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Abstract
The main purpose was to assess the effect of c.29C>T and c.74G>C polymorphisms in the TGFB1 signal peptide on HPV 
infection and development of cervical lesions. Cervical swabs and blood samples were obtained from 349 outpatient women, 
along with socio-demographic and sexual behavioral data. The study population was stratified by absence or presence of 
HPV DNA, as tested by PCR, as well as by lesion grade. TGFB1 signal peptide polymorphisms were genotyped using PCR-
restriction fragment length polymorphism. HPV DNA was detected in 172 (49.3%) patients. c.74GC and the combined 
c.29CC+CT/c.74GC genotype were more frequent in infected patients (35.1 and 15.7%) than in uninfected women (6.2 and 
14.7%). Accordingly, these genotypes were associated with a higher risk of HPV infection, with odds ratio and 95% confi-
dence interval of 2.81 and 1.35–5.86 (P = 0.004) for c.74GC and 3.14 and 1.42–6.94 (P = 0.004) for the combined genotype, 
respectively. High-grade lesions were also 2.48 times more likely to occur in c.29CC patients than in c.29TT patients, with 
a 95% confidence interval of 1.01–6.08 (P = 0.047). The data demonstrate that c.74G>C and c.29C>T polymorphisms are 
significantly associated with risk of HPV infection and high-grade squamous intraepithelial lesions, respectively. Thus, 
TGFB1 signal peptide polymorphisms are potential susceptibility markers.
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Introduction

Human papillomavirus (HPV), specifically high-risk HPV, 
is strongly associated with cervical intraepithelial lesions 
and cancer [1, 2]. HPV is mainly transmitted by skin or 
mucosa contact, which enables virions to infect basal layer 
cells in the epithelium via micro-wounds. In the cervix, most 
HPV infections are cleared or suppressed by cell-mediated 
immunity within 1–2 years. However, persistent infections 
are strongly linked to the development of precancerous squa-
mous intraepithelial lesions, which are typically scored as 

low-grade or high-grade according to the Bethesda System 
(2001) [3, 4].

Infection with high-risk HPV is necessary, but not suf-
ficient for cell immortalization and subsequent malignancy. 
Genetic modifications in the host caused by viral DNA inte-
gration, chemical, and physical mutagens may also contrib-
ute to these processes [5]. In addition, exogenous and endog-
enous factors such as tobacco use, parity, oral contraceptive 
use [6], immune system impairment, and immunological 
interactions at the site of infection [7] may all influence pro-
gression from HPV infection to high-grade cervical lesions.

Transforming growth factor-β (TGFB), one of several 
cytokines that regulate cell growth, maturation, and differ-
entiation, is also implicated in cervical cancer, suggesting an 
association with HPV infection severity, malignancy, or both 
[8, 9]. We note, however, that TGFB may either suppress 
tumor formation or promote metastasis depending on tumor 
stage [10, 11]. Furthermore, sequence variations in TGFB 
and its receptors may alter expression and activity [12–16]. 
For instance, several single nucleotide polymorphisms 
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(SNPs) have been described in TGFB1, including c.29C>T 
(rs1800470) and c.74G>C (rs1800471) in the signal pep-
tide, a coding region. These SNPs cause amino acid substi-
tutions, where we observe the proline to leucine (c.29C>T) 
and arginine to proline (c.74G>C) exchanges at positions 
10 and 25, respectively [17]. Modifications in amino acid 
composition of the signal peptide could affect its polarity 
and hence different rates of protein export [16]. Both SNPs 
have been associated with non-HPV cancer, as breast [12, 
18–20], oral [21], and lung cancers [22], as well as HPV-
positive oropharyngeal cancer [9], in which combined vari-
ant genotypes were more frequent among HPV16-positive 
patients than negative ones. However, the c.29C>T and 
c.74G>C polymorphisms influence on HPV infection and 
cervical carcinogenesis is not totally clear. The few studies 
that evaluated the relation between TGFB1 signal peptide 
SNPs and HPV infection [23–25] or cervical cancer [26, 27] 
in different ethnicities did not find any significant associa-
tion. Here, we assess for the first time the significance of 
c.29C>T and c.74G>C polymorphisms in HPV infection 
and development of cervical lesions.

Materials and methods

Ethical approval

This study was approved by the Institutional Ethics Com-
mittee Involving Humans of the State University of Lon-
drina, Londrina, PR, Brazil (CEP/UEL 133/2012; CAAE 
05505912.0.0000.5231). The purpose of the study and the 
procedures involved were explained to all participants, and 
written informed consent was obtained prior to sample col-
lection and interview.

Patients and samples

In this case–control study, we analyzed 349 women who 
underwent outpatient cytology testing between 2013 and 
2015 at an ambulatory colposcopy facility of the Intermu-
nicipal Consortium of Health of the Middle Paranapanema, 
at the University Hospital and Clinic Center of the State 
University of Londrina, and at two Basic Healthcare Units in 
Londrina—PR, Brazil. After sample collection, cytobrushes 
were stored in 2 mL of TE buffer (10 mM Tris–HCl, 1 mM 
EDTA pH 8.0) at 4 °C until analysis. Peripheral blood was 
drawn into sterile syringes containing EDTA as anticoagu-
lant, and stored at 4 °C until analysis. Patients were inter-
viewed using a structured questionnaire to collect socio-
demographic and sexual behavioral data. Participants were 
stratified based on presence or absence of HPV DNA, as 
tested by PCR, and based on lesion grade, as determined by 
cervical cytology.

Cervical cytology

Cytology samples were graded according to the Bethesda 
System (2001) at the Public Health System Laboratory. 
Patients were deemed to have low-grade squamous intraepi-
thelial lesions, high-grade squamous intraepithelial lesions 
or no lesions if cytology samples were normal, i.e., were not 
indicated as having low- or high-grade squamous intraepi-
thelial lesions, cervical carcinomas, atypical squamous 
cells of undetermined significance, or other atypical squa-
mous cells that cannot be excluded as high-grade squamous 
intraepithelial lesions [28].

DNA extraction

Genomic DNA was obtained from cervical cytobrushes 
using DNAzol (Invitrogen Inc., Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions, and stored at − 20 °C 
until use. Genomic DNA was also extracted from periph-
eral blood using a Biopur Mini Spin Plus Kit (Biometrix, 
Curitiba, Paraná, Brazil). DNA concentration was meas-
ured at 260 nm on a NanoDrop 2000c spectrophotometer 
(Thermo Fisher Scientific, Waltham, Massachusetts, USA), 
and purity was assessed by the A260/A280 ratio.

HPV detection by PCR

HPV was detected by PCR using the primers MY09 
(5′-CGTCCMAAR​GGA​WAC​TGA​TC-3′) and MY11 
(5′-GCMCAG​GGW​CAT​AAY​AATGG-3′), which are 
designed to amplify a conserved region of approximately 
450 bp in the HPV L1 gene (GenBank Accession number: 
AJ236888) [29]. This method was selected because it targets 
very small fragments, and consequently is more sensitive 
than several other molecular techniques [28]. A fragment of 
human b-globin with a length of 268 bp was co-amplified as 
an internal control using primers GH20 (5′-GAA​GAG​CCA​
AGG​ACA​GGT​AC-3′) and PC04 (5′-CAA​CTT​CAT​CCA​
CGT​TCA​CC-3′) [28]. Reactions without template DNA 
were used as a negative control to test for contamination, 
and DNA from HeLa cells, which are stably integrated with 
HPV18, was used as positive control. PCR products were 
electrophoresed on 10% polyacrylamide and stained with 
silver nitrate.

Genotyping of TGFB1 signal peptide polymorphisms

TGFB1 signal peptide polymorphisms were genotyped by 
PCR-restriction fragment length polymorphism according 
to Wood et al. (2000) [16]. In this method, a single ampli-
con is digested with MspA1-I and Bgl-I to detect c.29C>T 



51Medical Microbiology and Immunology (2019) 208:49–58	

1 3

and c.74G>C polymorphisms, respectively. Digestion with 
MspA1-I produces fragments of 149, 67, 40, 26, and 12 bp 
for the C allele at the c.29C>T site, and 161, 67, 40 and 
26 bp for allele T. In contrast, digestion with Bgl-I gener-
ates fragments of 131, 103, and 60 bp for the G allele at the 
c.74G>C site, and 163 and 131 bp for allele C.

Statistical analysis

Continuous data were tested for normality by Kolmogo-
rov–Smirnov test and non-normal data were analyzed by 
Mann–Whitney test to compare groups. Data were expressed 
by median and interquartile range (IQR). Differences in 
socio-demographic and sexual behavioral data between 
infected and uninfected women were examined using con-
tingency tables and Pearson’s χ2 test. Hardy–Weinberg 
equilibrium in infected and uninfected women was tested 
using the χ2 test. Differences in the distribution of geno-
types were assessed by the χ2 test between infected and unin-
fected women, and among women with or without low- and 
high-grade squamous intraepithelial lesions. The crude and 
adjusted odds ratio with 95% confidence interval were cal-
culated to estimate the association between polymorphisms 
and HPV infection or lesion grade based on a binary or mul-
tinomial logistic regression model, respectively, without or 
with adjustment for confounding factors (knowledge of HPV, 
age, marital status, number of full-term pregnancies, and 
parturition for HPV infection analysis and HPV status, age, 
and tobacco use for lesion grade analysis). Data were ana-
lyzed in SPSS Statistics 22.0 (SPSS Inc., Chicago, Illinois, 
USA). P < 0.05 was considered statistically significant.

Results

The study population consisted of 349 women, of whom 
172 (49.3%) tested positive for HPV DNA, and 177 (50.7%) 
did not. The median age of all women was 38 years, with 
interquartile range of 19 years. Infected women were signifi-
cantly younger (P < 0.001) at 35 (20) years than uninfected 
women, who were age 41 (18) years.

Socio‑demographic and sexual behavioral data

Socio-demographic and sexual behavioral data are listed in 
Tables 1 and 2, respectively. Compared with the uninfected 
group, HPV infection was frequently observed in women 
who were ≤ 24 years old (P = 0.006), single (P = 0.014), 
and had not been pregnant (P = 0.008) or given birth 
(P = 0.008). In addition, HPV infection was more frequent 
among patients who did not had knowledge about the virus 
and its transmission (P = 0.018). Notably, using the group 
with no cervical lesions as a reference, low-grade squamous 

intraepithelial lesions were more frequent in women aged 
24 years or less (P = 0.039), whereas high-grade intraepi-
thelial lesions were more common among women who had 
at least four sexual partners in their lifetime (P < 0.001). 
Low- and high-grade lesions were also more frequent among 
women who smoked (P = 0.002).

TGFB1 signal peptide polymorphisms and HPV 
infection

We found that TGFB1 signal peptide polymorphisms were 
in Hardy–Weinberg equilibrium (P > 0.05) in infected and 
uninfected women. Among uninfected women, 64 (36.2%) 
had genotype TT at the c.29C>T site, whereas 83 (46.9%) 
and 30 (16.9%) had genotype CT and CC, respectively. 
Among infected women, 50 (29.1%) had genotype TT, 81 
(47.1%) had genotype CT, and 41 (23.8%) had genotype 
CC. The distribution of c.29C>T genotypes was comparable 
between these groups (P = 0.185).

However, the distribution of c.74G>C polymorphism 
was significantly different between infected and uninfected 
women (P = 0.004). In particular, 166 (93.8%) uninfected 
and 145 (84.3%) infected women had genotype GG, whereas 
11 (6.2%) uninfected and 27 (15.7%) infected patients had 
genotype GC. The CC genotype was not observed (Table 3). 
Accordingly, based on binary logistic regression models 
adjusted for knowledge of HPV, age, marital status, number 
of full-term pregnancies, and parturition, these women were 
at increased risk of infection, with an adjusted odds ratio of 
2.42 and 95% confidence interval of 1.12–5.39, with b 0.90, 
�
2

Wald
 (df = 1) 4.99, and P = 0.026. Higher susceptibility was 

also observed with the combined genotypes c.29CC+CT/
c.74GC and c.29TT/c.74GG. For instance, infected patients 
were more likely to have genotype c.29CC+CT/c.74GC 
than uninfected women, with b 1.03, �2

Wald
 (df = 1) 5.18, and 

P = 0.023, and were 2.80 times more likely to be infected 
than those with the c.29TT/c.74GG genotypes, with a 95% 
confidence interval of 1.15–6.82 (Table 4).

TGFB1 signal peptide polymorphisms and cervical 
lesions

Based on cervical cytology, 343 women were included 
in the further analysis, of whom 259 did not have cervi-
cal lesions, whereas 22 and 62 had low- and high-grade 
squamous intraepithelial lesions, respectively (Table 5). 
Four of the excluded patients were diagnosed with cer-
vical cancer, and another two were excluded because of 
missing cervical cytology results. Significant differences 
in the distribution of c.29C>T polymorphism were noted 
between women without lesions and those with high-grade 
squamous intraepithelial lesions (P = 0.042). Based on a 
multinomial logistic regression model adjusted for HPV 
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Table 1   Socio-demographic 
data of HPV-uninfected and 
HPV-infected women

a Based on Brazilian minimum wage, approximately US$ 220.00
b Based on Brazilian educational system
*By two-sided χ² test, with P < 0.05 considered significant
**For socio-demographic characteristics analysis between HPV-uninfected and HPV-infected women not 
all 349 women were included, with variations depending on the characteristic analyzed

Variable HPV-uninfected HPV-infected P value*

n = 177** % n = 172** %

Knowledge of HPV 0.018
 No 32 18.1 46 26.7
 Have ever heard 96 54.2 73 42.4
 Yes 44 24.9 26 15.1
 Missing data 5 2.8 27 15.8

Age range (years) 0.006
 ≤ 24 13 7.3 31 18.0
 25–34 46 26.0 53 30.8
 35–44 45 25.4 40 23.3
 45–54 50 28.3 28 16.3
 ≥ 55 23 13.0 20 11.6
 Missing data 0 0.0 0 0.0

Ethnicity 0.157
Caucasian 91 51.4 67 39.2
 Brown 58 32.8 63 36.8
 Black 22 12.4 13 7.6
 Missing data 6 3.4 29 16.4

Monthly incomea 0.143
 < 1 minimum wage 42 23.7 43 25.0
 1–< 3 minimum wages 106 59.9 77 44.8
 3–< 5 minimum wages 10 5.6 11 6.4
 ≥ 5 minimum wages 4 2.3 0 0.0
 Missing data 15 8.5 41 23.8

Smoking status 0.177
 No 143 80.8 118 68.6
 Yes 32 18.1 38 22.1
 Missing data 2 1.1 16 9.3

Educationb 0.236
 Incomplete elementary 57 32.2 43 25.0
 Complete elementary 15 8.5 21 12.2
 Incomplete secondary 21 11.9 24 14.0
 Complete secondary 58 32.7 45 26.2
 Incomplete higher education 6 3.4 6 3.5
 Complete higher education 14 7.9 5 2.9
 Missing data 6 3.4 28 16.2

Marital status 0.014
 Single 18 10.2 39 22.7
 Married/civil partner 127 71.7 103 59.9
 Divorced 23 13.0 18 10.5
 Widowed 9 5.1 8 4.6
 Missing data 0 0.0 4 2.3
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Table 2   Sexual behavioral 
characteristics of HPV-
uninfected and HPV-infected 
women

*By two-sided χ² test, with P < 0.05 considered significant
**For sexual behavioral characteristics analysis between HPV-uninfected and HPV-infected women not all 
349 women were included, with variations depending on the characteristic analyzed. aWomen who had not 
been pregnant

Variable HPV-uninfected HPV-infected P value*

n = 177** % n = 172** %

Contraception 0.137
 No 102 57.6 91 52.9
 Yes, hormonal 60 33.9 54 31.4
 Yes, condom 13 7.3 13 7.6
 Yes, both 0 0.0 5 2.9
 Missing data 2 1.2 9 5.2

Number of full-term pregnancies 0.008
 0 13 7.4 30 17.4
 1 29 16.4 43 25.0
 2 56 31.6 38 22.1
 3 45 25.4 36 20.9
 4 19 10.7 12 7.0
 ≥ 5 15 8.5 12 7.0
 Missing data 0 0.0 1 0.6

Parturition 0.008
 No 15 8.5 35 20.3
 Natural birth 69 39.0 68 39.6
 Cesarean birth 59 33.3 43 25.0
 Both 34 19.2 25 14.5
 Missing data 0 0.0 1 0.6

Abortion 0.654
 No 129 72.9 114 66.3
 Yes 35 19.8 27 15.7
 Not applicablea 13 7.3 30 17.4
 Missing data 0 0.0 1 0.6

Age at first sexual intercourse (years) 0.107
 ≤ 17 93 52.5 99 57.6
 ≥ 18 82 46.3 61 35.5
 Missing data 2 1.2 12 6.9

Age at menarche (years) 0.153
 ≤ 11 37 20.9 42 24.4
 12 43 24.3 47 27.3
 13 48 27.1 28 16.3
 ≥ 14 48 27.1 44 25.6
 Missing data 1 0.6 11 6.4

Sexual partners during lifetime 0.072
 1 67 37.9 39 22.7
 2–3 48 27.1 51 29.7
 ≥ 4 57 32.2 55 32.0
 Missing data 5 2.8 27 15.6

Sexual partners in past 6 months 0.454
 0 22 12.4 23 13.4
 1 147 83.1 118 68.6
 ≥ 2 3 1.7 5 2.9
 Missing data 5 2.8 26 15.1
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status, age, and tobacco use, the CC genotype was found 
to be associated with high-grade lesions, with b 0.91, �2

Wald
 

(df = 1) 3.96, and P = 0.047. Indeed, the CC genotype 
increased the probability of developing high-grade lesions 
by 2.48-fold compared to the TT genotype, with a 95% 
confidence interval of 1.01–6.08. In contrast, c.74G>C 
polymorphism was not significantly associated with lesion 
grade (P > 0.05, Table 6).

Discussion

HPV infection and progression to cervical lesions involve 
multiple factors, both intrinsic and extrinsic, which are 
determinant for the good or bad outcome of the disease. 
Environmental factors as well as the participation of immu-
noregulatory mechanisms are important in this context. 
Therefore, in this study, we identified the main socio-demo-
graphic and sexual behavior characteristics of our study 
population and verified whether TGFB1 polymorphisms 
c.29C>T and c.74G>C are associated with HPV infection 
and development of cervical lesions in women from Paraná, 
Brazil.

Socio-demographic and sexual behavioral profiles dem-
onstrated that HPV was associated with women who were 
not aware of the virus (P = 0.018), suggesting that lack of 
information about HPV and how to avoid exposure prob-
ably predisposes women to infection. HPV was also asso-
ciated with younger women ≤ 24 years of age (P = 0.006), 
who, in this study, were also typically single (P = 0.014) 
and had never been pregnant (P = 0.008) or had given birth 
(P = 0.008). Indeed, young age is a well-known independent 
factor associated with HPV infection [30], perhaps because 
of increased sexual activity at this age and cervical ectopy, 
an anatomical feature in young women that exposes the 
columnar epithelium in the ectocervix and renders the tis-
sue more vulnerable to infection [30, 31].

Although high-grade squamous intraepithelial lesions 
were expected to be more frequent in the same younger age 
group at higher risk of HPV, low-grade lesions were actu-
ally found to be more frequent (P = 0.039). Similarly, Nunes 
et al. (2014) [32] reported that high-grade lesions were 
more prevalent in older women than in younger women, 

Table 3   Distribution of TGFB1 signal peptide polymorphisms geno-
types by HPV infection

*By two-sided χ² test, with P < 0.05 considered significant
1 Combined TGFB1 signal peptide polymorphisms genotypes
a Hardy–Weinberg equilibrium χ²: c.29C>T = 0.122, P > 0.05; 
c.74G>C = 0.182, P > 0.05
b Hardy–Weinberg equilibrium χ²: c.29C>T = 0.531, P > 0.05; 
c.74G>C = 1.248, P > 0.05

TGFB1 genotype HPV-uninfected HPV-infected P value*

n = 177 a % n = 172 b %

c.29C>T 0.185
  TT 64 36.2 50 29.1
  CT 83 46.9 81 47.1
  CC 30 16.9 41 23.8

c.74G>C 0.004
  GG 166 93.8 145 84.3
  GC 11 6.2 27 15.7
  CC 0 0.0 0 0.0

 c.29C>T/c.74G>C1 0.004
  TT/GG 64 85.3 50 64.9
  CC + CT/GC 11 14.7 27 35.1

Table 4   TGFB1 signal peptide 
polymorphisms genotypes and 
susceptibility to HPV infection

*Binary logistic regression, with “uninfected group” as reference and P < 0.05 considered significant
**Binary logistic regression adjusted for knowledge of HPV, age, marital status, number of full-term preg-
nancies, and parturition, with “uninfected group” as reference and P < 0.05 considered significant
a Combined TGFB1 signal peptide polymorphisms genotypes

TGFB1 genotype �
2

Wald
 (df = 1) P value Odds ratio and CI95%

Crude* Adjusted** Crude* Adjusted** Crude* Adjusted**

c.29C>T
  TT – – – – 1.00 Reference 1.00 Reference
  CT 0.83 0.12 0.364 0.735 1.25 0.77–2.10 1.10 0.65–1.86
  CC 3.35 1.71 0.067 0.191 1.75 0.96–3.18 1.54 0.81–2.96

c.74G>C
  GG – – – – 1.00 Reference 1.00 Reference
  GC 7.58 4.99 0.006 0.026 2.81 1.35–5.86 2.42 1.12–5.39

 c.29C>T/c.74G>Ca

  TT/GG – – – – 1.00 Reference 1.00 Reference
  CC+CT/GC 8.01 5.18 0.005 0.023 3.14 1.42–6.94 2.80 1.15–6.82
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suggesting either that HPV infections are spontaneously 
cleared more often in women under 30 years of age and do 
not progress to high-grade lesions, or that high-grade lesions 
regress in younger women. Interestingly, a high number of 
sexual partners over the lifetime was not associated with 
HPV infection in our cohort, in contrast to previous studies. 
Nevertheless, a high number of sexual partners can reason-
ably be expected to increase the risk of infection, and hence 
to increase the risk of high-grade lesions.

Notably, low- and high-grade lesions were more frequent 
in women who self-reported smoking than in non-smokers 
(P = 0.002), in agreement with previous reports indicating 

that cigarette use synergizes with HPV infection to promote 
malignant progression of cervical lesions [33, 34]. In par-
ticular, tobacco carcinogens such as benzo[a]pyrene have 
been detected in the cervical mucus of women who smoke 
and who develop cervical dysplasias [35]. Indeed, benzo[a]
pyrene has been shown to enhance virus replication and per-
sistence in a dose-dependent manner, or otherwise to cor-
relate with HPV genome amplification, potentially resulting 
in increased expression of the E6 and E7 oncoproteins [33].

Nevertheless, only a subset of individuals exposed to 
HPV develops persistent infection that may progress to 
high-grade lesions and cervical cancer, implying that other 

Table 5   Distribution of TGFB1 
signal peptide polymorphisms 
genotypes by lesion grade

*By two-sided χ² test, with P < 0.05 considered significant
a No lesion
b Low-grade squamous intraepithelial lesion
c High-grade squamous intraepithelial lesion

TGFB1 genotype NLa LSILb HSILc P value*

n = 259 % n = 22 % n = 62 %

c.29C>T 0.042
  TT 95 36.7 6 27.3 13 21.0
  CT 120 46.3 11 50.0 29 46.8
  CC 44 17.0 5 22.7 20 32.3

c.74G>C 0.149
  GG 235 90.7 19 86.4 51 82.3
  GC 24 9.3 3 13.6 11 17.7
  CC 0 0.0 0 0.0 0 0.0

Table 6   TGFB1 signal peptide 
polymorphisms genotypes and 
susceptibility to low- and high-
grade squamous intraepithelial 
lesions

*Multinomial logistic regression, with “no lesion” as reference and P < 0.05 considered significant
**Multinomial logistic regression adjusted for HPV status, age, and tobacco use, with “no lesion” as refer-
ence and P < 0.05 considered significant
a Low-grade squamous intraepithelial lesion
b High-grade squamous intraepithelial lesion

Lesion TGFB1 genotype �
2

Wald
 (df = 1) P value Odds ratio and CI95%

Crude* Adjusted** Crude* Adjusted** Crude* Adjusted**

LSILa c.29C>T
TT – – – – 1.00 Reference 1.00 Reference
CT 0.50 1.40 0.479 0.237 1.45 0.52–4.07 2.08 0.62–7.00
CC 0.86 1.04 0.353 0.307 1.80 0.52–6.21 2.06 0.51–8.30
c.74G>C
GG – – – – 1.00 Reference 1.00 Reference
GC 0.44 0.56 0.507 0.452 1.55 0.43–5.60 1.69 0.43–6.67

HSILb c.29C>T
TT – – – – 1.00 Reference 1.00 Reference
CT 2.48 2.13 0.115 0.144 1.77 0.87–3.58 1.80 0.82–3.97
CC 9.00 3.96 0.003 0.047 3.32 1.51–7.28 2.48 1.01–6.08
c.74G>C
GG – – – – 1.00 Reference 1.00 Reference
GC 3.57 0.85 0.059 0.357 2.11 0.97–4.58 1.52 0.62–3.72
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genetic factors may contribute to the process. Such genetic 
factors may include sequence variations in TGFB1, as TGFB 
is a potent modulator of cell growth, maturation, and differ-
entiation, and an important cytokine in the infection micro-
environment [11, 36]. Thus, using molecular techniques, we 
assessed whether the TGFB1 signal peptide polymorphisms 
c.29C>T and c.74G>C are associated with HPV infection 
and development of cervical lesions.

To eliminate confounding effects in the susceptibility 
analysis, logistic regression was used to adjust for con-
founding factors. According to the adjusted results, the 
c.74GC genotype and the combined c.29CC+CT/c.74GC 
genotype were associated with infected women. Our results 
are in agreement with Guan and colleagues (2010) [9], who 
reported that patients (both gender) with HPV16-positive 
squamous cell carcinoma of the oropharynx were more likely 
to have c.29CC+CT genotype and c.29CC+CT/c.74GC+CC 
combined genotypes than HPV-negative patients. Further-
more, even statistically non-significant, they observed that 
c.74GC+CC genotype distribution was slightly more fre-
quent in HPV16-positive tumor patients than HPV-negative 
ones. In our case, besides c.74GC genotype, c.29CC was also 
more frequent in HPV-infected women than in uninfected, 
however, this difference did not reach statistical significance. 
Therefore, we note that the c.29C>T and c.74G>C geno-
types by themselves were similarly distributed in infected 
and uninfected women in our cohort, and thus, analysis of 
combined polymorphisms was more informative, as has been 
previously noted [37]. Hence, a panel of polymorphisms 
may be more reliable as a marker of susceptibility to HPV 
infection and other diseases.

Remarkably, only c.29C>T polymorphism was associated 
with lesion grade. Adjusted results confirmed that women 
with the c.29CC genotype were 2.5 times more likely to 
develop high-grade squamous intraepithelial lesions com-
pared to women with the c.29TT genotype (P = 0.047).

One overarching possibility is that c.29C>T and 
c.74G>C polymorphisms profoundly impact TGFB1 pro-
duction, which was found in several studies to gradually 
increase during progression from normal tissue to cervi-
cal cancer [38–40]. For instance, the c.74G and c.29C 
alleles upregulate TGFB1 in vitro [12, 41, 42], and c.29C 
is associated with high serum levels of TGFB1 [43–45]. 
Because TGFB1 may autoregulate HPV gene expression 
in infected genital epithelial cells by suppressing LCR-
driven transcription activity and transcription of early 
genes [46], we believe that women who produce TGFB1 
more abundantly as a result of their c.74GG genotype may 
have some protection against HPV infection. Conversely, 
women with the c.74GC genotype are at an elevated risk 
of HPV infection, as we observed in our cohort, presum-
ably because this genotype suppresses TGFB production 

[41]. We note that TGFB may additionally control HPV 
replication early in infection by cell cycle arrest in the 
G1 phase, a process that depends on inducing the small 
cyclin-dependent kinase inhibitors p15, p21, and p27 and 
downregulating the oncogene c-myc through Smads and 
E2F4/5 [10].

However, in the event that HPV infection persists and 
lesions develop, increased TGFB production resulting 
from the c.29CC genotype may then worsen prognosis, 
as TGFB is also the most powerful immunosuppressor in 
mammals [47]. In particular, TGFB suppresses the dif-
ferentiation of T cells [48] and induces naive T cells to 
express the transcription factor forkhead box P3 (Foxp3), 
which drives conversion to regulatory T cells [49, 50]. 
Notably, Foxp3 expression shows an increasing ten-
dency with the progression of cervical lesions and is 
higher in metastatic lymph nodes than in normal ones 
[51]. Therefore, the TGFB1 c.29CC genotype may drive 
HPV-caused lesions progression as a result of increased 
immunosuppression.

Although the small number of patients with low-grade 
squamous intraepithelial lesions and the exclusion of 
patients with cervical cancer may have limited the sen-
sitivity of the present study, the strengths of our analyses 
lie in the analysis of combined polymorphisms and in the 
adjustment for potential confounding factors including 
HPV, age, and smoking.

To our knowledge, we demonstrated for the first time 
that the c.74G>C and c.29C>T polymorphisms are signifi-
cantly associated with susceptibility to HPV infection and 
high-grade squamous intraepithelial lesions, respectively. 
Although further studies with a larger number of patients 
are warranted to confirm the results, our study suggests 
c.74G>C and c.29C>T polymorphisms in the TGFB1 sig-
nal peptide as potential susceptibility markers.
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