& frontiers | Frontiers in

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Pallavi Singh,

Northern Illinois University,
United States

REVIEWED BY

Shikha Negi,

Cincinnati Children’s Hospital Medical
Center, United States

Jaspreet Kaur,

Navigate Biopharma Services, Inc.,
United States

Rashi Arora,

University of Minnesota Twin Cities,
United States

Dipayan Bose,

University of Pennsylvania,

United States

*CORRESPONDENCE
Siddhartha Kumar Mishra
siddharthakm@yahoo.com
Deepali Jat
deepalipunia@gmail.com

SPECIALTY SECTION

This article was submitted to
Microbiome in Health and Disease,
a section of the journal

Frontiers in Cellular and

Infection Microbiology

RECEIVED 12 September 2022
AccepTED 11 November 2022
PUBLISHED 06 December 2022

CITATION

Rai R, Nahar M, Jat D,

Gupta N and Mishra SK (2022) A
systematic assessment of stress
insomnia as the high-risk factor for
cervical cancer and interplay of
cervicovaginal microbiome.

Front. Cell. Infect. Microbiol.
12:1042663.

doi: 10.3389/fcimb.2022.1042663

COPYRIGHT

© 2022 Rai, Nahar, Jat, Gupta and
Mishra. 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 Cellular and Infection Microbiology

TYPE Review
PUBLISHED 06 December 2022
D01 10.3389/fcimb.2022.1042663
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of stress insomnia as the
high-risk factor for cervical
cancer and interplay of
cervicovaginal microbiome
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Cervical cancer is a dreaded form of cancer in women, the fourth most
common cancer, with around 0.3 million females suffering from this disease
worldwide. Over the past several decades, global researches have focused on
the mitigation of cervical lesions and cancers and have explored the impact of
physiological and psychological stress and insomnia on cervical pathogenesis.
Furthermore, disruption of the cervicovaginal microbiome profiles is identified
as an added high-risk factor for the occurrence of cervical cancer. The
physiological regulation of stress has an underlying mechanism controlled via
hypothalamic pituitary adrenal (HPA) and sympatho-adrenal medullary (SAM)
axes. Disruptions in these axes have been identified as the factors responsible
for maintaining the homeostasis balance. Recent studies on microbiomes have
offered novel ways to combat cervical cancer and cervix infection by exploring
the interplay of the cervicovaginal microbiome. Moreover, the integration of
various immune cells and microbiome diversity is known to act as an effective
strategy to decipher the cervix biological activity. Cytokine profiling and the
related immune competence, and physiological stress and insomnia impart to
the regulatory networks underlying the mechanism which may be helpful in
designing mitigation strategies. This review addressed the current progress in
the research on cervical cancer, HPV infection, immune cell interaction, and
physiological stress and insomnia with the cervicovaginal microbiome to
decipher the disease occurrence and therapeutic management.
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Highlights

o Cervical Cancer and Cervix Lesion: Abnormalities in
squamous and glandular cells cause cervix lesions and
promote cervical cancer.

« Diverse Profile of the Cervicovaginal Microbiome: Some
species of Lactobacillus such as L. crispatus, L. gasseri
and L. jensenii produce lactic acid and hydrogen
peroxide, which inhibit the growth of harmful
bacterial and viral pathogens.

« Physiological Stress: Serves as life-threatening situations of
which emotional stress, prolonged starvation, and
physical trauma may highly interrupt homeostasis.

« Stress Insomnia: Insomnia is usually a result of stress that
can keep your mind active at night, making it difficult to
sleep.

o Cytokines and Chemokines Profiling: Cytokines and
chemokines activities are the major players in fighting
against antigen and pathogen infections by coordinating
and activating the adaptive immune response.

o This review has explored the impact of stress on cervix
physiology and elaborated on the extent of insomnia as
the risk factor for cervical cancer and its association with
the alterations in the cervicovaginal microbiome,
especially in working and stressed women.

o Compiled the profile of cytokines and chemokines and
correlated with the stage-specific conditions of cervical
cancer during stress conditions and focused on the
unique changes that characterize early-stage detection

of cervical cancer.

o The recommendations drawn are important to prevent
persistent and life-threatening cervical lesions; therefore,
stress insomnia and unhealthy the cervicovaginal
microbiota acting as severe causes of cervical cancer
promotion must be treated at early onset.

Introduction

Cervical cancer is one of the most common causes of cancer
related deaths in women worldwide which is ranked fourth of all
cancers with increased mortality to 0.3 million globally in 2020
(Sung et al., 2021). Repertoires indicate that 90% of all cervical
cancer cases occur in countries with low- and middle-income
mainly because of inadequate screening, lack of early detection
systems, and lesser preventive measures for both pre-cancerous
and cancer stages (Elemam and Bakhit, 2018). There are many
factors responsible for cervical cancer such as smoking, alcohol
consumption, destructive free-radical mediated oxidative stress,
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defects in the endogenous antioxidant defense systems and
human papillomavirus (HPV) infection (Yang et al, 2022).
Currently, over 100 different types of HPV are described,
amongst which at least 14 types are cancer-causing or known
as high-risk types for cancer development. Two of the HPV
types, HPV16 and 18, are associated with 70% of cervical cancers
and pre-cancerous lesions in the cervix (Xu et al., 2020). HPVs
can infect basal epithelial cells or the inner lining of cutaneous
tissues or mucosal tissues. Mucosal typed HPVs infect the
anogenital epithelium or the cervical regions in women and
thus are associated with cervical cancer and precursor lesions.
HPVs are grouped as high-risk and low-risk types, amongst
which the high-risk group HPVs are critically associated with
cervical cancer whereas other HPV types are less frequently
found in cancers (Burd, 2003). Infection with high-risk HPV
types interferes with cellular functions with notable alterations in
gene signatures. Several genes that are down-regulated are
primarily involved in the regulation of cell growth and
proliferation, and interferon (IFN)-responsive genes (Lukac
et al, 2018). A high mortality rate was perceived in the aged
women (over 65 years) due to the advanced stage of the disease,
and that amongst them 50% of subjects were tobacco smokers
and 50% were non-smokers (Zeng et al., 2012). We have shown
that passive smoking acts as an independent and combined risk
factor of cervical intraepithelial neoplasia 1 (CIN1) and that
HPV viral load and alcohol consumption synergistically
increased the risk of CIN1 among high-risk HPV-positive
patients (Kim et al., 2012). Tobacco smoking has been
considered as a well-established risk factor for cervical
precancer and cancer and epidemiological studies have
suggested their associations with the risk of cervical cancer.
This implicated the role of smoking as a stressor in the etiology
of cervical cancer in passive-smoking women in comparison to
non-smoking women (Kim et al., 2012). Reports show that the
cervicovaginal microbiome plays significant roles in the
prevention of cervical infection. During cervix infection, if the
HPV and other carcinogenic agents enter inside the women’s
reproductive tract then the vaginal microbiomes have the
capabilities to wash out and neutralize all the infecting
pathogens in the process generally called as virus and
carcinogen clearance (Mitra et al., 2016). Vaginal microbial
diversity was shown to be associated with the severity of CIN
disease and that microbes could contribute to regulating the
persistent viral infections and cervical lesions progression. CIN1
progression was recognized for having the role of the cervical
microbial community working synergically with HPV in cervical
cancer (Wang et al., 2022). Over the age of 65 years, insufficient
sleep, disturbance of the biological clock, and long-term stress
conditions can cause stress insomnia in women. Stress insomnia
can reduce the ability to fight off a common cervicovaginal
infection and increase the risk of developing cervical cancer
(Sims et al., 2021). Physiological stress and sleep disorder were
shown to affect the level of cytokines and immune response, both
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produced and released during sleep and exerted direct effects on
the microbiome (Garbarino et al,, 2021). Evidences suggest that
the cervicovaginal microbiome may impart actively in modifying
the local host immune response (cytokines and chemokines)
which has been observed in other sites of mucosal differentiation
(Anahtar et al., 2015). The condition of stress generation and its
level causes the secretion of a high number of inflammatory
cytokines and chemokines which affects the composition and
profile of microbiota and imparts to cervical infections (Xiao
etal, 2011). According to recent advanced studies, women who
are working frequently late at night and travel excessively may
have different cytokine profiles as compared to normal ones. The
cytokine profile included higher levels of antiviral interferons
(IFN-02 and IFN-y), regulatory interleukins (IL-4, IL-5, IL-13
and IL-10), and pro-inflammatory cytokines and interleukins
(IL-1o, IL-1B, IL-8, 1L-6, IL-12, TNFa and MIP-1a) (Moscicki
et al., 2020).

Taking the impressions from earlier reports, some gaps in
the current state of knowledge were identified which mainly
included the elaboration of the complete taxonomic and
functional profiling of the cervicovaginal microbiota. As the
whole genome and 16S rRNA gene amplicon sequencing may
have false-positive results and low specificity due to
contamination, it may cause variable detection in the case of
cervical cancer (Nieves-Ramirez et al,, 2021). Another major gap
in the current state of knowledge is how the cervicovaginal
microbiota interacts with host cells, in terms of local immune
mediators, during the pathogenesis of pregnancy related
complications and stage-specific conditions of cervical cancer.
The incidence of gynecological malignancies, especially cervical
cancer, has increased during pregnancy which is largely

10.3389/fcimb.2022.1042663

attributable to older age pregnancies (Beharee et al,, 2019). It
was reported that both pregnancy and HPV infection caused an
increase in the vaginal bacterial microbial diversity and richness
and that the bacterial composition was also influenced by
pregnancy (Chen et al,, 2019). In this review, we have explored
the impact of stress on cervix physiology and elaboration of
insomnia as the risk factor for cervical cancer and alterations in
the cervicovaginal microbiome, especially in working women.
The effect of physiological stress on oxidative stress and viral
infection in the cervix region was shown by interacting aspects of
the physiological and psychological stressors to the generation of
oxidative stress which is further correlated with the initiation
of DNA damage in cervical epithelium which causes promotion
of cancer (Figure 1). The review aimed to create an account of
the currently available literature on stress insomnia associated
with cervical cancer and its effects on the cervicovaginal
microbiome. We have discussed the complete profiling of
cytokines correlated with stage-specific conditions of cervical
cancer during stress conditions in women and focused on the
unique changes that characterize early-stage detection of
cervical cancer.

Physiological stress and the
molecular mechanism

Physiological and biological stresses of an organism create
the responses towards a stressor like an environmental condition
(Ash et al., 2021). Stress is the physiological mechanism of the
body that has a response system to conditions like threats,
challenges, and psychological barriers. Physical, mechanical,
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FIGURE 1

Effect of physiological and psychological stress on oxidative stress and viral infection in the cervix region. Physiological and psychological stress
directly affects the generation of oxidative stress in tissues that are correlated with the initiation of DNA damage in the cervical epithelium which

further promotes tumor development.
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and mental stimuli caused several changes in organisms’
environment which are reflected by multiple systems in the
organism body (Huzard et al,, 2021). Environmental toxicants
have drastically impacted on physiology and have led to
carcinogenic developments (Ishfaq et al., 2021; Ishfaq et al,
2022). The stress responsive pathways of nervous and endocrine
systems are depicted in Figure 2 which comprehensively
demonstrates the effects of acute stress on these physiologies
and the involvement of the sympathoadrenal medullary (SAM)
and hypothalamic-pituitary-adrenal (HPA) axis pathways. In
humans and most mammals, the endocrine system consisting of
the HPA axis and the autonomous nervous system, are the two
physiological systems responding to stresses as frontier
physiological mechanisms. Another physiological system, SAM
axis responds through the sympathetic nervous system and may
activate during the flight-or-fight condition, while the
parasympathetic nervous system maintains the homeostasis of
body (Zhang et al, 2019). The HPA axis, the second major
physiological stress-response center, regulates the release of
cortisol from adrenal gland which upon release regulates
different functions of body such as immunological, metabolic,
and psychological processes. Both stress response systems, the
HPA and SAM axis, are regulated by several regions of the brain
mainly the hypothalamus, prefrontal cortex, limbic system, stria
terminalis and amygdale (Everly and Lating, 2019). The effects of
the various psychological stressors are linked to different
immune responses such as natural and specific immunity.
Natural immunity produces swift response through immune
cells that could attack many pathogens and cause inflammation.
Their front-line fight in the body engages in efficient attacks on
specific invaders via the T and B cells, which fight pathogens like
viruses, and exert cellular and humoral responses (Morey et al.,
2015). Studies have denoted that these mechanisms alter the

Sympatho-Medullary
(SAM) pathway

10.3389/fcimb.2022.1042663

brain memory functions, immune functions, and metabolic
functions due to stress, and act as causes for some chronic
diseases like cervical cancer. Severe or chronic stress has been
associated as a common risk factor for several mental illnesses
(Everly and Lating, 2019). There are five different types of
stressors, classified as chronic stressors, acute time-limited
stressors, stressful event sequences, brief naturalistic stressors,
and distant stressors (Segerstrom and Miller, 2004). A chronic
stressor is associated with long-term stress, an acute time-limited
stressor is a short-term challenge, the stressful event is a stressor
involved in regular stress condition, a brief natural stressor is an
event that is normal not very challenging, and a distant stressor
is a stressor that is not immediate (Russell and Lightman, 2019).
Acute time-limited stressors last for less than two hours which
regulate natural immunity and downregulate specific immunity.
This type of stress causes increased expressions of granulocytes,
natural killer (NK) cells, IgA. and IL-6, and increases the level of
cell cytotoxicity. Succinct naturalistic stressors stimulate a shift
from Thl cellular to Th2 humoral immunity, while they
decrease T-cell proliferation and NK cell cytotoxicity (Russell
and Lightman, 2019). Stressful events influence immune
response via the generation of free radicals; however, major
observations are decreased T-cell growth and proliferation and
increased NK cell cytotoxicity (Segerstrom and Miller, 2004).
Cancer patients’ survival has a relationship with chronic
stressors which perturbs the psychoneuroimmune axis and
exerts profound Th2 immune response, especially
characterized by inflammatory overactivation of CTLs, IFN-y,
and IL-5 (Reiche et al, 2004; Segerstrom and Miller, 2004).
Chronic stress also influences the humoral immunity and causes
shift toward Th2 immunity and causes a decrease in IL-2 and T-
cell proliferation which are associated with decreased antibody
response to some vaccines. However, distant stressors often do
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Stress responsive pathways of nervous and endocrine systems. Effects of acute stress on the nervous system and endocrine system that are

usually mediated through SAM and HPA axis pathways.
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not elicit consistent changes in immune function (Eimonte
et al,, 2021).

Homeostasis is a central concept of stress in human biology
with most of the biochemical processes maintaining their
equilibrium stage also called steady state or homeostasis.
External and internal environmental factors continually act
and cause disruptions to the homeostasis. The physiological
state of an organism moving around a homeostatic point
maintains the optimal growth and development of the
organism (Kotas and Medzhitov, 2015). Physiological stresses
like emotional perturbances, prolonged starvation, and physical
trauma can highly disrupt homeostasis and may create a life-
threatening condition. Cervical and ovarian cancer are the two
major gynecological malignancies of women which are
drastically influenced by physiological stressors (Chen et al,
2021). A positive correlation between chronic stress and cervical
cancer progression was drawn showed that long-term stress
stimuli may activate the sympathetic nervous system and the
HPA. This led to the release of stress hormones, especially
catecholamines and glucocorticoids, which act on B-adrenergic
receptors, dopamine receptors, and glucocorticoid receptors.
The communications between stress hormones and receptors
could produce a series of physiological effects in the case of
2016; Chen et al.,, 2017). The
catecholamine neurotransmitter dopamine regulates various

cervical cancer (Huang et al,

physiological functions of the central nervous system which
was shown to promote the maturation and normalization of
ovarian cancer (Moreno-Smith et al, 2013). Another type of
stress responsive hormone glucocorticoids is widely used in
clinics as anti-inflammatory and immunosuppressive agent.
Glucocorticoids were shown to promote tumor cell survival,
metastasis, and drug resistance in ovarian cancer. It could also

Effects on female
reproductive system and on
cervicovaginal microbiome
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Physiological Stress —

Epithelial cell of
lamina propria

FIGURE 3

Mechanism of action of
cervicovaginal microbiome
towards stress
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affect the life cycle of HPV, interfered with the p53 activity, and
reduced the persistence of HPV infection and resistance to
2012; Karvonen et al.,,
2020). Continuous HPV infection remains to be the main

cervical cancer patients (Shi et al,

reason for the occurrence and development of cervical cancer
and that the risk of cervical cancer may increase multi-fold by
addition of severe stress such as bereavement. Chronic stress
caused neuroendocrine disorders that led to changes in the
biological behavior of tumor cells which links psychological
stress as the key player in cervical cancer progression
2014). Therefore, it is advised that regardless
of the cause of cervical cancer and its clinical condition,

(Kennedy et al.,

physiological and psychological stress needs to be regulated as
an important part of its prevention or treatment. A
comprehensive summary of stress responses and risk factors
affecting cervical physiology and cancer development is
presented in Figure 3 which mainly demonstrates different
causative factors impacting the negative consequences of
physiological stress on the female reproductive system.

Relationship between stress and
cytokine profiles in cervical cancer

The relationship between stress and immunity with cervical
cancer under observations of behavioral and environmental
variable has been aimed to establish. Patients diagnosed with
cancers have shown several stress and anxiety-related psychiatric
and physiological disorders as risk factors that included anxiety,
depression and distress reactions, and adjustment disorders as

the major stressors (Lu et al, 2019). The psychological
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Comprehensive summary of stress responses and risk factors affecting cervical physiology and cancer development. Different causative factors
impacting negative consequences of the physiological stress on female reproductive system which ultimately lead to modulating DNA integrity,
inducing inflammatory cytokines and chemokines profile, and altering the cervicovaginal microbiota, and consequently causes the development

of cervix lesions and cervical cancer.
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intervention of physiological and emotional stress was associated
with the improvements in the quality of life and adaptive
immunity, and survivorship of cervical cancer patients (Nelson
et al., 2008). Psychological factors have been shown to play
important role in the progression of different types of cancers
with a notable number of stressed cases in cervical cancer
patients with unclear psychologic distress at the time of
diagnosis. Cervical cancer patients under the influence of
stress disorders or a stressful life event were at a higher risk
of mortality as compared to cancer patients seeking treatment of
stress. Women diagnosed with cervical cancer have shown a
history of psychological and oxidative stress that has been
associated with a higher risk of mortality (Lu et al., 2019). The
study examining the potential influence of stress on the cervical
cancer-specific mortality on a large number of patients
population showed a higher-risk to those patients who had
been clinically diagnosed with any of the three kinds of
psychiatric disorders; depression, anxiety, and stress-reaction
and adjustment disorders (Lu et al., 2019). Emerging evidence
from experimental and epidemiologic studies have
demonstrated that psychological anxiety and distress can affect
and modulate the progression of many cancer types (Mcbride
et al, 2021). Physiological stress instances may cause increased
cell proliferation, growth, tumorigenesis, angiogenesis, and
tumor invasion via activation of the adrenergic pathway.
However, chronic stresses may cause reduced cellular innate
immunity response through both the adrenergic and
glucocorticoid receptors on immune cells (Yeh, 2021). These
pathways and their mechanism of action may play an important
role in solid malignancies such as cervical cancer in women.
Certain studies have provided information on whether
psychological anxiety and distress are associated with the
initiation of cervical cancer progression, diagnosis, and
prognosis (Gupta et al., 2019). Stressful life events including
divorce and bereavement may adversely affect cervical cancer
survival yet the regulatory systems and controlling prognostic
factors needed elaboration. It has been estimated that stressful
social events such as divorce or widowhood may be associated
with a delayed cancer diagnosis, affects prognosis, and lead to
limited and costly treatments among patients with cervical
cancer (Kohli and Dalal, 2020). We have illustrated in this
review that patients diagnosed with cervical cancer have
shown highly increased levels of several stress-related
psychiatric disorders such as anxiety, depression, and stress-
related reactions.

Cervical cancer occurrence is shown to be higher during an
early age as the stress level rises suddenly which causes a resurgence
of its peak leading to comorbid conditions and erroneous screening
and diagnosis (Cvitanovic et al., 2020). Cervical cancer patients
showed the prevalence of depression and anxiety at about 52 and
66% respectively (Yang et al, 2014). Patients with cervical cancer
stage II at the period of 4-6 months of diagnosis showed
significantly high anxiety scores. Hope, optimism, and general

Frontiers in Cellular and Infection Microbiology

06

10.3389/fcimb.2022.1042663

self-efficacy accounted for about 30-35% variance of depression
and anxiety in a hierarchical regression analysis which was
identified as predictors of distress in cervical cancer patients
(Yang et al., 2014). The prevalence of anxiety and depression was
in about 50% of cancer patients as compared with those without
cancers. Whereas obscure and untreated anxiety and depression
were correlated to cause difficulty with symptoms’ control, poor
prognosis, treatment failures, and prolonged recovery time towards
the impaired quality of life (Yang et al, 2013). Cervical cancer
patients are uniquely characterized by aggravated psychological
distresses in addition to general distress which further adversely
impacts on to cancer diagnosis and treatment. The score of anxiety
was at a poor level due to emotional distress amongst patients with
gynecological cancer, especially cervical cancer which showed a
higher prevalence of depression (7-11%) and anxiety (53-62%)
(Ferrandina et al, 2012). Distress-anxiety related disorders or
stressful life events of patients are thus likely to impact disease
occurrence, diagnosis and prognosis, and therapy. The increase in
stress was associated with cancer diagnosis with a mixed effect on
diagnostics and treatment as well as the status of living life with
cancer and after therapy (Zhang et al,, 2020). Acute stress gives a
positive feedback for HPV and also promotes the transformation of
the cell, wherein HPV caused disrupted cell signaling in the
epithelial cells of the cervix and induced transformation into
cervical cancer mainly by promoting the two pathways associated
with metastasis and apoptosis (Curty et al., 2020). HPV infection
being an important carcinogenic factor related to the incidence of
cervical cancer has also shown exaggerated outcomes when
associations with sexual activity, early first and premature sexual
activity, sexually transmitted diseases, premature and disturbed
episodes of pregnancy and fertility, excessive use of oral
contraceptives and immunosuppressants, and smoking and
alcohol (Shannon et al, 2017). A cervical screening study showed
that high school and below, early fist sexual life (< 19 years), more
than one sexual partner, and use of oral contraceptives were risk
factors of HPV infection (Yang et al., 2022).

Physiological and psychological stresses stimulate the body’s
responses to cause the release of catecholamines and
glucocorticoids which exert cytokines balancing response upon
interacting with corresponding receptors on immune cells.
These responses are variably dependent on the nature of
stressors and the mechanism of responsiveness that mainly
includes production of cytokines as the mediators of
inflammation. Cytokines are the low molecular weight
proteins that mediate cell-to-cell communication. They are
synthesized by immune and stromal cells, mainly endothelial
cells and fibroblasts, and then they regulate cell growth,
proliferation, differentiation, cell survival and death, immune
cell activation, and cell migration (Showalter et al, 2017).
Chronic stressors critically impact on the cytokines profile as
compared with chronic stress hormonal signaling (Chen et al.,
2021). In particular, the expression of IL-1, IL-2, IL-6, INF-v,
TNF-a, TGFB, EGF, VEGF, and other growth factors are
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relatively more associated with chronic conditions as compared
to other cytokines (Ho et al., 2021; Lu et al., 2021; Zhou et al,
2021). The reason behind this concept is that there are few
cytokines, interleukins, and chemokines which have higher
circulating levels as compared to other stress mediators,
especially in asymptomatic individuals. Per se the circulating
levels of IL-6 are usually higher than those of other cytokines in
asymptomatic patients. While the level of cytokines and other
immune responses vary from person to person because every
individual has different immune response optimization against
infectious particles (Lu et al.,, 2021). In assessing the hormonal
aspect, the effect of the academic stress on the production of the
Th1-cytokines (IL-2, IL-1f, IL-6, IL-8, IEN-y, and TNF-o) and
Th2-cytokines (IL-4, IL-1ra, IL-5, and IL-10) was analyzed on a
group of medical or health professionals at the three stages;
baseline stage (at the beginning), midterm, and final academic
examination stage (Myint et al., 2021). The level of cortisol and
cytokines in plasma during the three stages was measured which
showed that their levels at the last two stages were comparatively
significant as compared to that with the baseline (non-stress
period). Observations showed that the level of stress induced
during the final examination stage was highest in individuals
with a significant increase in the release of cortisol. This caused a
shift in Th1:Th2 cytokines balance towards Th2 with an increase
in the levels of IL-1ra, IL-4, and IL-5. Whereas the midterm stage
did not show any significant change in the levels of Thl-
cytokines except for TNF-o. and increased IFN-y levels, yet
these changes were further reduced in the third stage. Th2
cytokine (IL-1ra) showed a positive correlation with Thl
cytokines (IL-2 and IFN-v) in the second stage and IL-6 in the
third stage (Cohen et al., 2021). Though cortisol was positively
correlated with the levels of IL-8 in the last stage, the heart rate
showed a negative correlation with IL-10 in the first and last
stages. Thus, exam stress was shown to downregulate the levels
of Thl-cytokines with selective upregulation of Th2-cytokines.
Conclusively, cortisol has been identified to play a key role in
facilitating the release of Thl-mediated cellular immune
response which led to an increase in the vulnerability towards
infectious diseases including cervical lesions and cancer (Glaser
et al,, 1987). The study concisely presented highly relevant
evidence towards the secretions of cytokines and chemokines
during stress conditions.

During the state of chronic stress and inflammation,
cytokines can also engage in inducing cell transformation and
malignancy. At different stages of cervical cancer progression, it
secretes cytokines and increases the level of secondary
messenger, adapter protein, and receptor protein associated
with cell proliferation and multiplication (Carrero et al., 2021).
Studies have shown interesting observations during stress
conditions which showed that if any infectious particle,
pathogen, virus, or bacteria enters inside the cervical region
the body prompts to induce both innate and adaptive immune
response activities (Nelson et al., 2008; Nie et al., 2020; Xu et al.,
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2020; Yang et al., 2022). IFN-o. and IFN-f are the main
cytokines expressed downstream to cause activation of the
innate immune system. As well as the cytokines associated
with an adaptive immune system, mainly including IL-6, IL-8,
IL-12, IFN-02, TNF-o. and MIP1o, are also associated with the
inflammatory responses in the cervix infections (Zhou et al,
2021). These are produced upon activation of macrophages and
dendritic cells, NK cells, and activated T cells. A diverse
expression of inflammatory cytokines and chemokines has
been observed, especially the expression of antiviral molecules
(IL-12, IFN-7, and IFN-0.2), regulatory interleukins (II-10, IL-13,
IL-4, and IL-5), and pro-inflammatory molecule (TNF-o,, MIP-
lo, IL-1o, IL-1B, IL-6, and IL-8), as the immune-related
predictive signature in the prognosis of cervical cancer patients
(Nie et al., 2020).

The initial stage of cervical cancer marks a specific secretion
of some amount of innate immunity related cytokines which
help in clearance of viral and other pathogens. While the peak
stage of cervical cancer marks the secretion of different kinds of
inflammatory cytokines which are responsible for tissue damage
and inflammation in epithelial cells of the cervix and vagina
(Otter et al,, 2019). Cytogenotoxicity has been associated with
the nutritional genetic instabilities in cancer patients under
different therapies especially in radiotherapy (Paz et al., 2019)
and therapy has affected various biochemical markers especially
inflammatory cytokines and chemokines in cancer patients (Paz
et al, 2018). Thus, analyzing the comprehensive profile of
inflammatory cytokines and chemokines relating to cervical
cancer progression became an intrinsic module in cancer
progression and therapeutic strategies as presented summarily

in Figure 4.

Cervicovaginal microbiome profiles
and cervical cancer

There is a diverse microbial spectrum in the body
complementing a microbiome that contains a complex
mutualistic host-microbial relationship which play crucial roles
in the development and physiological function of the body
including immune system modulation and inflammation (Sims
et al., 2021; Wu et al.,, 2021; Zhou et al., 2021). Cervical
microbiota has identified a diversity of microbial species as
possible modifiers of the cytokine profile of the cervical
microenvironment, especially during increased stress
conditions including physical, mental, and emotional stress
(Curty et al., 2020). Numerous cervical cancer related studies
have a focus on exploring the relationship between cervical
microbiota and inflammation as the key drivers of cervical
cancer (Nelson et al.,, 2008; Audirac-Chalifour et al., 2016;
Shannon et al., 2017; Showalter et al., 2017; Torcia, 2019). The
cervicovaginal microbiome contains unicellular organisms
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present in the cervix gut. They are classified into five different
groups on the basis of 16S rRNA (30s subunit of the ribosome)
high-throughput sequencing (16S-HTS) of the bacterial species
(Kyrgiou et al, 2017). These different groups are commonly
called as community state types (CSTs), the term firstly coined
by Ravel (Ravel et al., 2011). CSTs are clustered into five groups,
amongst which four were dominated by Lactobacillus species
mainly L. gasseri, L. crispatus, L. jenseniias, and L. iners
(Andralojc et al., 2021). Other commonly referred CST species
are Anaerobic cocci and Candida albicans. Women with long-
term stress conditions have been shown to develop symptoms
like abnormal vaginal discharge, odor, and tissue damage in
epithelial cells of the cervix area, and physiological and cellular
inflammation, and have been diagnosed with bacterial vaginosis.
However, both asymptomatic and symptomatic women are
more likely to have HPV infection which drastically affects the
cervicovaginal microbiota and other infections (Chorna et al,
2020). According to recent studies, vaginal microbial
communities are usually dominated by one or a few having
the capabilities to survive in a very low pH range, subsequently
be able to actively participate, and become able to live on carbon
sources derived from the host (Anahtar et al., 2015; Torcia, 2019;
Chee et al.,, 2020; Castanheira et al., 2021). Amongst the likely
sources are glycogen and mucin that are present in the vaginal
region, yet these sources are fluctuated during stress conditions
(Onywera et al.,, 2019).

The cervicovaginal microbiome composition presented in
Figure 5 shows the different types of microbiotas engaged in the
cervicovaginal microbiome that mainly include Anaerobic cocci,
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Candida albicans and different species of Lactobacillus. In
general, the Lactobacillus spp. are most abundant in the
cervicovaginal microbiota that causes acidic and antimicrobial
activity for external viruses and pathogens (Audirac-Chalifour
et al., 2016). Some species of Lactobacillus such as L. gasseri, L.
crispatus, and L. jensenii have been known to produce lactic acid
and hydrogen peroxide which acts to inhibit the growth of other
bacteria, viruses, and external pathogens. The cervicovaginal
microbiome profile and their composition is highly dynamic,
and this composition changes due to the hormonal fiuctuations
which take place during the reproductive cycle of women and are
highly associated with stress conditions (Castanheira et al,
2021). This change also occurs due to the influence of
physico-social and psychological activities like sexual activity,
use of oral contraceptives, vaginal douching, disturbance in
biological clock and late-night working schedules, and
exhaustive travels. It is also influenced by pathophysiological
conditions like oxidative stress, diabetes mellitus, stress
anxieties, pregnancy, and lactation. Cervical cancer screening
is often abnormal in pregnant women with an altered rate of
cytological abnormalities which is reported to be similar to some
extent among nonpregnant gynecological patients (Van
Calsteren et al., 2005). During puberty, estrogen level raises to
a notable level which promotes physiological growth, cells and
tissues proliferation, maturation and differentiation, and
accumulation of glycogen and precursor of glycogen in the
vaginal epithelium region (Wu et al, 2021). Glycogen being
the linear polymer of glucose is catabolized by the enzyme o-
amylase which converts the linear chain of glycogen into a
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The cervicovaginal microbiome composition. The cervical fluid contains different types of microbiotas called as the cervicovaginal microbiome
that mainly include Anaerobic cocci, Candida albicans and different species of Lactobacillus.

monomeric unit of glucose and amylopectin (branch
degradation point) in the vaginal epithelium where the latter
serves as carbon sources for lactic acid fermentation metabolism
by Lactobacillus species (Lin et al., 2020). Lactic acid has two
isomers (D and L forms) of them D-lactic acid is more protective
in nature and acts against infections. Along with the production
of lactic acid, Lactobacillus spp. also act to produce antimicrobial
peptides such as bacteriocins and biosurfactants which have
inhibitory effects on pathogen growth and thus help in
establishing low pH in the cervicovaginal area. Whereas when
pH increases it decreases the survival rate of the vaginal
microbiome and reduces susceptibility towards viral infections
(Andralojc et al., 2021). The dynamic balance of the
cervicovaginal microbiome could affect the host physiological,
hormonal, and immune system via affecting the estrogen levels
especially during menstruation and reproductive state
(Macintyre et al., 2015; Chen et al,, 2021). Menopausal women
lack of estrogen that causes an increase in anaerobic vaginal
microflora and a decrease in Lactobacillus population, which
affects the release of inflammatory cytokines, chemokines, and
vaginal antimicrobial peptides (Torcia, 2019). Thus, estrogen is
considered as an important physiological mediator which helps
in the maturation of the vaginal epithelium cells to produce o-
amylase. This enzyme acts to degrade glycogen into simple
sugars such as malto-tetraose, malto-triose, and o-dextrins.
Since Lactobacillus could not break down glycogen, it relies on
glycogen degradation sugar products for growing and forming
colonies in the vagina. This causes production of lactic acid in
the vaginal epithelium and that inhibits the growth of other
bacterial species (Spear et al., 2014). The production of lactic
acid exerts protective effects by reducing the cytotoxicity of NK
cells, inducing the synthesis of anti-inflammatory cytokine IL-
10, and reducing the synthesis of dendritic cell pro-
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inflammatory cytokine IL-12 (Sun et al., 2017). Lactobacillus
thus been established to play protective role in maintaining the
physiological functions in the female reproductive tract and that
the vaginal microbiota composition may influence localized
immunity and clearance of the HPV and impart to the cervical
carcinogenesis and progression (Audirac-Chalifour et al., 2016).
The cervicovaginal microenvironment consisting of
Lactobacillus maintains the dynamic balance of the cervix and
vagina region microflora and that increased microbial diversity
may cause the augmented inflammatory response through
production of pro-inflammatory cytokines and chemokines
(Norenhag et al, 2020). This situation promotes immune
dysregulation in the cervicovaginal region and make the area a
susceptible site for tumor development. This altered microbial
growth and metabolic state could also promote the replication
and transcription of HPV that may increase prospect of the
developing cervical cancer. (Moscicki et al., 2020) investigated
the variations in host immune response related to the HPV
status and microbiome by analyzing the expression profiles of
thirteen different inflammatory cytokines. The study showed
that nine inflammatory cytokines (IL-4, IL-5, IL-10, IL-12, IL-13,
IFN-y, IFN-02, MIP-10, and TNF-o) were significantly
increased in the HPV clearance state and that infection with
Gardnerella vaginalis was associated with higher levels of
inflammatory cytokines. The study also recommended that
therapies such as probiotics or pro-inflammatory agents for
treatment of persistent HPV may be additionally beneficial in
treating the infection and reducing the risk of cervical cancer
(Moscicki et al., 2020). Therefore, studies need to further
establish the relationship between the growth and metabolic
activities of bacterial populations in the cervicovaginal region
and cervical cancer development. This review extended to
establish the link between the cervicovaginal microbiota with
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physiological and hormonal distress and inflammation with the
development and progression of cervical cancer in view of
physiological stress especially stress insomnia.

Stress insomnia, microbiome, and
cervical cancer

Sleep is an active and necessary physiological process for life
that plays fundamental role for physical, mental, and emotional
health. Sleep necessity and its patterns are attributed to a
complex interplay between age chronology, stage of
maturation, behavioral, socio-environmental, and genetic
factors (Garbarino et al., 2021). Sleep apnea and insomnia are
resultant of the work cultures and societal concerns that
contribute to chronic phenomenon including carcinogenic
developments, especially observed in breast and ovarian cancer
(Fiorentino et al,, 2011; Clevenger et al., 2012; Biittner-Teleaga
et al,, 2021). A bacterial cell wall component muramyl peptide
caused activation of the immune system and induced the release
of sleep-regulatory cytokines as the principal regulators of the
inflammation. Other microbial factors such as the endotoxin
lipopolysaccharide, IL-1, TNF-a, prostaglandins, growth factors
and growth hormone-releasing hormone act as critical
mediators of inflammation (Zielinski and Krueger, 2011). The
immune system may signal to the brain that interrelate to other
sleep-regulatory factors such as neurotransmitters (dopamine,
serotonin, acetylcholine, norepinephrine, and histamine),
melatonin hormone, HPA axis, neuropeptides, and nucleosides
(Besedovsky et al., 2019). Sleep is a self-organizing event for
developing neuronal networks that acts like recharging these
sleep-regulatory substances in response to cells exposed to acute
to chronic pathological conditions, especially the interplay of IL-
1, IL-1B and TNF-q. (Taishi et al., 2008; Rockstrom et al., 2018).

Research have drawn considerable attention to the
association between stress insomnia as the risk factor to
induce cervical cancer and their effects on the cervicovaginal
microbiome as well. Studies focused on the preventive and
therapeutic manifestations for the prevention of infection and
cervical cancer using probiotics (Kyrgiou et al, 2017; Gupta
etal, 2019; Curty et al,, 2020; Lin et al., 2020). Obstructed sleep
and deprivation have been recognized as the high-risk factor for
tumor response with a significant association between sleep
deprivation and the risk for several cancers including breast,
colorectal, and prostate cancer (Garbarino et al., 2021). World
Health Organization (WHO) has accorded that probiotics are
live microorganisms (found in the gut) that on being
administered in valid quantities confer a health benefit on the
host (Hong et al., 2020). Probiotic species including
Lactobacillus, Lactococcus, Enterococcus, Streptococcus, and
Bifidobacterium have shown beneficial effects with the
Lactobacillus genus as the best-known intravaginal beneficial
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probiotic species (Fijan, 2014). In low immune response and
stress conditions, the species of Anaerobic cocci, Candida
albicans, E. coli, and Gram-negative Lactobacillus,
Bifidobacterium, and Streptococcus are capable of shifting the
composition of the host microbiome (Glaser et al., 1987; Ghosh
and Pramanik, 2021). Probiotics containing species of
lactobacilli have the capabilities to treat urogenital and the
cervicovaginal infections to improve and augment the vaginal
flora, the immune responses, and the inflammatory state in the
host. The mechanism of action mainly involves acidification
(lowered pH) of the vaginal region, prevention of bacterial
persistence and adhesion, and synergistic action with the host
immune system (Dietert, 2021). Lactobacillus spp. catalyze the
decomposition of carbohydrates into lactic acid and CO, that
maintains an acidic intravaginal microflora thus preventing
vaginal colonization of harmful microorganisms and
preventing the growth of mainly Enterobacteria, E. coli,
Candida, and G. vaginalis (Cadieux et al., 2002). Even though
conclusive evidences are lacking to show the efficacy of
probiotics yet they appear to be an alternative complementary
treatment for bacterial vaginosis (BV) and complicated
vulvovaginal candidiasis (VVC). Probiotics are known to help
in other sexually transmitted diseases as well by virtue that they
do not induce inflammation, control bacterial resistance, and
have no adverse effects as such (Fijan, 2014). An imbalance
between Gram-negative microbes (mainly Candida spp., G.
vaginalis) and Gram-positive microbes (mainly Lactobacillus
spp.) in the vaginal microbiome has been associated with
vaginal infections like BV and VVC (Putta et al., 2018). The
impacts of probiotics on cytological changes of the uterine cervix
and on HPV infection were reported in a study with fifty-one
individuals infected with HPV and some other vaginal infections
(Ditmer et al,, 2021). A group of women daily received the
different probiotics containing L. paracasei strain Shirota, and
another group of women made up the control group. After 3
months, HPV and other vaginal infections were cleared in 25%
of the women who were supplemented with probiotics while the
clearance rate was 7.7% in the control group (without
probiotics). Whereas after 6 months, the clearance rates
increased to 29% in probiotic-supplemented women and 19%
in the control group (Ditmer et al., 2021). Yet the HPV-infection
and vaginal infection clearance rate was assumed to be not very
efficient in the host and required a greater amount of the
probiotics for the clearance of viruses and other infectious
particles (Linn et al., 2019).

Treatment of HeLa cells with supernatants of L. rhamnosus,
L. crispatus, C. albicans, and other probiotics were shown to
cause potent inhibitory effects on metastasis in the epithelial
region of the cervix. It caused notable reductions in the
expression of the CASP3 gene (apoptosis executioner caspase),
MMP?2 (degrade type 4 collagen), and MMP9 (that breakdown
extracellular matrix protein) (Cha et al., 2012). Bifidobacterium
adolescentis SPM1005-A was found to exert an antiviral activity
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in SiHa cervical cell line (that expressed HPV type 16) and
showed preventive aspects in this cancer. Treating HeLa cells
with this bacterium caused a notable reduction in the expression
of E6 and E7 oncogenes (associated with the tumor suppressors
protein and retinoblastoma protein respectively). The probiotic
strains, L. gasseri 3396 and L. cripatus 2743, showed protective
effects on supplementation to cells by suppressing the mRNA
level of E6 and E71. On a comparative account, L. gasseri 2743
showed potent effects as compared to L. gasseri 3396 that showed
a smaller inhibitory impact on the E6 gene without any
noteworthy consequences on the E7 gene. However, the effects
of probiotics were observed to be lowered during stress and
anxieties condition as compared to normal conditions
(Hernandez-Quiroz et al., 2021). Poor sleep quality was also
present in cervical cancer patients with an almost twice as many
women with cervical cancer had poor sleep quality (Tian et al,
2015). The mechanism behind the development of sleep
disorders was associated with the release of cytokines like
TNFa, IL-6 and C-reactive protein (CRP). Cervical cancers
patents under radiotherapy showed poor sleep quality with
effects on daytime dysfunction, sleep latency, and sleep quality
(lhan et al., 2017). Female patients with cancers of ovary, breast
and cervix were reported with more severe insomnia and
problems with daily life. The ratio of stress response and
anxiety symptoms were variable in different cancers, yet it
remained more distressing among breast cancer patients (Ho
etal, 2021). Thus, reducing the stress and applying mindfulness
practices showed beneficial effects on patients with insomnia and
that was a considered as a supplementary treatment to cervical
cancer (Zhang et al., 2019). Preceding discussions conclude that
stress and insomnia play critical role in managing the healthy
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microbiota that has significant impacts on improving the
environment of the cervicovaginal microbiome and preventing
women from cancer promotion and cervical lesions. A
prospective summary of the effect of stress on cervical
physiology and function and the role of the cervicovaginal
microbiome is presented in Figure 6. It concluded that stress
induced pH alterations may causes disruption of cervical
epithelium and cancerous migration. This review attempted to
identify the interconnected links between the stress and
insomnia with the cervicovaginal microbiome and cervical
cancer. It is presented that the cervicovaginal microbiota
profiles helps in managing the cervicovaginal health through
the protective effects of microbial species like Lactobacillus.
Stressors and insomnia are highly likely to be associated with
the cervicovaginal microbiota disturbances that could cause
inflammation and exaggerated response of HPV towards
carcinogenic developments in the cervix.

Conclusions and future direction

We conducted a systematic review on the vaginal
microbiome in correlation with cervical cancer and stress.
Studies revealed the relationship between the risk of cervix
lesions and cervical cancer promotion with physiological and
psychological stress and insomnia. Their interplay is considered
to be associated with an increased risk of cancer-specific
mortality in cervical cancer patients. Patients with prospects of
developing depression and physiological and psychological
stress are prone to develop chronic disease conditions which
worsen in conditions with comorbidities like oxidative and
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nitrosative stress, ischemic heart disease, cerebrovascular
disease, and diabetes mellitus. Thus, the question of stress and
insomnia becomes even more important as a lifestyle and
behavioral factor that has greatly imparted to work culture
and society. These factors have modulated the expression and
inflammatory signaling pathways in cells that exaggerated the
cellular growth and signaling systems leading to aggressive and
metastatic cervical cancer. It is noteworthy that the literature
reported in the interconnection between the cervicovaginal
microbiome, stress and cervical cancer are largely reported in
the past decade that indicates that changing lifestyle and work
cultures have significantly affected the course of metabolism and
physiology and pathophysiology.

Further studies are vital to examine how the cervicovaginal
microbiome influences the immune response and therapeutic
responses in stress insomnia-related gynecologic cervical cancers.
It also needs to elaborate whether the management of microbiota
could enhance the response to therapy in preclinical models and in
clinical settings. Recent developments in microbiome sequencing
technologies and bioinformatic tools may fuel these advanced
studies for understanding the human microbiome and analysing
the different species of bacteria and clusters imparting in cervical
cancer. Identification of bacteria into operational taxonomic units
and identifying the variations between the microbes inside the vulva
region would be necessitated which may also involve whole-genome
sequencing of microbial DNA from normal and patient samples. A
comparative analysis would be more appropriate to establish the
correlation between factors affecting long-term stress in working
women and the high risk of cervical cancer. Other aspects of
advance studies involving genomics and proteomics of genes and
proteins and their structure and function in the vaginal microbiome
would be able to unfold the molecular mechanisms. In normal and
healthy conditions, the vaginal microbiome secretes functional
protein and exhibits a strong relationship with immune response
and showed an ability to effectively respond against viruses and
pathogens. But in stressful conditions, it secretes much more types
of inflammatory cytokines and chemokines, and free radicals
through the endoplasmic reticulum of epithelial cells of the
cervicovaginal tissues. This causes protein misfolding which
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