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Abstract
Purpose  FOXP3 is a marker of the T regulatory (Treg) cell subset and drives its function and homeostasis. Its expression 
maintains the host immunosuppressive state that favors persistence of human papillomavirus (HPV) infection and squamous 
intraepithelial lesion (SIL) appearance. The present study evaluated the effects of the rs3761548 and rs2232365 intronic 
single-nucleotide variants (SNVs) and their haplotypes on HPV infection and SIL diagnosis in HPV-infected and -uninfected 
women.
Methods  HPV DNA-based detection in cervical specimens was performed by PCR. FOXP3 variants were genotyped by 
PCR-restriction fragment length polymorphism and haplotype recombination sites were inferred for 208 HPV-infected and 
218 HPV-uninfected women diagnosed or not with low- or high-grade intraepithelial lesions of cervix. Case–control analyses 
were carried out by logistic regression adjusted for several socio-demographic, sexual lifestyle, and clinical data.
Results  The homozygous genotype of the rs3761548 variants (A/A) (related to decreased FOXP3 expression) may exert a 
protective role against HPV infection in women (ORAj: 0.60; 95% CI 0.36–0.99; p = 0.049) and was an independent predictor 
of protection against HSIL development (ORAdj: 0.28; 95% CI 0.11–0.68; p = 0.006). In addition, the homozygous geno-
type (G/G) of the rs2232365 variants (related to increased FOXP3 expression) was independently associated with the HPV 
infection (ORAdj: 2.10; 95% CI 1.06–4.15; p = 0.033). Haplotype analysis revealed no significant associations in our study.
Conclusions  Our results reveal the significant and independent associations between FOXP3 genetic variants and suscepti-
bility to HPV infection and SIL diagnosis and their role as biomarkers of HPV infection and cervical lesion management.
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Introduction

Infection by human papillomavirus (HPV) is the most com-
mon sexually transmitted disease among sexually active peo-
ple. Persistent chronic infection with high oncogenic risk 
types (HR-HPV) is a well-understood etiology of oral and 
anogenital cancers, particularly cervical cancer (CC), the 
fourth most common cancer among women (Morshed et al. 
2014; Ferlay et al. 2015). The overall global burden of HPV 
infection was widely assessed by polymerase chain reaction 
(PCR) and hybrid capture techniques, and was estimated at 
approximately 11–12% (Forman et al. 2012).

HR-HPVs have two transcriptional units, E6 and E7, 
which encode oncoproteins essential for viral replication, 
allowing for tumor suppression inactivation and unchecked 
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cell-cycle progression through p53 and retinoblastoma 
protein inhibition, particularly in infected keratinocytes 
(Morshed et al. 2014). Integration of the HPV genome into 
the host genome is an essential step in tumorigenesis and 
often results in the loss of regulation and overexpression 
of oncogenes E6 and E7 (Jeon and Lambert 1995).

Approximately 80% of primary CC cases arise from 
preexisting squamous dysplasia, formally classified in 
the Bethesda System terminology as squamous intraepi-
thelial lesion (SIL) and stratified as low-grade squamous 
intraepithelial lesion (LSIL) and high-grade squamous 
intraepithelial lesion (HSIL) (Waggoner 2003; Solomon 
et al. 2002). LSIL encompasses mild dysplasia/cervical 
intraepithelial neoplasia (CIN1), while HSIL refers to 
moderate and severe dysplasia (CIN 2/CIN3) and carci-
noma in situ (Solomon et al. 2002).

Persistent HPV infection does not act alone to cause 
SIL progression, and the immune system plays a key role. 
Although an effective immune response is responsible for 
eliminating viral infection in healthy women and inducing 
immunoprotection through type-1 helper T-cell response 
activation, HPV eventually begins modulating cellular 
immunity towards an immune-tolerant microenviron-
ment, characterized by CD4+ CD25+ FOXP3+ T regula-
tory (Treg) cell recruitment (Sasagawa et al. 2012).

FOXP3 is a critical regulator that maintains a heritable 
genetic program for CD4+ CD25+ Treg cells to function 
as suppressor T cells. Given their importance in prevent-
ing the development of autoimmunity and their therapeu-
tic potential, the molecular mechanisms governing CD4+ 
CD25+ Treg development and function are of great interest 
(Fontenot et al. 2003).

FOXP3 is located at Xp11.23 and encodes a cluster of 
transcription factors that are members of the Forkhead/
winged-helix family of transcriptional factors. Alterna-
tively spliced transcript variants encoding different iso-
forms have been identified, which may influence the dif-
ferentiation or functionality of Treg cells in vivo (Lu et al. 
2017).

Progressive up-regulation of FOXP3 has been reported in 
the course of SIL pathogenesis. In addition, FOXP3 immu-
nostaining is correlated with the expression of p16INK4a, a 
key marker for the integration of HR-HPV into host cells 
(Zeng et al. 2013).

Genetic variants in FOXP3 may influence protein expres-
sion and function, dampening Treg cell activity and leading 
to autoimmunity development (Shen et al. 2010). Intronic 
variants may affect the alternative splicing process by dis-
rupting or creating binding sites for splicing, transcrip-
tional, and other regulatory factors (Mudvari et al. 2015). 
FOXP3 variants have been positively associated with sev-
eral disorders such as endometriosis, idiopathic arthritis, 
atopy, Crohn’s disease, unexplained recurrent spontaneous 

abortion, diabetes, and breast cancer (for review see Oda 
et al. 2013).

Moreover, FOXP3 loci were associated with some infec-
tious and parasitic diseases, including tuberculosis (Beiran-
vand et al. 2017), malaria (Koukouikila-Koussounda et al. 
2013), and chronic hepatitis B (Chen et al. 2012). To date, 
no studies have investigated FOXP3 variants in HPV infec-
tion and SIL development.

Therefore, the present study was conducted to evaluate 
the involvement of the FOXP3 genetic variants (SNVs) 
rs3761548 and rs2232365 in HPV infection and SIL patho-
genesis in a South Brazilian cohort, known to present a com-
plex pattern of genetic and ethnic admixture.

Materials and methods

Study design and ethical approval

This study included 426 women who underwent outpatient 
cytology testing and were recruited from several health ser-
vices in Londrina (Paraná, Southern Brazil), including the 
ambulatory colposcopy facility of the International Consor-
tium of Health of the Middle Paranapanema (Cismepar), 
University Hospital and Clinic Center of the State Univer-
sity of Londrina, and two Basic Health-care Units, between 
March 2015 and December 2016. All study subjects received 
clear instructions regarding the purpose of the study and 
procedures to which they would be subjected prior to sam-
ple collection and signed formal consent. Next, each subject 
was interviewed for several socio-demographic, sexual life-
style, gynecological and obstetric background. Patients who 
underwent the loop electrosurgical excision procedure for 
SIL treatment or presented an inconclusive molecular detec-
tion for HPV were excluded. The present study was approved 
by the Institutional Ethics Committee Involving Humans of 
the State University of Londrina (Londrina, PR, Brazil) 
(CEP/UEL 466/2012; CAAE 05505912.0.0000.5231).

Sampling

Cervical epithelial scrapings were obtained from women 
undergoing clinical evaluation in outpatient appointments. 
After sample collection for cytology, the cytobrushes were 
stored in 2 mL of TE buffer (10 mM Tris–HCl and 1 mM 
EDTA pH 8.0) at − 20 °C until molecular analysis. Periph-
eral blood was collected by venipuncture into vacutainer 
tubes containing EDTA and stored at − 20 °C until anal-
ysis. Blood samples were used for FOXP3 SNV analysis, 
while cervical samples were tested for HPV detection and 
genotyping.
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Cytological examination of cervical samples

Cervical smears were obtained at the time of enrollment. 
Experienced pathologists graded and reported Pap smears 
according to the Bethesda System (2001) diagnosis crite-
ria at the Public Health System Laboratory. Patients were 
deemed to have LSIL, HSIL, or negative for intraepithelial 
lesion and malignancy (NILM) if cytology samples pre-
sented normal morphology (da Silva et al. 2012).

Genomic DNA extraction

For the FOXP3 genotyping, genomic DNA from peripheral 
blood samples was extracted using the Biopur Mini Plus 
Kit (Biometrix, Curitiba, PR, Brazil). For the HPV detec-
tion and genotyping, the genomic DNA was obtained from 
cervical cytobrushes using DNAzol (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s instructions and 
stored at − 20 °C. The DNA concentration was measured 
with a NanoDrop 2000c™ Spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA) at 260 nm and purity 
was assessed by measuring the 260/280 ratio.

HPV detection and genotyping

HPV polymerase chain reaction (PCR) was carried out using 
the MY09 (5′-CGTCCMAAR​GGA​WAC​TGA​TC-3′) and 
MY11 (5′-GCMCAG​GGW​CAT​AAY​AATGG-3′) primers 
according to the GenBank Accession number AJ236888. 
These primers were designed to amplify a conserved region 
of approximately 450 base pairs (bp) of L1 in HPV (Bauer 
et al. 1991). Reaction conditions were 190 nM of dNTPs 
(Invitrogen, Carlsbad, CA, USA), 500 nM of each primer, 
2 mM of MgCl2, 1× of buffer (20 mM of Tris–HCl PH 8,5; 
50 mM of KCl), approximately 80 ng of DNA, and 1.25 U 
of Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA), 
with an annealing temperature of 55 °C. Co-amplification 
of the human β-globin gene (approximately 268 bp) was 
performed as an amplification control using primers GH20 
(5′-GAA​GAG​CCA​AGG​ACA​GGT​AC-3′) and PC04 (5′-
CAA​CTT​CAT​CCA​CGT​TCA​CC-3′) (da Silva et al. 2012) 
under the same conditions as used in HPV PCR. A negative 
control sample with no DNA was included in all reaction 
sets to exclude possible contamination. A positive control 
consisting of DNA from the HeLa cervical cancer cell lin-
eage, which contains the HPV18 genome integrated into 
the cell genome, was used. In addition, to identify the HPV 
type, HPV-positive samples were subjected to an enzymatic 
restriction with HpyCH4V (New England Biolabs, Ipswich, 
MA, USA) by restriction fragment length polymorphism 
analysis of PCR amplicons (Santiago et al. 2006). All PCR 
and digested products were analyzed by 10% polyacrylamide 
gel electrophoresis, stained with silver nitrate. According to 

this method, the HPV types detected in these samples were 
classified as high-risk (16, 18, 31, 33, 45, 52, 56, 58, 59, 68, 
and 73) and low-risk (06, 11, 70, 72, 74, 81, and 83).

FOXP3 genetic variant genotyping

PCR-restriction fragment length polymorphism analysis 
was carried out using peripheral blood genomic DNA to 
detect the rs2232365 and rs3761548 SNVs, according to 
GenBank Accession number NG_007392.1. In rs2232365 
SNV, an adenine is replaced by a guanine. In rs3761548 
SNV, a cytosine is replaced by an adenine. For rs2232365 
genotyping, the following primers were used: 5′-AGG​AGA​
AGG​AGT​GGG​CAT​TT-3′ (forward) and 5′-TGT​GAG​TGG​
AGG​AGC​TGA​GG-3′ (reverse) (Paradowska-Gorycka et al. 
2015). The rs3761548 genotyping was performed with the 
following primers: 5′-GGC​AGA​GTT​GAA​ATC​CAA​GC-3′ 
(forward) and 5′-CA ACG​TGT​GAG​AAG​GCA​GAA​-3′ 
(reverse) (He et al. 2013). The reaction contained 1× of 
PCR buffer (20 mM of Tris–HCl PH 8.5; 50 mM of KCl), 
1 mM of MgCl2, 0.1 mM of dNTP (Invitrogen, Carlsbad, 
CA, USA), 0.2 μM of each primer, 1 U/μL of Taq DNA pol-
ymerase (Invitrogen, Carlsbad, CA, USA), and 2.5 ng/μL of 
genomic DNA diluted in ultra-pure H2O (Milli-Q—Merck 
KGaA, Darmstadt, Germany) to a final volume of 25 μL per 
reaction tube, with 5% glycerol added to the rs2232365 reac-
tion. A negative control sample with no DNA was included 
in all reaction sets to exclude possible contamination. The 
cycling protocol, used for both FOXP3 SNVs, was as fol-
lows: denaturation at 95 °C for 5 min, 35 cycles of 45 s 
at 95 °C, 45 s at 59 °C for rs2232365 or 30 s at 65 °C for 
rs3761548, 1 min at 72 °C, and 10 min of final elongation 
at 72 °C. PCR products (3 μL) of rs2232365, which were 
249 bp, were digested overnight at 55 °C with 1.5 U/reac-
tion of the BsmBI restriction endonuclease (New England 
Biolabs, Ipswich, MA, USA), which generated two frag-
ments of 132 and 117 bp corresponding to allele G. The 
PCR product (6 μL) of rs3761548, which was 155 bp, was 
digested overnight at 37 °C with 2.0 U/reaction of the PstI 
restriction endonuclease (New England Biolabs, Ipswich, 
MA, USA), generating two fragments of 80 and 75 bp that 
correspond to allele C. All PCR and digested products were 
analyzed by 10% polyacrylamide gel electrophoresis and 
silver nitrate staining.

Statistical analysis

Analyses of contingency tables by Pearson’s Chi-square 
(χ2) test were used to evaluate differences in the frequency 
distributions of selected socio-demographic and clinical 
categorical variables and FOXP3 variants inheritance mod-
els between controls and case groups (i.e., HPV status/SIL 
diagnosis). Bonferroni correction was used as a post hoc test 
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to avoid false-positive (type I error) findings arising from 
multiple comparisons. Departures from Hardy–Weinberg 
equilibrium and frequency differences between groups were 
evaluated by the Chi-square test. FOXP3 haplotype frequen-
cies were also compared with those of populations world-
wide using the Chi-square test. The results are expressed 
as absolute values and percentages. The continuous vari-
able distribution compared in our design (age) was tested 
for Gaussian distribution by the Kolmogorov–Smirnov test 
and normalized on a logarithmic scale; when normality was 
not observed, we used the non-parametric Mann–Whitney 
test and Kruskal–Wallis test with Dunn’s post hoc test to 
identify age differences between groups. In this case, data 
are expressed as the median and interquartile range (IQR 
25–75). Inference of recombination sites between FOXP3 
alleles of women studied was performed using PHASE 
software version 2.1.1 (Stephens et al. 2001; Stephens and 
Scheet 2005). The web-based application SNPstats (Catalan 
Institute of Oncology, Barcelona, Spain) (https​://www.snpst​
ats.net) was used to analyze linkage disequilibrium between 
FOXP3 genetic variants (Solé et al. 2006; Machiela and Cha-
nock 2015). Binary and multinomial logistic regression with 
a stepwise method was performed to identify among socio-
demographic and clinical data possible confounding factors 
that may have biased the case–control association analysis. 
Confounding factors were defined as the variables that were 
associated with dependent variable analyzed (HPV infec-
tion or SIL diagnosis) with a significance level lower than 
0.05 found in the bivariate analysis. Binary and multinomial 
logistic regression controlled by confounders in the forced 
entry method was employed to predict independent asso-
ciations between SNV inheritance models and haplotypes 
as explanatory variables and case groups (i.e., HPV/SIL) 
as dependent variables. Correlations between haplotypes 
and SIL diagnosis were evaluated by Kendall’s tau-b rank 
correlation coefficient. All tests were two-tailed, with a p 
value < 0.05 considered statistically significant. Odds ratios 
(ORs) and 95% confidence intervals (CI) were estimated. 
Statistical analyses were carried out using SPSS Statistics 
22.0 software (SPSS, Inc., Chicago, IL, USA) and GraphPad 
Prism 7.0 for Windows (GraphPad Software, Inc., La Jolla, 
CA, USA).

Results

Sample characterization according to HPV infection, 
socio‑demographic, and clinical data

First, 426 women were included in the study and categorized 
as HPV-infected (208/48.8%) and HPV-uninfected or con-
trols (218/51.2%). The median age of HPV-infected patients 
was 34 years (IQR 26–46), while that of HPV-uninfected 

women was 42 (IQR 32–51), showing a significant differ-
ence (p < 0.001). The socio-demographic, sexual lifestyle, 
gynecological, and obstetric data of these patients are sum-
marized in Tables 1 and 2. 

When HPV-infected women and HPV-uninfected women 
were compared, a higher frequency of HPV was observed in 
women younger than 24 years old (p < 0.001), receiving < 1 
minimum wage (p = 0.022), single (p = 0.001), smokers (p = 
0.017), and nulliparous (p = 0.034). Moreover, HPV infec-
tion was more common among women with an age at first 
intercourse of less than 17 years (p = 0.018) and had at least 
four sexual partners during their lifetime (p < 0.001).

For convenience, HPV-infected women were divided into 
two groups according to the carcinogenic potential of the 
HPV type screened: HR-HPV infection and LR-HPV infec-
tion. We found no association between socio-demographic, 
sexual lifestyle, gynecological, and obstetric data and low/
high-risk infection (data not shown).

In addition, women in this study were divided into three 
groups based on cytological abnormalities detected and clas-
sified according to the Bethesda System classification as fol-
lows: NILM (control group) (304/74%), LSIL (30/7.3%), 
and HSIL (77/18.7%) groups. The median age of control 
subjects was 40 years (IQR 30–51), LSIL was 34 years (IQR 
22–42), and HSIL was 34 years (IQR 28–46). HSIL showed 
a significant difference from the controls (p = 0.033). Socio-
demographic, sexual lifestyle, gynecological, and obstetric 
data of these patients are presented in Tables S1 and S2 
(Supplemental information). A positive significant associa-
tion was found between LSIL and HSIL diagnosis and age 
lower than 24 years (p = 0.023), LSIL and hormonal con-
traceptive method use (p = 0.009), and LSIL and abortion 
(p = 0.011). HSIL diagnosis was associated with women 
receiving < 1 minimum wage (p < 0.001), smoking status 
(p = 0.006), at least four sexual partners during their lifetime 
(p = 0.007), and sexual partners within the past 6 months 
(p = 0.010).

FOXP3 genetic variants and HPV infection/SIL 
susceptibility

The minor allele frequency (MAF) of rs3761548 was con-
sistent with that reported by the 1000 Genome Project 
(http://www.ncbi.nlm.nih.gov/varia​tion/tools​/1000g​enome​
s/). The MAF of rs2232365 differed from the global fre-
quency found by the 1000 Genome Project. However, when 
analyzing different populations separately, the MAF of 
rs2232365 corresponded to Ad Mixed American and East 
Asian populations.

Case–control analysis was performed to assess the influ-
ence of FOXP3 intronic variants on HPV infection and 
SIL susceptibility. Hardy–Weinberg equilibrium (HWE) 
of rs3761548 and rs2232365 in HPV-infected and control 

https://www.snpstats.net
https://www.snpstats.net
http://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/
http://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/
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Table 1   Socio-demographic 
data of HPV-uninfected and 
HPV-infected women

Bold values represent statistical significant values
HPV human papillomavirus
*Analysis by two-sided Pearson’s Chi-square (χ2) test, with p < 0.05 considered significant
a For association analysis between HPV-uninfected and HPV-infected women, not all 426 patients were 
included, with variations depending on the characteristic analyzed
b p < 0.05, tested by Bonferroni post hoc test for multiple comparisons
c Based on Brazilian educational system
d Based on Brazilian minimum wage (approximately US$ 250.00)

Variable HPV-uninfected HPV-infected p value*

n = 218a (%) n = 208a (%)

Ethnicity 0.223
 Caucasian 115 (52.8) 94 (45.2)
 Non-Caucasian 97 (44.5) 101 (48.6)
 Missing data 6 (2.7) 13 (6.2)

Age range (years) < 0.001
 ≤ 24 12 (5.5) 44b (21.2)
 25–34 53 (24.3) 63 (30.3)
 35–44 54 (24.8) 44 (21.2)
 45–54 60 (27.6) 28 (13.4)
 ≥ 55 36 (16.5) 27 (13.0)
 Missing data 3 (1.3) 2 (0.9)

Educational levelc 0.836
 Incomplete elementary 64 (29.4) 62 (29.8)
 Complete elementary 26 (11.9) 24 (11.5)
 Incomplete secondary 29 (13.3) 29 (13.9)
 Complete secondary 69 (31.7) 66 (31.7)
 Incomplete higher education 7 (3.2) 6 (2.9)
 Complete higher education 17 (7.8) 9 (4.3)
 Missing data 6 (2.7) 12 (5.9)

Monthly incomed 0.022
 < 1 minimum wage 55 (25.2) 73b (35.1)
 1 to < 3 minimum wages 140 (64.2) 101 (48.6)
 > 3 minimum wages 17 (7.8) 15 (7.2)
 Missing data 6 (2.8) 19 (9.1)

Marital status < 0.001
 Single 22 (10.1) 51b (24.6)
 Married/civil partner 157 (72.0) 119 (57.2)
 Divorced 27 (12.4) 24 (11.5)
 Widowed 11 (5.0) 14 (6.7)
 Missing data 1 (0.5) 0 (0.0)

Smoking status 0.017
 No 180 (82.6) 150 (72.1)
 Yes 35 (16.0) 52b (25.0)
 Missing data 3 (1.4) 6 (2.9)

Knowledge about HPV 0.502
 No 42 (19.3) 48 (23.0)
 Have ever heard 117 (53.7) 100 (48.1)
 Yes 55 (25.2) 49 (23.6)

Missing data 4 (1.8) 11 (5.3)
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groups was assessed and genotype frequencies presented 
deviation from HWE, excepted rs3761548 in HPV group. 
Allelic and genotype distributions and p values for the Chi-
square test are shown in Table 3. Associations were tested 

considering the codominant model (heterozygotes or variant 
homozygotes versus major allele homozygotes), dominant 
model (heterozygotes and variant homozygotes versus major 
allele homozygotes), recessive model (variant homozygotes 

Table 2   Sexual lifestyle, 
gynecological, and obstetric 
data of HPV-uninfected and 
HPV-infected women

Bold values represent statistical significant values
HPV human papillomavirus
*Analysis by two-sided Pearson’s Chi-square (χ2) test, with p < 0.05 considered significant
a For association analysis between HPV-uninfected and HPV-infected women, not all 426 patients were 
included, with variations depending on the characteristic analyzed
b p < 0.05, tested by Bonferroni post hoc test for multiple comparisons

Variable HPV-uninfected HPV-infected p value*

n = 218a (%) n = 208a (%)

Contraceptive method 0.433
 No 120 (55.0) 96 (46.2)
 Yes, hormonal 66 (30.3) 77 (37.0)
 Yes, condom 24 (11.0) 27 (13.0)
 Yes, both 8 (3.7) 8 (3.8)
 Missing data 0 – 0 –

Parity 0.034
 0 19 (8.7) 35b (16.8)
 1 37 (17.0) 45 (21.6)
 2 71 (32.6) 47 (22.6)
 3 45 (20.6) 47 (22.6)
 4 24 (11.0) 18 (8.7)
 > 5 22 (10.1) 16 (7.7)

Missing data
 Abortion 0.973
 No 155 (71.1) 135 (64.9)
 Yes 44 (20.2) 38 (18.3)
 Missing data 19 (8.7) 35 (16.8)

Age at first sexual intercourse (years) 0.018
 ≤ 17 years 108 (49.5) 125b (60.1)
 ≥ 18 years 109 (50.0) 79 (38.0)
 Missing data 1 (0.5) 4 (1.9)

Age at menarche (years) 0.694
 ≤ 11 47 (21.6) 51 (24.5)
 12 51 (23.4) 54 (26.0)
 13 53 (24.3) 45 (21.6)
 ≥ 14 65 (29.8) 55 (26.5)

Missing data 2 (0.9) 3 (1.4)
Sexual partners during lifetime < 0.001
 1 87 (39.9) 45 (21.6)
 2–3 69 (31.7) 68 (32.7)
 ≥ 4 58 (26.6) 82b (39.4)
 Missing data 4 (1.8) 13 (6.3)

Sexual partners within the past 6 months 0.098
 0 30 (13.8) 28 (13.5)
 1 176 (80.7) 148 (71.2)
 ≥ 2 2 (0.9) 8 (3.8)
 Missing data 10 (4.6) 24 (11.5)
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versus major allele homozygotes and heterozygotes), and 
overdominant model (variant heterozygotes versus variant 
and major allele homozygotes).

The rs3761548 codominant, recessive, and overdomi-
nant models were associated with the HPV infection. In 

agreement with these results, when the models were adjusted 
by age and partners during lifetime in the binary logistic 
regression, only the recessive model (i.e., assessing the A/A 
genotype effect) was independently associated with virus 
infection, displaying a protective role (ORAdj = 0.60; 95% 

Table 3   FOXP3 genotype and allele distribution considering HPV infection status/SIL diagnosis and inheritance models testing

Bold values represent statistical significant values
HPV human papillomavirus, NILM negative for intraepithelial lesion and malignancy, LSIL low-grade squamous intraepithelial lesion, HSIL 
high-grade squamous intraepithelial lesion
*Analysis by two-sided Pearson’s Chi-square (χ2) test, with p < 0.05 considered significant
a For association analysis not all 426 patients were included because of technical issues in FOXP3 genotyping
b p < 0.05, tested by Bonferroni post hoc test for multiple comparisons
1 Hardy–Weinberg equilibrium χ2: rs3761548 = 0.51, p > 0.05; rs2232365 = 13.85, p < 0.05
2 Hardy–Weinberg equilibrium χ2: rs3761548 = 6.78, p < 0.05; rs2232365 = 11.89, p < 0.05

FOXP3 genotypes HPV-uninfected HPV-infected p value* NILM LSIL HSIL p value*

n = 218a,1 (%) n = 208a,2 (%) n = 304a (%) n = 30a (%) n = 77a (%)

rs3761548
 Codominant model 0.018 0.036
  C/C 63 (31.7) 66 (32.2) 90 (31.0) 11 (36.7) 27 (35.5)
  C/A 81 (40.7) 105b (51.2) 126 (43.4) 12 (40.0) 42 (55.3)
  A/A 55 (27.6) 34 (16.6) 74b (25.5) 7 (23.3) 7 (9.2)

 Dominant model 0.908 0.552
  CC 63 (31.7) 66 (32.2) 90 (31.0) 11 (39.3) 27 (35.5)
  C/A + A/A 136 (68.3) 139 (67.8) 200 (69.0) 17 (60.7) 49 (64.5)

 Recessive model 0.007 0.008
  AA 55 (27.6) 34 (16.6) 74b (25.5) 5 (17.9) 7 (9.2)
  C/C + C/A 144 (72.4) 171b (83.4) 216 (74.5) 23 (82.1) 69 (90.8)

 Overdominant model 0.034 0.175
  C/C + A/A 118 (59.3) 100 (48.8) 164 (56.6) 16 (57.1) 34 (44.7)
  C/A 81 (40.7) 105b (51.2) 126 (43.4) 12 (42.9) 42 (55.3)

 Alelle
  C 207 (52.0) 237 (57.8) 0.097 306 (52.7) 34 (60.7) 96 (63.2) 0.050
  A 191 (48.0) 173 (42.2) 274 (47.3) 22 (39.3) 56 (36.8)

rs2232365
 Codominant model 0.426 0.582
  A/A 46 (22.0) 34 (17.3) 56 (19.2) 6 (21.4) 14 (19.4)
  A/G 129 (61.7) 124 (63.3) 188 (64.6) 15 (53.6) 42 (58.3)
  G/G 34 (16.3) 38 (19.4) 47 (16.2) 7 (25.0) 16 (22.2)

 Dominant model 0.239 0.962
  A/A 46 (22.0) 34 (17.3) 56 (19.2) 6 (21.4) 14 (19.4)
  A/G + G/G 163 (78.0) 162 (82.7) 235 (80.8) 22 (78.6) 58 (80.6)

 Recessive model 0.412 0.289
  GG 34 (16.3) 38 (19.4) 47 (16.2) 7 (25.0) 16 (22.2)
  A/A + A/G 175 (83.7) 158 (80.6) 244 (83.8) 21 (75.0) 56 (77.8)

 Overdominant model 0.749 0.361
  A/A + G/G 80 (38.3) 72 (36.7) 103 (35.4) 13 (46.4) 30 (41.7)
  A/G 129 (61.7) 124 (63.3) 188 (64.6) 15 (53.6) 42 (58.3)

 Alelle 0.268 0.757
  A 221 52.9 192 49.0 300 (51.5) 27 (48.2) 70 (48.6)
  G 197 47.1 200 51.0 282 (48.5) 29 (51.8) 74 (51.4)
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CI 0.36–0.99; p = 0.049) (Table 4). rs2232365 did not reach 
significance in the Chi-square test, while multivariate analy-
ses detected an association of the codominant model with 
HPV infection (ORAdj = 2.10; 95% CI 1.06–4.15; p = 0.033). 
Association studies between low/high-risk HPV infection 
and FOXP3 genetic variants showed no significant associa-
tion (data not shown).

Furthermore, we investigated whether FOXP3 genetic 
variants are involved in LSIL and HSIL pathogenesis. The 

rs3761548 codominant and recessive models showed a 
protective role in SIL development. Indeed, A/A genotype 
carriers were more likely to present with normal cytology. 
This finding was confirmed by multinomial logistic regres-
sion adjusting by age and abortion, with the A/A geno-
type found to be an independent protective factor in HSIL 
development (ORAdj = 0.28; 95% CI 0.11–0.68; p = 0.006). 
The rs3761548 overdominant model (i.e., assessing the 
C/A genotype effect) was found to be independently asso-
ciated with the HSIL development (ORAdj = 1.77; 95% CI 
1.01–3.11; p = 0.046) (Table 4).

FOXP3 haplotype structures and HPV infection/SIL 
susceptibility

Four possible haplotype combinations from rs2232365 and 
rs3761548 were investigated in our experimental design: 
AC, AA, GC, and GA.

Analysis of linkage disequilibrium among rs2232365 
and rs3761548 showed that these SNVs are not good sur-
rogate markers of each other (D′ = 0.16; r2 = 0.15). Once 
they are inherited in the same chromosome with a high 
independency level, it is important to assess their com-
bined effects.

In the association study of FOXP3 haplotypes, the fol-
lowing models were analyzed: AC dominant (AA, GC, and 
GA carriers versus AC carriers), AC recessive (AA, GC, 
and GA carriers versus ACAC), AA dominant (AC, GC, 
and GA carriers versus AA carriers), AA recessive (AC, 
GC, and GA carriers versus AAAA carriers) GC dominant 
(AC, AA, and GA carriers versus GC carriers), GC reces-
sive (AC, AA, and GA carriers versus GCGC), GA domi-
nant (AC, AA, and GC carriers versus GA carriers), and 
GA recessive (AC, AA, and GC carriers versus GAGA). 
The predominant haplotype was AC in our patient cohort, 
while the less frequent haplotype was AA.

In the present study, no significant association between 
haplotypes and HPV infection (adjusted for age and part-
ners during lifetime) or degrees of SIL diagnosis (adjusted 
for age and abortion) were detected when the binary or 
multinomial logistic regression was employed, respec-
tively (Table 5). At this point, for statistical purposes, we 
grouped our SIL samples into two groups: NILM and SIL 
diagnosis. Using binary logistic regression adjusting by 
monthly income and partners during lifetime, we found a 
trend of association between the AA haplotype in the dom-
inant model (p = 0.077) and strong trend between the AA 
haplotype in the recessive model (p = 0.058) with SIL pro-
tection. In addition, correlation analysis revealed a strong 
trend for a negative correlation between the AA haplotype 
in the dominant model and SIL diagnosis (r = − 0.094; 
p = 0.056) (Table 6). 

Table 4   Case–control multivariate analysis considering HPV infec-
tion status/SIL diagnosis and inheritance models

Bold values represent p < 0.05
HPV human papillomavirus, NILM negative for intraepithelial lesion 
and malignancy, LSIL low-grade squamous intraepithelial lesion, 
HSIL high-grade squamous intraepithelial lesion
a OR (odds ratio) and CI (confidence interval) 95% estimated by 
binary logistic regression with “HPV-uninfected group” as reference 
and controlling by age and partners during lifetime
b OR (odds ratio) and CI (confidence interval) 95% estimated by mul-
tinomial logistic regression with “NILM group” as reference and con-
trolling by age and abortion

Models Case groups [OR (CI 95%)]

HPV infectiona LSILb HSILb

rs3761548
 Codominant model
  C/C Reference Reference Reference
  C/A 1.21 (0.75–1.95) 1.11 (0.42–2.93) 1.22 (0.66–2.27)
  A/A 0.67 (0.38–1.20) 0.68 (0.19–2.40) 0.31 (0.12–0.83)

 Dominant model
  CC Reference Reference Reference
  C/A + A/A 1.00 (0.64–1.56) 0.94 (0.38–2.32) 0.87 (0.48–1.55)

 Recessive model
  C/C + C/A Reference Reference Reference
  A/A 0.60 (0.36–0.99) 0.64 (0.20–2.00) 0.28 (0.11–0.68)

 Overdominant model
  C/C + A/A Reference Reference Reference
  C/A 1.42 (0.94–2.15) 1.30 (0.54–3.11) 1.77 (1.01–3.11)

rs2232365
Codominant model
A/A Reference Reference Reference
A/G 1.43 (0.83–2.45) 1.11 (0.35–3.50) 0.98 (0.46–2.10)
G/G 2.10 (1.06–4.15) 1.85 (0.50–6.88) 1.55 (0.63–3.77)
Dominant model
A/A Reference Reference Reference
A/G + G/G 1.55 (0.91–2.63) 1.29 (0.43–3.84) 1.11 (0.53–2.30)
Recessive model
A/A + A/G Reference Reference Reference
G/G 1.59 (0.92–2.73) 1.71 (0.62–4.72) 1.57 (0.79–3.09)
Overdominant model
A/A + G/G Reference Reference Reference
A/G 1.00 (0.65–1.53) 0.81 (0.33–1.98) 0.78 (0.43–1.39)
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Discussion

We analyzed the FOXP3 rs3761548 and rs2232365 genetic 
variants in outpatients infected with HPV carrying CC 
premalignant lesions and HPV-negative and lesion-free 
controls. The main findings of our study were that the A/A 
homozygous genotype of the rs3761548 variant is a good 
predictor of protection from HPV infection in women; this 
genotype is also an independent protection predictor for 
HSIL development. Furthermore, women carrying the G/G 

homozygous genotype of the rs2232365 variant are more 
prone to be infected with the virus.

Although the effects of FOXP3 intronic variants have 
been reported in other gynecological diseases, our results 
reveal that the rs3761548 and rs2232365 SNVs are biomark-
ers of HPV infection and SIL diagnosis. As far as we are 
aware, this is the first genetic association study to inves-
tigate the influence of FOXP3 variants under such patho-
logical conditions, despite more than 1 decade of consist-
ent evidence that FOXP3+ cells infiltration plays a marked 

Table 5   Haplotype distribution considering HPV infection status/grade of SIL diagnosis

Reference genetic model employed in this analysis was the corresponding genetic model (Ex: A/C dominant vs. A/C recessive and vice versa)
HPV human papillomavirus, NILM negative for intraepithelial lesion and malignancy, LSIL low-grade squamous intraepithelial lesion, HSIL 
high-grade squamous intraepithelial lesion, NA not applicable
a OR (odds ratio) and CI (confidence interval) 95% estimated by binary logistic regression with “HPV-uninfected group” as reference and con-
trolling by age and partners during lifetime
b OR (odds ratio) and CI (confidence interval) 95% estimated by multinomial logistic regression with “NILM group” as reference and controlling 
by age and abortion

Haplotypes 
(rs2232365/
rs3761548)

HPV-infected OR (CI 95%)a p value LSIL OR (CI 95%)b p value HSIL OR (CI 95%)b p value
n (%) n (%) n (%)

A/C dominant 144 (69.2) 0.96 (0.62–1.47) 0.854 18 (60.0) 0.62 (0.24–1.61) 0.333 58 (75.3) 1.61 (0.85–3.02) 0.137
A/C recessive 17 (8.2) 0.73 (0.36–1.51) 0.409 5 (16.7) 1.61 (0.42–6.12) 0.424 7 (9.1) 0.79 (0.29–2.16) 0.657
A/A dominant 37 (17.8) 0.71 (0.43–0.18) 0.193 5 (16.7) 1.29 (0.40–4.17) 0.666 10 (13.0) 0.70 (0.30–1.60) 0.400
A/A recessive 7 (3.4) 0.40 (0.14–1.11) 0.079 0 (0.0) NA 2 (2.6) 0.28 (0.03–2.54) 0.261
G/A dominant 125 (60.1) 1.28 (0.85–1.93) 0.231 19 (63.3) 1.65 (0.67–4.06) 0.729 42 (54.5) 0.90 (0.51–1.60) 0.790
G/A recessive 7 (3.4) 0.70 (0.26–1.85) 0.477 0 (0.0) NA 3 (3.9) 0.83 (0.22–3.11) 0.783
G/C dominant 69 (33.2) 1.35 (0.87–2.10) 0.174 9 (30.0) 0.99 (0.36–2.71) 0.984 29 (37.7) 1.48 (0.81–2.69) 0.199
G/C recessive 9 (4.3) 1.46 (0.51–4.14) 0.473 3 (10.0) 2.46 (0.41–14.77) 0.324 3 (3.9) 0.90 (0.22–3.61) 0.891

Table 6   Haplotype distribution 
and correlation analysis 
considering SIL diagnosis

NILM negative for intraepithelial lesion and malignancy, SIL squamous intraepithelial lesion, r correlation 
coefficient
a OR (odds ratio) and CI (confidence interval) 95% estimated by binary logistic regression controlling by 
monthly income and partners during lifetime. Reference genetic model employed in this analysis was the 
corresponding genetic model (Ex: A/C dominant vs. A/C recessive and vice versa)
b Correlation analysis was performed by Kendall’s tau-b rank correlation coefficient considering the haplo-
type genetic model and SIL diagnosis

Haplotypes 
(rs2232365/
rs3761548)

NILM SIL OR (CI 95%)a p value rb p value
n (%) n (%)

A/C dominant 200 (65.8) 76 (71.0) 1.13 (0.66–1.92) 0.063 0.049 0.322
A/C recessive 26 (8.6) 12 (11.2) 1.40 (0.65–3.16) 0.411 0.040 0.414
A/A dominant 69 (22.7) 15 (14.0) 0.54 (0.27–1.07) 0.077 − 0.094 0.056
A/A recessive 18 (5.9) 2 (1.9) 0.13 (0.01–1.07) 0.058 − 0.083 0.094
G/A dominant 176 (57.9) 61 (57.0) 0.96 (0.58–1.58) 0.889 − 0.008 0.873
G/A recessive 17 (5.6) 3 (2.8) 0.73 (0.20–2.65) 0.639 − 0.057 0.250
G/C dominant 91 (29.9) 38 (35.5) 1.5 (0.90–2.53) 0.117 0.053 0.285
G/C recessive 11 (3.6) 6 (5.6) 1.36 (0.44–4.16) 0.582 0.044 0.375
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deleterious role in the course of HPV-associated carcinogen-
esis (Kobayashi et al. 2008).

We found a positive association between the variables 
age lower than 24 years, low monthly income, single marital 
status, smoking status, nulliparity, early age at first sexual 
intercourse, and high number of sexual partners during the 
lifetime with HPV infection. Although nulliparity was asso-
ciated with infection in this study, this result may be biased 
by the younger age of the patients. SIL diagnosis was asso-
ciated with age lower than 24 years, low monthly income, 
smoking status, hormonal contraceptive method, abortion, 
early age at first sexual intercourse, and high number of 
sexual partners.

Because infection by oncogenic HPV is a necessary but 
not sufficient cause of CC (Walboomers et al. 1999), the 
variables described above are all well-known risk factors 
associated with HPV infection and HPV-related cervical 
oncogenesis, and our findings confirm the accumulated epi-
demiological data reported by our research group and exten-
sive medical literature (Trugilo et al. 2018; Okuyama et al. 
2018; Chelimo et al. 2013; Castellsagué and Muñoz 2003). 
Social factors may not be directly involved in lesions and 
cancer pathology but may predispose individuals to HPV 
infection and the transition to cervical malignancy because 
of restricted access to educational, prevention, and sexual 
and reproductive health tools (Krishnan et al. 2008).

FOXP3 is an X-linked gene that encodes a transcription 
factor, the most specific and reliable biomarker of Treg 
cells. Indeed, canonical FOXP3 expression is essential for 
driving CD4+ CD25+ FOXP3+ Treg cell function (Mül-
ler et al. 2010; Passerini et al. 2014). The previous studies 
demonstrated that mutations in FOXP3 may cause immune 
response impairment and contribute to autoimmune dis-
ease development (Katoh et al. 2013), infectious processes 
(Beiranvand et al. 2017), and cancer (Wang et al. 2009).

Evidence from psoriatic patients showed that CD4+ 
CD25+ FOXP3+ T cells carrying the rs3761548 A/A geno-
type have lower FOXP3 levels caused by slowed transcrip-
tion/expression and reduced luciferase reporter activity when 
allele A was present (Shen et al. 2010). C>A substitution 
causes binding loss to E47 and c-Myb transcription factors, 
impairing FOXP3 gene transcription.

We found a significant association between allele C of 
rs3761548 as confirmed in the codominant, recessive, and 
overdominant models and HPV infection. In agreement 
with this, the A/A genotype was found to have independ-
ent protective effects against infection. The A/A genotype 
was more frequent among NILM patients and was found to 
be independently associated with protection against HSIL 
development. The C/A genotype was associated with the 
HSIL development. A recent meta-analysis found that the 
rs3761548 genetic variants, particularly the recessive model 
(A/A vs C/A + C/C: OR = 1.45, 95% CI 1.03–2.02, p = 0.03), 

is associated with cancer risk in the overall population 
(Cheng, Guo and Ming 2018). In a case–control study that 
evaluated the association between FOXP3 genetic variants 
(rs3761548 and rs5902434) and endometrial cancer (EC) in 
Chinese Han women, the authors verified that the frequency 
of allele A in rs3761548 was significantly lower than that 
in healthy controls [20.3% vs 26.4%, odds ratio (OR) 0.71, 
95% confidence interval (CI) 0.54–0.93, p  = 0 .012], while 
heterozygous AC genotype showed a significant protective 
effect on EC in codominant, dominant, and overdominant 
models (You et al. 2018).

We inferred that the C allele increases HPV susceptibil-
ity by up-regulating FOXP3 expression, but the opposite 
may be true: the A allele may protect against HPV infection 
and high-grade dysplasia by decreasing FOXP3 expression, 
inducing down-regulation of Treg-mediated immunoregula-
tory mechanisms and establishing effective anti-viral cellular 
immunity. This assumption is in agreement with a study, 
showing that high frequencies of HPV 16-specific Treg cells 
were strongly correlated with HPV persistent infection and 
HSIL progression (Molling et al. 2007).

Studies of the roles of FOXP3 in neoplastic cells have 
shown conflicting results. FOXP3 expression in Siha HPV-
16-positive cervical cancer cells following lentivirus-medi-
ated RNA interference showed that FOXP3 silencing inhib-
ited cell proliferation and invasiveness, induced apoptosis, 
reduced cells in S phase and G2 phase, and blocked cells in 
G1 phase (Wang et al. 2010). Some studies indicated that 
FOXP3 acts as a tumor suppressor gene and is a favorable 
prognostic factor in several tumors, including HPV-positive 
tonsillar squamous cell carcinoma (Wang et al. 2010; Park 
et al. 2013). In this context, decreased FOXP3 expression 
would impair FOXP3-mediated oncogene repression and 
tumor suppressor activation, explaining why the A/A geno-
type increases cancer susceptibility (Cheng et al. 2018; Zuo 
et al. 2007).

Bioinformatic analysis revealed that rs2232365 is located 
in a putative-binding site for the transcription factor GATA-3 
(Wu et al. 2012). In addition, this transcription factor binds 
the promoter region of FOXP3 only when the allele A is 
present. Binding of GATA-3 inhibits FOXP3 expression, 
and this transcription factor must be removed from the 
promoter for FOXP3 expression to occur (Maruyama et al. 
2011). Next, G/G carriers lose their GATA-3-binding site, 
enabling FOXP3 gene transcription. Accordingly, women 
infected with Mycobacterium tuberculosis carrying the G/G 
genotype of rs2232365 SNV show 2.28-fold higher FOXP3 
expression than A/A carriers (Beiranvand et al. 2017). In the 
present study, the G/G genotype of the rs2232365 gene vari-
ant was an independent predictor of HPV infection. An A>G 
substitution may contribute to Treg FOXP3+ generation and 
exert a detrimental role in the anti-HPV immune response. 
FOXP3 plays a dual role in cell proliferation, with the G/G 
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genotype showing a protective role in severe recurrent res-
piratory papillomatosis (i.e., LR-HPV infection-related) 
(Kwon et al. 2017).

The haplotype frequencies of controls were compared to 
those of African, European, American, and Asian popula-
tions using publicly available data from the 1000 Genome 
Project obtained through the web-based application LDlink 
(Machiela and Chanock 2015). FOXP3 haplotype frequen-
cies differed significantly (p < 0.0001 by Chi-square test) 
from those of the overall population. However, the frequen-
cies from our cohort matched with the following popula-
tions: Puerto Ricans from Puerto Rico (p = 0.707); Colom-
bians from Medellin, Colombia (p = 0.338); Utah residents 
of Northern and Western European Ancestry (p = 0.826); 
British in England and Scotland (p = 0.154), and Punjabi 
from Lahore, Pakistan (p = 0.136). In our cohort, the FOXP3 
haplotype distribution of the control group differed signifi-
cantly from that of the global population reported in the 
1000 Genomes Project data, which did not verify these val-
ues in the Brazilian population.

Our results confirm those of Banin-Hirata et al. (2017), 
who found a significant difference between FOXP3 haplo-
type frequencies of neoplasia-free patients among a Southern 
Brazilian population and different countries and continents. 
Examining the populations separately, the FOXP3 haplotype 
distribution matched that of European, Latin American, and 
Asian populations. The Southern Brazil region displays the 
highest proportion of European ancestry among geopolitical 
regions in the country (Lins et al. 2010). Moreover, urban 
centers present with a high degree of admixture because 
of migration between inland areas and other regions and 
intermarriage between individuals of different ethnic origins 
(Lins et al. 2010).

To the best of our knowledge, no previous studies have 
investigated the effects of the rs3761548 and rs2232365 hap-
lotypes on HPV and SIL susceptibility. Although the lack 
of association between these conditions was found in our 
analysis of haplotypes, the present study revealed that the 
A/A genotype of the rs3761548 SNV is a good predictor of 
prognosis in CC premalignant lesions. In addition, the G/G 
genotype of the rs2232365 SNV is independently associ-
ated with HPV infection. Further studies of the associations 
between immune gene variations and infection and SIL sus-
ceptibility may reveal the molecular immunopathogenesis of 
CC and lead to the establishment of new health prevention 
practices based on molecular screening.
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