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Abstract

Human papillomavirus (HPV) infection plays a crucial role in cervical carcinogenesis.
The link between the autonomic nervous system and tumor biology is increasingly
being recognized. Understanding how neural signaling pathways interact with
HPV oncogenesis could open new avenues for therapeutic intervention. We aim
to study the contribution of the autonomic nervous system-related genes to
the HPV-associated cervical lesions. A population of 140 HPV-infected women
presenting cervical lesions was compared to a control population. Genes/variants
under study were: BDNF/rs6265, NTRK2/rs2289656, NGF/rs6330, SLC6A4/5-HTT
variable number tandem repeats intron 2, HTR2A/rs6313, ADRBR2/rs1042713, and
CHRNA5/rs16969968. Samples were genotyped using polymerase chain reaction
(PCR), PCR-restriction fragment length polymorphism, and endpoint genotyping.
Statistical analysis revealed a genetic contribution for SCL6A4, ADRB2, and CHRNAS.
SCL6A4 showed statistically significant association in the codominant (p=0.003) and
dominant models (p=0.024, odds ratio [OR] = 2.301). ADRB2 showed statistically
significant association in the codominant (p<0.001), dominant (p=0.024, OR = 4.728),
recessive (p<0.001, OR = 4.856), and allelic models (p<0.001, OR = 4.091), while
CHRNAS5 showed statistically significant association in the dominant model (p=0.030,
OR = 0.529). We conclude that there is a genetic contribution of the adrenergic
(ADRB2), cholinergic (CHRNA5), and serotonergic (SLC6A4) systems to cervical lesions
associated with HPV infections.
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1. Introduction

Cervical cancer, a malignancy of the uterus, accounted for
approximately 6.9% of all malignancies in females in 2022,
making it the fourth most common cancer in women and a
significant global public health challenge.! While high-risk
human papillomavirus (HPV) infection is a primary trigger
of cervical cancer, it is important to recognize that HPV
infection alone is not sufficient to drive the development of
this cancer or its pre-cursors.”* Factors contributing to its
incidence include early sexual activity, multiple partners,
inadequate clinical follow-up, and tobacco use.*

Chronic stress is linked to tumorigenesis and cancer
progression,>® as well as the persistence of HPV infection.”
It disrupts the hypothalamic-pituitary-adrenal axis (HPA),
increasing cortisol, epinephrine, and norepinephrine
levels.® Catecholamines, key mediators of the stress
response, act through [-adrenergic receptors and are
released through nicotinic cholinergic receptor activation
in the adrenal glands and peripheral sympathetic ganglia.>*
Dysregulation of this system is associated with conditions,
such as depression and anxiety, which involve serotonergic
signaling.'"'? Serotonin receptors and solute carrier family
proteins, essential for serotonin transport, may modulate
the sympathetic stress response.'***

A previous study demonstrated that chronic stress,
through the release of norepinephrine, can protect
cervical cancer cells from anoikis. This protective effect is
mediated by the activation of the beta-adrenergic receptor
2 (B2-AR)/cyclic adenosine monophosphate (cAMP)/
protein kinase A (PKA) signaling pathway.'® The nicotinic
acetylcholine receptor system, including CHRNAS, plays
a role in activating corticotropin-releasing hormone
neurons, which regulate the HPA axis. This axis controls
cortisol secretion in response to psychological stress.
Dysregulation of this system has been associated with
impaired immune surveillance, increased inflammation,
and tumor-supportive environments.””  Specifically,
rs16969968 has been associated with altered HPA axis
activation, heightened stress sensitivity, anxiety-related
traits, and an enhanced cortisol response under stress. The
SLC6A4 gene, particularly the variable number tandem
repeat (VNTR) polymorphism in intron 2, can influence
serotonin transporter expression levels. HTR2A plays
a critical role in mood and anxiety regulation as well as
HPA axis function. Activation of the 5-hydroxytryptamine
receptor 2A stimulates the release of corticotropin-
releasing hormone, subsequently regulating cortisol
secretion.’ While these genes are well-documented in
psychiatric disorders, their role in cancer is an emerging
area of research. Although direct evidence in cancer is
limited, altered serotonin uptake could potentially affect

tumor cell proliferation or modulate immune responses
within the tumor microenvironment.

Peripheral nerves play a crucial role in the early stages
of tumorigenesis.””* Adrenergic nerve denervation
or inhibition of adrenergic signaling delays tumor
formation in prostate cancer,” while in pancreatic
ductal adenocarcinoma, sympathetic neuron-derived
catecholamines promote neoplastic lesions through
adrenergic receptors. Similarly, stomach denervation
reduces gut cancer incidence,” and sensory nerve ablation
in basal cell carcinoma models decreases tumor size.”
Tumors interact with nerves through neurotransmitters,
such as epinephrine, norepinephrine, serotonin, and
acetylcholine,”” while overexpressing neurotrophic factors,
such as nerve growth factor (NGF), which drive growth
through tropomyosin receptor kinase (Trk) A-mediated
signaling.”*?** Studies have shown that NGF promotes
the proliferation and metastasis of cervical cancer cells
through the Hippo/Yes-associated protein (YAP) signaling
pathway.®® The brain-derived neurotrophic factor/TrkB
signaling pathway activates downstream cascades such as
the phosphoinositide 3-kinase/protein kinase B pathway,
which contributes to tumor proliferation and resistance
to anoikis.* Notably, NTRK2 gene fusions are linked to a
subtype of cervical cancer.”

We aim to investigate the association between
neurotransmitter systems and neurotrophic factor-related
genes in HPV-infected women by examining genetic
variations in key components of the nervous system.
Specifically, we focus on genes involved in neurotransmitter
systems - adrenergic (ADRB2/rs1042713), cholinergic
(CHRNA5/1rs16969968), and serotonergic (SLC6A4/5-
HTT VNTRintron 2 and HTR2A/rs6313) — as well as genes
encoding neurotrophic factors, which play critical roles
in neuronal growth, survival, development, and function
(BDNF/rs6265, NTRK2/rs2289656, and NGF/rs6330).

2. Materials and methods
2.1. Study participants

A total of 140 women infected with HPV and presenting
cervical lesions were included in this study. Women
were followed in the Portuguese Oncological Institutes
in Lisbon and Porto. All women underwent cytologic
and histopathologic analyses. HPV detection was
performed using polymerase chain reaction (PCR) using
the PGMY09/11 primer set*®* (STABVIDA, Portugal)
and hybridization using the Digene Hybrid Capture 2
(QIAGEN, United States) methods. Inclusion criteria for
the HPV group were women older than 18 years who were
HPV positive and presented with cervical lesions. Pregnant
women were excluded. The pathological group’s age ranged
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from 24 to 77 years, with a median age of 45 years. The
control group consisted of 609 healthy Caucasian women
with an age range of 18 - 85 years and a median age of
54 years. Inclusion criteria for the control group were
women older than 18 years, with the absence of cervical
lesions and no history of cervical lesions. Exclusion criteria
were pregnant women. DNA extracts were obtained
between 1996 and 2003 and are now categorized as archived
samples. We were not able to obtain all the parameters
from all the women (control and disease); as a result, the
number of patients and controls differs between analyses.

2.2. DNA extraction

Whole blood samples were obtained from the patients and
controls. Genomic DNA was isolated from 2 mL of whole
blood using the NZY Tissue gDNA isolation kit, which is
a spin column silica-based method (NZYtech/MB13503,
Portugal). The samples were processed following the
manufacturer’s instructions.

2.3. Genotyping

Genotyping was performed with PCR-based methods.
Conventional PCR was used for VNTR detection, PCR-
restriction fragment length polymorphism (RFLP) was
used if the target sequence for the restriction enzyme was
available, and other single nucleotide polymorphisms
(SNPs) were analyzed using endpoint genotyping. Primers
and conditions for conventional PCR and PCR-RFLP are
listed in Table 1. The specific fragment pattern for each
genotype is explained below.

2.3.1. SLC6A4 genotyping

A PCR amplification flanking the 5-HTT VNTR intron 2
variation was performed. The amplicons were visualized
in an agarose gel with 299 base pair (bp) representing the
allele with an additional VNTR repeat (12 repeats) and
265 bp representing the allele without an additional VNTR
repeat (10 repeats) (Figure 2).

2.3.2. ADRB2 genotyping

A PCR amplification flanking the rs1042713 SNP was
performed. An amplicon of 308 bp was visualized in an
agarose gel. Subsequent restriction with Neisseria coli
restriction enzyme I facilitated genotyping, producing the
following fragment patterns: AA (308 bp), AG (308 bp,
291 bp, and 17 bp), and GG (291 bp and 17 bp) (Figure 3).

2.3.3. HTR2A genotyping

A PCR amplification flanking the rs6313 SNP was
performed. An amplicon of 344 bp was visualized in an
agarose gel. Subsequent restriction with Moraxella species

Table 1. Primers and conditions for conventional polymerase
chain reaction and polymerase chain reaction-restriction
fragment length polymorphism

Gene  Polymerase chain reaction primers Polymerase
chain

reaction
conditions

ADRB2 Forward: 5CCTTCTTGCTGGCACCCCAA3Z 40 cycles
Reverse: 5GGGAAGTCCAAAACTCGCACCA3  94°C-30s
57°C-30s
72°C-45s

SLC6A4 Forward: 40 cycles
5xGTCAGTATCACAGGCTGCGAG3xReverse:  94°C - 30 s
5XTGTTCCTAGTCTTACGCCAG3x 57°C-30s
72°C-45s

HTR2A Forward: 5TCTGCTACAAGTTCTGGCTT3 40 cycles
Reverse: SCTGCAGCTTTTTCTCTAGGG3 94°C-30s
50°C-30s
72°C -45s

restriction enzyme I facilitated genotyping, producing the
following fragment patterns: TT (344 bp), CT (344 bp,
217 bp, and 127 bp), and CC (217 bp and 127 bp).

BDNF/rs6265, NTRK2/rs2289656, NGF/rs6330, and
CHRNA5/rs16969968 were analyzed using endpoint
genotyping in a LightCycler® 408 (Roche, Switzerland)
thermocycler, using standardized PCR conditions (One
pre-incubation at 95°C for 10 min, 30 cycles of amplification
at 95°C for 10 s, followed by annealing at 60°C for 1 min and
extension at 72°C for 1 s). The following TagMan assays
were purchased from Thermo Fisher Scientific (United
States): BDNF/rs6265 (Assay ID: C__11592758_10),
NTRK2/rs2289656 (Assay ID: C__15882271_20), NGF/
rs6330 (Assay ID: C__ 2525309 _10), and CHRNAS5/
1s16969968 (Assay ID: C__26000428_20).

2.4. Statistical analysis

All statistical tests were conducted using Statistical Package
for the Social Sciences® 28.0 software (IBM Corp., United
States). Group differences were assessed using Pearson’s
Chi-square or Fisher’s tests. When more than 20% of cells
had an expected count of <5, correction for Chi-square
was conducted using Fisher’s Exact test (2 x 2 tables).
Statistical significance was defined as a p<0.05. Odds
ratios (OR) were calculated, and the corresponding
confidence intervals (CI) had a 95% level of confidence.
The OR and the CIs were obtained with a focus on the
HPYV group.

3. Results

The analysis was conducted following the flow diagram of
Figure 1, in order to investigate the relationship between
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BDNF/rs6265,  ADBR2/rs1042713  SLC6A4/5-HTT VNTR intron 2
NTRK2/rs2289656,  HTR2A/rs6313
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Y

Genetic models
Statistical analysis - SPSS (p<0.05)

Figure 1. Flow diagram of sample processing

Abbreviations: PCR: Polymerase chain reaction; RFLP: Restriction fragment length polymorphism; SPSS: Statistical Package for Social Sciences;

VNTR: Variable number tandem repeats

Channel 1 2

12/10 12/40 12/10 12/10 10/10 12/12 12/12 CN M

299 bp
265 bp

Figure 2. Image of an agarose gel with a representative genotyping of
the SLC6A4 gene. Channels 1 - 7 show amplification products from
individuals under study. Channel 8 (CN) is the negative control, and
channel 9 (M) is the 100 base pair (bp) molecular weight marker (100 bp
DNA ladder). Note: 12/12 refers to homozygous normal (299 bp),
12/10 refers to heterozygous (299 bp and 265 bp), and 10/10 refers to
homozygous mutated (265 bp)

the seven genes and cervical lesions associated with HPV
infection. In this study, we used codominant, dominant, and
recessive genetic models to investigate allelic contribution
to the development of cervical lesions. As the inheritance
pattern for each variant is not known, codominant models
will provide an indication, while dominant/recessive
models will refine the analysis. The allelic model is used
because of its ability to provide clear, focused insights into
the relationship between genetic variants and cervical

2 3

AG‘_GGAA

»

Channel 4 5

M GG GG

500 bp
450 bp
400 bp
350 bp
300 bp

250 bp

200 bp

Figure 3. Image of an agarose gel with a representative electrophoretic
genotyping of the ADRB2 gene. Channels 1 - 5 show the restriction
products from individuals under study. Channel 1 (M) shows the 100
base pair (bp) molecular weight marker (100 bp DNA ladder). Note: G/G
indicates homozygous normal (291 bp), A/G indicates heterozygous (308
and 291 bp), and A/A indicates homozygous mutated (308 bp)

lesions. Ultimately, we want to understand how genetic
variants influence disease risk.
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3.1. Analysis using the codominant model

Under the codominant model, we initially compared the
distribution of genotypes across HPV-infected individuals
and controls (Table 2). Only significant results are shown.
Among the genes studied, only SLC6A4 and ADRB2
displayed dissimilar genotype distributions between
the two female populations (p=0.003 and p<0.001,

3.2. Analysis using the allelic model

For a clearer understanding of the risk or protective effects
of each allele, we examined the allele distribution between
the two populations (Table 3). Only significant results are
shown. Notably, ADRB2 (p<0.001) exhibited a distinct
allele distribution, with allele A demonstrating a risk factor
(OR = 4.091, 95% CI: 2.051 - 8.160).

respectively).
3.3. Analysis using dominant, overdominant, and

Table 2. Comparison of genotype distribution using the recessive models
codominant model We evaluated the genotype distribution using the

dominant, overdominant, and recessive models (Table 4).

Genes Human papillomavirus, n (%) Controls, n (%) P
Only genes with significant results are shown. Only for
SLC6A4 .
significant outcomes were ORs calculated.
12/12 10 (25.6) 219 (44.2) 0.003
12/10 27 (69.2.) 205 (41.4) The genotype distributions varied for the SLC6A4,
10/10 2 6.1) 71(143) ADRB?2, 'and CHRNA5 genes. In the case of SLC6A4,
ADRE> the dominant (p=0.024, OR = 2.301, 95% CI: 1.098 -
4.824) and overdominant (p<0.001, OR = 3.183, 95%
GG 2(65) 45 (24.6) <0.001 CI:1.576 — 6.430) models revealed a risk factor of 10 alleles.
AG 10(32.3) 93 (50.8) In addition, allele A of ADRB2 emerged as a risk factor, with
AA 19 (61.3) 45 (24.6) two genetic models showing significant results (p=0.024,

OR = 4.728, 95% CI: 1.085 — 20.603 for the dominant

Note: *Chi-square test, only significant values at p<0.05 are presented.

Table 3. Comparison of allele distribution using the allelic model

Gene Human papillomavirus, n (%) Controls, n (%) P Odds ratio (confidence interval)
ADRB2
Allele G 14 (22.6) 183 (50.0) <0.001 0.244 (0.123 - 0.488)
Allele A 48 (77.4) 183 (50.0) 4.091 (2.051 - 8.160)

Note: *Chi-square test, only significant values at p<0.05 are presented.

Table 4. Comparison of genotype distribution using the dominant, overdominant, and recessive models

Genes Human papillomavirus, n (%) Controls, n (%) P Odds ratio (confidence interval)
SLC6A4
10/10 and 12/10 versus 12/12 29 (74.4) 10 (25.6) 276 (55.8) 219 (44.2) 0.024* 2.301 (1.098 - 4.824)
12/10 versus 12/12 and 10/10 27 (69.2) 12 (30.8) 205(41.4)  290(58.6)  <0.001* 3.183 (1.576 - 6.430)
10/10 versus 12/10and 12/12 2(5.1) 37 (94.9) 71 (14.3) 424 (85.7) 0.107 NA
ADRB2
AG and AA versus GG 29 (93.5) 2(6.5) 138 (75.4) 45 (24.6) 0.024* 4.728 (1.085 - 20.603)
AG versus GG and AA 10 (32.3) 21 (67.7) 93 (50.8) 90 (49.2) 0.056 NA
AA versus GG and AG 19 (61.3) 12 (38.7) 45 (24.6) 138(754)  <0.001* 4.856 (2.188 - 10.776)
CHRNA5
AG and AA versus GG 32 (50.8) 31 (49.2) 121(66.1)  62(33.9) 0.030* 0.529 (0.296 — 0.946)
AG versus GG and AA 21(33.3) 42 (66.7) 90 (49.2) 93 (50.8) 0.029* 0.517 (0.284 - 0.940)
AA versus AG and GG 11 (17.5) 52 (82.5) 31(16.9) 152 (83.1) 0.925 NA

Note: *Chi-square test, *indicates significance at p<0.05.
Abbreviation: NA: Not applicable.

Volume 9 Issue 2 (2025) 254 doi: 10.36922/EJM0O025100047


https://dx.doi.org/10.36922/EJMO025100047

Eurasian Journal of
Medicine and Oncology

The genetics of chronic stress in cervical lesions

model, and p<0.001, OR = 4.856, 95% CI: 2.188 - 10.776
for the recessive model). Regarding CHRNAS5, the variant
allele (A) has a protective effect in the dominant (p=0.030,
OR = 0.529, 95% CI: 0.296 — 0.946) and overdominant
(p=0.029, OR = 0.517, 95% CI: 0.284 - 0.940) models.

4, Discussion

In this study, our investigation revealed associations
between HPV-related cervical lesions and three out
of the seven candidate genes under consideration. All
candidate genes were linked to chronic stress-responsive
mechanisms. Chronic stress has been associated with
tumor progression,>**** including gynecological cancers.*!
Multiple physiological systems, including the autonomic
nervous system and the HPA, are engaged during the stress
response. This response is initiated by the production of
key mediators, such as the catecholamines norepinephrine
and epinephrine, which are released by the sympathetic
nervous system and adrenal medulla. Norepinephrine,
epinephrine, and cortisol are regarded as the primary
stress hormones, and their levels are elevated during
chronic stress. Catecholamines exert their effects through
adrenergic receptors coupled to G-proteins, which activate
the cAMP-dependent PKA system, subsequently triggering
several downstream signaling pathways, including those
related to cell growth.*>*® Among adrenergic receptors,
B2-ARsare predominant, mediating the majority of cellular
responses to external stimuli. The ADRB2 gene encodes
these receptors, which are located on cell membranes,
and function pre-synaptically to stimulate the release of
epinephrine.* P-blockers, which inhibit (-adrenergic
receptors, have been shown to offer therapeutic benefits
in managing several types of tumors.**® Given the central
role of catecholamines and their interaction with $2-AR in
the stress response, we hypothesized that genetic variations
in the ADRB2 gene could influence susceptibility to HPV
infection and cervical lesions. Our study identified an
association between the AA genotype and the A allele
of ADRB2 with an increased risk of HPV infection and
cervical lesions. Dominant and recessive models both
showed a risk effect, which was slightly higher for the
recessive model. In multifactorial conditions such as
cervical lesion development, the distinction between
dominant and recessive genetic models is often blurred
because the complex interplay of multiple factors shapes
the risk associated with genetic variants. However, this
study shows us that at least one A allele is sufficient for
susceptibility. The A allele corresponds to a missense
mutation in which glycine (Gly) is replaced by arginine
(Arg) at codon 16 of the intron-less ADRB2 gene. According
to the “dynamic model of receptor regulation” proposed
by Liggett,”” endogenous catecholamines dynamically

desensitize 32-AR in their basal state, a process that is
more pronounced in the Gly variant compared to the
Arg variant. Furthermore, after exposure to isoprenaline,
the Gly variant exhibits significantly enhanced receptor
downregulation.* This suggests that individuals with the
AA (Arg) genotype may exhibit a stronger physiological
response to stress compared to those with the GG (Gly)
genotype.

Our results also demonstrate a protective effect of the
presence of the variant allele (A) in the CHRNAS5 gene.
CHRNA5 encodes a subunit of the nicotinic acetylcholine
receptor. In the adrenal medulla, acetylcholine released
from the splanchnic sympathetic nerves activates
acetylcholine receptors on the membrane of chromaffin
cells, which release catecholamines into the bloodstream.
As mentioned above, catecholamines are one of the main
mediators of the stress response. Rs16969968 is a missense
variant resulting in an amino acid substitution at codon
398 (D398N) of CHRNAS5. In vitro functional studies have
shown that nicotinic receptors that contain this variant
have a reduced response to agonists.” Therefore, since the
variant allele is functionally less active, it may promote a
lower release of catecholamines, protecting individuals
from the physiological response to chronic stress.

Multiple studies have demonstrated that serotonin
and serotonergic drugs influence various components
of the HPA axis and the stress response.’*>? The SLC6A4
gene encodes an integral membrane protein (SERT)
whose primary function in the central nervous system
is to regulate serotonergic signaling by transporting
serotonin molecules from the synaptic cleft back into the
pre-synaptic terminal for reuse. A loss of SERT function
has been associated with an increased sympathetic stress
response.”*** SERT is highly expressed in chromafhin cells
of the adrenal medulla, where it plays a local role within
the adrenal gland in regulating the sympathetic stress
response.'** Evidence suggests that SERT coordinates
serotonergic regulation of catecholamine exocytosis
through 5-hydroxytryptamine receptor 1A-mediated
inhibition of catecholamine secretion, contributing to the
stress response. Although serotonin is not synthesized
in adrenergic chromaffin cells, SERT facilitates its
accumulation.®® In this study, we analyzed a known
polymorphic variation of this gene, 5-HTT VNTR, which
consists of a VNTR in the second intron. Only the two
most common alleles were identified, those with 10 or
12 tandem repeats of a 17 bp sequence. The 10 allele has
been linked to lower transcriptional activity compared to
the 12 allele.””*® Our findings revealed that the presence of
the 10 allele is a risk factor. We propose that the SLC6A4
genotype may influence catecholamine secretion, thereby
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playing a role in the stress response, with implications for
HPYV infection and cervical lesions.

Although neurotrophins are known to play a role in
gynecological cancers, including cervical cancer,” we
found no evidence of any genetic contribution regarding
the studied variants in the neurotrophic factors genes and
cervical lesions associated with HPV infection. Previous
studies reported higher expressions of BDNF and NTRK2
in cervical cancer tissue.’*® However, we believe that
possible slight changes in gene expression associated with
these variants are not sufficient to promote cervical lesions.

A limitation of our study is the use of archived samples.
We were not able to collect more data on the individuals that
may be important in this context, such as medical history
related to chronic stress conditions, genetic syndromes
predisposing to cancer, co-morbidities, progression to
cancer, type of cervical lesion, HPV genotype, and follow-up
information. Without this information, it may be difficult
to control for confounders, potentially leading to biased
associations between variables of interest and outcomes. In
addition, archived samples represent a specific point in time
that may not reflect present population dynamics, disease
prevalence, or environmental exposures. The incidence
of cervical lesions has changed over time as a result of
HPV vaccination programs around the world. Another
limitation of this work is the lack of information regarding
vitamin imbalances and nutraceutical supplementation,
since it may play a significant role in women’s health.
Alpha-lipoic acid has shown promising effects in cancer
treatment through its multifaceted roles in cellular
metabolism and oxidative stress modulation. Research
indicates that this acid can inhibit cancer cell proliferation
and induce apoptosis across various cancer types.®' Inositol
has also been shown to exert anti-cancer effects through
various biochemical pathways, making it a promising
candidate for cancer prevention and treatment.** Finally,
omega-3 fatty acids and their anti-inflammatory effects
may help alleviate the side effects of cancer treatments.”

This study further supports the link between stress and
tumorigenesis, reinforcing the role of chronic stress in
tumorigenesis, particularly in gynecological cancers, by
highlighting the involvement of specific genetic variations
in stress-responsive mechanisms. The findings align with
and expand upon previous research showing the activation
of the autonomic nervous system and HPA in the stress
response, with downstream effects on tumor biology.
Regarding ADRB2, the identification of the A allele as a risk
factor for HPV infection and cervical lesions emphasizes
the physiological importance of catecholamine-mediated
stress responses in disease progression. Insights into this
polymorphism provide evidence of a stronger stress response

mediated by the A variant, supporting the dynamic receptor
regulation model proposed by Liggett."” The discovery of a
protective effect associated with the CHRNAS5 variant allele
highlights how genetic variation can modulate the release
of catecholamines during stress. This adds a new layer of
understanding to how reduced receptor activity impacts
the stress response and its link to HPV-related lesions. The
finding that the 10-repeat allele (SLC6A4) increases risk
provides novel evidence for how serotonergic signaling,
particularly through SERT, regulates catecholamine secretion
and contributes to the physiological stress response in cervical
lesion development. By integrating findings from adrenergic,
cholinergic, and serotonergic systems, this study establishes
a comprehensive view of how these interconnected systems
contribute to the stress response and its downstream effects
on HPV infection and cervical lesion progression. The study
emphasizes the intricate role of neurotransmitter-related
genetic variants in modulating the stress response, suggesting
potential therapeutic targets. These findings pave the way
for personalized approaches to managing HPV infection
and cervical cancer, as genetic variations in stress-response
genes may serve as biomarkers for individual susceptibility.
The study suggests that interventions targeting the stress
response, such as P-blockers or serotonergic drugs, could
hold therapeutic potential for HPV-related lesions, further
advancing precision medicine.

However, we cannot rule out the involvement of other
tumorigenic pathways that are unrelated to chronic stress.
For instance, ADRB?2 is linked to immune cell infiltration,
suggesting its role in the immune response and tumor
microenvironment regulation, and enhances the ETS
variant transcription factor 1-c-KIT signaling pathway,
promoting tumor progression.®**® SLC6A4 evidence
indicates that the SERT transporter is overexpressed in
non-small cell lung cancer, where its activity correlates with
poor prognosis due to activation of the c-Myc oncogene.®
CHRNAS5 also plays a pivotal role in cancer development
and progression by modulating key signaling pathways
such as mitogen-activated protein kinase/extracellular
signal-regulated kinase, signal transducer and activator of
transcription 3, and YAP.7

5. Conclusion

Our research elucidates that genetic polymorphisms
within the adrenergic, cholinergic, and serotonergic
systems contribute significantly to the pathogenesis
of tumorigenesis in cervical lesions associated with
cervical carcinoma. This investigation substantiates the
role of the autonomic nervous system in the biology of
tumors, in conjunction with the genetic frameworks
underpinning mechanisms pertinent to chronic stress. By
accentuating and contributing to the understanding of the
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genetic factors involved in the pathophysiology of HPV
infection and neoplastic lesions, we posit that this inquiry
cultivates avenues for the exploration of novel therapeutic
interventions that modulate the neurotransmitter
systems of the nervous system, representing a progressive
advancement in the realm of personalized medicine by
delineating individual predispositions to the disease.
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