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Abstract

Background and Objectives: Squamous cell tumors arise from squamous epithelial cells. Pol-
ymorphisms in the FOXP3 gene may influence malignancy susceptibility. This study eval-
uated the potential association of FOXP3 rs3761548 (-3279 A/C) and rs2280883 (IVS9+459
T/C) polymorphisms with preinvasive and invasive squamous cell tumors of sun-exposed
skin, sun-protected vulvar skin, and the ectocervix. Materials and Methods: This compara-
tive observational study included 135 women aged >18 years surgically treated for squa-
mous cell tumors of the skin (actinic keratosis, Bowen’s disease, squamous cell carci-
noma), vulva (HSIL, differentiated VIN, squamous cell carcinoma), or ectocervix (LSIL,
HSIL, squamous cell carcinoma). Sociodemographic, anthropometric, lifestyle, ultraviolet
radiation exposure, reproductive, and sexual health data were collected. The FOXP3
153761548 and 152280883 polymorphisms were genotyped; codominant, dominant, reces-
sive, and overdominant genetic models were evaluated. Results: The three groups differed
significantly in several sociodemographic, anthropometric, lifestyle, reproductive, and
sexual health characteristics. No significant differences were observed for smoking, sun
exposure, history of sunburns, contraceptive use, or history of abortions. The minor A
allele frequency of rs3761548 was lower in the skin and vulvar tumor groups and slightly
higher in the ectocervical tumor group than in reference populations; however, this dif-
ference was not significant (p = 0.066). None of the rs3761548 genetic models remained
significant after LASSO regression. For rs2280883, the C allele frequency was lower in the
skin and ectocervical groups but higher in the vulvar tumor group than the 46.0% re-
ported in the reference population. The dominant model (CC + CT vs. TT) was associated
with lower odds of skin tumors, whereas the recessive model (CC vs. TT + CT) was asso-
ciated with higher odds (both p = 0.037). Conclusions: The distribution of the FOXP3
rs2280883 polymorphism differed according to tumor location. It was significantly
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associated with cutaneous squamous cell tumors under both dominant and recessive ge-
netic models.

Keywords: FOXP3; rs2280883; rs3761548; actinic keratosis; Bowen's disease; VIN; LSIL;
HSIL; SCC

1. Introduction

Squamous cell tumors are neoplasms arising from squamous epithelial cells, which
constitute the surface layer of the skin (epidermis) and line various mucosal surfaces. In
addition to the skin, squamous cell carcinomas (SCCs) may develop in the lungs and bron-
chi, oral cavity, anogenital region, and gastrointestinal tract. Generally speaking, preinva-
sive lesions precede the development of cancer. When a neoplastic lesion extends through
the full thickness of the epithelium and breaches the basement membrane, it is classified
as invasive SCC. They have the potential to metastasize via the lymphatic and hematog-
enous routes [1].

SCC of chronically sun-exposed skin is an invasive tumor that accounts for approxi-
mately 20-50% of all skin cancers, with the number of newly diagnosed cases continuously
increasing. Although the mortality rate associated with this carcinoma is low, its high in-
cidence and the procedures required for treatment impose a significant economic burden
on both patients and the healthcare system [2]. Ultraviolet radiation (UV) with a wave-
length in the range of 280-320 nanometers affecting chronically exposed regions, such as
the face, bald scalp, or forearms, has been found to cause DNA mutations in keratinocytes.
If the mutations are irreparable, atypical cells begin to grow uncontrollably beyond base-
ment membrane. The penetration of malignant cells into the dermis results in the devel-
opment of an invasive tumor, namely, SCC. This process can be accelerated if the patient
is receiving immunosuppressive therapy or has a human papillomavirus (HPV) infection.
Other significant factors contributing to the development of skin SCC include ionizing
radiation, heat, chronic inflammation, petroleum products, tobacco and tar [3]. The tumor
exhibits rapid exophytic growth, followed by ulceration with bleeding and the potential
for metastasis.

The most common preinvasive skin tumors are actinic keratosis (AK) and Bowen’s
disease. It is believed that almost every White person with skin phototypes I and II devel-
ops at least one AK during their lifetime, and often several. AK manifests as a reddish,
rough, and painless lesion. If left untreated, 5% of cases progress to an invasive tumor.
Bowen’s disease can be caused by ultraviolet radiation, HPV infection, or exposure to ar-
senic. It presents as a slowly growing plaque that can occur anywhere on the body and is
sometimes associated with mild pruritus. The appearance of ulceration indicates progres-
sion to an invasive squamous cell tumor (Bowen'’s carcinoma) [4].

In sun-protected skin, invasive SCC is the most common malignant tumor, particu-
larly of the vulva. It is a disease that primarily affects older women in the eighth decade
of life, but it can also occur during the perimenopausal period. Most patients are smokers
and have a history of HPV infection. Pruritus and a sensation of irritation, as well as de-
tection of a rough surface during personal hygiene, are often overlooked as symptoms of
the disease, resulting in delayed treatment [5].

Vulvar intraepithelial neoplasia (VIN) is a preinvasive squamous cell tumor of the
vulvar skin that may represent a precursor to a serious malignant disease. The mildest
form of squamous atypia, limited to the lower part of the epidermis, is classified as low-
grade squamous intraepithelial lesion (LSIL) and may develop as reactive atypia or as a
result of HPV infection, clinically manifested by the appearance of condylomas. High-
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grade squamous intraepithelial lesion (HSIL), or VIN usual type, previously referred to
as VIN 2 and VIN 3, is strongly associated with HPV infection. Clinically, these lesions
appear as whitish, reddish, or darkly pigmented lesions of varying sizes that can occur
anywhere on the vulva. According to the International Society for the Study of Vulvovag-
inal Disease, a special form of VIN 3, formerly referred to as the simplex type, is now
classified as differentiated type VIN (DVIN) [6]. Clinically, it manifests as a hyperkeratotic
plaque and is associated with dermatoses, such as lichen sclerosus and lichen planus, ra-
ther than HPV infection. The tumor progresses rapidly toward the development of inva-
sive SCC of the vulva [7].

SCC of the uterine cervix, i.e., the ectocervix, is an invasive tumor and the fourth most
common malignancy among women worldwide, with approximately 600,000 newly di-
agnosed cases per year. In Europe, this tumor affects approximately 58,000 women (10.7
per 100,000), while 26,000 women (3.76 per 100,000) die annually [8,9]. However, the mor-
tality rate from cervical cancer is decreasing, mainly due to cytological screening, HPV
testing, and the use of HPV vaccines. Preinvasive tumors of the ectocervix include LSIL
and HSIL. Several risk factors are associated with the development of cervical tumors,
including HPV infection, particularly infection with highly oncogenic HPV types, immu-
nosuppression, human immunodeficiency virus infection, smoking, and a higher number
of sexual partners. The symptoms and signs of early-stage cervical cancer are often subtle
and may include vaginal discharge, occasional spotting, or vaginal bleeding after inter-
course. These findings highlight the importance of regular gynecological examinations,
which enable early detection and increase the likelihood of successful treatment.

Forkhead box P3 transcription factor (FOXP3) is a member of the forkhead family of
transcription factors. Through its interaction with DNA, FOXP3 can induce either chro-
matin compaction or decondensation, thereby restricting or permitting access to other
transcriptional regulatory proteins [10,11]. As a marker of regulatory T lymphocyte iden-
tity, FOXP3 plays a crucial role in maintaining immune tolerance, regulating immune re-
sponses, and promoting the development and function of regulatory T cells (Tregs) [12].

Alterations in FOXP3 expression can lead to abnormal production of Tregs, while
reduced FOXP3 expression may contribute to the development of certain types of cancer
in humans [13]. FOXP3 expression contributes to the maintenance of an immunosuppres-
sive state that supports HPV infection and the development of squamous intraepithelial
tumors [14]. Previously, FOXP3 was thought to be expressed exclusively in Tregs. How-
ever, subsequent studies have demonstrated that FOXP3 is also expressed in tumor cells,
although its effects appear to be contradictory. Furthermore, increased FOXP3 expression
has been observed in tumor cells themselves, which may, in practical terms, be used to
evaluate the effects of certain drugs [15].

FOXP3 is encoded by a gene located on the X chromosome at the Xp11.23 region [14].
The 2025 Nobel Prize laureates in Physiology or Medicine, Mary E. Brunkow and Fred
Ramsdell, demonstrated that mutations in the FOXP3 gene cause IPEX syndrome in hu-
mans, a severe autoimmune disorder [16]. Subsequently, Shimon Sakaguchi established
the critical role of FOXP3 in the development and function of Tregs [12].

Multiple polymorphisms have been identified within the FOXP3 gene sequence, rep-
resenting normal variation in the genetic material. These are predominantly single-nucle-
otide polymorphisms (SNPs). The polymorphic loci rs3761548 (-3279 A/C) and rs2280883
(IVS9+459 T/C) are located in regulatory regions of the FOXP3 gene [11]. The rs3761548
(=3279 A/C) polymorphism is located in the promoter, whereas rs2280883 (IV59+459 T/C)
polymorphism is located in the intron 9 region. These polymorphisms affect the level of
transcription, meaning that certain alleles and genotypes are associated with increased or
decreased gene expression and protein synthesis [11,17]. Numerous association studies

https://doi.org/10.3390/medicina62102000



Medicina 2026, 62, 2000

4 of 18

have analyzed these polymorphisms as potential predisposing factors for the develop-
ment of various diseases, including malignancies [17-19].

However, relatively few studies have investigated FOXP3 expression or functional
FOXP3 polymorphisms in cervical or cutaneous squamous cell tumors [20,21].

Based on these considerations, our study aimed to evaluate the potential association
between the FOXP3 genetic variants rs3761548 (-3279 A/C) and rs2280883 (IVS9+459 T/C)
and different locations of preinvasive and invasive squamous cell tumors arising on sun-
exposed skin, sun-protected vulvar skin, and the ectocervix.

2. Materials and Methods
2.1. Study Design and Patient Selection

The study was designed as an observational study comparing different case groups.
A total of 135 female patients aged >18 years who underwent surgical treatment for squa-
mous cell tumors involving the following anatomical sites were included: sun-exposed
skin (preinvasive including AK and Bowen’s disease, and invasive SCC); sun-protected
skin, specifically the vulva (preinvasive HSIL and DVIN and invasive SCC); and the ecto-
cervix (preinvasive LSIL and HSIL, and invasive SCC).

Female patients were treated between June 2025 and June 2026 at the Clinic for Gy-
necology and Obstetrics, University Clinical Center of Serbia (UCCS); the Clinic for Burns,
Plastic and Reconstructive Surgery, UCCS; the Clinic for Otorhinolaryngology and Max-
illofacial Surgery, UCCS; and the Clinic for Gynecology and Obstetrics “Narodni front.”
Blood samples were collected from all participating patients, transported to the Institute
of Human Genetics, Faculty of Medicine, University of Belgrade (FMUB), and subse-
quently analyzed.

All participants provided written informed consent for inclusion in the study. All
patient data were collected and processed in accordance with the principles of the Decla-
ration of Helsinki, with strict adherence to patient confidentiality and anonymity. Ethical
approval was obtained from the Ethics Committee of the UCCS (Decision No. 1128/23, 3
July 2025; Amendment No. 1500/48, 29 September 2025), the Ethics Committee of the
Clinic for Gynecology and Obstetrics “Narodni Front” (Decision No. 2208/2025/021590, 9
October 2025), and the Institute of Human Genetics, FMUB (Decision No. 108, 5 June
2025).

The inclusion criteria were a biopsy-confirmed tumor, a dermoscopically suspicious
tumor of sun-exposed and sun-protected (vulvar) skin or persistent abnormal cervical cy-
tology test. Subjects whose histopathological findings did not confirm the presence of pre-
invasive or invasive SCC were excluded from the study.

2.2. Data Collection

As part of the study, data were collected on the participants’ sociodemographic char-
acteristics, anthropometric parameter, lifestyle habits, and history related to UV exposure.
Sociodemographic data included age, educational level, marital status, and employment
status. Body mass index (BMI) was assessed as an anthropometric parameter. Lifestyle-
related data included cigarette smoking and alcohol consumption. Assessment on UV ra-
diation exposure included sun exposure, tanning bed use, and the occurrence of sunburns.
Additionally, data on reproductive and sexual health characteristics were collected. These
included age at menarche, age at first sexual intercourse, number of sexual partners dur-
ing lifetime, number of sexual partners during the previous six months, contraceptive use,
history of sexually transmitted infections, parity, and previous abortions.
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2.3. FOXP3 Polymorphism Genotyping

For the analysis of FOXP3 gene polymorphisms, 10 mL of whole blood collected in
sodium citrate tubes was obtained preoperatively from all subjects by peripheral veni-
puncture and transported to the laboratory of the Institute of Human Genetics, FMUB.
DNA extraction was performed using the salting-out method [22].

Genotyping of the FOXP3 rs3761548 and rs2280883 polymorphisms was performed
using pre-designed TagMan SNP assays (Thermo Fisher Scientific Inc., Waltham, MA,
USA) on an Applied Biosystems 7500 Real-Time PCR System (Thermo Fisher Scientific
Inc., Waltham, MA, USA).

2.4. Statistical Analysis

Categorical data were presented as absolute frequencies and percentages. Differences
in the distribution of categorical variables between independent groups were assessed
using the chi-square test or Fisher’s exact test, as appropriate.

Four genetic models were assessed for each FOXP3 SNP: codominant, dominant, re-
cessive, and overdominant. For rs3761548, the codominant model was defined as CC vs.
AC vs. AA, the dominant model as AA + AC vs. CC, the recessive model as AA vs. AC +
CC, and the overdominant model as AC vs. AA + CC. For rs2280883, the corresponding
models were CC vs. CT vs. TT, CC + CT vs. TT, CC vs. TT + CT, and CT vs. TT + CC,
respectively [14].

Hardy-Weinberg equilibrium (HWE) was assessed using the chi-square test in each
study group. Associations between genetic models and the presence of skin, vulvar, and
ectocervical tumors were evaluated using univariable logistic regression. Subsequently,
least absolute shrinkage and selection operator (LASSO) binary logistic regression was
performed using the glmnet package in R to identify the most relevant predictors of the
binary outcome. The LASSO model was fitted using a binomial distribution with a logit
link and an L1 penalty (« = 1). The optimal penalty parameter (A) was selected using 10-
fold cross-validation. Two A values were considered: A_min, corresponding to the mini-
mum cross-validated error, and A_1se, defined as the largest A value within one standard
error of the minimum cross-validated error. The A_1se criterion was used for the final
model to obtain a more parsimonious set of predictors. Regression coefficients were ex-
tracted at A_1se, and their exponentiated values (exp[(3]) were reported as penalized odds
ratios (ORs).

A p-value of < 0.05 was considered statistically significant. Statistical analyses were
performed using IBM SPSS Statistics for Windows, Version 31 (IBM Corp., Armonk, NY,
USA).

3. Results
3.1. Characteristics of the Study Participants

The study included 135 women with squamous cell tumors of the skin (49/135), vulva
(33/135), and ectocervix (53/135), with a median age of 62 years (range, 20-95 years). The
sociodemographic data, anthropometric parameter, lifestyle habits, factors related to UV
radiation exposure, and reproductive and sexual health characteristics of the study par-
ticipants are presented in Table 1.

The three study groups differed significantly in the distribution of age, anthropomet-
ric parameter, education level, marital status, employment status, alcohol consumption,
tanning bed use, age at menarche, age at first sexual intercourse, lifetime number of sexual
partners, having a sexual partner during the previous 6 months, history of sexually trans-
mitted infection, and parity (p <0.001, p <0.001, p <0.001, p <0.001, p <0.001, p <0.001, p =
0.004, p = 0.040, p = 0.001, p < 0.001, p = 0.002, and p = 0.002, respectively). However, no
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significant differences were observed between the groups in terms of smoking status, sun
exposure, history of sunburns, contraceptive use, or history of abortions (all p > 0.05).
Women with skin and vulvar tumors were significantly older than those with ectocervical
tumors. Specifically, 92% of women with skin tumors and 79% of those with vulvar tu-
mors were aged =55 years, compared with only 13% of women with ectocervical tumors
(p < 0.001 for both comparisons). Similarly, lower educational attainment (primary or no
education) and unemployment were more common among women with skin and vulvar
tumors than among those with ectocervical tumors. Primary or no education was reported
in 25% of women with skin tumors and 30% of those with vulvar tumors, compared with
none of the women with ectocervical tumors (p =0.001 and p < 0.001, respectively). Unem-
ployment was more frequently reported among women with skin and vulvar tumors (84%
and 82%, respectively) than among those with ectocervical tumors (25%), with both com-
parisons reaching statistical significance (p < 0.001). In contrast, the proportion of single
women was significantly lower in these two groups than among women with ectocervical
tumors (p < 0.001 and p = 0.007, respectively). Overall, alcohol consumption was most fre-
quent among women with ectocervical tumors, reported in 72% of cases. Alcohol con-
sumption differed significantly among the three groups, being more common among
women with ectocervical tumors than among those with skin tumors, and among those
with vulvar tumors (p =0.032 and p <0.001, respectively). A significant difference was also
observed between the skin and vulvar tumor groups (p = 0.032). Tanning bed use was
significantly more common among women with ectocervical tumors (60.4%) than among
those with skin (8.2%; p < 0.001) or vulvar tumors (12.1%; p < 0.001). Overweight women
were more common in the skin tumor group than in the ectocervical tumor group (p =
0.022), while obese women were more common in the vulvar tumor group than in the
ectocervical tumor group (p =0.016). Regarding sexual lifestyle, gynecological, and obstet-
ric characteristics, women with ectocervical tumors more frequently reported menarche
before 13 years of age (42%), first sexual intercourse at <17 years of age (47%), four or more
lifetime sexual partners (64%), and one or more sexual partners during the preceding 6
months (85%) compared with women in the other tumor groups. The history of sexually
transmitted infections was also most frequently reported in the ectocervical tumor group
(91%). Parity differed significantly among the groups, with nulliparity being more com-
mon among women with ectocervical tumors than among those with skin tumors (32%
vs. 8%, p < 0.001), and among women with vulvar tumors than among those with skin
tumors (18% vs. 8%, p = 0.043).

Table 1. Sociodemographic data, anthropometric parameter, lifestyle habits, factors related to UV
radiation, and reproductive and sexual health characteristics of women with skin, vulvar, and ecto-

cervical tumors.

Characteristic Skin Vulva Ectocervix b . q
n=499 n=33 n=53 P P P P
Age (years), n (%)
<54 4(82) 7(212) 46 (86.8)
0.001 0.108 <0.001 <0.001
>55 45(918) 26(788) 7(132) < <

Anthropometric parameter, n (%)

Normal or underweight (BMI < 24.9 kg/m?) 20 (40.8) 16 (48.5) 34(64.2)

Overweight (BMI = 25.0-29.9 kg/m?) 25(51.0) 8(242) 13(245)  0.005 0.016 0.022 0.148

Obesity (BMI 2 30.0 kg/m?)

4(82) 9(273) 6(11.3)

Educational level, n (%)

Primary or no education

12(245) 10(30.3) 0(0.0)

Secondary

21(42.9) 17(515) 31(585)  <0.001 0.349 0.001  <0.001

Tertiary or higher

16(32.7) 6(182) 22 (415)
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Marital status, n (%)

Single 3(6.1) 1(3.0) 9 (17.0)

Widowed or divorced 28 (57.1) 13(394) 7(13.2) <0.001 0.165 <0.001 0.007
Married or cohabiting/ in relationship 18 (36.7) 19 (57.6) 37 (69.8)

Employment status, n (%)

Employed 8(16.3) 6(18.2) 40 (75.5)

0.001 1.000 <0.001 <0.001
Unemployed 41(837) 27(81.8) 13(245) ) )
Smoking status, n (%)

Smoker 27 (55.1) 16 (48.5) 28(52.8)
0.840 0556 0.818 0.695
Non-smoker 22 (44.9) 17 (51.5) 25(47.2)
Alcohol consumption, n (%)
Yes 25(51.0) 9(27.3) 38 (71.7)

0.001 0.032 0.032 0.001
No 24(490) 24(727) 15(283) . <
Sun exposure, n (%)

Yes 46 (93.9) 28(84.8) 45 (84.9)
0.299 0.258 0.144  1.000
No 3(6.1) 5(15.2) 8(15.1)
Tanning beds, n (%)
Yes 4 (8.2) 4(12.1)  32(60.4)

0.001 0.708 <0.001 <0.001
No 45(91.8) 29(87.9) 21(39.6) < <
Sunburns, n (%)

Yes 46 (93.9) 25(75.8) 46 (86.8)

0.061 0.024 0.323 0.190
No 3(6.1) 8(24.2) 7(13.2)
Age at menarche (years), n (%)
<13 7(14.3) 6(18.2) 22(41.5)

0.004 0.636 0.002 0.025
>13 42 (85.7) 27(81.8) 31 (58.5)
Age at first sexual intercourse (years), n (%)
<17 12 (24.5) 15(45.5) 25(47.2)

0.040 0.048 0.017 0.877
>18 37 (75.5) 18 (54.5) 28(52.8)
Number of sexual partners during lifetime
<3 34 (69.4) 22(66.7) 19 (35.8)

0.001 0.795 0.001 0.005
>4 15(30.6) 11(33.3) 34(64.2)
Sexual partner during last 6 months, n (%)
0 41(83.7) 24(727) 8(15.1)

0.001 0.231 0.001 <0.001
>1 8(163) 9(27.3) 45(849) ) )
Contraception, n (%)

Yes 12 (24.5) 8(24.2) 23(43.4)

0.069 0980 0.044 0.072
No 37 (75.5) 25(75.8) 30 (56.6)
Previous sexually transmitted infection, n (%)
Yes 30 (61.2) 26(78.8) 48(90.6)

0.002 0.094 <0.001 0.199
No 19388) 7(212) 5(94) )
Parity, n (%)
0 4 (8.2) 6(18.2) 17(32.1)
1-2 44 (89.8) 23(69.7) 28 (52.8) 0.002 0.043 <0.001 0.276
>3 1(2.0) 4(12.1) 8(15.1)
Abortions, n (%)
Yes 27 (55.1) 18 (54.4) 24 (46.2)

0.615 1.000 0.369 0.451
No 22 (44.9) 28(53.8) 15(45.5)

Statistically significant p-values are shown in bold, as determined by the chi-square test or Fisher’s

exact test, as appropriate. @ Skin vs. vulvar vs. ectocervical tumors. ? Skin vs. vulvar tumors. ¢ Skin

vs. ectocervical tumors. 4 Vulvar vs. ectocervical tumors.
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3.2. FOXP3 Genetic Variants and Association with Skin, Vulvar, and Ectocervical Tumors

The distribution of FOXP3 genotypes and alleles according to tumor location is pre-
sented in Table 2. For rs3761548, the observed genotype frequencies in the skin tumor
group were 25/49 (51.0%), 13/49 (26.5%), and 11/49 (22.5%) for CC, AC, and AA genotypes,
respectively. In the vulvar tumor group, the genotype frequencies were 11/33 (33.3%),
14/33 (42.4%), and 8/33 (24.2%) for CC, AC, and AA genotypes, respectively. In the ecto-
cervical tumor group, the genotype frequencies were 12/53 (22.6%), 27/53 (50.9%), and
14/53 (26.4%) for CC, AC, and AA genotypes, respectively. The calculated allele frequen-
cies were 35.7% (A) and 64.3% (C) in the skin tumor group; 45.4% (A) and 54.6% (C) in the
vulvar tumor group; and 51.9% (A) and 48.1% (C) in the ectocervical tumor group. Com-
pared with European reference populations, the minor allele frequency (MAF) of FOXP3
rs3761548 (A, 47.8% in the 1000 Genomes European population), was lower in the skin
and vulvar tumor groups but slightly higher in the ectocervical tumor group [23].

For rs2280883, the genotype frequencies in the skin tumor group were 9/49 (18.4%),
13/49 (26.5%), and 27/49 (55.1%) for CC, TC, and TT genotypes, respectively. In the vulvar
tumor group, the corresponding frequencies were 6/33 (18.2%), 16/33 (48.5%), and 11/33
(33.3%), while in the ectocervical tumor group, they were 13/53 (24.5%), 26/53 (49.1%), and
14/53 (26.4%) for CC, TC, and TT genotypes, respectively. The corresponding allele fre-
quencies were 31.6% (C) and 68.4% (T) in the skin tumor group, 37.9% (C) and 62.1% (T)
in the vulvar tumor group, and 49.1% (C) and 50.9% (T) in the ectocervical tumor group.
The C allele frequency was lower in the skin and ectocervical tumor groups and higher in
the vulvar tumor group than the 46.0% reported in a UK Caucasian reference population
[24].

The allelic distributions of the FOXP3 polymorphisms rs3761548 and rs2280883 were
subsequently compared among patients with skin, vulvar and ectocervical tumors. For
rs3761548, the C allele was observed in 64%, 55%, and 48% of alleles from the skin, vulvar
and ectocervical tumor groups, respectively, whereas the corresponding frequencies of
the A allele were 36%, 45%, and 52%. No statistically significant differences in allelic fre-
quencies were observed among the three groups (p = 0.066). Although an unadjusted pair-
wise comparison revealed a significant difference between the skin and ectocervical tumor
groups (p = 0.020), this difference did not remain statistically significant after Bonferroni
correction for multiple comparisons (adjusted p = 0.060). Similarly, no significant differ-
ences were observed between the skin and vulvar tumor groups (p =0.211) or between the
ectocervical and vulvar tumor groups (p = 0.412).

For rs2280883, the C allele frequencies were 32%, 38%, and 49% in the skin, vulvar,
and ectocervical tumor groups, respectively, while the corresponding T allele frequencies
were 68%, 62%, and 51%. A statistically significant difference in allelic distribution was
observed among the three groups (p = 0.037). Pairwise analysis demonstrated a significant
difference between the skin and ectocervical tumor groups (unadjusted p = 0.011), which
remained statistically significant after Bonferroni correction (adjusted p = 0.033). In con-
trast, no significant differences were identified between the skin and vulvar tumor groups
(p = 0.408) or between the ectocervical and vulvar tumor groups (p = 0.152).

HWE for rs3761548 and rs2280883 was assessed separately in the skin, vulvar, and
ectocervical tumor groups. Genotype frequencies deviated significantly from HWE for
both SNPs in the skin tumor group, whereas no significant deviations from HWE were
observed in the ectocervical or vulvar tumor groups.

To evaluate the potential association between FOXP3 SNPs and different tumor lo-
cations, the previously defined study groups were compared. Associations between gen-
otype distributions and specific tumor locations were assessed using the codominant,
dominant, recessive, and overdominant genetic models. For rs3761548, significant differ-
ences in genotype distribution among the tumor groups were observed under all genetic
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models except the recessive model, primarily reflecting differences between the skin and
ectocervical tumor groups (p = 0.008, p =0.003, and p = 0.012, respectively). For rs2280883,
significant differences were observed under all genetic models, again primarily reflecting
differences between the skin and ectocervical tumor groups (p = 0.011, p = 0.003, p = 0.003,
and p = 0.019, respectively).

Table 2. Distribution of FOXP3 genotypes and alleles according to tumor location.

Characteristic Skin Vulva Ectocervix pa p pe pa
n=49 n=233 n=>53

rs3761548

Codominant model

CC 25 (51.0) 11 (33.3) 12 (22.6)

AC 13 (26.5) 14 (42.4) 27 (50.9) 0.043 0.229 0.008 0.544

AA 11 (22.5) 8 (24.2) 14 (26.4)

Dominant model

AA+AC 24 (49.0) 22 (66.7) 41 (77.4)

cC 25 (51.0) 11(333) 12 (22.6) 0.011 0.113 0.003 0.276

Recessive model

AA 11 (22.4) 8 (24.2) 14 (26.4) 0.897 0.850 0.642 0.822
CC+AC 38 (77.6) 25 (75.8) 39 (73.6) ' ’ ' ’
Overdominant model
AC 13 (26.5) 14 (42.4) 27 (50.9)

0.040 0.133 0.012 0.442
AA +CC 36 (73.5) 19 (57.6) 26 (49.1)
Allele
C 63 (64.3) 36 (54.6) 51 (48.1)

0.066 0.211 0.020 0.412
A 35 (35.7) 30 (45.4) 55 (51.9)
rs2280883
Codominant model
cC 9 (18.4) 6 (18.2) 13 (24.5)
TC 13 (26.5) 16 (48.5) 26 (49.1) 0.038 0.095 0.011 0.702
TT 27 (55.1) 11 (33.3) 14 (26.4)
Dominant model
CC+TC 22 (44.9) 22 (66.7) 39 (73.6)

0.009 0.053 0.003 0.492
TT 27 (55.1) 11 (33.3) 14 (26.4)
Recessive model
cC 27 (55.1) 11 (33.3) 14 (26.4)

0.009 0.053 0.003 0.492
TT + TC 22 (44.9) 22 (66.7) 39 (73.6)
Overdominant model
TC 13 (26.5) 16 (48.5) 26 (49.1)

0.040 0.041 0.019 0.959
TT + CC 36 (73.5) 17 (51.5) 27 (50.9)
Allele
C 31 (31.6) 25 (37.9) 52 (49.1)

0.037 0.408 0.011 0.152
T 67 (68.4) 41 (62.1) 54 (50.9)

Statistically significant p-values are shown in bold, as determined by the chi-square test or Fisher’s
exact test, as appropriate. @ Skin vs. vulvar vs. ectocervical tumors. ? Skin vs. vulvar tumors. < Skin

vs. ectocervical tumors. 4 Vulvar vs. ectocervical tumors.

Following univariable logistic regression analysis of the FOXP3 gene SNPs rs3761548
and rs2280883 in relation to the three tumor locations (Table 3), the codominant, domi-
nant, and overdominant models for rs3761548 were found to be significantly associated
with tumor location, primarily reflecting opposing associations between skin and
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ectocervical tumors. Under the codominant model, the AC genotype was associated with
lower odds of skin tumor but higher odds of ectocervical tumor. Similarly, both the dom-
inant and overdominant models were associated with lower odds of skin tumor and
higher odds of ectocervical tumor. For rs2280883, the dominant, recessive, and overdom-
inant models were significantly associated with skin tumors. The dominant and overdom-
inant models showed protective associations, whereas the recessive model was associated
with higher odds of skin tumors. In ectocervical tumors, the dominant model was associ-
ated with higher odds, while the recessive model was associated with lower odds. None
of the evaluated genetic models for either of the two FOXP3 SNPs showed a significant
association with vulvar tumor group.

Table 3. Univariable logistic regression analysis of FOXP3 polymorphisms according to tumor lo-

cation.

Skin Vulva Ectocervix
Models

OR 95%CIOR p OR 95%CIOR p OR 95%CIOR p
rs3761548
Codominant model
CcC Ref. Ref. Ref.
AC 0292 0.13-0.68 0.004 1.177 0.48-2.92 0.724 3.000 1.29-6.97 0.011
AA 0460 0.18-1.15 0.098 1.076 0.38-3.05 0.890 2211 0.85-5.72 0.102
Dominant model
CC Ref. Ref. Ref.
AA+AC 0.350 0.17-0.73 0.005 1.138 0.50-2.61 0.759 2674 1.23-5.82 0.013
Recessive model
CC+AC Ref. Ref. Ref.
AA 0.842 0.37-1.93 0.684 0.986 0.40-2.46 0975 1.190 0.54-2.64 0.669
Overdominant model
AA+CC Ref. Ref. Ref.
AC 0.396 0.19-0.85 0.017 1.142 0.52-2.53 0.744 2115 1.04-4.30 0.038
rs2280883
Codominant model
CcC Ref. Ref. Ref.
TC 0.653 0.24-1.79 0408 1.504 0.51-4.40 0456 1.034 0.42-2.58 0.942
TT 2280 0.87-5.97 0.093 0.984 0.32-3.02 0977 0425 0.16-1.11 0.082
Dominant model
TT Ref. Ref. Ref.
CC+TC 0.334 0.16-0.69 0.003 1.344 0.59-3.07 0482 2406 1.14-5.09 0.022
Recessive model
TT+CT Ref. Ref. Ref.
CC 2995 1.44-6.22 0.003 0.744 0.33-1.70 0482 0416 0.20-0.88 0.022
Overdominant model
TT +CC Ref. Ref. Ref.
CT 0.378 0.18-0.81 0.012 1.520 0.69-3.35 0299 1.760 0.87-3.56 0.115

LASSO logistic regression (Table 4) was performed to identify factors associated with
the presence of skin squamous cell tumors using codominant, dominant, recessive, and
overdominant models of rs2280883, while also considering other clinically relevant char-
acteristics, including sociodemographic data, anthropometric parameter, lifestyle habits,
factors related to UV radiation, and reproductive and sexual health characteristics. In the
codominant model, the TT genotype of rs2280883 was associated with slightly higher odds
of skin tumors compared with the CC genotype (penalized OR = 1.02), whereas the TC
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genotype showed no difference in odds (penalized OR = 1.00). In the dominant model,
carriers of the T allele (TT + CT) had lower odds of skin tumors compared with CC homo-
zygotes (penalized OR = 0.85). In the recessive model, the TT genotype was associated
with higher odds compared with the CT + CC genotypes (penalized OR = 1.18), while no
difference was observed in the overdominant model (penalized OR =1.00). Age <54 years
was associated with higher odds of skin tumors compared with age >55 years across all
genetic model specifications, with penalized ORs ranging from 3.03 to 4.82. Overweight
was associated with slightly higher odds in the dominant and recessive models (penalized
OR =1.03), whereas the penalized OR was 1.00 in the codominant and overdominant mod-
els. Previous sexually transmitted infection was associated with lower odds in the domi-
nant and recessive models (penalized OR = 0.86), while the penalized OR was 1.00 in the
codominant and overdominant models. The penalized ORs for obesity, marital status, em-
ployment status, and tanning bed use were 1.00 across the genetic model specifications.
No variables were selected by LASSO regression for vulvar or ectocervical tumors (Sup-
plementary Table S1). Similarly, neither the rs3761548 genotype under any genetic model
nor the other evaluated variables were selected in the LASSO models for skin, vulvar, or
ectocervical tumors (Supplementary Table S2). To further explore whether age was asso-
ciated with differences in other characteristics that could potentially contribute to the ob-
served findings, we additionally compared anthropometric status, marital status, employ-
ment status, history of sexually transmitted infections, and tanning bed use between pa-
tients aged <54 and =55 years separately within each tumor group. These additional find-
ings suggested that age was associated with some demographic and behavioral character-
istics within the tumor groups, particularly in the skin and vulvar tumor groups (Supple-
mentary Table S3).

Table 4. LASSO logistic regression results and penalized odds ratios for skin tumors.

Model rs2280883
COdo,lI,nClr‘l]a;ltClZIOdel Dominant Model Recessive Model Overdominant
TT +CT vs. CC TT vs. CT + CC TT +CCvs. CT
TT vs. CC
. Penalized P.enal- Penal-
B for Aise Penalized OR f for Aise OR B for Ase ized f for Ase ized OR
OR
Genetic model 0 1.00 -0.166 0.85 0.166 1.18 0 1.00
0.018 1.02
Age (<54 vs. 255) 1.446 4.25 1.573 4.82 1.573 482  1.110 3.03
Anthropometric pa-
rameter
Overweight vs. nor-
. 0 1.00 0.028 1.03 0.028 1.03 0 1.00
mal or underweight
Obesity vs. normal 0 1.00 0 1.00 0 100 0 1.00
or underweight
Marital status
Widowed or di 0 1.00 0016 102 0016 102 0 100
vorced vs. single
Married or cohabit-
ing/in relationship 0 1.00 0 1.00 0 1.00 0 1.00
vs. single
Employment status
(employed vs. un- 0 1.00 0 1.00 0 1.00 0 1.00

employed)
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Previously sexually
transmitted infec- 0 1.00 -0.148 0.86 -0.148 0.86 0 1.00
tion (yes vs. no)

Tanning bed (yes

0 1.00 0 1.00 0 1.00 0 1.00
VS. NO)

4. Discussion

Analysis of sociodemographic data showed that women with skin and vulvar tumors
were significantly older than those with ectocervical tumors. According to the literature,
advanced age is recognized as a risk factor for the development of invasive skin SCC [25].

Women with skin and vulvar tumors also had lower educational levels, higher un-
employment rates, lower single marital status and a greater prevalence of obesity. In con-
trast, women with ectocervical tumors were younger had lower BMI and consumed alco-
hol more frequently.

When assessing UV exposure, the association with vulvar tumors was not expected,
as this skin is in sun protected anatomical site. Most study participants (85-94%) reported
substantial sun exposure. In our study, sunburns were frequently reported across all three
groups, and no significant differences were observed between the groups. This finding
contrasts with previous reports showing that cutaneous squamous cell tumors are associ-
ated with a history of sunburn, as well as with HPV infection [26,27].

Significant differences in tanning bed use were observed between the groups. This
may be explained by the younger age of women with ectocervical tumors, who were more
likely to use tanning beds, whereas women with skin and vulvar tumors were older and
reported less frequent tanning bed use. As tanning beds were introduced in Europe dur-
ing the 1970s [28], they were not available to many of the older participants in our study
during their younger years. Nevertheless, changing lifestyle trends may have contributed
to their subsequent use among women, despite recommendations to avoid tanning beds
and the implementation of a ban on their use by individuals under 18 years of age in Ser-
bia since 2019 [29]. Our findings suggest that age was associated with some demographic
and behavioral characteristics within the tumor groups, particularly in the skin and vulvar
tumor groups (Supplementary Table S3).

No significant differences were observed between the groups with regard to smok-
ing, as approximately half of the women in each group were smokers. According to the
literature, smoking is strongly associated with the development of skin and cervical squa-
mous cell tumors [30,31].

Similarly, no significant differences were observed in oral contraceptive use among
the study groups. Although the literature suggests that oral contraceptive use is associated
with the development of skin and cervical squamous cell tumors, its use was uncommon
across all groups in our study. However, oral contraceptive use was somewhat more fre-
quent among women with ectocervical tumors [31,32].

Women with ectocervical tumors had an earlier age at menarche and were more
likely to have had their first sexual intercourse before the age of 17 years, as well as a
greater number of lifetime sexual partners, but did not have a higher parity than women
with skin and vulvar tumors. A history of sexually transmitted infection was significantly
more frequently reported in the group of women with ectocervical tumors (91%). This
finding is expected, as sexually transmitted infections, particularly HPV infection, are the
primary cause of ectocervical SCC, accounting for approximately 90% of cases. About 10%
of infected individuals develop persistent HPV infection, and 1-4% of these individuals
subsequently develop an invasive tumor. Immunosuppressive local microenvironment
induced by Treg cells and FOXP3 may promote HPV persistence and contribute to the
development and progression of these lesions. However, the exact mechanism underlying
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the interaction between HPV and FOXP3 is unknown yet [33]. The observed differences
between the groups may therefore be partly attributable to differences in age and genera-
tion, which may reflect substantial changes in lifestyle and sexual behavior over time.

Recent studies have shown that, in some cancer types, the FOXP3 gene is expressed
in tumor cells themselves, where it is involved in important signaling pathways that may
influence cancer development and progression [34].

Several studies have highlighted the role of genetic variants within the FOXP3 gene,
including rs3761548 and rs2280883, in modulating FOXP3 expression and function,
thereby affecting Treg activity and potentially disrupting immune homeostasis in inflam-
matory and autoimmune diseases [11,17,18].

The rs3761548 polymorphism is located at position -3279 in the promoter region of
the FOXP3 gene and may influence FOXP3 transcription. Promoter variants are thought
to affect the interaction of this regulatory region with RNA polymerase. According to the
literature, the A allele is associated with decreased FOXP3 transcription. Studies have
shown that FOXP3 binds to the conserved non-coding sequence 2 (CNS2) in a RUNX1-
and CBF-B-dependent manner, contributing to the stability of Treg cells. Furthermore,
CNS2 interacts specifically with the FOXP3 promoter in Treg cells, thereby promoting
stable FOXP3 expression [35,36].

In our study, the frequency of the minor A allele of FOXP3 rs3761548 was lower in
the skin and vulvar tumor groups, but slightly higher in the ectocervical tumor group,
compared with European reference populations. Allele frequencies did not differ signifi-
cantly among the three groups (p = 0.066), nor did pairwise comparisons reveal significant
differences after Bonferroni correction. For rs3761548, significant differences in genotype
distribution among the groups were observed under all genetic models except the reces-
sive model, mainly reflecting differences between the skin and ectocervical tumor groups.
In univariable logistic regression analysis, the codominant, dominant, and overdominant
models for rs3761548 were significantly associated with tumor location, with opposite as-
sociations observed for skin and ectocervical tumors. In the codominant model, the AC
genotype was associated with lower odds of skin tumors but higher odds of ectocervical
lesions. Similarly, the dominant and overdominant models were associated with lower
odds of skin tumors and higher odds of ectocervical lesions. None of the genetic models
for either of the two evaluated FOXP3 SNPs was associated with vulvar tumors. However,
after LASSO logistic regression analysis of the skin and ectocervical tumor groups, none
of the genetic models for the FOXP3 rs3761548 polymorphism remained statistically sig-
nificant.

Literature data on the FOXP3 rs3761548 gene polymorphism in squamous cell and
other tumor types, particularly those affecting the skin, vulva, and uterine ectocervix, are
heterogeneous and conflicting. Cezar-dos-Santos et al. reported that the homozygous
rs3761548 AA genotype, which is associated with decreased FOXP3 expression in women,
was an independent predictor of protection against the progression of HSIL to cervical
carcinoma [14]. The authors speculated that this genotype may exert a protective effect
against cervical HPV infection.

In a recent study, Aranome et al. evaluated the association between the FOXP3
rs3761548 polymorphism and sociodemographic, reproductive, and sexual behavior fac-
tors that may contribute to cervical cancer development [37]. They found that limited
medical knowledge, low income, infrequent preventive examinations, smoking, and high
parity were associated with an increased risk of cervical carcinoma. However, no signifi-
cant association was observed between the rs3761548 polymorphism and cervical cancer
risk.

Ivkovi¢ et al. investigated the clinical relevance of FOXP3 expression and the
rs3761548 polymorphism in HPV-negative oral squamous cell carcinoma [38]. They
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observed stage-specific differences in FOXP3 expression in tumor tissue; however, no sig-
nificant association was found between FOXP3 expression and the rs3761548 genotype.
More precisely, genetic variants of this polymorphism showed no statistically significant
association with sex, age, smoking, alcohol consumption, or nodal tumor status.

A more recent meta-analysis aimed to re-evaluate the association between the
rs3761548 polymorphism and cancer risk [39]. The authors used two statistical ap-
proaches, considering sex-related genotypic differences and the statistical challenges as-
sociated with X-chromosome analysis. The results indicated that the rs3761548 A allele
was associated with an increased risk of cancer in both White and Asian populations. In
addition, the A allele and AA genotype were associated with an increased risk of breast
cancer among Asian populations, whereas the AC genotype appeared to have a protective
effect against acute lymphoblastic leukemia in White populations, potentially related to
non-random X-chromosome inactivation.

They emphasize that the FOXP3 gene could act as an oncogene or a tumor suppressor
depending on ethnicity, cancer type, and genotype distribution among the studied
groups. Furthermore, they proposed that FOXP3 expression may be influenced by epige-
netic modifications associated with the rs3761548 C allele.

There is data in the literature on the importance of haplotypes involving two FOXP3
promoter polymorphisms, rs3761548 and rs2232365, particularly in breast cancer [40]. In
cervical cancer precursor lesions, haplotype analysis revealed no significant associations,
whereas rs2232365 was independently associated with HPV infection [14]. A similar anal-
ysis of our sample could be performed in a subsequent stage of the research to provide a
more complete picture of FOXP3 promoter variants in skin, vulvar, and ectocervical squa-
mous cell tumors in our cohort.

The rs2280883 polymorphism is located in intron 9 (IVS9+459) of the FOXP3 gene. Its
location near a conserved transcriptional region may influence downstream splicing, re-
sulting in reduced gene expression [19].

In our study, the frequency of the C allele of 152280883 was lower in the skin and
ectocervical tumor groups but higher in the vulvar tumor group compared with European
reference populations. A statistically significant difference in allelic distribution was ob-
served among the three groups, while pairwise analysis revealed a significant difference
only between the skin and ectocervical tumor groups, which remained statistically signif-
icant after Bonferroni correction. No significant differences were observed between the
skin and vulvar tumor groups or between the ectocervical and vulvar tumor groups. Com-
parison of the three tumor groups revealed significant differences in rs2280883 genotype
distributions under all genetic models, again predominantly reflecting differences be-
tween the skin and ectocervical tumor groups. In univariable logistic regression analysis,
the dominant, recessive, and overdominant models of rs2280883 were significantly asso-
ciated with skin tumors. The dominant and overdominant models showed protective as-
sociations, whereas the recessive model was associated with higher odds. For ectocervical
tumors, the dominant model was associated with higher odds, whereas the recessive
model was associated with lower odds. None of the genetic models for either of the two
evaluated FOXP3 gene SNPs were significantly associated with vulvar tumors. After
LASSO logistic regression analysis, the dominant and recessive models of rs2280883 re-
mained significantly associated with lower and higher odds of skin tumors, respectively.
After reviewing the literature, no studies were identified that examined the association
between the rs2280883 polymorphism and skin or cervical tumors.

In the meta-analysis mentioned above, no significant association was found between
the rs2280883 polymorphism and cancer susceptibility in the overall population [19].
However, subgroup analysis according to the genotyping method revealed a lower cancer
risk among studies using polymerase chain reaction-restriction fragment length
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polymorphism (PCR-RFLP), under the allelic model (C vs. T), heterozygote model (TC vs.
TT), and dominant model (CC + TC vs. TT). In the subgroup analysis by cancer type, the
C allele and TC genotype were associated with a protective effect against all cancer types
except breast cancer under these three genetic models (C vs. T, TC vs. TT, and CC + TC
vs. TT).

In order to understand the complex mechanisms of carcinogenesis in squamous cell
tumors, as well as cancer development, prognosis, and therapeutic options, FOXP3 ex-
pression has been extensively studied, both independently and in conjunction with ge-
netic markers.

Sun et al. observed an increased number of Treg cells with high FOXP3 expression
in the peripheral circulation of patients with head and neck squamous cell carcinoma and
found that their presence was associated with tumor progression [41]. Inmune evasion
mediated by FOXP3-expressing Treg cells and programmed cell death regulation (PD-L1)
axis has been best characterized in invasive neoplasms, but it may also play a role in the
progression of premalignant lesions [42].

5. Conclusions

Our findings highlight the importance of understanding the interplay between ge-
netic, environmental, and behavioral factors in the prevention and effective treatment of
squamous cell tumors.

Further studies are warranted to better understand the cellular context and to de-
velop stage-specific immune interventions for squamous cell tumors.

Our study found that distribution of the FOXP3 rs2280883 polymorphism differed
according to tumor location. It was significantly associated with cutaneous squamous cell
tumors under both dominant (CC + CT vs. TT) and recessive (CC vs. TT + CT) genetic
models. However, our study has a limitation regarding the relatively small number of
samples analyzed in all three tumor groups. To confirm our conclusions, it would be ad-
visable to expand the study cohorts.

Given the limited number of studies examining the role of FOXP3 in sun-exposed
skin, sun-protected vulvar skin, and the ectocervix, further investigation in larger-scale
studies is encouraged to strengthen and validate our findings.
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Abbreviations

The following abbreviations are used in this manuscript:

SCC squamous cell carcinoma

uv ultraviolet

HPV human papillomavirus

AK actinic keratosis

VIN vulvar intraepithelial neoplasia

LSIL low-grade squamous intraepithelial lesion
HSIL high-grade squamous intraepithelial lesion

DVIN differentiated type VIN

FOXP3 forkhead box P3 transcription factor

Tregs regulatory T cells

SNP single nucleotide polymorphism

UcCcs University Clinical Center of Serbia

FMUB Faculty of Medicine, University of Belgrade

BMI body mass index
HWE Hardy-Weinberg equilibrium
MAF minor allele frequency
References
1. Ratushny, V.; Gober, M.D.; Hick, R.; Ridky, T.W.; Seykora, J.T. From keratinocyte to cancer: The pathogenesis and modeling of

cutaneous squamous cell carcinoma. J. Clin. Investig. 2012, 122, 464-472.

Hasche, D.; Akgiil, B. Prevention and Treatment of HPV-Induced Skin Tumors. Cancers 2023, 15, 1709.

Tampa, M.; Mitran, C.I; Mitran, M.I; Nicolae, I.; Dumitru, A.; Matei, C.; Manolescu, L.; Popa, G.L.; Caruntu, C.; Georgescu, S.R.
The Role of Beta HPV Types and HPV-Associated Inflammatory Processes in Cutaneous Squamous Cell Carcinoma. J. Immunol.
Res. 2020, 2020, 5701639.

Stockfleth, E.; Schmitz, L. Malignant Epithelial Tumors. In Braun-Falco’s Dermatology, 4th ed.; Plewig, G., French, L., Ruzicka, T.,
Kaufmann, R., Hertl, M., Eds.; Springer: Berlin, Germany, 2022; Volume 2, pp. 1791-1814.

Sheern, C.; Levell, N.J.; Craig, P.J.; Harwood, C.A; Jeffrey, P.; Nordin, A.; Patel, P.; Sterling, J.C.; Venables, Z.C. Vulval squa-
mous cell carcinoma: A review. Clin. Exp. Dermatol. 2026, 51, 1-13.

Bornstein, J.; Bogliatto, F.; Haefner, H.K.; Stockdale, C.K.; Preti, M.; Bohl, T.G.; Reutter, J. The 2015 International Society for the
Study of Vulvovaginal Disease (ISSVD) Terminology of Vulvar Squamous Intraepithelial Lesions. Obstet. Gynecol. 2016, 127,
264-268.

Tan, A.; Bieber, A.K,; Stein, J.A.; Pomeranz, M.K. Diagnosis and management of vulvar cancer: A review. J. Am. Acad. Dermatol.
2019, 81, 1387-1396.

World Health Organization. Cervical Cancer. Available online: https://www.who.int/news-room/fact-sheets/detail/cervical-
cancer (accessed on 19 July 2026).

HPV information center. Statistics. Available online: https://hpvcentre.net (accessed on 19 July 2026).

https://doi.org/10.3390/medicina62102000



Medicina 2026, 62, 2000 17 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

Li, S.; Weidenfeld, J.; Morrisey, E.E. Transcriptional and DNA binding activity of the Foxp1/2/4 family is modulated by hetero-
typic and homotypic protein interactions. Mol. Cell. Biol. 2004, 24, 809-822.

Oda, ].M.; Hirata, B.K.; Guembarovski, R.L.; Watanabe, M.A. Genetic polymorphism in FOXP3 gene: Imbalance in regulatory
T-cell role and development of human diseases. J. Genet. 2013, 92, 163-171.

Hori, S.; Nomura, T.; Sakaguchi, S. Control of regulatory T cell development by the transcription factor Foxp3. Science 2003, 299,
1057-1061.

Feng, Y.; van der Veeken, J.; Shugay, M.; Putintseva, E.V.; Osmanbeyoglu, H.U.; Dikiy, S.; Hoyos, B.E.; Moltedo, B.; Hemmers,
S.; Treuting, P.; et al. A mechanism for expansion of regulatory T-cell repertoire and its role in self-tolerance. Nature 2015, 528,
132-136.

Cezar-Dos-Santos, F.; Ferreira, R.S.; Okuyama, N.C.M.; Trugilo, K.P.; Sena, M.M.; Pereira, E.R.; Pereira, A.P.L; Watanabe,
M.A.E.; de Oliveira, K.B. FOXP3 immunoregulatory gene variants are independent predictors of human papillomavirus infec-
tion and cervical cancer precursor lesions. J. Cancer Res. Clin. Oncol. 2019, 145, 2013-2025.

Lu, H. FOXP3 expression and prognosis: Role of both the tumor and T cells. J. Clin. Oncol. 2009, 27, 1735-1736.

Bennett, C.L.; Christie, J.; Ramsdell, F.; Brunkow, M.E.; Ferguson, P.J.; Whitesell, L.; Kelly, T.E.; Saulsbury, F.T.; Chance, P.F.;
Ochs, H.D. The immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome (IPEX) is caused by mutations
of FOXP3. Nat. Genet. 2001, 27, 20-21.

Zhang, Y.; Zhang, ].; Liu, H.; He, F.; Chen, A; Yang, H.; Pi, B. Meta-analysis of FOXP3 gene rs3761548 and rs2232365 polymor-
phism and multiple sclerosis susceptibility. Medicine 2019, 98, €17224.

Hernandez-Bello, J.; Preciado-Aguiar, M.S.; Mufoz-Valle, ].F.; Bafios-Hernandez, C.J.; Garcia-Arellano, S.; Alvarado-Navarro,
A. Influence of FOXP3 rs2280883 and rs3761548 Variants on IL-10 and TGF-f1 Serum Levels and Plaque Psoriasis Risk in the
Mexican Population. Int. ]. Mol. Sci. 2025, 26, 1789.

Cheng, Z.; Guo, Y.; Ming, L. Functional Foxp3 polymorphisms and the susceptibility to cancer: An update meta-analysis. Med-
icine 2018, 97, €11927.

Luo, Q.; Zhang, S.; Wei, H.; Pang, X.; Zhang, H. Roles of Foxp3 in the occurrence and development of cervical cancer. Int. J. Clin.
Exp. Pathol. 2015, 8, 8717-8730.

Weller, P.; Bankfalvi, A.; Gu, X.; Dominas, N.; Lehnerdt, G.F.; Zeidler, R.; Lang, S.; Brandau, S.; Dumitru, C.A. The role of tumour
FoxP3 as prognostic marker in different subtypes of head and neck cancer. Eur. ]. Cancer 2014, 50, 1291-1300.

Miller, S.A.; Dykes, D.D.; Polesky, H.F. A simple salting out procedure for extracting DNA from human nucleated cells. Nucleic
Acids Res. 1988, 16, 1215.

IGSR: The International Genome Sample Resource. Available online: https://www.internationalgenome.org/data-portal/sample
(accessed on 22 August 2026).

Eastell, T.; BSPAR Study Group; Hinks, A.; Thomson, W. SNPs in the FOXP3 gene region show no association with Juvenile
Idiopathic Arthritis in a UK Caucasian population. Rheumatology 2007, 46, 1263-1265.

Nanz, L.; Keim, U.; Katalinic, A.; Meyer, T.; Garbe, C.; Leiter, U. Epidemiology of Keratinocyte Skin Cancer with a Focus on
Cutaneous Squamous Cell Carcinoma. Cancers 2024, 16, 606.

Weber, I; Liao, K.; Dang, T.; Shah, M.; Wehner, M.R. Sunburn and Cutaneous Squamous Cell Carcinoma: A Meta-Analysis.
JAMA Dermatol. 2025, 161, 1148-1156.

Neagu, N.; Dianzani, C.; Venuti, A.; Bonin, S.; Voidazan, S.; Zalaudek, I.; Conforti, C. The role of HPV in keratinocyte skin
cancer development: A systematic review. J. Eur. Acad. Dermatol. Venereol. 2023, 37, 40—46.

Pawlak, M.T.; Bui, M.; Amir, M.; Burkhardt, D.L.; Chen, A K,; Dellavalle, R.P. Legislation restricting access to indoor tanning
throughout the world. Arch. Dermatol. 2012, 148, 1006-1012.

IIpaBuo  Vudopmaumonn  Cucrem  Penybamke Cpbuje. Available online:  https://pravno-informacioni-sis-
tem.rs/eli/rep/sgrs/ministarstva/pravilnik/2019/8/7/reg (accessed on 27 August 2026).

Lee, T.; George, C.D.; Jiang, C.; Asgari, M.M.; Nijsten, T.; Pardo, L.M.; Choquet, H. Association between lifetime smoking and
cutaneous squamous cell carcinoma: A 2-sample Mendelian randomization study. JAAD Int. 2023, 14, 69-76.

Hellberg, D. Sex steroids and cervical cancer. Anticancer Res. 2012, 32, 3045-3054.

Li, L.; Pei, B.; Feng, Y. Exogenous hormone therapy and non-melanoma skin cancer (keratinocyte carcinoma) risk in women: A
systematic review and meta-analysis. BMC Cancer 2023, 23, 946.

Xu, M.; Cao, C.; Wu, P.; Huang, X.; Ma, D. Advances in cervical cancer: Current insights and future directions. Cancer Commun.
2025, 45, 77-109.

https://doi.org/10.3390/medicina62102000



Medicina 2026, 62, 2000 18 of 18

34.

35.

36.

37.

38.

39.

40.

41.

42.

Wang, J.; Gong, R.; Zhao, C.; Lei, K.; Sun, X,; Ren, H. Human FOXP3 and tumour microenvironment. Immunology 2023, 168,
248-255.

Ghasemi, Z.; Kalantar, K.; Amirghofran, Z. The role of FOXP3 rs3761548 and rs2294021 polymorphisms in pediatrics acute
lymphoblastic leukemia: Association with risk and response to therapy. Mol. Biol. Rep. 2021, 48, 1139-1150.

Ezzeddini, R.; Somi, M.H.; Taghikhani, M.; Moaddab, S.Y.; Masnadi Shirazi, K.; Shirmohammadi, M.; Eftekharsadat, A.T.; Sadi-
ghi Moghaddam, B.; Salek Farrokhi, A. Association of Foxp3 rs3761548 polymorphism with cytokines concentration in gastric
adenocarcinoma patients. Cytokine 2021, 138, 155351.

Aranome, A.M.F,; Pereira, A.P.L.; Okuyama, N.C.M.; Trugilo, K.P.; Sena, M.M.; Ferreira, R.S.; Cezar-Dos-Santos, F.; Couto-
Filho, ].O.; Oliveira, ].N.; Castilha, E.P.; et al. Gene polymorphisms associated with immunosuppression and their implications
in the onset of cervical cancer. Women Health 2025, 65, 522-532.

Ivkovic, N.; Misic, D.; Kozomara, R.; Jovic, S.; Sami, A.; Velikic, G.; Stosic, S.; Supic, G. Clinical Relevance of FOXP3, PD-L1, PD-
1, and miR-155 Gene Expression and Genetic Variants in HPV-Negative Oral Carcinomas. Int. ]. Mol. Sci. 2025, 26, 7218.
Achilla, C.; Angelis, L.; Papavramidis, T.; Chorti, A.; Chatzikyriakidou, A. Association of FOXP3 rs3761548 With Cancer: Sys-
tematic Review and Two Approaches of X-chromosome Genotypic Meta-analysis. Cancer Genom. Proteom. 2025, 22, 683-697.
Banin Hirata, B.K.; Losi Guembarovski, R.; Vitiello, G.A.F.; Guembarovski, A.L.; Brajao de Oliveira, K.; Watanabe, M.A.E.
FOXP3 Allelic Variants and Haplotype Structures Are Associated with Aggressive Breast Cancer Subtypes. Dis. Markers 2017,
2017, 6359603.

Sun, W.; Li, W.J.; Wu, C.Y.; Zhong, H.; Wen, W.P. CD45RA-Foxp3high but not CD45RA+Foxp3low suppressive T regulatory
cells increased in the peripheral circulation of patients with head and neck squamous cell carcinoma and correlated with tumor
progression. J. Exp. Clin. Cancer Res. 2014, 33, 35.

Carneiro, H.C.; Natal, R.A.; Vassallo, J.; Soares, F.A. PD-L1 and FOXP3 expression in high-grade squamous intraepithelial le-
sions of the anogenital region. Oncotarget 2025, 16, 277-290.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/medicina62102000



