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Summary

Objective: To study the distribution of HPV16 E6 gene mutations and p53 codon72 polymorphism among women with HPV16+ cer-
vical precancerous lesions and explore their relationship with the risk of cervical intraepithelial neoplasia (CIN) 2, 3. Materials and Meth-
ods: This study analyzed a total of 112 cases of exfoliated HPV16+ cervical cell specimens which were divided into group 1 (normal
and CIN1, 55 cases) and group2 (CIN2, 3, 57 cases). Among the 112 specimens, 85 cases were successfully amplified for HPV E6 gene
by PCR and the PCR products were sequenced directly. P53 codon72 region was also amplified from the 112 specimens and the PCR
products were sequenced directly and compared with the standard sequence. Results: Among the 85 amplified HPV sequences, point
mutations such as T178G, T350G, G132A, A442C, T310G, G94T, C551A, etc. were found, among which, T178G showed the highest
rate (51.76%). The rate of HPV16 E6 mutation T178G in CIN2, 3 group was significantly higher than that in normal and CIN1 group,
i.e., in the 112 amplified p53 codon72 sequences, the distribution of Pro/Pro genotype in normal, and CIN1 group was significantly dif-
ferent from that in CIN2, 3 groups, and the disease risk of Pro/Pro genotype was much higher than that of Arg/Arg and Arg/Pro geno-
types. Conclusion: HPV16 E6 T178G mutation increases the disease risk of CIN2, 3. Meanwhile, compared with Arg/Arg and Arg/Pro

genotypes, p53 codon72 Pro/Pro genotype more associated with the disease risk of CIN2, 3.
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Introduction

Cervical cancer is one of the common gynecological ma-
lignancies and the second most common malignancy in
women worldwide. The incidence of cervical cancer ac-
counts for more than 13% of all female cancers globally,
only second to breast cancer. A large amount of epidemio-
logical data showed that more than 85% cervical cancer
cases occur in developing countries [1]. In consistence, in
China, cervical cancer also ranks second only to breast can-
cer among all female malignancies [2]. International
Agency for Research on Cancer (IARC) clearly indicated
that HPV infection is the major risk factor and initiator for
the occurrence of cervical cancer [3]. According to the sur-
vey results, 99.7% patients with cervical cancer have HPV
infection. In the tissues of CIN and cervical carcinoma,
HPV16, 18,31, 33, 35, 39, 45, 56, 58, 59, and 68 accounted
for more than 90% of HPV subtypes, among which, HPV16
is the most common HPV subtype infecting cervical cells
and causing cervical squamous carcinoma [4].

Recent studies have shown that factors such as HPV ge-
netic variations, persistent and repeated HPV infections, host
immune status, etc., are closely related to the occurrence of
cervical cancer. There is also report indicating that persistent
HPV infection may be caused by gene mutations [5]. HPV16
genotype changes play an important role in the epidemic of
cervical cancer and the distribution of HPV16 E6 mutations
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exhibits regional and racial characteristics. According to the
global changes in genotype, HPV16 has been classified into
subtypes as the following: European type (E), Asian type
(As), Asian American type (AA), African type [, African type
11, and North American type (NA1), etc. [6]. Among type E,
the most common mutant is L83V (i.e., T350G), followed
by D25E (i.e., T178G); there are also rare mutants such as
E113D, Q14H, etc. In Africa, the most common mutants are
R10G, Q14D, D64E, H78Y, A61G, etc. [7]. Currently, stud-
ies on HPV-16 E6 region mutations in Asian populations are
not only much less than those in European populations, but
also with controversial results.

The region of early genes in HPV genome, i.e., the E
region, contains six open reading frames (ORFs) [6],
among which E6 region encodes the most important on-
coprotein of HPV 16, the E6 protein. The most important
mechanism of E6 protein causing carcinogenesis in cells
is its binding to tumor suppressor gene p53 and leads to
degradation of the latter, which causes the loss of p53 bi-
ological function, hence resulting in cell cycle disorder,
DNA damage accumulation, and ultimately carcinogen-
esis. P53 is the tumor suppressor gene most closely re-
lated to cancer and presently the gene mostly mutated in
human malignancies.

In 1998, Storey et al. firstly proposed that the polymor-
phism at the codon72 in the 4" exon of p53 gene may be an
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important genetic factor causing woman susceptible to cer-
vical cancer. They also showed that the risk of cervical can-
cer among women with homozygous Arg/Arg at p53 codon72
was seven times higher than that with homozygous Pro/Pro
[8]. Thereafter, many researchers investigated the relation-
ship between p53 polymorphisms and cervical cancer, but the
results remained controversial. The current prevailing view
is that p53 codon72 has racial and regional differences. For in-
stance, Beck ef al. pointed out that the distribution of p53
codon72 allele exhibited significant racial differences and
gradient north-south latitudinal changes among races. How-
ever, there were no recent studies focusing on the relation-
ship of HPV-16 E6 mutations and p53 codon72
polymorphisms with the risk of CIN2, 3 among women in
Beijing of China. Therefore, the present study investigated
HPV-16 E6 mutations and p53 codon72 polymorphisms in
women with cervical precancerous lesions in Beijing.

Materials and Methods

Sample collection

Residual exfoliated HPV16+ cervical cell specimens from 112
women (Han ethnicity) visited the Peking University Third Hos-
pital, Beijing, China, during June, 2013-December, 2014 were used
in this study. These cases were diagnosed normal or with CIN1-3;
they were divided into group 1(normal and CIN1, n=55) and group
2 (CIN2 and 3, n=57) according to the pathological diagnosis. The
ages of patients were 22-78 years (mean, 43 years). The samples
were collected with informed consent obtained from each patient.

Methods

The full-length sequence of HPV16 E6 gene was amplified by
PCR using specific primers primer express software as follows:
P1, 5-CGTAACCGAAATCGG TTGAAC-3 and P2, 5-GCT-
CATAACAGTAGAGATC-3. A pair of primers to amplify the cod-
ing sequence of the codon72 of p53 gene were also designed as
the following: P3, 5-GACCTGGTCCTCTGA-3 and P4, 5-GAT-
ACGGCCAGGCATTGAAG-3.

PCR amplification, sequencing, and analysis of HPV16 E6 gene

With genomic DNA extracted from SiHa human cervical can-
cer cells as positive control and H,O as negative control, HPV16
E6 sequence was amplified by PCR with specific primers using
the genomic DNA from HPV 16+ cells as template. The PCR con-
ditions were as follows: initial denaturation at 95°C five minutes;
94°C 30 seconds, 51°C 30 seconds, 72°C 60 seconds, 35 cycles;
72°C seven minutes. The PCR products were stored at 4°C and
later analyzed by agarose gel electrophoresis.

After purification, the PCR products were directly sequenced
with HPV16 E6 primers P1 and P2 from both sides. The PCR
products purification and sequencing services were provided and
the obtained sequences were analyzed by blasting GenBank data-
base at NCBI and compared with the HPV16 E6 sequence of Ger-
man standard strain (Accession number, NC 001526).

Meanwhile, sequencing and analysis of the PCR products of p53
codon72 with genomic DNA extracted from SiHa human cervical
cancer cells as positive control and H»O as negative control, p53
codon?72 region was amplified by PCR with specific primers under
the conditions as follows: initial denaturation at 95°C five minutes;
94°C 30 seconds, 51°C 30 seconds, 72°C 60 seconds, 35 cycles; 72°C
seven minutes. The PCR products were stored at 4°C and analyzed
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Figure 1. — PCR amplification of HPV16 E6 with samples No.1-
14. Lanes 3, 4, and 6 are positive control (Siha cells), negative
control (H,0O), and marker, respectively.

by agarose gel electrophoresis later. The PCR products purification
and sequencing services were provided and the obtained sequences
were analyzed by blasting GenBank database at NCBI and compared
with the sequence of wild type p53 (Accession number,
NC_000017.11).

Statistical analysis

The data were analyzed using SPSS statistical software. The
mutation rates and the p53 codon72 polymorphic loci were com-
pared using c? test.

Results

The relationship between HPV16 E6 mutations and the risk
of CIN2, 3.

In this study, HPV 16 E6 sequences were successfully am-
plified from 85 out of the 112 HPV16+ cervical cytology
specimens; the positive PCR products appeared on agarose
gel as bright 550-bp bands (Figure 1), which were further
purified and sequenced. Among the 85 amplified E6 se-
quences, 15 (17.6%) were identical to the wild-type se-
quence, i.e., without any mutations; the other 82.3%
sequences were with at least one point mutation, and there
was no insertion or deletion mutations observed among
these sequences. in the 85 sequences, T178G (D25E)
showed the highest rate (51.76%), while other mutations
such as A442C, T350G, G132A, C551A, G94T, and T310G
accounted for 14.11 %, 8.2%, 3.5%, 2.35%, and 1.17%, re-
spectively. There were eight cases with T178G and A442C
double mutations, and four cases were with T350G and
A442C double mutations; however, no double mutation of
T178G and T350G and single mutation of A442C was ob-
served. Among these point mutations, T178G, T350G, and
A442C caused amino acid changes in E6 protein.

The present authors also found that in normal and CIN1
group, there were 38.46% (15/39) cases with T178G (D25E)
mutation, while the same mutation was observed in 64.44%
(29/45) cases in CIN2, 3 group; ¢? test indicated that the dif-
ference in T178G mutation rate between the two groups was
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Figure 2. — PCR amplification of p53 condon72 fragment with
samples No. 1-11. Lanes 1, 8, and 10 are Pro/Pro genotype, lane
2 is marker, lanes 4 and 5 are Arg/Pro genotype, lane 11 is
Arg/Arg genotype, and lane 6 is negative control (H,0O).

statistically significant (c?=4.661; OR =2.9; p < 0.05).

The relationship between p53 codon72 polymorphism and
the risk of CIN2, 3.

This study amplified the p53 codon72 polymorphic re-
gion by PCR from 112 cases of HPV 16+ cervical cytology
specimen. The positive PCR products appeared respectively
on agarose gel as bright bands at 117 and 140 bp (Figure 2),
which were sequenced subsequently. The distribution of the
three genotypes of p53 codon72 (Arg/Arg, Arg/Pro, and
Pro/Pro) are shown in Table 1, which indicates significant
genotypic differences between the two groups (y*= 6.834; p
= 0.033. According to the calculated OR value, the risk of
cervical cancer in patients with either Arg/Arg or Arg/Pro
was ten-times lower than that with Pro/Pro.

Discussion

In this study, the authors analyzed the risk of CIN2, three
in women of Beijing area and found that most HPV16+
cases (51.76%, 44/85) had the European type mutation
T178G (D25E); further statistical analysis showed that the
rate of HPV16 D25E mutation in CIN2, 3 group was sig-
nificantly higher than that in normal and CIN1 group,
which means mutation type of T178G relates with the risk
of CIN2, 3. Statistical analysis indicated OR = 2.6 when
HPV16 wild type served as control, i.e., the risk of cervi-
cal cancer in women with D25E HPV 16 mutant was higher
than that in women with wild type HPV 16, suggesting that
HPV16 E6 D25E mutation increased the probability of pro-
gression of the cervical lesions in HPV16+ women, which
is in agreement with a few reports from other areas of
China. For example, detections of HPV16 E6 mutations in
Liaoning, Jiangxi, Hubei, and Guangdong provinces of
China have shown that D25E is the most common type of
HPV16 E6 mutations, the mutation rate of which shows a
trend of increased risk of cervical cancer [9-11]. However,
there were recent studies reporting inconsistent results that

Table 1. — The distribution of p53 gene polymorphic allele
and genotype in the two groups.

Genotype Normal and CIN2 and OR p
CIN1 N (%) 3N (%)

Arg/Arg 20 (36.3) 18 (31.6) 0.808  0.037

Arg/Pro 34 (61.8) 30 (52.6) 0.686  0.032

Pro/Pro 1(1.8) 9(15.8) 10.8

in Xinjiang of China, HPV16 E6 T350G (L83V) was a risk
factor of cervical cancer for local Uyghur women but not
for the local women of Han ethnicity [12-14], suggesting
that this mutation may be related to ethnicity and region.
Meanwhile, common HPV 16 E6 mutations and their rela-
tionship with cervical cancer in women of other Asian
countries remains controversial. For example, D25E was a
common mutation among women in Korea, but showed no
significant correlation with the progression of cervical le-
sions [15, 16]. Moreover, study on European women sug-
gested that HPV-16 E6 T350G (L83V) was a common
mutation in European population and was believed to be
one of the risk factors for cervical cancer [17]. In addition,
European type L83V as the most common HPV16 E6 mu-
tation among women in the Morocco region of Africa was
associated with the progression of cervical cancer [18].

In this study, the authors found that among the HPV16
E6 mutants, another European type mutation L83V
(T350G) accounted for 14.11% of the total mutations (only
second to D25E) was not associated with the risk of CIN2,
3. In addition, they also detected a few rare mutations such
as G132A, A442C, C551A, G94T, and T310G, at the rates
of 8.2%, 5.29%, 3.5%, 2.35%, and 1.17%, respectively.
These mutations were rarely seen in previous reports.

In 1998, Storey et al. [8] firstly proposed that the poly-
morphism at codon72 in the 4" exon of p53 gene may be
an important genetic factor causing greater susceptibility
to cervical cancer. They also believed that the risk of cer-
vical cancer among women with homozygous Arg/Arg at
p53 codon72 was seven times higher than that with ho-
mozygous Pro/Pro [10], p53 codon72 polymorphism may
change the E6 protein activity, and Arg/Arg genotype p53
is more easily degraded by the E6 protein of high-risk
HPV [8]. The present study detected p53 codon72 poly-
morphism in 112 cases of exfoliated HPV16+ cervical cell
specimen, and statistical analysis indicated that the risk
of cervical cancer in women with pS3 codon72 Arg/Arg or
Arg/Pro genotype was lower than that with Pro/Pro, i.e.,
homozygous Arg/Arg and heterozygous Arg/Pro might
serve as relatively protective factors against cervical le-
sions, whereas Pro/Pro genotype might be the cervical
cancer promoting risk factor. However, most previous
studies including that of Storey et al. [8] considered p53
codon72 genotype Arg/Arg as a risk factor causing cervi-
cal cancer, but Pro/Pro genotype as a possible protective
factor against the progression of cervical lesions, which is
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inconsistent with the present findings. Nevertheless, some
recent studies on patients from other regions, such as
women of Han ethnicity in China's Guangdong and Xin-
jiang, have shown that Pro/Pro genotype may be a risk
factor of cervical cancer [19-22], which is in agreement
with our results. The above discrepancies may be related
with the differences in factors such as sample size, region,
ethnicity, etc., which may be solved in future studies with
expanded sample size and groups.

Meanwhile, the present authors also analyzed the exist-
ing reports and found that previous studies on HPV16 E6
mutations and p53 codon72 polymorphism were with patho-
logical paraffin-embedded specimens from patients, but in
the preset study, the authors used residual cervical cytology
specimens. Compared with paraffin-embedded specimen,
cervical cytology specimen has advantages, i.e., the present
method is non-invasive and relatively simple to perform.

Conclusions

This study analyzed DNA samples extracted from cervi-
cal exfoliated cells of 112 women in Beijing of China. How-
ever, certain aspects of the present results are inconsistent
with some previous studies. The present data showed that
D25E was the most common mutation of HPV16 E6 among
women in Beijing area, and its rate in CIN2, 3 group was
significantly higher than that in normal and CIN1 group,
suggesting that HPV16 E6 D25E may be a risk factor of
CIN2, 3. The authors also showed that the rate of p53
codon72 Pro/Pro genotype in CIN2, 3 group was signifi-
cantly higher than that in normal and CIN1 group, i.e., this
polymorphic genotype may be a risk factor of cervical can-
cer for women in Beijing. To conclude, the above two types
of mutations may help determine not only normal and
CINI1-3 lesions but also the probability and risk of cervical
cancer progression from normal and CIN1 to CIN2, and 3.
These methods are non-invasive, simple and cost-effective.
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