial apoptosis
signaling is enhanced by DEX administration in
lymphoid cells [60]. Stress also induces mito-
chondrial fission in peripheral CD4* T cells, and
this morphological disorder in mitochondria
causes a systemic purine metabolism disorder
[61]. Since the immune activation is an energy-
consuming process, the stress-induced mito-
chondria dysfunction and insufficient energy
supply may contribute to immune suppression
and tumor escape [62].

Enhanced glycolysis

Stress-induced metabolism switch may be one
of the underlying reasons for immune suppres-
sion. It has been reported that chronic stress
elevates lactate dehydrogenase A (LDHA)
expression to enhance glycolysis [63] (Figure
2). The enhanced glycolysis contributes to the
strengthened function of MDSCs and decreased
infiltration of tumor-killing immune cells, which
assists cancer cells to escape immune surveil-
lance [64].

To sum up, chronic stress creates a detrimental
and unfavorable environment for the immune
system. This facilitates tumor progression
because a weak immune system can be an
easy breakthrough for cancer cells.

Strategies against chronic stress so as to re-
sume the immune system

It has been reported that social stress alters
gene expressions, yet most of the stress-
induced changes in transcription are reversible
after the removal of stressor [65]. This indi-
cates the feasibility of combining stress-reduc-
tion measures with anti-cancer therapy.

Enriched environment and stress-reduction
measures

Given the central role of mood regulation in the

stress-immune-cancer axis, some researchers
have found that the activation of the reward
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system results in reduced tumor weight and
suppression of MDSCs [66]. Enriching the
housing environment for mice also enhances
the anti-tumor cytotoxicity of NK cells [67]. The
enriched environment is an experimental para-
digm which provides sensory, cognitive, motor,
and social stimulations to the animals but does
not distress them, sharing the same purposes
as many stress-reduction strategies of cancer
patients, including physical-based approaches,
mindfulness-based stress reduction, and cog-
nitive-behavioral stress management [68].
However, the efficacy of these approaches in
clinical settings is controversial [69]. There are
promising data demonstrating enhanced cellu-
lar immunity and prolonged survival time [68],
yet much of the work is preliminary and limited
by small sample sizes, nonstandard evalua-
tions, and short follow-up surveys. These short-
ages limit the possibility of large-scale applica-
tions in clinical settings. The questions regard-
ing “when to intervene”, “who can benefit most”
and “how to intervene” are still need to be clari-
fied in future research.

Anti-depressants

Several studies have shown the possibility to
contain anti-depressants in anti-cancer treat-
ment, aiming to ameliorate the immune sup-
pression caused by chronic stress. Serotonin-
specific reuptake inhibitors, including fluoxetine
and sertraline, are frequently prescribed for the
treatment of stress-associated disorders [20].
Mice injected with immune cells from stressed
animals treated with fluoxetine and sertraline
show decreased lymphoma growth and lower
incidence of liver metastasis compared with
mice injected with lymphocytes from chronical-
ly stressed mice because fluoxetine and sertra-
line can prevent stress-mediated impairment
of NK cell cytotoxicity [20]. However, in social
defeat mice, fluoxetine fails to rescue the effi-
cacy of methotrexate (MTX) in tumor inhibition
[51]. Therefore, as promising as it looks, the
usage of anti-depressants prophylactically or
therapeutically still needs further confirmation
in clinal trials.

Blockages of stress-induced hormones

Previous analysis suggests the significant role
of stress-induced hormones in altering immune
function so as to assist tumor development.
Therefore, hormones blockages have been
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studied in plenty of animal models and clinical
trials. The injections of glucocorticoid recep-
tor antagonist mifepristone (MIFE) restore the
capacity of MTX to inhibit fibrosarcoma out-
growth and relieve anxious behaviors in social
defeat mice. It also improves the efficacy of
anti-PD-1 blockade and re-establishes the
effectiveness of anti-cancer vaccination [51].
B-adrenergic receptor (BAR) blocker proprano-
lol not only enhances cellular immunity but also
improves long-term recurrence-free survival
rates [46, 70]. The promising combination of
propranolol with anti-PD-1 blockade also shows
the potential of combining BAR blockade with
anti-CTLA-4 blockade [36, 53]. Though some
clinical practices reported no benefits from the
usage of BAR blockers, yet a lot more believe
that cancer patients who are taking BAR antag-
onists have better outcomes in terms of both
progression-free survival and overall survival
[70]. Further, a study reported the importance
of the administration time of propranolol. Pro-
pranolol is beneficial when it is given prior to
tumor formation [53]. For this reason, we need
more randomized controlled trials (RCTs) to
carefully evaluate the efficacy of the BAR block-
ade and determine the optimal administration
method.

Anti-inflammatory measures

Previous analysis also establishes the associa-
tion between stress-induced inflammation and
cancer. The strategies to attenuate inflamma-
tion can be a possible target in future combina-
tion cancer therapy, especially for colorectal
cancer (CRC) patients. Treatment with nonste-
roidal anti-inflammatory drugs (NSAIDs) in CRC
patients can enhance cellular immunity and
improve prognosis [71, 72]. In addition to NS-
AIDs, substances with anti-inflammatory prop-
erties, like DHA-phospholipids (DHA-PL) and
EPA-phospholipids (EPA-PL), counteract the st-
ressed-induced adverse effects and regulate
intestinal immunity by producing more anti-
inflammatory cytokines like IL-10 [73]. Though
these data do not provide direct proof of can-
cer-inhibiting effects, it is plausible to deduce
the efficacy of DHA-PL, EPA-PL in colitis-associ-
ated colon cancer.

Vitamin C and metabolic transition

Metabolism is one of the key regulators in the
immune system and cancer biological behav-
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iors, yet it has not been fully studied in stressed
settings. Chronic stress-induced LDHA overex-
pression can be restored by vitamin C [63],
which combats stress-associated breast
cancer.

Conclusions and perspectives

The complexity of immune system responses in
enhanced tumor biological behaviors induced
by chronic stress has been stated. Chronic
stress creates an unfavorable environment and
exerts negative influences on all aspects of
immune parameters, thereby promoting tumor
evasion. Stress strengthens the tumor-educat-
ed immune suppressive cells and hampers the
cytotoxicity of cellular immunity. The insights
from molecular, cellular, and physiological me-
chanisms are transformed into clinically appli-
cable strategies, aiming to reinforce the effica-
cy of existing cancer therapies like chemother-
apy, cancer vaccines, and immunotherapies.

Some studies have reached opposite conclu-
sions, and the reason may due to the usage
of different stressed models. The resulting hor-
mone secretion patterns and behavioral out-
comes of each model have subtle differences
[74]. For example, the key regulator glucocorti-
coids in social defeat mice are not involved in
CD4* T-cell-mediated anxiety in mice exposed
to electric shock [51, 61]. Moreover, the admin-
istration time of stress is crucial, because the
different sequences of stress exposure and
tumor inoculation indicate different clinical
settings. If the chronic stress precedes, the
study focuses on the susceptibility to cancer in
stressed people, while the opposite situation
focuses on the influence caused by the depr-
essing process of cancer diagnosis and tre-
atment.

A portion of the existing research has some
deficiencies due to technical restrictions and
flawed experiment designs from a present point
of view. Some studies neglected behavioral
evaluation of the stressed mice. In a standar-
dized protocol for imposing repeated social
defeat stress on mice, approximately 30-40
percent of mice show a resilient phenotype in
a large population of defeated mice [75]. The
pre-existing differences in stress-responsive
IL-6 concentrations affect host resilience to
social stress [76]. The different perceptions of
exogenous stressors can also lead to verifying
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consequences [77]. Therefore, it is necessary
to verify the success of modeling to ensure
data accuracy. Tumor cells are important mem-
bers of TME and are deeply influenced by
chronic stress via adrenergic signaling [1]. So-
me studies just simply used BAR blocker pro-
pranolol to demonstrate results, which may be
interfered with other cell components of TME.
The emerging methods like genetic tools offer
more solid evidence in a complex circumstance.
Besides, some conclusions are transferred
from in vitro experiments by exogenous admin-
istrations of catecholamines, yet chronic stre-
ss comprehensively re-shapes our body and
BAR agonist infusion cannot induce the same
alternations as stress [78]. We need to be cau-
tious about the differences in studies focused
on hormones or chronic stress.

Most studies in this field just focused on sev-
eral differentiated expressed genes in certain
cell types or the transcriptional data of tissue
samples, which were unable to examine the
cell-to-cell variability or decipher the compre-
hensive modifications induced by chronic str-
ess. It is necessary to conduct more single-cell
sequencing analyses to unravel the complicat-
ed stress-immune-tumor axis. The serum me-
tabolome of anxious mice with a morphologi-
cal disorder in mitochondria and wildtype litter-
mates are varying [61], which suggests the
systematic remodeling in stressed immune. It
is promising to conduct integrated genomics
analysis of transcriptomics, metabolomics,
and epigenomics.
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