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Abstract 

Chronic stress is defined as a prolonged state of emotional disturbance and psychological strain 
resulting from an inability to maintain internal homeostasis. It is recognized as a significant risk factor 
for breast cancer, primarily through the chronic activation of the sympathetic nervous system and 
the hypothalamic-pituitary-adrenal axis. This neuroendocrine activation leads to elevated systemic 
levels of epinephrine, norepinephrine, and glucocorticoids. By binding to their respective adrenergic 
and glucocorticoid receptors, these hormones disrupt immune homeostasis and exacerbate oxidative 
stress within the tumor microenvironment. Such physiological shifts promote critical oncogenic 
processes, including angiogenesis and tumor cell proliferation, thereby driving the development, 
progression, and distant metastasis of breast cancer. Mastication, or the act of chewing, serves as a 
practical and effective behavioral strategy for modulating the deleterious effects of chronic 
psychological stress. Recent animal studies have provided compelling evidence that chewing can 
attenuate excessive stress responses. Specifically, it has been shown to mitigate stress-induced breast 
cancer progression and metastasis by modulating the expression of stress hormones, their 
corresponding receptors, and key downstream signaling pathways. These findings suggest that the 
rhythmic activity of chewing may exert a protective effect against stress-related tumor exacerbation. 
Consequently, further clinical research is warranted to determine whether chewing interventions can 
serve as a viable complementary strategy alongside conventional breast cancer prevention and 
treatment protocols. 

Keywords: chronic psychological stress; oxidative stress; mastication; glucocorticoid; 
norepinephrine; breast cancer; hypothalamic-pituitary-adrenal axis; sympathetic nervous system 
 

1. Introduction 

Cancer remains a leading cause of global morbidity and mortality, accounting for approximately 
one in six deaths. Among women, breast cancer is the most prevalent malignancy, with an estimated 
2.3 million new cases and 670,000 deaths reported in 2022 [1]. Its pathogenesis is multifactorial, driven 
by a complex interplay of genetic and environmental factors. Established risk factors include a 
positive family history, BRCA1 and BRCA2 mutations, prolonged estrogen exposure, and lifestyle 
factors such as alcohol consumption, physical inactivity, and obesity [2]. Beyond these conventional 
factors, growing evidence underscores the role of chronic psychological stress in breast cancer 
initiation, progression, and metastasis [3–5]. The association between chronic stress and breast cancer 
was recognized as early as 200 CE, when Galen observed a higher incidence of malignancy in women 
with melancholia [6]. Since then, numerous studies have explored the biological mechanisms through 
which psychosocial factors influence oncogenesis [7–9]. Persistent stress, arising from life events such 
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as occupational strain, financial hardship, chronic illness, or interpersonal conflict, induces long-term 
physiological alterations that extend beyond the transient responses seen in acute stress.  

Psychophysiological models suggest that chronic stress facilitates breast cancer development 
and progression primarily through neuroendocrine and immune dysregulation. Persistent stress 
activates both the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system 
(SNS) [10,11], leading to sustained elevations in glucocorticoids (GCs), epinephrine, and 
norepinephrine (NE). These stress hormones impair immune surveillance and create a permissive 
environment for tumor growth and dissemination [12,13]. GCs modulate metabolism, immune 
signaling, and circadian rhythms, while the activation of β-adrenergic receptors (β-ARs) promotes 
angiogenesis, invasion, and metastasis. Notably, β-adrenergic blockers have been shown to slow the 
progression of breast cancer and improve clinical outcomes [14], highlighting the importance of this 
pathway.  

Given its pervasive nature, chronic psychological stress represents a critical yet frequently 
overlooked factor in breast cancer management. Consequently, effective stress-reduction strategies 
may be vital for mitigating cancer progression [15]. Of particular interest, recent evidence identifies 
mastication, or chewing, as a beneficial stress-coping behavior [16–18]. Under stressful conditions, 
chewing appears to alleviate physiological disturbances by attenuating HPA axis and noradrenergic 
overactivity. However, few systematic reviews have specifically addressed the impact of chewing 
behavior on cancer progression in the context of chronic stress. This review aims to summarize 
current knowledge regarding the effects of chewing on chronic psychological stress and explore its 
potential as a complementary strategy for managing stress-related breast cancer through the 
modulation of neuroendocrine and immune pathways. 

2. General Overview of Breast Cancer 

Breast cancer is fundamentally characterized by the uncontrolled proliferation of malignant cells 
within breast tissue. Although it occurs in men, it remains the most common form of malignancy in 
women. Invasive ductal carcinoma and invasive lobular carcinoma are the two predominant 
histological subtypes, originating in the milk ducts and lobules, respectively [2]. The pathogenesis of 
breast cancer is a complex, multistep process that remains only partially understood. Globally, it 
represents a substantial health burden, accounting for approximately one-third of all female 
malignancies and nearly 15% of cancer-related deaths in women worldwide [1,19]. Incidence 
increases markedly with advancing age, particularly after puberty. Despite significant advancements 
in diagnostics and therapeutics, breast cancer remains a critical challenge due to its pronounced 
heterogeneity, variable clinical course, and intricate molecular mechanisms. This disease 
encompasses multiple molecular subtypes, reflecting its multifactorial etiology and diverse biological 
pathways [2,20].   

The etiology of breast cancer involves a multifactorial interplay of genetic, hormonal, 
environmental, and behavioral determinants. Non-modifiable factors include increasing age, female 
sex, family history, and specific germline mutations, most notably high-penetrance mutations in 
BRCA1 or BRCA2 [2,20]. Hormonal and reproductive factors, such as prolonged estrogen exposure, 
early menarche, nulliparity, and late menopause, are also well-established risks. Conversely, 
modifiable risk factors include obesity, sedentary behavior, alcohol consumption, smoking, and 
exposure to ionizing radiation [19–25]. A comprehensive understanding of these categories is 
essential for informing effective prevention and management strategies. 

In addition to these conventional factors, emerging evidence suggests that long-term 
psychological stress contributes significantly to breast cancer development [5,7,8]. Persistent 
activation of the HPA axis and the SNS under chronic stress leads to sustained elevations of GCs and 
NE [7,9]. These stress hormones bind to their respective receptors, the glucocorticoid receptor (GR) 
and β-AR, thereby promoting tumor initiation, growth, and metastasis via neuroendocrine and 
immunological pathways. Elucidating the processes through which stress-related pathways interact 
with genetic, hormonal, and environmental factors provides a more integrated understanding of 
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tumor biology. Therefore, a rigorous investigation of these interrelated factors is essential for 
developing effective prevention strategies and identifying reliable biomarkers and novel therapeutic 
targets to improve patient outcomes and reduce the global burden of breast cancer. 

3. Stress and Stress Responses 

Stress is defined as the non-specific response of the body to any demand for change, a syndrome 
initially characterized by Hans Selye as being triggered by various noxious agents [26]. It 
encompasses physiological and psychological responses to internal or external challenges, known as 
stressors, that threaten homeostasis. Stressors may be physical (e.g., pathogens, radiation, and noise) 
or psychological (e.g., social conflict and emotional burden). In response, the body activates 
coordinated behavioral and physiological mechanisms to restore homeostatic balance and ensure 
survival. 

The stress response involves multiple interconnected systems, including the HPA axis, SNS, and 
the neuroendocrine and immune systems, alongside neural circuits such as the locus coeruleus-
norepinephrine system. These systems release mediators that act on receptors in both the brain and 
peripheral tissues to initiate adaptive responses [10,27–29]. The HPA axis serves as a central regulator 
of the stress response. Corticotropin-releasing hormone (CRH), secreted by the hypothalamus [28,29], 
stimulates the anterior pituitary gland to release adrenocorticotropic hormone (ACTH), which in turn 
induces the secretion of GCs from the adrenal cortex. While essential for coping with acute stress, 
chronic activation of the HPA axis can result in dysregulated GC secretion (Figure 1). As primary 
stress hormones, GCs bind to GR and play critical roles in diverse biological processes, including the 
regulation of immune responses, metabolism, and inflammation [30–32]. 

Selye described the stress response as the general adaptation syndrome, which progresses 
through three phases: (1) alarm, characterized by acute physiological changes; (2) resistance, during 
which the body attempts to adapt to the persistent stressor; and (3) exhaustion, where prolonged 
stress overwhelms adaptive capacity, leading to systemic dysfunction [26,33]. Recent animal studies 
have demonstrated that pathologically elevated GC levels and in-creased GR expression are causally 
associated with enhanced angiogenesis, cancer cell proliferation, accelerated tumor progression, and 
metastasis [34,35]. 

 

Figure 1. Illustration of the stress response. CRH secreted by the hypothalamus, stimulates the pituitary to 
release ACTH, which in turn induces the secretion GC from the adrenal cortex. GCs exert negative feedback 
control on the secretion of both CRH and ACTH. In addition, the hypothalamus activates the SNS and the 
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adrenal medulla, leading to the secretion of epinephrine and norepinephrine. ACTH: adrenocorticotropic 
hormone; CRH: corticotropin-releasing hormone; GC: glucocorticoid; SNS: sympathetic nervous system. 

The SNS further contributes to the stress response by releasing catecholamines, specifically 
epinephrine and NE (Figure 1). These neurotransmitters exert context-dependent effects on the 
immune system [30,36]. While acute SNS activation can enhance innate immunity, prolonged activity 
impairs the adaptive immune responses. Chronic catecholamine exposure reduces T cell receptor 
expression and suppresses the function of CD4+ and CD8+ T cells, thereby diminishing immune 
surveillance [37,38]. Overall, prolonged stress disrupts immune homeostasis. Elevated GC levels 
suppress key immune functions, alter cytokine profiles, and reduce the population and cytotoxic 
activity of T cells and natural killer (NK) cells. This dysregulation weakens host defenses, increasing 
susceptibility to infection and potentially driving the progression of cancer and chronic inflammatory 
diseases. 

Chronic stress induces oxidative stress, characterized by an imbalance between the systemic 
production of reactive oxygen species (ROS) and the capacity of antioxidant defenses to neutralize 
these intermediates or repair the resulting damage [39]. This imbalance leads to the excessive 
accumulation of ROS, resulting in the oxidative modification of cellular components, including lipids, 
proteins and DNA. Elevated ROS levels perturb redox homeostasis and disrupt normal cellular 
functions. Evidence suggests that chronic stress increases the production of ROS and reactive 
nitrogen species (RNS) through elevated GC and NE levels acting via GRs and β2-ARs. The resulting 
increases in ROS and RNS levels induce DNA damage and promote oncogenic transformation [39,40]. 

4. Chronic Stress Acts as a Risk Factor for Breast Cancer 

Chronic psychological stress is increasingly recognized as a global health concern due to its 
impact on multiple physiological processes. Long-term stress is implicated in the pathogenesis of 
numerous conditions, including dementia, cardiovascular disease, gastric ulcers, obesity, diabetes, 
metabolic syndrome, osteoporosis, arthritis, and neurodegenerative diseases. Therefore, effective 
stress management is essential for preventing and treating stress-related disorders, including breast 
cancer.  

Animal studies have confirmed that chronic stress leads to persistent activation of the HPA axis 
and SNS, resulting in elevated levels of GCs and NE. These stress hormones bind to their respective 
receptors, the GR and β-ARs, promoting tumor progression through diverse signaling pathways 
(Figure 2). Specifically, chronic activation of β₂-ARs has been shown to enhance angiogenesis [36,37], 
the epithelial-to-mesenchymal transition (EMT) [41], and metastasis via the AKT-p53 and plexin A1 
pathways [10]. Preclinical data indicate that sympathetic activation promotes tumor progression, 
whereas parasympathetic stimulation exerts inhibitory effects [42]. Clinical studies further suggest 
that β-blockers may reduce cancer recurrence and metastasis [43], although large-scale trials are 
required to confirm their efficacy.  

GCs act via GRs to regulate immune responses [30,44], inflammation [32], and metabolism [31]. 
Long-term exposure to cortisol decreases T cell activity and proliferation, thereby reducing the body’s 
capacity to mount an effective immune response [44]. Sustained SNS activation simultaneously 
impairs T cell responses, further dysregulating immune function. Continued exposure to 
catecholamines causes the downregulation of CD4+ and CD8+ T cell receptor expression, resulting in 
reduced activation and proliferation. Such dysregulation weakens the adaptive immune response, 
leading to significant clinical implications [38].  

Furthermore, chronic psychological stress impairs the immune system’s ability to produce 
antibodies, rendering individuals more vulnerable to infections. Moreover, it serves as a potent 
trigger for systemic inflammation [32,45], increasing levels of pro-inflammatory cytokines, such as 
interleukin-1β (IL-1β), IL-6, and tumor necrosis factor-α (TNF-α) [44]. Studies suggest that long-term 
stress alters cytokine signaling, contributing to chronic inflammation, which is closely associated with 
breast cancer progression. While acute GC activity is typically anti-inflammatory, prolonged GR 
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activation paradoxically promotes a pro-inflammatory tumor microenvironment, angiogenesis, and 
resistance to apoptosis [34,35,46,47]. Furthermore, sustained GC exposure stimulates estrogen 
biosynthesis via aromatase activation, further promoting tumor growth and correlating with a poor 
prognosis [48].  

 
Figure 2. A simplified diagram illustrates the relationship among chewing, chronic stress, and stress-related 
breast cancer. Chronic stress leads to elevated levels of GC and NE, through binding to their respective receptors, 
the GR and AR, disrupt immune homeostasis, trigger inflammation, and increase oxidative stress. These 
alterations promote angiogenesis, cancer cell proliferation, and ultimately the development, progression and 
metastasis of breast cancer. In contrast, chewing attenuates stress responses and mitigates the promotive effects 
of chronic stress on breast cancer progression, and lung metastasis. AR; adrenergic receptor; GC; glucocorticoid; 
GR; glucocorticoid receptor; NE; norepinephrine. 

In addition to inflammatory changes, chronic stress disrupts immune homeostasis by impairing 
CD4+, CD8+, and NK cell functions, while promoting the expansion of regulatory T cells (Tregs) via 
the TGF-β1/Smad2/3/Foxp3 axis [48,49]. These immunosuppressive effects facilitate tumor escape 
and metastasis. Stress-induced activation of β-adrenergic and GR signaling also enhances the 
recruitment of myeloid-derived suppressor cells (MDSCs) and tumor-associated macrophages 
(TAMs). These TAMs secrete CXCL1 via GR and β-adrenergic activation, by binding to the CXCR2 
receptor, CXCL1 facilitates the mobilization of splenic MDSCs to distant organs, such as the lungs, 
establishing premetastatic niches (PMNs). Additionally, TAMs secrete IL-10, matrix 
metalloproteinase-2 (MMP-2), MMP-9, and vascular endothelial growth factor (VEGF), further 
driving progression [5,50].  

Furthermore, chronic stress exerts hyperglycemic and obesogenic effects, both of which are 
associated with increased cancer risk. Stress-induced elevation of NE and GCs can also polarize 
macrophages into an M2-like phenotype, which secretes prostaglandin E2, upregulates VEGF, and 
induces neovascularization. These M2-like TAMs facilitate cancer cell escape by secreting high levels 
of IL-10 and MMP-9 while impairing macrophage-mediated clearance of cancer cells [51]. Chronic 
stress also reshapes the lung microenvironment by inducing fibronectin accumulation, suppressing 
T-cell infiltration, and enhancing neutrophil recruitment. This stress response disrupts neutrophil 
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circadian rhythms and triggers neutrophil extracellular trap (NET) formation through glucocorticoid 
signaling. Consequently, glucocorticoids released during chronic stress facilitate NETs, creating a 
niche conducive to metastasis [52].  

Accumulating evidence suggests that oxidative stress is a major contributor to stress-induced 
oncogenesis. Chronic psychological stress increases the production of ROS and RNS by elevating GC 
levels and β₂-AR activation [34,35,53]. These molecules induce DNA damage and promote oncogenic 
transformation. Key mediators include inducible nitric oxide synthase (iNOS) and 4-hydroxynonenal 
(4-HNE), which facilitate angiogenesis, EMT, and metastasis [38,39,54]. Conversely, the antioxidant 
enzyme mitochondrial superoxide dismutase 2 (SOD2) protects cells from such damage [55]. Animal 
experiments have shown that chronic restraint stress significantly elevates iNOS and 4-HNE levels, 
while decreasing SOD2 expression in breast cancer tissue, suggesting that oxidative stress 
significantly enhances tumor proliferation. Taken together, chronic psychological stress promotes 
breast cancer progression and metastasis by dysregulating neuroendocrine, immune, and oxidative 
pathways. These interactions, primarily mediated by the HPA axis and SNS via GC/GR and NE/β₂-
AR signaling, create a permissive environment for angiogenesis, immunosuppression, and metastatic 
niche formation.  

Human studies have revealed that psychological stress significantly increases salivary amylase 
(a sympathetic nervous system stress marker) and cortisol levels [56]. Furthermore, case-control 
studies demonstrate that patients with periodontitis exhibit significantly higher stress and elevated 
salivary cortisol levels, highlighting a potential link between psychological stress, cortisol secretion, 
and periodontal disease [57,58]. Compared to patients with other malignancies, those with breast 
cancer often experience higher levels of psychological distress arising from life-threatening diagnoses, 
physical alterations, treatment side effects, and social dysfunction [59]. These factors frequently lead 
to anxiety, depression, and insomnia. Accumulating evidence indicates that chronic psychological 
stress contributes to breast cancer development, progression, and metastasis through neuroendocrine 
and immune regulatory mechanisms [3,4]. A cohort study revealed that women with a history of 
chronic stress had a significantly higher prevalence of being overweight and exhibited a greater 
incidence of aggressive breast cancer subtype, which could potentially be linked to compromised 
immunosurveillance [60]. Additionally, a clinical study provided substantial evidence indicating that 
familial breast cancer risk acts as a chronic life stressor, associated with higher levels of self-reported 
distress [61]. 

5. Chewing Attenuates Promotion of Breast Cancer by Chronic Stress 

Masticatory function plays a critical role in maintaining nutritional status, overall health, and 
cognitive function. Tooth loss and the resulting decline in masticatory performance not only impair 
daily activities but also increase the risk of dementia. Persistent masticatory dysfunction activates the 
SNS and the HPA axis, thereby elevating circulating NE and GC levels. These stress hormones act on 
their respective receptors, eliciting metabolic, physiological, and behavioral responses [16,17].  

Animal studies have demonstrated that occlusal disharmony and bite-raising conditions induce 
excessive HPA activation and elevate GC levels [62,63]. Similarly, tooth extraction and masticatory 
dysfunction impair hippocampal-dependent spatial memory, indicating that chewing plays an 
important role in maintaining hippocampal cognitive function [64]. Early work by Vincent et al. 
showed that rats allowed to chew during restraint- and water-immersion stress developed fewer 
gastric lesions than those exposed to stress alone, suggesting that trigeminal afferent input during 
chewing activates mechanisms that attenuate stress responses [65]. Spatial cognitive function is 
primarily controlled by the hippocampus, which is highly sensitive to stress and is among the first 
brain regions to undergo structural and functional changes. Animal studies have further 
demonstrated that stress-induced elevations in corticosterone levels impair hippocampus-dependent 
learning and memory, whereas chewing ameliorates these stress-induced cognitive deficits [66].  

Miyake et al. reported that rodents provided with wooden sticks to chew during immobilization 
stress exhibited attenuated suppression of spatial memory and preserved GR expression in the 
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hippocampus [67]. Chronic stress typically downregulates hippocampal GRs, impairing the negative 
feedback control of the HPA axis. Chewing during immobilization stress ameliorates stress-induced 
impairments in N-methyl-D-aspartate (NMDA) receptor-mediated long-term potentiation (LTP), 
possibly through the activation of histamine H1 receptors [68]. 

Osteoporosis is a skeletal disorder characterized by reduced bone mass and microstructural 
deterioration, which increases the risk of fracture [69]. Evidence from animal and human studies 
indicates a link between chronic mild stress and bone loss. Chewing under chronic stress conditions 
prevents elevations in plasma GC and NE levels, thereby reducing osteoclast-mediated bone 
resorption, promoting osteoblast-mediated bone formation, and improving trabecular 
microarchitecture and bone strength [70].  

In whole-brain analyses, Ono et al. found that glucose uptake in the hypothalamus increased 
significantly under stress but normalized when chewing occurred during stress [71]. Concurrent 
measurements of plasma corticosterone levels confirmed that chewing markedly counteracted the 
stress-induced elevation in corticosterone levels. A region-of-interest analysis revealed a significant 
reduction in glucose uptake in the paraventricular nucleus (PVN) of the hypothalamus [71]. Okada 
et al. reported that restraint stress increases blood pressure, heart rate, and core temperature in rats, 
all of which are significantly suppressed when chewing occurs during stress [72]. Similarly, Koizumi 
et al. showed that chewing during immobilization stress ameliorated stress-induced increases in 
circulating NE levels, as well as reducing the incidence of post-stress arrhythmias associated with 
sympathetic hyperactivity [73].  

How does chewing under stress suppress the SNS and HPA axis activity? The stress-
ameliorating effects of chewing likely involve integrated mechanisms between the HPA axis, SNS, 
and the amygdala-the emotional center responsible for evaluating sensory input and mediating 
behavioral responses [74]. The PVN, located upstream of the HPA axis, integrates neuroendocrine 
and autonomic functions to maintain homeostasis [17,75]. Expression of CRH in the PVN is a critical 
modulator of stress systems. CRH stimulates the release of ACTH from the pituitary gland, which in 
turn promotes cortisol secretion from the adrenal cortex (Figure 1). This cascade is regulated by 
negative feedback through steroid receptors in the pituitary gland, hypothalamus, hippocampus, and 
amygdala. Moreover, CRH neurons in the PVN activate the SNS via the locus coeruleus, thereby 
enhancing catecholamine release [76].  

Chewing has been shown to reduce the number of CRH-, c-Fos-, and phosphorylated ERK1/2 
(p-ERK1/2)-positive cells in the PVN, all of which increase under stress [77]. These intracellular 
changes precede CRH expression, suggesting that chewing modulates early neural responses to 
stress. Thus, the PVN appears to be a central site mediating the stress-ameliorating effects of chewing, 
influenced by both neural and humoral factors. Amygdala ablation studies suggest that the 
amygdala regulates HPA activity. The central amygdala (CeA) projects directly to the PVN [78,79], 
with GABA acting as the principal inhibitory neurotransmitter. Under stress, GABA efflux in the 
basolateral amygdala (BLA) increases and is further enhanced by chewing, suggesting that trigeminal 
inputs strengthen GABAergic transmission. This increased inhibitory signaling suppresses stress-
induced p-ERK1/2 expression in the PVN. Consequently, the activation of BLA GABAergic neurons 
mediates chewing-induced suppression of stress hormone secretion via hypothalamic modulation 
[78,80]. Additionally, chewing-induced activation of the histamine system, transmitted via the 
mesencephalic trigeminal nucleus to the tuberomammillary nucleus, enhances NMDA function 
through H1 receptors, thereby restoring hippocampal LTP.  

The hippocampus is particularly vulnerable to stress [78,79]. Oral proprioceptive inputs 
transmitted via the mesencephalic trigeminal nucleus activate histaminergic neurons in the 
tuberomammillary nucleus, which project widely throughout the brain [79]. Chewing under stress 
activates the histamine system, which enhances NMDA function via phospholipase C activation, 
restoring hippocampal LTP [77,81]. Furthermore, the amygdala modulates hippocampal function 
both directly and indirectly. Kim et al. demonstrated that activation of GABAergic neurons attenuates 
stress-induced suppression of hippocampal LTP [81,82]. Thus, the combined activation of the 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 February 2026 doi:10.20944/preprints202602.1653.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1653.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 13 

 

histaminergic and GABAergic systems likely underlies the chewing-induced recovery of 
hippocampal plasticity.       

Stress activates the SNS and increases cardiovascular load. The periaqueductal gray (PAG), a 
central regulator of cardiovascular control, shows increased p-ERK1/2-positive cells under stress. 
This activation is normalized by chewing [83]. As the amygdala projects to the PAG, chewing may 
suppress stress-induced sympathetic activation and cardiovascular responses through enhanced 
GABAergic inhibition from the BLA [84]. Collectively, these findings indicate that chewing acts as an 
effective stress-coping mechanism that modulates both neuroendocrine and autonomic stress 
pathways. In mouse models of breast cancer, chewing during chronic stress significantly attenuated 
cancer progression and metastasis by reducing angiogenesis and cancer cell proliferation [34,35]. 
Mechanistically, chewing lowered circulating levels of GCs and NE, while downregulating GR and 
β₂-AR expression in breast cancer cells. It also reduces oxidative stress by decreasing iNOS and 4-
HNE expression and increasing SOD2 expression.  

Human studies have established that chewing significantly reduces in salivary cortisol levels 
[85,86]. In healthy populations, chewing serves as a practical behavior for stress mitigation by 
effectively decreasing salivary cortisol levels, suggesting that optimizing chewing behavior could 
further enhance its psychological stress-relief effects [87]. The mechanisms underlying the effects of 
chewing on psychological stress relief are linked to the neuronal pathways in the brain. Functional 
magnetic resonance imaging (fMRI) studies have demonstrated that gum chewing increases bilateral 
blood flow in cerebral areas, including the sensorimotor cortex and insula, suggesting enhanced 
neuronal activity [88–90]. Chewing gum has been shown to alleviate stress responses, improve 
working memory, and enhance cognitive performance [88]. Notably, chewing gum during stress 
exposure suppresses the transmission of stress-dependent information in the brain by attenuating 
sensory processing and neural propagation within these circuits. In particular, chewing gum appears 
to relieve stress by counteracting stress-induced increases in activity and interconnectivity within 
sensory, interoceptive, and control networks [17,71,91]. 

6. Conclusions and Future Perspectives 

Modern society faces chronic psychological stress as a major public health crisis, given its 
pervasive effects on multiple physiological systems. Persistent activation of stress-related pathways, 
specifically the HPA axis and SNS, precipitates the sustained elevation of GCs and catecholamines. 
These hormonal shifts suppress immune surveillance, alter cytokine profiles, and augment the 
production of pro-inflammatory mediators and oxidative stress markers. Consequently, the delicate 
balance between tumor-suppressive and tumor-promoting mechanisms is disrupted, thereby 
facilitating the development, progression, and metastasis of breast cancer by enhancing angiogenesis, 
cell proliferation, and resistance to apoptosis. 

Chewing is a simple, cost-effective, and practical behavior observed in both animals and humans. 
Accumulating evidence indicates that chewing plays a protective role in modulating stress responses. 
Experimental studies in rodents have demonstrated that chewing during exposure to various 
stressors can attenuate excessive activation of the HPA axis, normalize stress hormone levels, and 
uphold the equilibrium between immune and oxidative systems. Furthermore, chewing has been 
shown to mitigate the impacts of chronic stress on breast cancer progression and metastasis, likely 
by regulating stress-related signaling pathways and preserving physiological homeostasis. 

Given its non-invasive and readily accessible nature, chewing represents a potentially valuable 
behavioral intervention to counteract the adverse effects of chronic psychological stress. Further 
research, including well-designed clinical trials, is warranted to validate whether chewing-based 
strategies can complement conventional approaches for preventing and treating breast cancer in 
humans. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ACTH 
β-AR 
BLA 
CeA 
CRH 
EMT 
GC 
GR 
HPA 

Adrenocorticotropic hormone 
β-adrenergic receptor 
Basolateral amygdala 
Central amygdala 
Corticotropin-releasing hormone 
Epithelial-mesenchymal transition 
Glucocorticoid 
Glucocorticoid receptor 
Hypothalamic-pituitary-adrenal 

4-HNE 
iNOS 
IL 
LTP 
MDSC 
MMP 
NK 
NE 
NET 
NMDA 
PAG 
PMN 
PVN 
RNS 
ROS 
SNS 

4-hydroxynonenal 
inducible nitric oxide synthase 
Interleukin 
Long-term potentiation 
Myeloid-derived suppressor cell 
Matrix metalloproteinase 
Natural killer 
Norepinephrine 
Neutrophil extracellular trap 
N-methyl-D-aspartate 
Periaqueductal gray 
Premetastatic niche 
Paraventricular nucleus 
Reactive nitrogen species 
Reactive oxygen species 
Sympathetic nervous system 

SOD2 
TAM 
VEGF 

Superoxide dismutase 2 
Tumor-associated macrophage 
Vascular endothelial growth factor 
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