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Stress is an inevitable part of life. Chronic stress on account of reasons like adversity,

depression, anxiety, or loneliness/social isolation can endanger human health. Recent

studies have shown that chronic stress can induce tumorigenesis and promote cancer

development. This review describes the latest progress of research on the molecular

mechanisms by which chronic stress promotes cancer development. Primarily, chronic

stress activates the classic neuroendocrine system [the hypothalamic-pituitary-adrenal

(HPA) axis] and the sympathetic nervous system (SNS) and leads to a decline and

dysfunction of the prefrontal cortex and the hippocampus under stress. Stress hormones

produced during the activation of both the HPA axis and the SNS can promote

tumorigenesis and cancer development through a variety of mechanisms. Chronic stress

can also cause corresponding changes in the body’s immune function and inflammatory

response, which is significant because a long-term inflammatory response and the

decline of the body’s immune surveillance capabilities are implicated in tumorigenesis.

Stress management is essential for both healthy people and cancer patients. Whether

drugs that limit the signaling pathways downstream of the HPA axis or the SNS

can suppress chronic stress-induced cancers or prolong patient survival deserves

further study.

Keywords: stress, cancer, hormone, inflammation, immunity, hypothalamic-pituitary-adrenal axis, corticosteroids,

catecholamines

INTRODUCTION

Humans have always experienced periods of excessive stress on account of global issues, such as
poverty, war, and epidemics (1). Stress can be divided into acute stress and chronic stress. Acute
stress usually exists in emergencies, such as fighting or escaping. Changes in the structure and
function of certain molecules and tissues in the brain activate the emotional cognitive system,
and we make decisions for stress-coping mechanisms (2). At the same time, the body temporarily
produces catecholamines and corticosteroids to improve mobility and responsiveness. Therefore,
acute stress is often beneficial to the body. However, chronic stress is heavily implicated in causing
ill health, and today it is considered to encompass occupational stress as well as unusual adversities.
Its potential negative effects include not only insomnia, gastrointestinal disorders (3, 4), anxiety,
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and depression (5, 6), but also an increased risk of cardiovascular
disease, mental illness, and cancer (7).

Surveys have shown that approximately one million new
cancer cases occur every year among young people aged 20–
39 years (7), and they have been partly attributed to stress.
The relationship between chronic stress and cancers has aroused
increasingly widespread interest and concern in the medical
community. Many scholars have performed research on the
relationships between stress and cancers such as prostate (8–10),
breast (8–12), gastric (13, 14), lung (15, 16), and skin cancer
(17, 18), and have found evidence indicating that chronic stress
can induce tumorigenesis and promote cancer development
(Table 1).

The neuroendocrine pathways are the most widely
and comprehensively studied possible mediators of these
associations. The neuroendocrine pathways constituting the
hypothalamus-pituitary-adrenal (HPA) axis and the sympathetic
nervous system (SNS) were the first systems shown to be
closely related to stress [(1, 19); Figure 1]. Under chronic
stress, the brain’s nerve impulses can continuously activate the
hypothalamus to produce the corticotropin-releasing factor
(CRF). CRF is transported through the blood to the pituitary
gland, thereby stimulating cells to release the adrenocorticotropic
hormone (ACTH), which travels through the blood to the adrenal
cortex and promotes the synthesis of corticosteroids. Chronic
stress also activates the SNS, thereby stimulating the release of
important neurotransmitters such as norepinephrine (NA) and
adrenaline (Ad). NA and Ad are also hormones secreted by the
adrenal medulla and known as catecholamines because they
contain catechol and amine groups. The corticosteroids and
catecholamines produced by the HPA and the SNS can cause
a decline in the functions of the prefrontal cortex (20) and the
hippocampus (21), and may enhance the activation of the SNS
and the HPA by regulating the expression of glucocorticoid
receptors (5, 22, 23).

Stress hormones promote the occurrence and development
of cancers through various mechanisms such as by inducing
DNA damage, increasing p53 degradation, and regulating the
tumor microenvironment (Figure 1). Chronic stress can also
activate the inflammatory response and the interaction between
inflammatory cells and cancer cells to form the inflammatory
tumor microenvironment, thereby promoting all stages of
tumorigenesis (24). It can also enhance neuroinflammation,
which further impairs the brain’s cognitive processing of stress.

Abbreviations: AR, adrenergic receptor; ACTH, adrenocorticotropic hormone;

Ad, adrenaline; APC, antigen-presenting cell; ARRB1, β-arrestin; CRF,

corticotropin releasing factor; DC, dendritic cell; FAK, focal adhesion kinase; HPA,

hypothalamic-pituitary-adrenal; IGF-1R, insulin-like growth factor receptor; IL,

interleukin; LDHA, lactate dehydrogenase A; MCP-1, monocyte chemotactic

protein 1; MDM2, negative regulator murine double minute 2; MDSC, myeloid-

derived suppressor cell; MMPs, matrix metalloproteinases; NA, norepinephrine;

PKA, cAMP-protein kinase A; ROR1, receptor tyrosine kinase-like orphan

receptor 1; ROS, reactive oxygen species; SGK1, serum-and-glucocorticoid-

regulated kinase; SNS, sympathetic nervous system; STAT3, signal transduction

and activator of transcription; T cell, thymus-dependent lymphocyte; TAM,

tumor-associated macrophage; Th1, type 1 helper T cell; TIL, tumor-infiltrating

lymphocyte; TNF-α, tumor necrosis factor alpha; VDCC, voltage-dependent

calcium channel; VEGF, vascular endothelial growth factor.

This is a vicious circle. Chronic stress can also selectively suppress
the type 1 helper T cells (Th1), suppress the cytotoxic T cells
(CTL)-mediated cellular immunity and interferon production,
and weaken immune surveillance and other processes, thereby
increasing the risk of cancer invasion and metastasis and
reducing the effectiveness of anti-tumor therapy (25, 26).
In summary, chronic stress can promote tumorigenesis and
oncogenesis through the production of stress hormones, the
activation of inflammation, and the suppression of immunity.
Therefore, the present review has focused on these three stress-
mediated activities.

STRESS HORMONES PROMOTE
TUMORIGENESIS AND CANCER
DEVELOPMENT

Stress hormones are classified into classical corticosteroids
and catecholamines, as well as the non-classical CRF and
thyroid hormones.

Classical Corticosteroids and
Catecholamines
Corticosteroids include glucocorticoids and corticosterones.
Elevated glucocorticoid levels increase the activity of the negative
regulator murine double minute 2 (MDM2) through induction
of the serum-and-glucocorticoid-regulated kinase (SGK1) and
mediate the inhibition of p53 (27). P53 can initiate DNA repair,
cell cycle arrest, aging, and apoptosis, which are related to the
body’s ability to inhibit tumor formation and respond to various
types of cancer treatment (28). Therefore, the loss or impairment
of the p53 function mediated by corticosteroids can considerably
promote tumorigenesis. Obradović et al. (29) found that the
increase in glucocorticoids during breast cancer progression
was related to a lower survival rate. Increased hormone levels
could lead to the activation of glucocorticoid receptors that were
involved in the activation of multiple processes in metastasis
and the up-regulation of kinase orphan receptor 1 (ROR1)
at distant metastatic sites. Inhibition of ROR1 expression can
reduce metastasis and prolong the survival rates of breast
cancer patients.

Catecholamines can regulate the tumor microenvironment
(30). In prostate cancer, catecholamines in the local sympathetic
nerve fibers (NA) and circulating blood (Ad) can activate the β-
adrenergic receptors (βARs) on endothelial cells, altering the cell
metabolism, thereby inhibiting their oxidative phosphorylation,
and inducing angiogenesis (31, 32). They can also activate the
βARs in pancreatic cancer and stromal cells to increase the
expression of invasive genes, thereby promoting the growth
of primary tumors and the spread of tumor cells to adjacent
tissues (33).

The tumor-promoting effect of catecholamines is mainly
mediated by the β2 adrenergic receptor (encoded by ADRB2)
activating the cAMP-protein kinase A (PKA) signaling pathway,
which is the main mechanism to enhance tumor angiogenesis
in the body and promote the growth of malignant cells
[(34, 35); Figure 2]. The downstream mechanisms include
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TABLE 1 | The mechanisms of chronic stress promoting cancer and corresponding targets and drugs.

Cancer type Mechanisms The process of

cancer

Targets Drugs

Breast cancer Stress-catecholamines-ADRB2–LDHA-SLUG-stem-like

properties

Proliferation

Differentiation

LDHA Vitamin C

Stress-CRF-FAK phosphorylation, actin filament

reorganization, prostaglandins

Invasion CRF Antalarmin

Stress-glucocorticoids-glucocorticoid

receptors-up-regulation of ROR1

Metastasis ROR1

Stress restructures lymphatic networks within and

around tumors

Metastasis VEGFC αVEGFC

Stress activates COX-2/PGE2 system to affect the tumor

microenvironment, including the induction of VEGFC

production

Invasion

Metastasis

Angiogenesis

COX2 COX2i

Stress-isoproterenol-ADRB2-upregulate the expression

of CCL2 in pulmonary stromal cells and CCR2 in

monocytes/macrophages

Metastasis ADRB2 Propranolol

Gastric cancer Stress-norepinephrine-ADRB2-adenosine 5′

monophosphate activated protein kinase unc 51 like

autophagy activating kinase 1 (AMPK ULK1) pathway

Proliferation ADRB2 β-blockers

Stress-catecholamines-ADRB2-expression of VEGF,

MMP-2, MMP-7, and MMP-9

Invasion

Metastasis

Angiogenesis

ADRB2 β-blockers

(propranolol, ICI118,551)

Lung cancer Stress-induced glucocorticoid surge and Tsc22d3

upregulation block the activation of type I IFN response

in DCs and the IFN-γ+ T cells

Proliferation

Stress-norepinephrine-ADRB2-PKA-voltage-dependent

calcium channels (VDCC)-activation of insulin-like growth

factor (IGF)-1R

Metastasis ADRB2 VDCC CCBs

(amlodipine, nifedipine)

Prostate cancer Stress-catecholamines-ADRB2-alter of endothelial cell

metabolism

Angiogenesis ADRB2 β-blockers

Stress-epinephrine-ADRB2-PKA-BAD Apoptosis ADRB2 β-blockers

PKA PKI

BAD BADS112A

Colon cancer Stress activates COX-2/PGE2 system to affect the tumor

microenvironment, including the induction of VEGFC

production

Invasion

Metastasis

Angiogenesis

COX2 COX2i

Stress-induced glucocorticoid surge and Tsc22d3

upregulation block the activation of type I IFN response

in DCs and the IFN-γ+ T cells

Proliferation

Skin cancer Stress suppresses type 1 cytokines and protective T cells

and increases the number of regulatory/inhibitory T cells

Proliferation

Pancreatic cancer Stress-catecholamines-ADRB2-expression of invasive

genes

Invasion

Metastasis

ADRB2 β-blockers

mediating Src phosphorylation, DNA damage, p53 degradation,
and the up-regulation of vascular endothelial growth factor
(VEGF) and matrix metalloproteinases (MMP-2 and MMP-9).
Catecholamines also mediate Src phosphorylation via βARs-
cAMP-PKA, activate Ras-related protein 1 (Rap1), and inhibit
extracellular signal-regulated kinases (ERKs), thereby enhancing
tumor cell migration, invasion, and growth (36). Src is a non-
receptor cytosolic tyrosine kinase that is involved in the VEGF
and interleukin (IL-6) production in adipocytes and cancer cells,
respectively (37).

Hara’s team (38) clarified the specific mechanism of stress-
mediated DNA damage. Catecholamines can stimulate the
G-proteins (Gs)-PKA-mediated signaling pathways to trigger

DNA damage and the β-arrestin (ARRB1)-mediated signaling
pathways to trigger the Akt-mediated activation ofMDM2, which
promotes the binding and degradation of MDM2 and p53 by
binding to M53. The synergy of these two pathways leads to the
accumulation of DNA damage.

Angiogenesis is an important part of tumor development
and metastasis. Studies have found significantly increased tumor
blood vessel formation in stressed animals, and the mechanism
maybe a βARs-cAMP-PKA-IL-6-dependent activation of signal
transduction and activator of transcription (STAT3) (39).
Activated STAT3 is transported to the nucleus and binds to
specific DNA sites in the form of homo- or heterodimers,
stimulating the transcription of the reactive genes VEGF,MMP2,

Frontiers in Oncology | www.frontiersin.org 3 August 2020 | Volume 10 | Article 1492

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Dai et al. Chronic Stress Promotes Cancer Development

FIGURE 1 | The neuroendocrine mechanisms of chronic stress. Chronic

stress produces stress hormones during the activation of the neuroendocrine

system (hypothalamus-pituitary-adrenal axis) and the sympathetic nervous

system, which can promote tumor development and regulate the tumor

microenvironment.

andMMP9 (34). VEGF plays a central role in the pathogenesis of
various cancers as the best-known angiogenesis stimulator (40).
When combined with its VEGF receptors on vascular endothelial
cells, VEGF can promote tumor neovascularization. MMPs can
degrade multiple protein components in the extracellular matrix,
destroy the histological barrier of tumor cell invasion, and play a
key role in tumor invasion and metastasis.

Cui et al. (8) found that chronic stress could induce adrenaline
to activate lactate dehydrogenase A (LDHA) to produce lactic
acid. The adjusted pH is conducive to the ubiquitin-specific
protease 28 (USP28)-mediated ubiquitination and stabilization of
MYC, andMYUG activates the SLUG promoter, which promotes
the development of stem-like traits in breast cancer. Jang et al.
(16) demonstrated that NA could induce the phosphorylation
of the L-type voltage-dependent calcium channels (VDCC) via
theβAR-PKA pathway. They further found that VDCC could
trigger calcium mobilization, thereby inducing the activation of
the insulin-like growth factor receptor (IGF-1R) and promoting
cancer metastasis through the exocytosis of IGF2.

Motivated by studies of this mechanism, many researchers
have tried to reverse the occurrence of the cancer-promoting
effects by blocking the β2-AR and its downstream signaling
pathway (Figure 2). Zhang et al. (41) found that by blocking
the β2-ARs, a G1/S phase arrest and apoptosis could be induced

in pancreatic cancer cells via the Ras/Akt/NFκB pathway.
Hassan et al. (42) demonstrated an interaction between prostate
cancers and the socio-psychological environment mediated by
activating the Ad/ADRB2/PKA/BAD anti-apoptotic signaling
pathway. They used the selective ADRB2 antagonist ICI118,551,
or induced expression of the PKA inhibitor (PKI) or the BCL2-
related death promoter BAD (BADS112A) with a mutated PKA
phosphorylation site, to prevent the effects of stress in xenograft
cancers. ADRB2 antagonists such as propranolol and ICI118,551
suppressed gastric cancer progression by inhibiting the ERK1/2-
JNK-MAPK pathway and transcription factors, such as NF-κB,
AP-1, and STAT3 (14). Cui et al. (8) conducted drug screening
for LDHA and found that vitamin C could reverse the stem-like
phenotype of breast cancer induced by chronic stress. Therefore,
vitamin C may be a potential factor to combat stress-related
breast cancer.

CRF and Thyroid Hormone
CRF is widely present in the central nervous system, that has been
detected in breast cancer tissues and cell lines, and affects breast
cancer cell proliferation and invasion in an autocrine or paracrine
manner (10). CRF can induce the phosphorylation of the focal
adhesion kinase (FAK), induce Cox1 to produce prostaglandins,
directly promote actin recombination and cell migration, and
play a role in the TGFβ/SMAD2 and theWnt-β-catenin signaling.
The antagonist of CRF, antalarmin, inhibits neovascularization in
4T1 breast cancer cell lines in vivo (43).

Thyroid hormone is secreted by the thyroid gland, which
is closely related to the body’s metabolism, growth, and
development, and is regulated by the hypothalamus-pituitary-
thyroid axis. When people are emotional, their emotions
stimulate the hypothalamus to release thyrotropin-releasing
hormones and regulate the secretion of thyroid-stimulating
hormones. This further affects the thyroid gland, and causes its
gland cells to secrete a large amount of thyroid hormone. Frick
et al. (44) found that under chronic stress, thyroid hormone levels
and T cell lymphoid tissue hyperplasia response were reduced in
animals and lymphoma growth was altered. The use of thyroxine
replacement therapy can reverse the above process. Therefore,
thyroid hormone may be a critical neuroendocrine regulator
of tumor evolution, most likely through the regulation of T
cell-mediated immunity.

CHRONIC STRESS ENHANCES
INFLAMMATION TO PROMOTE TUMOR
DEVELOPMENT

Chronic stress and stress hormones can up-regulate the
expression of stress-related pro-inflammatory genes in the
circulating white blood cells, thereby increasing the release of
pro-inflammatory cells and the production of pro-inflammatory
cytokines, and can activate the aging-inflammatory response
without the trigger of an exogenous inflammation, leading to
the promotion of tumorigenesis and metastasis (45). Niraula
et al. (46) found that high levels of corticosterone under
repeated pressures of social failure promoted the release of
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FIGURE 2 | Signaling pathways activated by catecholamines. Stress-induced catecholamines activate the cAMP-PKA signaling pathway through β2 adrenergic

receptors, thereby causing a series of downstream reactions. Src phosphorylation, DNA damage, p53 degradation, upregulation of VEGF and MMPs, and enhanced

stem-like traits are key factors of tumorigenesis.

the bone marrow-derived proinflammatory monocytes into
the circulatory system and circulated in the brain, increasing
neuroinflammation, and leading to a prolonged anxiety-like
behavior. Inhibiting corticosterone overproduction through
surgery (adrenalectomy) and drug therapy (metyrapone) can
reduce these inflammatory responses to stress. Pretreatment
of the socially disruptive-stressed mice with the β-adrenergic
antagonist propranolol may prevent anxiety-like behaviors
caused by social failure (47), reverse splenomegaly, and increase
the levels of plasma inflammatory factors such as IL-6, tumor

necrosis factor alpha (TNF-α), and the monocyte chemotactic
protein 1 (MCP-1) (48). Moreover, research by Antoni’s group
shows that stress management in patients with early-stage
breast cancer can reverse the up-regulation of the stress-
related proinflammatory genes in white blood cells in the
circulation (49).

Immune cells in the tumor microenvironment are called pro-
tumorigenic immune cells and include the tumor-associated
macrophages (TAMs), the dendritic cells (DCs), the myeloid-
derived suppressor cells (MDSCs), and the tumor-infiltrating
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lymphocytes (TILs). These immune cells can produce cytokines
such as IL-6, IL-10, TNF-α, and MCP-1, and are interconnected
with tumor cells in an autocrine and paracrine manner. The pro-
tumorigenic immune cells maintain a relative balance within a
certain range of promoting tumor inflammation and anti-tumor
immunity. After chronic stress breaks this balance through a
long-term pro-inflammatory response, these cells and cytokines
can act on all stages of tumor development, including initiation,
promotion, malignant transformation, invasion, and metastasis
through mutation, epigenetic modification, and regulation of

the tumor microenvironment [(50, 51); Figure 3]. Moreover,
activated inflammatory cells produce excess reactive oxygen
species (ROS) to drive inflammation and mutagenesis through
different pathways (52). The released cytokines can activate key
transcription factors such as NF-κB (53–55) and STAT3 (56)
in precancerous cells. By regulating the expression of many
genes that can inhibit tumor cell death, promote tumor cell
survival, and induce the production of chemokines, cytokines
also attract more tumor-promoting immune cells to maintain a
tumor-related inflammation.

FIGURE 3 | Effects of stress hormones on the immune system. Stress hormones stimulate pro-tumorigenic immune cells to produce IL-6, IL-10, and other cytokines,

and activate the COX-2/PGE2 pathway to produce VEGF, which together affect the tumor microenvironment to suppress tumor immunity. The decrease in IL-12 and

the increase in IL-10 lead to selective Th1 inhibition, thereby suppressing the CTL-mediated cellular immunity and interferon production.
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CHRONIC STRESS PROMOTES
TUMORIGENESIS AND CANCER
DEVELOPMENT BY SUPPRESSING
IMMUNITY

As the core immune cells, thymus-dependent lymphocytes (T
cells) provide a robust line of defense against infections and
cancers. The cellular immunity mediated by them includes
specific binding to their target cells for direct cell destruction or
elimination and the release of cytokines to enhance and expand
the immune effects. T cells can be roughly classified into the
cytotoxic T cells, the helper T cells, and the regulatory/inhibitory
T cells according to their functions. Based on different cytokine
functions, the helper T cells are divided into Th1 or Th2 cells,
which are differentiated from TH0 cells by their regulation by
the cytokines IL-12 and IL-4. Th1 cells usually produce IFN-
γ, TNF-β, and IL-2, and mediate cellular immune responses,
such as inducing macrophage activation, mediating delayed
hypersensitivity, and assisting CTL activation and proliferation.
Th2 cells usually produces IL-4, IL-5, IL-6, and IL-10. Their
main function is to enhance the humoral immune response and
stimulate the B cells to produce antibodies. Notably, IL-12 and
TNF-β promote a Th1 response and cellular immunity, while IL-
10 inhibits IL-12 production and Th1 response and stimulates
Th2 response and the humoral immunity (Figure 3).

Stress tests show that the plasma concentration of stress
hormones is inversely proportional to the function of immune
cells (57). Increased stress hormone production significantly
reduces the activity of the antigen-presenting cells (APC),
such as monocytes, macrophages, the dendritic cells, and
the natural killer cells, that produce human IL-12 (58).
Therefore, neuroendocrine mediators such as the stress-releasing
glucocorticoids and epinephrine may selectively inhibit Th1,
thereby inhibiting the CTL-mediated immune response and the
production of interferon IFN-γ (26). Yang et al. (25) further

confirmed that high levels of corticosteroids in plasma, and the
up-regulated glucocorticoid-inducing factor Tsc22d3, blocked
the activation of type I IFN response in DCs and IFN-γ+ T cells
and reduced the efficacy of anti-tumor therapies in non-small cell
lung cancer and colorectal cancer by suppressing the immune
surveillance. Additionally, Saul et al. (17) found that chronic
stress increased the sensitivity to the UV-induced squamous cell
carcinoma by suppressing CTL and increasing the number of the
regulatory/inhibitory T cells (Figure 3).

Stress hormones also induce cyclooxygenase COX-2 and a
variety of COX-2-dependent inhibitors in human breast and
colon cancer tissue cells, thereby activating the COX-2/PGE2
pathway (59). PGE2 is a biologically active lipid that can trigger
inflammation and cancer. The activation of COX-2/PGE2 can
affect the tumor microenvironment and inhibit tumor immunity
through a variety of mechanisms, including inducing tumor cells
to produce vascular endothelial growth factor C (VEGFC) and
promoting the remodeling of lymphatic networks in and around
tumors to provide a pathway for the tumor cells to escape the
immune system [(60); Figure 3].

CONCLUSIONS AND FUTURE
PERSPECTIVES

Chronic stress can activate the HPA axis, and the SNS, and
cause immune disorders and inflammatory responses. There is
no doubt that this is harmful to the body. Excessive levels of stress
hormones promote carcinogenesis by inducing DNA damage
accumulation, increasing p53 degradation, and other, related
pathways. Excessive stress hormones also prevent immune
cells from effectively controlling cancer cells by increasing
inflammation and suppressing immunity. Further, they can act
on tumor and stromal cells in the tumor microenvironment to
promote tumor growth, invasion, and metastasis. In addition
to these pathways, emerging trends include investigation of the

TABLE 2 | Clinical trials of stress-induced cancers in recent years.

Cancer type Study No. of

patients

Evaluation index Drug use period Drugs

Breast cancer Spera et al. (83) 1,144 Progression-free survival, overall response rate,

and clinical benefit

During chemotherapy β-blockers

Shaashua et al. (84) 38 Epithelial-to-mesenchymal transition

Transcription factors (GATA-1, GATA-2, EGR3,

STAT-3)

Tumor-infiltrating monocytes; B cells

Perioperative period Propranolol Etodolac

(COX2 inhibitor)

Haldar et al. (82) 38 Pro-inflammatory cytokines (IL-6, CRP, and

IFN-γ)

Transcription factors (NF-κB, STAT3, ISRE)

Proliferation marker Ki-67

PBMCs transcriptome

Perioperative period Propranolol Etodolac

Lung cancer Chaudhary et al. (81) 77 Pathological and imaging response, metastatic

rate, and survival

During

chemoradiotherapy

Propranolol

Ovarian cancer Ramondetta et al. (80) 32 Anxiety, and depression

Leukocyte expression of pro-inflammatory

genes

Serum IL-6, IL-8, IL-10

Before starting

chemotherapy or

surgery

Propranolol
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correlation between chronic stress and the microbiota-gut-brain
axis (61–63), and its impact on intestinal diseases (64).

The effects of daily stress on the neuroendocrine and
immune function of healthy human individuals, which may be
modulated by the individual’s personality, have been confirmed,
for example, by Biondi et al. (65). Therefore, we need to
actively manage stress (66, 67). A large amount of clinical
evidence shows that supportive psychological therapy has a
positive effect on anticancer treatment and prognosis of cancer
patients (68, 69). In addition to increasing exercise (70) and
psychological intervention (71–74) to regulate the patients’
stress, we can also use drugs that limit the transmission
of the HPA axis and the downstream signaling pathways
of the SNS, such as the β-adrenergic receptor antagonists
[(9); Figure 2], COX2 inhibitors (COX2i) [(59, 75); Figure 3],
anti-VEGFC therapeutics (αVEGFC) or dopamine (76) (an
inhibitory catecholamine). These drugs have been shown in
animal experiments to not only significantly improve anxiety-
like behavior (47, 48), and inhibit chronic tumor-promoting
tumor growth, but also to block a stress-induced increase in
angiogenesis and lymphatic metastasis (60). At the same time,
we suggest that stress hormones should be used with caution,
especially glucocorticoids (77) to treat patients with cancer

and related complications. Finally, it is notable that β-blockers
have been relatively widely used in clinical research (78, 79)
and are often administered as adjuvants in cancer treatment
in recent years [(80–84); Table 2], especially in breast cancer
treatment. Though other related drugs have shown promise for
treating cancer, there remains insufficient evidence for their
clinical application.

AUTHOR CONTRIBUTIONS

SD, YM, and YW collected the related paper and finished the
manuscript, tables, and figures. YL, WX, GL, CG, and ZZ gave
constructive guidance and made critical revisions. BX, QL, MZ,
and XL participated in the design of this review. All authors read
and approved the final manuscript.

FUNDING

This work was supported partially by grants from the National
Natural Science Foundation of China (81972776, 81872278,
81772928, 81702907, and 81672683) and the Natural Science
Foundation of Hunan Province (2018SK21210, 2018SK21211,
2018JJ3704, and 2017SK2105).

REFERENCES

1. Jackson M. The stress of life: a modern complaint? Lancet. (2014) 383:300–

1. doi: 10.1016/S0140-6736(14)60093-3

2. Sandi C, Haller J. Stress and the social brain: behavioural effects

and neurobiological mechanisms. Nat Rev Neurosci. (2015) 16:290–

304. doi: 10.1038/nrn3918

3. Alonso C, Guilarte M, Vicario M, Ramos L, Ramadan Z, Antolin M, et al.

Maladaptive intestinal epithelial responses to life stress may predispose

healthy women to gut mucosal inflammation. Gastroenterology. (2008)

135:163–72.e1. doi: 10.1053/j.gastro.2008.03.036

4. Santos J, Perdue MH. Stress and neuroimmune regulation of gut mucosal

function. Gut. (2000) 47:49–52. doi: 10.1136/gut.47.suppl_4.iv49

5. Zhou QG, Zhu LJ, Chen C, Wu HY, Luo CX, Chang L, et al. Hippocampal

neuronal nitric oxide synthase mediates the stress-related depressive

behaviors of glucocorticoids by downregulating glucocorticoid receptor. J

Neurosci. (2011) 31:7579–90. doi: 10.1523/JNEUROSCI.0004-11.2011

6. Menard C, Pfau ML, Hodes GE, Kana V, Wang VX, Bouchard S, et al. Social

stress induces neurovascular pathology promoting depression. Nat Neurosci.

(2017) 20:1752–60. doi: 10.1038/s41593-017-0010-3

7. Fidler MM, Gupta S, Soerjomataram I, Ferlay J, Steliarova-Foucher E, Bray

F. Cancer incidence and mortality among young adults aged 20-39 years

worldwide in 2012: a population-based study. Lancet Oncol. (2017) 18:1579–

89. doi: 10.1016/S1470-2045(17)30677-0

8. Cui B, Luo Y, Tian P, Peng F, Lu J, Yang Y, et al. Stress-induced epinephrine

enhances lactate dehydrogenase A and promotes breast cancer stem-like cells.

J Clin Invest. (2019) 129:1030–46. doi: 10.1172/JCI121685

9. Chang A, Le CP, Walker AK, Creed SJ, Pon CK, Albold S, et al. β2-

Adrenoceptors on tumor cells play a critical role in stress-enhancedmetastasis

in a mouse model of breast cancer. Brain Behav Immun. (2016) 57:106–

15. doi: 10.1016/j.bbi.2016.06.011

10. Androulidaki A, Dermitzaki E, Venihaki M, Karagianni E, Rassouli

O, Andreakou E, et al. Corticotropin releasing factor promotes

breast cancer cell motility and invasiveness. Mol Cancer. (2009)

8:30. doi: 10.1186/1476-4598-8-30

11. Riley V. Mouse mammary tumors: alteration of incidence as apparent

function of stress. Science. (1975) 189:465–7. doi: 10.1126/science.168638

12. McNeil C. Stress reduction: three trials test its impact on breast cancer

progression. J Natl Cancer Inst. (1998) 90:12–4. doi: 10.1093/jnci/90.1.12

13. Zhi X, Li B, Li Z, Zhang J, Yu J, Zhang L, et al. Adrenergic

modulation of AMPKdependent autophagy by chronic stress enhances cell

proliferation and survival in gastric cancer. Int J Oncol. (2019) 54:1625–

38. doi: 10.3892/ijo.2019.4753

14. Zhang X, Zhang Y, He Z, Yin K, Li B, Zhang L, et al. Chronic

stress promotes gastric cancer progression and metastasis: an essential

role for ADRB2. Cell Death Dis. (2019) 10:788. doi: 10.1038/s41419-019-

2030-2

15. Chen H, Liu D, Guo L, Cheng X, Guo N, Shi M. Chronic psychological

stress promotes lung metastatic colonization of circulating breast

cancer cells by decorating a pre-metastatic niche through activating

beta-adrenergic signaling. J Pathol. (2018) 244:49–60. doi: 10.1002/

path.4988

16. Jang HJ, Boo HJ, Lee HJ, Min HY, Lee HY. Chronic stress facilitates lung

tumorigenesis by promoting exocytosis of IGF2 in lung epithelial cells. Cancer

Res. (2016) 76:6607–19. doi: 10.1158/0008-5472.CAN-16-0990

17. Saul AN, Oberyszyn TM, Daugherty C, Kusewitt D, Jones S, Jewell S, et al.

Chronic stress and susceptibility to skin cancer. J Natl Cancer Inst. (2005)

97:1760–7. doi: 10.1093/jnci/dji401

18. Parker J, Klein SL, McClintock MK, Morison WL, Ye X, Conti CJ, et al.

Chronic stress accelerates ultraviolet-induced cutaneous carcinogenesis. J Am

Acad Dermatol. (2004) 51:919–22. doi: 10.1016/j.jaad.2004.08.042

19. Riley V. Psychoneuroendocrine influences on immunocompetence

and neoplasia. Science. (1981) 212:1100–9. doi: 10.1126/science.7

233204

20. Arnsten AF. Stress weakens prefrontal networks: molecular insults to higher

cognition. Nat Neurosci. (2015) 18:1376–85. doi: 10.1038/nn.4087

21. Jung S, Choe S, Woo H, Jeong H, An HK, Moon H, et al. Autophagic

death of neural stem cells mediates chronic stress-induced decline of adult

hippocampal neurogenesis and cognitive deficits. Autophagy. (2019) 16:512–

30. doi: 10.1080/15548627.2019.1630222

22. Salmaso N, Stevens HE, McNeill J, ElSayed M, Ren Q, Maragnoli ME, et al.

Fibroblast growth factor 2 modulates hypothalamic pituitary axis activity

and anxiety behavior through glucocorticoid receptors. Biol Psychiatry. (2016)

80:479–89. doi: 10.1016/j.biopsych.2016.02.026

Frontiers in Oncology | www.frontiersin.org 8 August 2020 | Volume 10 | Article 1492

https://doi.org/10.1016/S0140-6736(14)60093-3
https://doi.org/10.1038/nrn3918
https://doi.org/10.1053/j.gastro.2008.03.036
https://doi.org/10.1136/gut.47.suppl_4.iv49
https://doi.org/10.1523/JNEUROSCI.0004-11.2011
https://doi.org/10.1038/s41593-017-0010-3
https://doi.org/10.1016/S1470-2045(17)30677-0
https://doi.org/10.1172/JCI121685
https://doi.org/10.1016/j.bbi.2016.06.011
https://doi.org/10.1186/1476-4598-8-30
https://doi.org/10.1126/science.168638
https://doi.org/10.1093/jnci/90.1.12
https://doi.org/10.3892/ijo.2019.4753
https://doi.org/10.1038/s41419-019-2030-2
https://doi.org/10.1002/path.4988
https://doi.org/10.1158/0008-5472.CAN-16-0990
https://doi.org/10.1093/jnci/dji401
https://doi.org/10.1016/j.jaad.2004.08.042
https://doi.org/10.1126/science.7233204
https://doi.org/10.1038/nn.4087
https://doi.org/10.1080/15548627.2019.1630222
https://doi.org/10.1016/j.biopsych.2016.02.026
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Dai et al. Chronic Stress Promotes Cancer Development

23. McKlveen JM, Myers B, Flak JN, Bundzikova J, Solomon MB, Seroogy KB,

et al. Role of prefrontal cortex glucocorticoid receptors in stress and emotion.

Biol Psychiatry. (2013) 74:672–9. doi: 10.1016/j.biopsych.2013.03.024

24. Greten FR, Grivennikov SI. Inflammation and cancer: triggers,

mechanisms, and consequences. Immunity. (2019) 51:27–

41. doi: 10.1016/j.immuni.2019.06.025

25. Yang H, Xia L, Chen J, Zhang S, Martin V, Li Q, et al. Stress-glucocorticoid-

TSC22D3 axis compromises therapy-induced antitumor immunity. Nat Med.

(2019) 25:1428–41. doi: 10.1038/s41591-019-0566-4

26. Curtin NM, Boyle NT, Mills KH, Connor TJ. Psychological stress suppresses

innate IFN-gamma production via glucocorticoid receptor activation: reversal

by the anxiolytic chlordiazepoxide. Brain Behav Immun. (2009) 23:535–

47. doi: 10.1016/j.bbi.2009.02.003

27. Feng Z, Liu L, Zhang C, Zheng T, Wang J, Lin M, et al. Chronic restraint stress

attenuates p53 function and promotes tumorigenesis. Proc Natl Acad Sci USA.

(2012) 109:7013–8. doi: 10.1073/pnas.1203930109

28. Vazquez A, Bond EE, Levine AJ, Bond GL. The genetics of the p53

pathway, apoptosis and cancer therapy. Nat Rev Drug Discov. (2008) 7:979–

87. doi: 10.1038/nrd2656

29. Obradovic MMS, Hamelin B, Manevski N, Couto JP, Sethi A, Coissieux

MM, et al. Glucocorticoids promote breast cancer metastasis. Nature. (2019)

567:540–44. doi: 10.1038/s41586-019-1019-4

30. Cole SW, Nagaraja AS, Lutgendorf SK, Green PA, Sood AK. Sympathetic

nervous system regulation of the tumour microenvironment. Nat Rev Cancer.

(2015) 15:563–72. doi: 10.1038/nrc3978

31. Zahalka AH, Arnal-Estape A, Maryanovich M, Nakahara F, Cruz CD, Finley

LWS, et al. Adrenergic nerves activate an angio-metabolic switch in prostate

cancer. Science. (2017) 358:321–6. doi: 10.1126/science.aah5072

32. Hondermarck H, Jobling P. The sympathetic nervous system

drives tumor angiogenesis. Trends Cancer. (2018) 4:93–

94. doi: 10.1016/j.trecan.2017.11.008

33. Kim-Fuchs C, Le CP, Pimentel MA, Shackleford D, Ferrari D, Angst E, et al.

Chronic stress accelerates pancreatic cancer growth and invasion: a critical

role for beta-adrenergic signaling in the pancreatic microenvironment. Brain

Behav Immun. (2014) 40:40–7. doi: 10.1016/j.bbi.2014.02.019

34. Thaker PH, Han LY, Kamat AA, Arevalo JM, Takahashi R, Lu C, et al. Chronic

stress promotes tumor growth and angiogenesis in a mouse model of ovarian

carcinoma. Nat Med. (2006) 12:939–44. doi: 10.1038/nm1447

35. Renz BW, Takahashi R, Tanaka T, Macchini M, Hayakawa Y, Dantes Z, et al.

β2 Adrenergic-neurotrophin feedforward loop promotes pancreatic cancer.

Cancer Cell. (2018) 33:75–90.e7. doi: 10.1016/j.ccell.2017.11.007

36. Armaiz-Pena GN, Allen JK, Cruz A, Stone RL, Nick AM, Lin YG, et al. Src

activation by beta-adrenoreceptors is a key switch for tumour metastasis. Nat

Commun. (2013) 4:1403. doi: 10.1038/ncomms2413

37. Guarino M. Src signaling in cancer invasion. J Cell Physiol. (2010) 223:14–

26. doi: 10.1002/jcp.22011

38. Hara MR, Kovacs JJ, Whalen EJ, Rajagopal S, Strachan RT, Grant

W, et al. A stress response pathway regulates DNA damage

through beta2-adrenoreceptors and beta-arrestin-1. Nature. (2011)

477:349–53. doi: 10.1038/nature10368

39. Landen CN Jr, Lin YG, Armaiz Pena GN, Das PD, Arevalo JM,

Kamat AA, et al. Neuroendocrine modulation of signal transducer and

activator of transcription-3 in ovarian cancer. Cancer Res. (2007) 67:10389–

96. doi: 10.1158/0008-5472.CAN-07-0858

40. Apte RS, Chen DS, Ferrara N. VEGF in signaling and disease:

beyond discovery and development. Cell. (2019) 176:1248–

64. doi: 10.1016/j.cell.2019.01.021

41. Zhang D, Ma Q, Wang Z, Zhang M, Guo K, Wang F, et al. β2-

adrenoceptor blockage induces G1/S phase arrest and apoptosis in

pancreatic cancer cells via Ras/Akt/NFkappaB pathway. Mol Cancer. (2011)

10:146. doi: 10.1186/1476-4598-10-146

42. Hassan S, Karpova Y, Baiz D, Yancey D, Pullikuth A, Flores A, et al. Behavioral

stress accelerates prostate cancer development in mice. J Clin Invest. (2013)

123:874–86. doi: 10.1172/JCI63324

43. Arranz A, Venihaki M, Mol B, Androulidaki A, Dermitzaki E,

Rassouli O, et al. The impact of stress on tumor growth: peripheral

CRF mediates tumor-promoting effects of stress. Mol Cancer. (2010)

9:261. doi: 10.1186/1476-4598-9-261

44. Frick LR, Rapanelli M, Bussmann UA, Klecha AJ, Arcos ML, Genaro AM,

et al. Involvement of thyroid hormones in the alterations of T-cell immunity

and tumor progression induced by chronic stress. Biol Psychiatry. (2009)

65:935–42. doi: 10.1016/j.biopsych.2008.12.013

45. Bondar T, Medzhitov R. The origins of tumor-promoting inflammation.

Cancer Cell. (2013) 24:143–4. doi: 10.1016/j.ccr.2013.07.016

46. Niraula A, Wang Y, Godbout JP, Sheridan JF. Corticosterone

production during repeated social defeat causes monocyte

mobilization from the bone marrow, glucocorticoid resistance, and

neurovascular adhesion molecule expression. J Neurosci. (2018)

38:2328–40. doi: 10.1523/JNEUROSCI.2568-17.2018

47. Wohleb ES, Hanke ML, Corona AW, Powell ND, Stiner LM, Bailey MT,

et al. β-Adrenergic receptor antagonism prevents anxiety-like behavior and

microglial reactivity induced by repeated social defeat. J Neurosci. (2011)

31:6277–88. doi: 10.1523/JNEUROSCI.0450-11.2011

48. Hanke ML, Powell ND, Stiner LM, Bailey MT, Sheridan JF. Beta adrenergic

blockade decreases the immunomodulatory effects of social disruption stress.

Brain Behav Immun. (2012) 26:1150–9. doi: 10.1016/j.bbi.2012.07.011

49. Antoni MH, Lutgendorf SK, Blomberg B, Carver CS, Lechner S, Diaz

A, et al. Cognitive-behavioral stress management reverses anxiety-

related leukocyte transcriptional dynamics. Biol Psychiatry. (2012)

71:366–72. doi: 10.1016/j.biopsych.2011.10.007

50. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer.

Cell. (2010) 140:883–99. doi: 10.1016/j.cell.2010.01.025

51. Lin WW, Karin M. A cytokine-mediated link between innate

immunity, inflammation, and cancer. J Clin Invest. (2007)

117:1175–83. doi: 10.1172/JCI31537

52. El-Kenawi A, Ruffell B. Inflammation, ROS, and mutagenesis. Cancer Cell.

(2017) 32:727–9. doi: 10.1016/j.ccell.2017.11.015

53. Karin M, Greten FR. NF-kappaB: linking inflammation and immunity to

cancer development and progression. Nat Rev Immunol. (2005) 5:749–

59. doi: 10.1038/nri1703

54. Karin M. Nuclear factor-kappaB in cancer development and progression.

Nature. (2006) 441:431–6. doi: 10.1038/nature04870

55. Taniguchi K, Karin M. NF-kappaB, inflammation, immunity and cancer:

coming of age.Nat Rev Immunol. (2018) 18:309–24. doi: 10.1038/nri.2017.142

56. Hodge DR, Hurt EM, FarrarWL. The role of IL-6 and STAT3 in inflammation

and cancer. Eur J Cancer. (2005) 41:2502–12. doi: 10.1016/j.ejca.2005.08.016

57. Segerstrom SC, Miller GE. Psychological stress and the human immune

system: a meta-analytic study of 30 years of inquiry. Psychol Bull. (2004)

130:601–30. doi: 10.1037/0033-2909.130.4.601

58. Reiche EM, Nunes SO, Morimoto HK. Stress, depression,

the immune system, and cancer. Lancet Oncol. (2004) 5:617–

25. doi: 10.1016/S1470-2045(04)01597-9

59. Muthuswamy R, Okada NJ, Jenkins FJ, McGuire K, McAuliffe PF, Zeh

HJ, et al. Epinephrine promotes COX-2-dependent immune suppression

in myeloid cells and cancer tissues. Brain Behav Immun. (2017) 62:78–

86. doi: 10.1016/j.bbi.2017.02.008

60. Le CP, Nowell CJ, Kim-Fuchs C, Botteri E, Hiller JG, Ismail H, et al.

Chronic stress in mice remodels lymph vasculature to promote tumour cell

dissemination. Nat Commun. (2016) 7:10634. doi: 10.1038/ncomms10634

61. Vodicka M, Ergang P, Hrncir T, Mikulecka A, Kvapilova P, Vagnerova K, et al.

Microbiota affects the expression of genes involved in HPA axis regulation

and local metabolism of glucocorticoids in chronic psychosocial stress. Brain

Behav Immun. (2018) 73:615–24. doi: 10.1016/j.bbi.2018.07.007

62. Cryan JF, O’Riordan KJ, Cowan CSM, Sandhu KV, Bastiaanssen TFS,

Boehme M, et al. The microbiota-gut-brain axis. Physiol Rev. (2019) 99:1877–

2013. doi: 10.1152/physrev.00018.2018

63. Farzi A, Frohlich EE, Holzer P. Gut microbiota and the neuroendocrine

system. Neurotherapeutics. (2018) 15:5–22. doi: 10.1007/s13311-017-0600-5

64. O’Mahony SM, Marchesi JR, Scully P, Codling C, Ceolho AM, Quigley

EM, et al. Early life stress alters behavior, immunity, and microbiota in

rats: implications for irritable bowel syndrome and psychiatric illnesses. Biol

Psychiatry. (2009) 65:263–7. doi: 10.1016/j.biopsych.2008.06.026

65. Biondi M, Peronti M, Pacitti F, Pancheri P, Pacifici R, Altieri I, et al.

Personality, endocrine and immune changes after eight months in healthy

individuals under normal daily stress. Psychother Psychosom. (1994) 62:176–

84. doi: 10.1159/000288920

Frontiers in Oncology | www.frontiersin.org 9 August 2020 | Volume 10 | Article 1492

https://doi.org/10.1016/j.biopsych.2013.03.024
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1038/s41591-019-0566-4
https://doi.org/10.1016/j.bbi.2009.02.003
https://doi.org/10.1073/pnas.1203930109
https://doi.org/10.1038/nrd2656
https://doi.org/10.1038/s41586-019-1019-4
https://doi.org/10.1038/nrc3978
https://doi.org/10.1126/science.aah5072
https://doi.org/10.1016/j.trecan.2017.11.008
https://doi.org/10.1016/j.bbi.2014.02.019
https://doi.org/10.1038/nm1447
https://doi.org/10.1016/j.ccell.2017.11.007
https://doi.org/10.1038/ncomms2413
https://doi.org/10.1002/jcp.22011
https://doi.org/10.1038/nature10368
https://doi.org/10.1158/0008-5472.CAN-07-0858
https://doi.org/10.1016/j.cell.2019.01.021
https://doi.org/10.1186/1476-4598-10-146
https://doi.org/10.1172/JCI63324
https://doi.org/10.1186/1476-4598-9-261
https://doi.org/10.1016/j.biopsych.2008.12.013
https://doi.org/10.1016/j.ccr.2013.07.016
https://doi.org/10.1523/JNEUROSCI.2568-17.2018
https://doi.org/10.1523/JNEUROSCI.0450-11.2011
https://doi.org/10.1016/j.bbi.2012.07.011
https://doi.org/10.1016/j.biopsych.2011.10.007
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1172/JCI31537
https://doi.org/10.1016/j.ccell.2017.11.015
https://doi.org/10.1038/nri1703
https://doi.org/10.1038/nature04870
https://doi.org/10.1038/nri.2017.142
https://doi.org/10.1016/j.ejca.2005.08.016
https://doi.org/10.1037/0033-2909.130.4.601
https://doi.org/10.1016/S1470-2045(04)01597-9
https://doi.org/10.1016/j.bbi.2017.02.008
https://doi.org/10.1038/ncomms10634
https://doi.org/10.1016/j.bbi.2018.07.007
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1007/s13311-017-0600-5
https://doi.org/10.1016/j.biopsych.2008.06.026
https://doi.org/10.1159/000288920
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Dai et al. Chronic Stress Promotes Cancer Development

66. Antoni MH, Dhabhar FS. The impact of psychosocial stress and stress

management on immune responses in patients with cancer. Cancer. (2019)

125:1417–31. doi: 10.1002/cncr.31943

67. Bird W, Adamo G, Pitini E, Gray M, Jani A. Reducing chronic stress

to promote health in adults: the role of social prescriptions and social

movements. J R Soc Med. (2020) 113:105–9. doi: 10.1177/01410768198

90547

68. Wootten AC, Abbott JA, Meyer D, Chisholm K, Austin DW, Klein B, et al.

Preliminary results of a randomised controlled trial of an online psychological

intervention to reduce distress in men treated for localised prostate cancer.

Eur Urol. (2015) 68:471–9. doi: 10.1016/j.eururo.2014.10.024

69. Breitbart W, Rosenfeld B, Pessin H, Applebaum A, Kulikowski J, Lichtenthal

WG. Meaning-centered group psychotherapy: an effective intervention for

improving psychological well-being in patients with advanced cancer. J Clin

Oncol. (2015) 33:749–54. doi: 10.1200/JCO.2014.57.2198

70. Carayol M, Bernard P, Boiche J, Riou F, Mercier B, Cousson-Gelie F, et al.

Psychological effect of exercise in women with breast cancer receiving

adjuvant therapy: what is the optimal dose needed?AnnOncol. (2013) 24:291–

300. doi: 10.1093/annonc/mds342

71. Rodin G, Lo C, Rydall A, Shnall J, Malfitano C, Chiu A, et al. Managing

cancer and living meaningfully (CALM): a randomized controlled trial of a

psychological intervention for patients with advanced cancer. J Clin Oncol.

(2018) 36:2422–32. doi: 10.1200/JCO.2017.77.1097

72. Witek Janusek L, Tell D, Mathews HL. Mindfulness based stress reduction

provides psychological benefit and restores immune function of women newly

diagnosed with breast cancer: a randomized trial with active control. Brain

Behav Immun. (2019) 80:358–73. doi: 10.1016/j.bbi.2019.04.012

73. Lengacher CA, Reich RR, Paterson CL, Ramesar S, Park JY, Alinat

C, et al. Examination of broad symptom improvement resulting from

mindfulness-based stress reduction in breast cancer survivors: a randomized

controlled trial. J Clin Oncol. (2016) 34:2827–34. doi: 10.1200/JCO.2015.

65.7874

74. Chambers SK, Occhipinti S, Foley E, Clutton S, Legg M, Berry M,

et al. Mindfulness-based cognitive therapy in advanced prostate

cancer: a randomized controlled trial. J Clin Oncol. (2017)

35:291–7. doi: 10.1200/JCO.2016.68.8788

75. Xu L, Stevens J, Hilton MB, Seaman S, Conrads TP, Veenstra TD,

et al. COX-2 inhibition potentiates antiangiogenic cancer therapy

and prevents metastasis in preclinical models. Sci Transl Med. (2014)

6:242ra84. doi: 10.1126/scitranslmed.3008455

76. Moreno-Smith M, Lu C, Shahzad MM, Pena GN, Allen JK, Stone RL, et al.

Dopamine blocks stress-mediated ovarian carcinoma growth.Clin Cancer Res.

(2011) 17:3649–59. doi: 10.1158/1078-0432.CCR-10-2441

77. Cain DW, Cidlowski JA. Immune regulation by glucocorticoids. Nat Rev

Immunol. (2017) 17:233–47. doi: 10.1038/nri.2017.1

78. Nilsson MB, Le X, Heymach JV. β-Adrenergic signaling in lung cancer: A

potential role for beta-blockers. J Neuroimmune Pharmacol. (2020) 15:27–

36. doi: 10.1007/s11481-019-09891-w

79. Ricon I, Hanalis-Miller T, Haldar R, Jacoby R, Ben-Eliyahu S. Perioperative

biobehavioral interventions to prevent cancer recurrence through combined

inhibition of beta-adrenergic and cyclooxygenase 2 signaling. Cancer. (2019)

125:45–56. doi: 10.1002/cncr.31594

80. Ramondetta LM, Hu W, Thaker PH, Urbauer DL, Chisholm GB, Westin

SN, et al. Prospective pilot trial with combination of propranolol with

chemotherapy in patients with epithelial ovarian cancer and evaluation on

circulating immune cell gene expression. Gynecol Oncol. (2019) 154:524–

30. doi: 10.1016/j.ygyno.2019.07.004

81. Chaudhary KR, Yan SX, Heilbroner SP, Sonett JR, Stoopler MB, Shu C,

et al. Effects of beta-adrenergic antagonists on chemoradiation therapy

for locally advanced non-small cell lung cancer. J Clin Med. (2019)

8:575. doi: 10.3390/jcm8050575

82. Haldar R, Shaashua L, Lavon H, Lyons YA, Zmora O, Sharon E, et al.

Perioperative inhibition of beta-adrenergic and COX2 signaling in a clinical

trial in breast cancer patients improves tumor Ki-67 expression, serum

cytokine levels, and PBMCs transcriptome. Brain Behav Immun. (2018)

73:294–309. doi: 10.1016/j.bbi.2018.05.014

83. Spera G, Fresco R, Fung H, Dyck JRB, Pituskin E, Paterson I, et al. Beta

blockers and improved progression-free survival in patients with advanced

HER2 negative breast cancer: a retrospective analysis of the ROSE/TRIO-012

study. Ann Oncol. (2017) 28:1836–41. doi: 10.1093/annonc/mdx264

84. Shaashua L, Shabat-Simon M, Haldar R, Matzner P, Zmora O, Shabtai M,

et al. Perioperative COX-2 and beta-adrenergic blockade improves metastatic

biomarkers in breast cancer patients in a phase-II randomized trial. Clin

Cancer Res. (2017) 23:4651–61. doi: 10.1158/1078-0432.CCR-17-0152

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Dai, Mo, Wang, Xiang, Liao, Zhou, Li, Li, Xiong, Li, Guo and

Zeng. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 10 August 2020 | Volume 10 | Article 1492

https://doi.org/10.1002/cncr.31943
https://doi.org/10.1177/0141076819890547
https://doi.org/10.1016/j.eururo.2014.10.024
https://doi.org/10.1200/JCO.2014.57.2198
https://doi.org/10.1093/annonc/mds342
https://doi.org/10.1200/JCO.2017.77.1097
https://doi.org/10.1016/j.bbi.2019.04.012
https://doi.org/10.1200/JCO.2015.65.7874
https://doi.org/10.1200/JCO.2016.68.8788
https://doi.org/10.1126/scitranslmed.3008455
https://doi.org/10.1158/1078-0432.CCR-10-2441
https://doi.org/10.1038/nri.2017.1
https://doi.org/10.1007/s11481-019-09891-w
https://doi.org/10.1002/cncr.31594
https://doi.org/10.1016/j.ygyno.2019.07.004
https://doi.org/10.3390/jcm8050575
https://doi.org/10.1016/j.bbi.2018.05.014
https://doi.org/10.1093/annonc/mdx264
https://doi.org/10.1158/1078-0432.CCR-17-0152~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Chronic Stress Promotes Cancer Development
	Introduction
	Stress Hormones Promote Tumorigenesis and Cancer Development
	Classical Corticosteroids and Catecholamines
	CRF and Thyroid Hormone

	Chronic Stress Enhances Inflammation to Promote Tumor Development
	Chronic Stress Promotes Tumorigenesis and Cancer Development by Suppressing Immunity
	Conclusions and Future Perspectives
	Author Contributions
	Funding
	References


