
ORIGINAL ARTICLE

Association between p21 Ser31Arg polymorphism
and the development of cervical lesion in women infected
with high risk HPV

Géssica Lima1 & Erinaldo Santos2 & Hildson Angelo3,4 & Micheline Oliveira5 &

Sandra Heráclio6 & Fernanda Leite7 & Celso de Melo8 & Sergio Crovella3,9 &

Maria Maia2,7 & Paulo Souza1,2,7

Received: 25 November 2015 /Accepted: 4 February 2016 /Published online: 17 February 2016
# International Society of Oncology and BioMarkers (ISOBM) 2016

Abstract Infection by high-risk human papillomavirus (HR-
HPV) and single nucleotide polymorphism (SNP) in genes
involved in cell cycle control, as p21 and p27, are important
factors in the development of different types of human can-
cers. This study aims at investigating whether both the p21
Ser31Arg and p27 V109G polymorphisms are associated
with susceptibility to the development of cervical lesions
in women HR-HPV positive. We analyzed 132 women
HPV positive and with cervical lesions or CC and 154
healthy control (HPV negative and without cervical lesions).
p21 Ser31Arg and p27 V109G polymorphisms were ana-
lyzed using the polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) method and se-
quencing. The p21 31Arg allele was associated with suscep-
tibility for the development of cervical lesions (P*=0.0009),

while p27 V109G polymorphism showed no significant dif-
ferences for this association (P*=0.89). However, the com-
bined effect of the polymorphisms showed that the presence
of the CC genotype (SNP p21 Ser31Arg) conferred protec-
tion for the development of cervical lesions (OR=0.39). p21
Ser31Arg and p27 V109G polymorphisms were not associ-
ated with the grade of cervical lesions (CINI, CINII, and
CINIII) or CC (P*>0.05). The HR-HPV more frequent in
this study were of 16 (57.6 %) and 18 (37.1 %) types;
however, no association was observed when both polymor-
phisms and risk factors analyzed were compared (P*>0.05).
Our findings suggest a possible association between p21
Ser31tabArg polymorphism and susceptibility to the devel-
opment of cervical lesions in women from Pernambuco.
Brazil.

Tumor Biol. (2016) 37:10935–10941
DOI 10.1007/s13277-016-4979-0

The work was performed at the Rural Federal University of Pernambuco
(UFRPE), Recife, PE, Brazil.

Electronic supplementary material The online version of this article
(doi:10.1007/s13277-016-4979-0) contains supplementary material,
which is available to authorized users.

* Paulo Souza
prsouza30@gmail.com

1 Post-Graduate Program in Cellular and Molecular Biology Applied,
University of Pernambuco (UPE), Recife, PE, Brazil

2 Post-Graduate Program in Tropical Animal Science, Rural Federal
University of Pernambuco (UFRPE), Recife, PE, Brazil

3 Post-Graduate Program in Genetic, Federal University of
Pernambuco (UFPE), Recife, PE, Brazil

4 Federal Institute of Pernambuco – Campus Garanhuns (IFPE/
Garanhuns), Garanhuns, PE, Brazil

5 Post-Graduate Program in Biological Science, Federal University of
Pernambuco (UFPE), Recife, PE, Brazil

6 Departament of Lower Genital Tract Pathology,Women’s Healthcare
Center, Instituto de Medicina Integral Prof. Fernando Figueira
(IMIP), Recife, PE, Brazil

7 Department of Biology, Rural Federal University of Pernambuco
(UFRPE), Rua Dom Manoel de Medeiros, s/n, Dois Irmãos,
52171-900 Recife, PE, Brazil

8 Departament of Physics, Federal University of Pernambuco (UFPE),
Recife, PE, Brazil

9 Departament of Genetics, Federal University of Pernambuco
(UFPE), Recife, PE, Brazil

http://dx.doi.org/10.1007/s13277-016-4979-0
http://crossmark.crossref.org/dialog/?doi=10.1007/s13277-016-4979-0&domain=pdf


Keywords SNPs . Cell cycle . Cervical cancer . HPV

Introduction

Cervical cancer (CC) represents the second most common
cancer in Brazil and is the fourth leading cause of death in
Brazilian women. In years 2014–2015, 15,590 new cases of
CC are estimated, while in Pernambuco, 6.13 new cases per
100,000 women are expected [1]. The main etiological agent
of CC is the human papillomaviruses (HPV) infection, which
is found in more than 90 % of the cases [2, 3]. Among over
100 types of HPV, the 16, 18, 31, and 33 are the most frequent
high-risk HPV (HR-HPVs) types found in both cervical
intraepithelial neoplasia (CIN) and cervical cancer [3].
Moreover, several other factors appear to increase susceptibil-
ity to develop cervical cancer, including genetic and environ-
mental factors (tobacco use, multiple sexual partners, alcohol
consumption, and number of children) [4, 5].

The cell cycle is divided into four phases, G1, S, G2, and
M, and its progression is regulated by cyclins and cyclin-
depent kinases (CDK). This complex operates in the phos-
phorylation of proteins, such as pRb, involved in cell cycle
progression [6, 7]. The pRB protein inhibits the activity of the
transcription factor E2F blocking the G1 to S phase transition,
when phosphorylated by the cyclin CDK complex becomes
inactive, liberating the E2F factor and thus enabling the con-
tinuity of the cell cycle [8]. DNA damage in normal cells
causes the activation of the cyclin-dependent kinase inhibitors
(CKIs) that inhibit the cyclin-CDK complex aimed at
preventing the unregulated proliferation of cells [9].

The CKIs are classified into subclasses: Kip/Cip, which
include P21 and P27, and INK4 [10]. The P21, upregulated
by wild-type tumor suppressor protein P53, inhibits cyclin-
CDK2 or cyclin-CDK4 complexes and hinders the transition
from the G1 to the S phase [7, 8]. Also, high levels of P27
inhibit cyclin E/CDK2 complex in the G1 phase and block the
advance of the cell cycle [11].

The development of cancers results from the uncontrolled
proliferation of cells mainly caused by interference in the cell
cycle checkpoints. The HR-HPV infection increases the ex-
pression of oncoproteins E6 and E7 that inhibit the activity
P21 and P27 proteins, facilitating malignant transformation
[7, 12].

Single nucleotide polymorphism (SNP) of the p21 gene
(C>A) at codon 31 (p21 Ser31Arg; rs1801270) produces an
amino acid substitution of arginine for serine, resulting in
altered levels of protein [13]. Genetic studies have found that
SNPs of the p21 gene could influence on the development of
several pathology, as cervical, lung, and gastric cancer
[14–19]. The SNP (T>G) at codon 109 of p27 gene (p27
V109G; rs2066827), which promotes a valine-to-glycine sub-
stitution, is associated with altered activity of the protein [20].

Mutations in this tumor suppressor gene has been reported to
be involved in human tumor progression, as in a colon cancer,
breast cancer, oral squamous cell carcinoma, and endometri-
osis [21–25]. Besides, some studies suggest that decreased
levels of p27may be important in the development of cervical
carcinoma, since that both a diminished expression in women
with lesions and high levels of p27 in normal cervix are found
[26–28]

Prior studies have related these polymorphisms with cervi-
cal cancer, but the results are conflicting and even at present
moment, no study has been conducted relating these polymor-
phisms with the development of cervical lesion [22–25, 28].
Therefore, further studies to assess these possible associations
are needed. Thus, the aim of the present work was to evaluate
the possible association of the single nucleotide polymor-
phisms in the p21 and p27 genes with the development of
cervical lesions in women with HR-HPV infection.

Methods

Study population

The study group consisted of 132 sexually active women from
Recife metropolitan region (Pernambuco, Northeast Brazil),
with ages between 16 and 75 years and mean age 33.9
± 10.3 years, presenting HR-HPV infection and different
grade of cervical intraepithelial neoplasia (low grade or CIN
I, and high grade or CIN II, III) or cervical cancer, which were
confirmed by cytological and histological analysis. All pa-
tients were initially assessed by colposcopy, and subsequently,
cervical smears were collected. Histological diagnosis was
made according to Solomon et al. [29] and Associacao
Brasileira de Ginetoscopia [30]. Patients were also stratified
according to smoking, alcohol consumption, multiple sexual
partners, and number of children.

One hundred fifty-four unrelated women volunteers with-
out HPVand cervical lesions from Recife metropolitan region
(healthy controls group), with ages between 14 and 70 years
(mean age 37.7±10 years), with no history of lesions or neo-
plastic disease as evaluated by the physician were enrolled as
controls, and written informed consent was obtained.

The study population was recruited between January 2009
and December 2009 at the Lower Genital Tract Pathology
Clinic at the Women’s Healthcare Center of the Prof.
Fernando Figueira Institute of Integrated Medicine,
Pernambuco, Brazil. All women survey participants answered
a questionnaire including social and demographic features,
including age, level of instruction, age of the first
sexualintercourse, number of partners, sexual behavior,
smoking, and alcohol consumption. The institutional ethics
and research committees (no. 355/08) approved this study.
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DNA extraction

All the analyses were realized in the Laboratory of Genetic,
Biochemistry and DNA Sequencing at Rural Federal
University of Pernambuco. DNAwas extracted from 300 μL
vaginal fluid following the manufacturer’s instructions using
the Wizard® Genomic DNA Purification Kit Protocol –
Promega.

HPV detection and typing

HPV DNA was detected in all samples using MY09/11,
GP05+, and GP06+ consensus primers following PCR proto-
cols published elsewhere [31, 32]. Four types of HR-HPV
(such as 16, 18, 31, and 33), which infect the region
anogenital, were genotyped by use of specific primers and
following protocols published elsewhere [33].

Analysis of the polymorphism in the p21 gene codon 31

The genotyping of the p21 Ser31Arg polymorphism was per-
formed as described by Li et al. [34], using polymerase chain
reaction–restriction fragment length polymorphism (PCR-
RFLP). The following primers were used for PCR amplifica-
tion: sense (5′-GTCAGAACCGGCTGGGGATG-3′) and an-
tisense (5′-CTCCTCCCAACTCATCCCGG-3′). The amplifi-
cation produced a PCR product of 272 bp that was digested by
BlpI restriction enzyme at 37 °C for 4 h, generating two frag-
ments of 183 and 89 bp when in presence of the C allele, and
only one fragment of 272 bp in presence of allele A.

Analysis of the polymorphism in the p27gene codon 109

The genotyping was also performed using PCR-RFLP. The
sense primer (5-TGCAGACCCGGGAGAAAG-3′) and anti-
sense primer (5′-CTAACCCCGTCTGGC-3), as described by
Li et al. [24], were used. When the product of the PCR am-
plification was digested with the BglI enzyme restriction for
4 h at 37 °C, three fragments of 262, 116, and 76 bp were
generated when in presence of the T allele and two fragments
of 377 and 76 bp when in presence of G allele.

Sequencing

To double-check PCR-RLFP genotyping analysis of the p21
Ser31Arg and p27 V109G polymorphisms, 20 % of the sam-
ples were sequenced using the MegaBACE 1000 DNA se-
quencer (GE Healthcare, USA). Data were collected follow-
ing the parameters (Dye Set BZ^) set by the Data Collection
program v1.0.1. The obtained sequence were compared with
sequences available in GenBank database (www.ncbi.nlm.
nih.gov) using BLAST tool and analyzed in the program
BioEdit 5.0.

Statistical analysis

The associations between the p21 and p27 polymorphisms
and disease were tested using the chi-squared test. Hardy-
Weinberg equilibrium (HWE) test was applied to both
datasets. The frequencies of alleles and genotypes were ob-
tained by direct counting. The possible association between
SNPs and cervical lesions or CC with HR-HPVs (16, 18, 31,
or 33) type or risk factors, such as smoking, alcohol consump-
tion, multiple sexual partners, and number of children, were
evaluated by the odds ratio (OR) with 95 % confidence inter-
val. Furthermore, the same test was used to analyze the com-
bined effect of these polymorphisms. All analyses were done
using the BioStat 5.0 software program.

Results

Association of the polymorphisms in the p21 and p27
genes with development of cervical lesions

The distribution of genotypes and allele frequencies of p21
Ser31Arg and p27 V109G polymorphisms among patients
and healthy controls were all in accordance with Hardy–
Weinberg equilibrium. For the p21 Ser31Arg polymorphism,
the genotypic distribution was (76.6 % CC, 21.4 % CA, and
2.0 % AA) and (57.6 % CC, 37.1 % CA, 5.3 % AA) in cases
and healthy controls, respectively. There was an increase of
twofold risk for the development of cervical lesions in the
patients group (OR=2.41; P*=0.0009) when the AA+AC
genotypes were used as reference. However, no significant
difference in the distribution of genotypic frequencies be-
tween the control and patient groups (27 % TT, 86 % TG,
and 41 % GG and 23 % TT, 70 % TG, and 39 % GG, respec-
tively) was observed in relation to the p27 V109G gene poly-
morphism (P*=0.89; Table 1). Also, we examined the com-
bined effect of both polymorphisms in the development of
cervical lesions or CC. This assay showed that the presence
of the CC genotype (SNP p21 Ser31Arg) conferred protection
even when the polymorphic variants in the p27 gene
(OR=0.39; P<0.05) are present as reported in Table 2.

Table 3 presents the correlation between of the p21
Ser31Arg and p27 V109G polymorphisms with the grade of
lesion (CIN I or CIN II, III), and in their progression to CC, no
significant difference was observed (P>0.05).

Association of the polymorphisms in the p21 and p27 genes
with HR-HPV infection or with risk factors for CIN
and CC

The analyses of the distribution of HR-HPV types in women
with cervical lesions or CC showed elevated frequency of
HPV 16 and 18 types (HPV 16=57.6 %, HPV 18=37.1 %,
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HPV 31=3.0 %, HPV 33=1.5 %, and other HPVs=15.2 %).
Besides that, multiple infections by HPV16/18 types were
present in 14.4 % of the patients. However, the genotypic
frequencies of the p21 Ser31Arg and p27 V109G polymor-
phisms were not associated with infection by any kind of HR-
HPVanalyzed neither with coinfection with HPV16/18 types
(Table 4). Furthermore, comparing the genotypic frequencies
of both p21 Ser31Arg and p27 V109G polymorphisms with
risk factors as smoking, alcohol consumption, multiple sexual
partners, and number of children, no significant association
was observed (Table 5).

Discussion

In the present study, the association of the single nucleotide
polymorphisms in the p21 and p27 genes with development of
cervical lesions in women with HR-HPV infection was

examined. Functional polymorphism in the p21 gene, as
p21 Ser31Arg, promoting a nonsynonymous serine to ar-
ginine substitution and so modifying the expression and/
or activity of this protein [13, 35], could increase the
susceptibility to different types of cancer, including can-
cer cervical [14–16, 36].

In the present study, it was observed that the presence of A
allele in the p21 Ser31Arg polymorphism increased twofold the
risk of cervical lesion. To our knowledge, until now, no other
study reported this kind of association, this polymorphism, and
the development of cervical lesion. However, studies as those
performed by Harima et al. [14] and in Bhattacharya et al. [37]
on the Japanese and Indian population, respectively, showed a
risk of the A allelic variant to the development of CC. Contrarily,
the work done by Ning et al. [38] reported that the A allele is
more frequent in cancer-free controls, while Roh et al.[39], Tian
et al. [40], and Jiang et al. [19] associated the presence of the C
allele with increased risk for the development of CC. The

Table 1 Genotypic distribution
and allelic frequencies of p21
Ser31Arg and p27 V109G
polymorphisms in patients with
and without development of
cervical lesions from Recife-
Pernambuco population

Patients Controls P OR (95 % CI) P*

n= 132 % n= 154 %

p21 Ser31Arg

CC 76 57.6 118 76.6

CA 49 37.1 33 21.4

AA 7 5.3 3 2.0

AA+CA × CC 56/76 36/118 0.0006 2.41 (1.45–4.01) 0.0009*

C 201 76.1 269 87.3 0.0005 1 0.0007*

A 63 23.9 39 12.7 2.16 (1.39–3.35)

p27 V109G

TT 23 17.4 27 17.5

TG 70 53.0 86 55.8

GG 39 29.6 41 26.7

GG+TG × TT 109/23 127/27 0.98 1.00 (0.54–1.85) 0.89

T 116 43.9 140 45.4 0.71 1.06 (0.76–1.48) 0.78
G 148 56.1 168 54.6 1

P P value of χ2 test, OR odds ratio, CI confidence interval, P* P value of odds ratio

*significant value

Table 2 Combined effect of the
both p21 Ser31Arg and p27
V109G polymorphisms in the
development of cervical lesions

Genotypes Cases (n = 132) Controls (n= 154) OR (95 % CI)

p21 Ser31Arg p27 V109G n % n %

CA+AA TG+GG 47 35.6 29 18.8 1

CA+AA TT 9 6.8 7 4.5 0.7933 (0.26–2.36)

CC TG+GG 62 46.9 98 63.6 0.3904 (0.22–0.68)*

CC TT 14 10.6 20 12.9 0.4319 (0.18–0.98)a

OR odds ratio, CI confidence interval

*P< 0.05
a Borderline effect
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different results for the association of the polymorphism p21
Ser31Arg with cancer cervical may be due to the genetic hetero-
geneity of CC in different ethnicities and/or genotypic distribu-
tion and allelic frequencies between different populations [41].

Studies that investigated expression of the P27 protein sug-
gest that downregulation of p27 is fundamental for the devel-
opment of cervical cancer, since high expression of P27 is
present in quiescent cells and normal cervical squamous epi-
thelium [42, 43]. The p27V109G polymorphism results in the
substitution of glycine for valine, which causes an alteration in
the expression, activation or degradation of P27, thereby con-
tributing to tumorigenesis [20, 24]. However, the analyses
showed no significant association between the genotypes for
SNP in the p27 gene (p27 V109G; rs2066827) and the deve-
lopment of cervical lesions. This result can be explained con-
sidering that other genes could interact and contribute to the
development of the cervical lesions, which is a multifactorial
trait. Following this line of reasoning, a genetic analysis

combining the SNPs studied was conducted to check if a joint
effect of the two polymorphisms for the development of le-
sions in the cervix could occur. The results showed that the
presence of the CC genotype (SNP p21 Ser31Arg; rs1801270)
conferred protection even when the polymorphic variants in
the p27 gene are present, suggesting a possible autonomous
role of the p21 gene.

The infection by HPV 16 and 18, the most common types
within the Brazilian population, are a risk factor for the devel-
opment of cancer [5, 44]. In this study, these types were also
found as more frequent in patients with cervical lesions (57.6
and 37.1 %, respectively). Two studies conducted in Recife
(capital of Pernambuco state, in Brazil) by Baldez et al. [45]
and Tavares et al. [5], analyzing 213 and 142 women HPV
infected, respectively, have observed that there was the prev-
alence of HPV 16 in more than 50 % of their samples. In
contrast, a study realized at Recife by Lorenzato et al. [46]
verified that among women infected by HPV, the largest

Table 3 Genotypic distribution
of the p21 Ser31Arg and p27
V109G polymorphisms and their
relationship with the level of
lesion (CINI, CINII, and CINIII)

SNP CIN II/III/CC CIN I P OR (95 % CI) P*

n = 94 % n= 38 %

p21 Ser31Arg

CC 49 52.12 27 71.05

CA 38 40.42 11 28.95

AA 7 7.46 0

AA+CA × CC 45/49 11/27 0.0464 2.25 (1.00–5.06) 0.0723

p27 V109G

TT 15 15.95 8 21.05

TG 49 52.12 21 55.26

GG 30 31.93 9 23.69

GG+TG × TT 79/15 30/8 0.4847 1.4044 (0.54–3.65) 0.6561

P P value of χ2 test, OR odds ratio, CI confidence interval, P* P value of odds ratio

Table 4 Genotypic frequencies
of the p21 Ser31Arg and p27
V109G polymorphisms and
infection by any HR-HPV

HPV type p21 P OR (95 % CI) P*

CC CA+AA

16+/16− 27/49 30/26 0.038 2.09 (1.03–4.23 0.06

18+/18− 19/56 10/46 0.30 0.64 (0.27–1.51) 0.41

31+/31− 3/73 1/55 0.47 0.44 (0.04–4.36) 0.84

33+/33− 1/75 1/55 0.82 1.32 (0.08–21.69 0.60

16+18+/16− and/or 18− 14/62 5/51 0.12 0.43 (0.14–1.28) 0.20

p27

TT TG+GG

18+/18− 5/18 25/84 0.90 1.07 (0.36–3.17) 0.88

31+/31− 1/22 3/106 0.69 0.62 (0.06–6.26) 0.07

33+/33− 0/22 2/105 0.52 – –

16+18+/16− and/or 18− 2/31 17/92 0.39 1.94 (0.41–9.04) 0.59

P P value of χ2 test, OR odds ratio, CI confidence interval, P* P value of odds ratio
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prevalence was of the viral type 31 (21.4 %). Different factors
could explain these conflicting results, such as the fact that
these studies had been done in different periods, the charac-
teristics of the populations analyzed (in the present study, only
women with cervical lesion were analyzed) and, also, the
specificity of the technique used.

No significant difference was found when a possible asso-
ciation between the allelic variants p21Ser31Arg and p27
V109G and susceptibility to infection by any HR-HPV was
analyzed or when other risk factors to the development of
cervical lesion were considered.

Conclusion

The presence of the HR-HPV infection together with the poly-
morphisms in p21 Ser31Arg gene are associated with the sus-
ceptibility to development of cervical lesion in women in the
state of Pernambuco, Brazil.
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