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ARTICLE INFO ABSTRACT

Keywords: Backgroud: Human papillomavirus type 16 (HPV16) is a high-risk HPV subtype and a potent carcinogen. The
Human papillomavirus type 16 (HPV16) HPV16 E6 and E7 genes are considered oncogenes that play a core role in the development of cervical cancer.
E6 gene Methods: In the current study, we enrolled 97 HPV16-positive cervical cancer patients (case group) and 136
E7 gene HPV16-positive asymptomatic individuals (control group) in a study to analyse the association between HPV16
Cervical cancer s .

Variations E6 and E7 gene variations and cervical cancer.

Results: Our results showed that three HPV16 sub-lineages (A1-A3, A4 and D3) were present; the distribution of
these variants between the case and control group was not significantly different (P = 0.178). When the dis-
tribution of the HPV16 E6 and E7 gene variations was compared, the distribution of only A131C (R10R) in the E6
gene showed a different trend between the case and control groups and C749T (S63F) in the E7 gene was
significantly different between the case and control groups (P = 0.071 and P = 4.861 x 10 '°, respectively).
Regarding the sub-lineages, no variations in the E6 gene were significantly different between the case and
control group for the A4 (As) and A1-A3 (EUR) sub-lineages. However, the distribution of C749T (S63F) in the
E7 gene was significantly different between the case and control groups for the A4 (As) and A1-A3 (EUR) sub-
lineages (P = 1.815 x 10~% and P = 0.008). In the current study, we found that the C749T (S63F) variation in
the HPV16 E7 gene was associated with cervical cancer not only in the A4 (As) sub-lineage but also in the A1-A3
(EUR) sub-lineage.

Conclusion: Our study will provide a good reference for further functional studies of the relationship between
cervical cancer carcinogenesis and the HPV16 E6 and E7 genes.

Association study

1. Background

Human papillomavirus (HPV) has been identified as a key aetiolo-
gical factor in cervical cancer (Walboomers et al., 1999). Persistent
high-risk HPV infection is the major factor contributing to the devel-
opment of cervical cancer (Petry, 2014; Schiffman et al., 2007). Among
these high-risk subtypes, HPV16 is present in more than half of cervical
cancers (Bosch et al., 1995; Crow, 2012; Hung et al., 2008). Thus, re-
cent studies have focused on the roles of HPV16 and its variants on the
molecular basis underlying its oncogenic potential.

In 1993, Ho et al. studied HPV16 variants worldwide and they re-
ported that the organization of HPV 16 LCR variants into a phylogenetic

tree identified five major sub-lineages: European (EUR), Asian (As),
Asian-American (AA), and two African lineages, African-1 and African-
2 (AFR1 and AFR2) (Ho et al., 1993). Subsequently, Yamada et al.
described one additional sub-lineage, which is the North American (NA)
(Yamada et al., 1997). Cornet et al. further subdivided HPV16 variants
into nine sub-lineages (EUR, As, AFR1la, AFR1b, AFR2a, AFR2b, NA,
AA1, and AA2) base on E6 and LCR in 2012 (Cornet et al., 2012). In
2013, Burk et al. reported that HPV16 can be divided into four main
variant lineages (A, B, C and D) that including ten sub-lineages base on
the whole HPV genome sequencing: A lineage including A1-A3 (pre-
viously named EUR) and A4 (As) sub-lineages; B lineage including B1
(AFR1a) and B2 (AFR1b) sub-lineages; C lineage (AFR2); D lineage
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including D1 (NA1), D2 (AA2), and D3 (AA1) sub-lineages (Burk et al.,
2013). Besides, studies have reported that the distribution of HPV16
variants is different in different regions, and that HPV16 variants are
associated with persistent viral infection and the development of cer-
vical cancer (Berumen et al., 2001; Bontkes et al., 1998; Hildesheim
et al., 2001; Sichero et al., 2007; Villa et al., 2000; Xi et al., 1997;
2007).

The HPV16 genome is divided into three major regions: the early
region, encoding early viral proteins; the late region, encoding late viral
proteins; and the long control region (Burk et al., 2009). Research has
shown that the HPV16 E6 and E7 proteins encoded by the viral early E6
and E7 genes interact with the p53 and retinoblastoma proteins, re-
spectively (Boyer et al., 1996; Crook et al., 1991; Longworth and
Laimins, 2004; Munger and Howley, 2002; zur Hausen, 2002). The E6
protein degrades p53 by forming an E6/E6AP complex to abrogate the
growth arrest and apoptosis efficiently induced by p53 (Scheffner et al.,
1993), and the E7 protein promotes cell proliferation by degrading the
retinoblastoma tumour suppressor protein pRB (Dyson et al., 1989). In
addition, the continued expression of the E6 and E7 proteins is neces-
sary for the growth and tumourigenicity of cervical carcinoma cells
(von Knebel Doeberitz et al., 1991; 1988).

Variations in the HPV16 E6 and E7 genes have been associated with
the development of cervical cancer. For example, Andersson et al.,
Zehbe et al., and Grodzki et al. reported that the oncogenicity of the
HPV16 E6 T350G (L83V) variation was associated with an increased
risk of cervical cancer that varied among Danish, Swedish and French
populations (Andersson et al., 2000; Grodzki et al., 2006; Zehbe et al.,
1998). However, other studies did not find an association between the
HPV16 E6 T350G (L83V) variation and cervical cancer (Cornet et al.,
2013a; Freitas et al., 2014). This discrepancy indicates varied roles for
HPV16 gene variations in the development of cervical cancer among
different populations.

In the current study, we aimed to investigate the distribution of
HPV16 E6 and E7 gene variations in HPV16-positive asymptomatic
individuals and HPV16-positive cervical cancer patients in a Han
Chinese population. Moreover, we evaluated the association of HPV16
E6 and E7 gene variations with cervical cancer.

2. Methods
2.1. Ethical statement

Each participant was informed of the study aims for obtaining in-
formed consent. This study was approved by the Institutional Review
Boards of the 3rd Affiliated Hospital of Kunming Medical University,
and was carried out in line with the Helsinki Declaration.

2.2. Subjects

In the present study, the case group included 97 HPV16-positive
cervical cancer patients, and 136 HPV16-positive asymptomatic in-
dividuals undergoing routine health check-ups were recruited as the
control group. All participants were recruited at the 3rd Affiliated
Hospital of Kunming Medical University during 2013 to 2017. The di-
agnosis of cervical cancer was confirmed by pathological examination
according to “Diagnosis and Treatment, Obstetrics and Gynaecology”
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and the FIGO stage (International Federation of Gynaecology and
Obstetrics, 2009). Subjects with oncotherapy histories, other malig-
nancies or incomplete clinical data were excluded from the present
study. The inclusion criteria for HPV16-positive asymptomatic in-
dividuals were HPV16-positivity, female, and the absence of lesions in
the cervix. All participants in this study were self-reported as ethnically
Han.

2.3. HPV genotyping

For HPV genotyping, the Tellgenplex™ HPV DNA Test, which is a
suspension bead array method, was used to identify HPV types. The
experimental protocol referred to that in a previous study (Li et al.,
2016). Human B-globin was used as an internal control for each reac-
tion.

2.4. Amplification and sequencing of the HPV16 E6 and E7 genes

The HPV16 E6 and E7 genes were amplified using a high-fidelity
DNA polymerase with specific primers. The PCR product contained the
complete E6 and E7 sequences, with sizes of 456 and 297 bp, respec-
tively. The PCRs were performed in a final volume of 25 ul, and each
PCR mixture contained 1 X Q5 PCR buffer (containing MgZ*), 200 uyM
dNTPs, 0.5 uM sense and antisense primers, 50 ng of genomic DNA, and
0.02 U/l high-fidelity DNA polymerase. The PCR conditions were as
follows: an initial denaturation step at 95°C for 3 min; 35 cycles of
denaturation at 95 °C for 10s, annealing at 51/55 °C for 60/45s, and
extension at 72 °C for 60 s; and a final elongation step at 72 °C for 2 min.
The amplified DNA fragments (including the complete E6 and E7 gene
sequences) were sent to Shanghai Sangon Biotech for sequencing after
visualization via 2.0% agarose electrophoresis. The E6 and E7 gene PCR
and sequencing primers are shown in Table 1.

2.5. HPV16 E6 and E7 gene variant identification and phylogenetic
analyses

All of the sequences of the HPV16 E6 and E7 genes were assembled
by the SeqMan tool included in Lasergene v 7.1 software and were
aligned by the ClustalW multiple sequence alignment tool included in
Molecular Evolutionary Genetics Analysis (MEGA) v 7.0 software
(Kumar et al., 2016). The HPV16 reference sequence HQ644251.1 was
used to identify variations in the HPV16 E6 and E7 gene sequences.
Phylogenetic trees of the HPV16 E6 and E7 genes were constructed
using MEGA 7.0 software by the neighbour-joining method with 1000-
fold bootstrapping. The reference sequences used to construct the
phylogenetic tree were obtained from GenBank. The accession numbers
are HQ644282.1 (A1), HQ644283.1 (Al), HQ644268.1 (Al),
HQ644280.1 (Al), AF536179.1 (A2), HQ644236.1 (A3), HQ644248.1
(A4), HQ644251.1 (A4), AF534061.1 (A4), HQ644235.1 (A4),
HQ644290.1 (B1), HQ644238.1 (B1), HQ644240.1 (B1), HQ644298.1
(B2), HQ644249.1 (C), HQ644250.1 (C), AF472509.1 (C), HQ644237.1
(C), HQ644239.1 (C), HQ644257.1 (D1), HQ644279.1 (D2),
HQ644281.1 (D2), HQ644263.1 (D2), HQ644277.1 (D2), HQ644247.1
(D3), HQ644253.1 (D3), HQ644255.1 (D3), AF402678.1 (D3).

Table 1
Primers and PCR cycling conditions for HPV16 E6 and E7 genes.
HPV16 gene PCR primers (5’-3") Sequencing primers Annealing conditions
E6 F-CGAAACCGGTTAGTATAA F-CGAAACCGGTTAGTATAA 51°C/60s
R-GTATCTCCATGCATGATT R-GTATCTCCATGCATGATT
E7 F-ATAATATAAGGGGTCGGTGG R-CATTTTCGTTCTCGTCATCTG 55°C/45s

R-CATTTTCGTTCTCGTCATCTG
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2.6. Statistical analysis

The ages between case and control groups were compared using the
Student's t-test. A chi-squared test was performed to analyse the dis-
tribution difference of HPV16 variants between case and control group.
The frequency of each HPV16 E6 and E7 gene variations was de-
termined by direct counting and Fisher's exact test was used to analyse
the relationship between variations and cervical cancer. Statistical
analyses were performed using SPSS 13 (Chicago, IL), and P values less
than 0.05 were considered statistically significant.

3. Results
3.1. Subject characteristics

In this study, the case group included 97 HPV16-positive cervical
cancer patients with squamous cell carcinoma (SCC), the age distribu-
tion was 45.19 = 9.15 (mean * SD), and the control group included
136 HPV16-positive asymptomatic individuals, the age distribution was
46.63 + 9.46 (mean * SD). There was no significant difference in age
between the case and control group (P = 0.244).

3.2. Distribution of HPV16 variants in the case and control groups

In the current study, based on the E6 gene sequences, there were
three HPV16 sub-lineages in the case group, namely, the A1-A3 (EUR),
A4 (As) and D3 (AA1) sub-lineages, which had distribution frequencies
of 28.9%, 70.1% and 1.0%, respectively (Fig. 1). In the control group,
only two sub-lineages (A1-A3 and A4) were found, with distribution
frequencies of 38.2% and 61.8%, respectively (Fig. 2). Based on the E7
gene sequences, there were also three HPV16 sub-lineages in the case
group, namely, the A1-A3 (EUR), A4 (As) and D3 (AA1) sub-lineages,
with distribution frequencies of 28.9%, 70.1% and 1.0%, respectively
(Fig. 3). In the control group, only two sub-lineages (A1-A3 and A4)
were found, with distribution frequencies of 38.2% and 61.8%, re-
spectively (Fig. 4). There was no difference in the distribution of the
HPV16 variants between the case group and control group (P = 0.178).

3.3. HPV16 E6 gene variations in the case and control groups

Table 2 shows the HPV16 E6 gene variations in the case and control
groups. In the case group, twelve variations were observed; eight were
non-synonymous, and the remaining four were synonymous. In the
control group, nine variations were detected, eight of which were non-

A1-A3(EUR, n=28)
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synonymous and one of which was synonymous. The distribution of the
A131C (R10R) variation showed a different trend between the case
group and control group (P = 0.071) (Table 2). For the A4 (As) sub-
lineage, three and two variations were found in the case and control
groups, respectively. In the case group, two variations were non-sy-
nonymous, and only one was synonymous. In the control group, both
variations were non-synonymous. The distribution of these variations
was not significantly different between the case and control groups in
the A4 (As) sub-lineage (Table 2). For the A1-A3 (EUR) sub-lineage, a
total of five variations were observed in the case group, all of which
were non-synonymous. Eight variations were found in the control
group; among these, seven were non-synonymous, and one was Sy-
nonymous. In the comparison of these variations' distributions between
the case group and control group, we found that no distributions were
significantly different (Table 2). For the D3 (AA1) sub-lineage, which
was found only in the case group, a total of eight variations were
identified; and among these, five were non-synonymous (Table 2).

3.4. HPV16 E7 gene variations in the case and control groups

The HPV16 E7 gene variations in the case and control groups are
shown in Table 3. In the case group, twelve variations were observed,
five of which were non-synonymous, and the remaining seven of which
were synonymous. In the control group, eleven variations were de-
tected; four were non-synonymous and seven were synonymous. We
found that the distribution of only the C749T (S63F) variation was
significantly different between the case group and the control group
(P = 4.861 x 107 9). For the A4 (As) sub-lineage, five variations were
found in the case group and six were found in the control group during
the analysis of those sequences. In the case group, two variations were
nonsynonymous and three were synonymous. In the control group, two
variations were non-synonymous, and four were synonymous. The
distribution of C749T (S63F) was significantly different between the
case and control groups for the A4 (As) sub-lineage (P = 1.815 X 1079
(Table 3). For the A1-A3 (EUR) sub-lineage, a total of eight variations
were observed in the case group; five of these were non-synonymous
and three were synonymous. In addition, a total of eight variations were
found in the control group, among which four were non-synonymous
and four were synonymous. In the comparison of these variations' dis-
tributions between the case group and control group, we found that the
distribution of C749T (S63F) was significantly different in all the cases
and controls, as well as in the A4 (EUR) and A1-A3 (EUR) sub-lineages.
(P=4.861x10""'° P =1.815x 10~8 P = 0.008) (Table 3). For the
D3 (AA1) sub-lineage, which was found only in the case group, a total
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Fig. 1. Phylogenetic tree based on the HPV16 E6 gene sequences from HPV16-positive cervical cancer patients, corresponding to the HQ644251.1 reference sequence

(nucleotide positions 104-559).
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Fig. 2. Phylogenetic tree based on the HPV16 E6 gene sequences from HPV16-positive asymptomatic individuals, corresponding to the HQ644251.1 reference

sequence (nucleotide positions 104-559).
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Fig. 3. Phylogenetic tree based on the HPV16 E7 gene sequences from HPV16-
positive cervical cancer patients, corresponding to the HQ644251.1 reference
sequence (nucleotide positions 562-858).
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Fig. 4. Phylogenetic tree based on the HPV16 E7 gene sequences from HPV16-
positive asymptomatic individuals, corresponding to the HQ644251.1 reference
sequence (nucleotide positions 562-858).

of five variations were identified, and among these variations, only one
was non-synonymous (Table 3).

4. Discussion

Among all HPV16 proteins, the HPV16 E6 and E7 proteins encoded
by the viral early E6 and E7 genes, which are two transforming onco-
genes, have been associated with the development of cervical cancer. In
the current study, we analysed the distribution of HPV16 variants and
E6 and E7 gene variations and amino acid substitutions between
HPV16-positive cervical cancer patients and HPV16-positive asympto-
matic individuals to identify HPV16 E6 and E7 gene variations related
to cervical cancer.

It is well known that the distribution of HPV variants is associated
with the geographical population distribution. For example, in eastern
Asia, the A1-A3 (EUR) sub-lineage is predominant in South Korea
(54.1%) (Park et al., 2016) and Japan (55.8%) (Shang et al., 2011). In
southern Asia, the A4 (As) sub-lineage is common in northeast Thailand
(73.9%)(Shang et al., 2011). In China, the A1-A3 (EUR) sub-lineage was
predominant in Heilongjiang, Jilin, and the northern Inner Mongolia
region, which lies in Northeast China (67.3%) (Shang et al., 2011).
However, the A4 (As) sub-lineage was common in Jiangxi and Guang-
dong provinces, which lie in central and South China (60.3% and
65.5%, respectively) (Shang et al., 2011). However, the A1-A3 (EUR)
sub-lineage was also predominant in North India (86.7%)(Shang et al.,
2011), which lies in Southern Asia, indicating that the distribution of
HPV variants is also related to population or ethnic distributions. In-
terestingly, the distribution of HPV16 variants was significantly dif-
ferent between Sichuan (EUR: 69.0-76.2% and As: 31.0-23.81%) and
Yunnan (EUR: 28.9-38.2% and As: 61.8-70.1%) provinces, although
these two provinces are neighbouring regions located in Southwest
China. This discrepancy indicated that the distribution of HPV16 var-
iants is not only affected by geography and/or the population genetic
background but also by other factors such as the environment.

Recently, studies have shown that different HPV16 variants play key
roles in the development of cervical cancer (Cornet et al., 2013b; Smith
et al., 2011). Compared with the A1-A3 (EUR) sub-lineage, the non-
EUR sub-lineage, such as the A4 (As), D2-D3 (AA), B1-B2 and C (AFR)
sub-lineages, are associated with an increased risk of cervical in-
traepithelial lesions and cervical cancer (Dai et al., 2018; Hang et al.,
2016; Hildesheim et al., 2001; Ortiz-Ortiz et al., 2015; Schiffman et al.,
2010; Sichero et al., 2007; Sun et al., 2013; Xi et al., 2007). In 2006, Wu
et al. reported that the A4 (As) sub-lineage was more frequently found
in cervical premalignancies and cancers than the other sub-lineages,
which indicated that the A4 (As) sub-lineage might contribute to the
high incidence of cervical cancer in China (Wu et al., 2006). In the
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Table 2
HPV16 E6 gene variations and amino acid substitutions in the case and control groups.
Genome Case Control P value* Amino Case Control P value
position® acid”
Mutation Frequency (%) Mutation Frequency (%) Mutation Frequency (%) Mutation Frequency (%)

All A131C 3 3.1 0 0.0 0.071 R10R 0.0 0 0.0 -
Case (n = 97) G145T 1 1.0 0 0.0 0.416 Q14H 1 1.0 0 0.0 0.416
control G162A 97 100.0 136 100.0 - R20Q 97 100.0 136 100.0 -

(n=136) C168G 6 6.2 6 4.4 0.562 T22S 6 6.2 6 4.4 0.562
G178 T 29 29.9 52 38.2 0.211 E25D 29 29.9 52 38.2 0.211
T185G 4 4.1 6 4.4 1.000 L28Vv 4 4.1 6 4.4 1.000
G188C 0 0.0 2 1.5 0.512 E29Q 0 0.0 2 1.5 0.512
T241G 0 0.0 4 2.9 0.143 A46A 0 0.0 0 0.0 -
A276G 12 12.4 17 12.5 1.000 N58S 12 12.4 17 12.5 1.000
T286A 1 1.0 0 0.0 0.416 A61A 0 0.0 0 0.0 -
A289G 1 1.0 0 0.0 0.416 \(YAY 0 0.0 0 0.0 -
C335T 1 1.0 0 0.0 0.416 H78Y 1 1.0 0 0.0 0.416
T350G 8 8.2 11 8.1 1.000 L83V 8 8.2 11 8.1 1.000
A532G 1 1.0 0 0.0 0.416 S143S 0 0.0 0 0.0 -
G534C 0 0.0 2 1.5 0.512 R144T 0 0.0 2 1.5 0.512
A4 (As) A131C 3 4.4 0 0.0 0.087 R10R 0 0.0 0 0.0 -
Case (n = 68) G162A 68 100.0 84 100.0 - R20Q 68 100.0 84 100.0 -
control T185G 4 5.9 6 7.1 1.000 L28V 4 5.9 6 7.1 1.000
(n=284)

A1-A3 (EUR) G162A 28 100.0 52 100.0 - R20Q 28 100.0 52 100.0 -
Case (n = 28) C168G 6 21.4 6 11.5 0.326 T22S 6 21.4 6 11.5 0.326
control G178 T 28 100.0 52 100.0 - E25D 28 100.0 52 100.0 -

(n =52) G188C 0 0.0 2 3.8 0.539 E29Q 0 0.0 2 3.8 0.539
T241G 0 0.0 4 7.7 0.292 A46A 0 0.0 0 0.0 -

A276G 12 42.9 17 32.7 0.466 N58S 12 42.9 17 32.7 0.466

T350G 7 25.0 11 21.2 0.781 L83V 7 25.0 11 21.2 0.781

G534C 0 0.0 2 3.8 0.539 R144T 0 0.0 2 3.8 0.539
D3 (AA1) G145T 1 100.0 - - - Q14H 1 100.0 - - -
Case (n=1) G162A 1 100.0 - - - R20Q 1 100.0 - - -
control G178T 1 100.0 - - - E25D 1 100.0 - - -
(n=0) T286A 1 100.0 - - - A61A 0 0.0 - - -
A289G 1 100.0 - - - v6e2v 0 0.0 - - -
C335T 1 100.0 - - - H78Y 1 100.0 - - -
T350G 1 100.0 - - - L83V 1 100.0 - - -
A532G 1 100.0 - - - S$143S 0 0.0 - - -

2 The reference HPV16 E6 gene sequence was HQ644251.1.

* Fisher's exact test P value, and P values less than 0.05 was considered statistically significant.

current study, we did not observe any association between the A4 (As)
sub-lineage and cervical cancer; however, our results showed that the
frequency of the A4 (As) sub-lineage was higher in the case group
(70.1%) than in the control group (61.8%). One of the reasons that our
results showed no difference could be that the relatively modest sample
size limited the ability to detect a difference between the frequency of
the A4 (As) and A1-A3 (EUR) sub-lineages.

As the HPV16 E6 protein plays an important role in the develop-
ment of cervical cancer, variations in the HPV16 E6 gene could also
influence the progression of cervical malignancy. Andersson et al. and
Grodzki et al. reported that the oncogenicity of HPV16 E6 T350G
(L83V) was associated with an increased risk of cervical cancer that
varied among Danish, Swedish and French populations (Andersson
et al., 2000; Grodzki et al., 2006; Zehbe et al., 1998). However, other
studies did not find an association between the T350G (L83V) variation
and cervical cancer (Cornet et al., 2013a; Freitas et al., 2014). In the
current study, we did not find that T350G (L83V) was associated with
cervical cancer. These discrepant data indicate that the roles of E6 L83V
in the development of cervical cancer vary among populations. How-
ever, we found that the distribution of A131C (R10R) showed a dif-
ferent trend between the case group and the control group (P = 0.071)
and that this variation was synonymous.

In 1994, Fujinaga et al. reported that there were two variation hot
spots in the E7 gene, A647G(N29S) and T846C (S95S), which were
detected in nine of 15 and seven of 15 Japanese cervical cancer cases,
respectively (Fujinaga et al., 1994). Then, in 2002, Chan et al. observed
a high frequency of these variations 58.0% for A647G(N29S) and 52.9%
for T846C (S95S) (Chan et al., 2002). In 2006, Wu et al. reported that
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A647G(N29S), C749T (S63F) and T846C (S95S) were three variation
hot spots on the E7 gene, with variation frequencies of 70.2%, 51.1%
and 61.7%, respectively, in Chinese cervical cancers (Wu et al., 2006).
In the current study, the frequencies of A647G(N29S), C749T (S63F)
and T846C (S95S) were 76.3%, 77.3% and 70.1% in the case group and
69.1%, 36.0%, and 61.8% in the control group, respectively. Previous
studies showed that A647G(N29S) was more frequent in the carcinoma
group (70.0%) than in the control group (33.3%) or the CIN 3 group
(50.0%) in a Korean population (Song et al., 1997). However, in
southern China and Japan, the distribution of this variation was not
different between case and control group subjects (Chan et al., 2002;
Fujinaga et al., 1994). In 2002, Radhakrishna Pillai et al. reported that
there were no associations between E7 variation and tumour stage or
patient age in an Indian population (Radhakrishna Pillai et al., 2002).
In the current study, we also found that there was no difference in the
distribution of A647G(N29S) between the case and control groups.
These results suggested that genetic differences between different po-
pulations led to viral genomes acquiring different variations. In the
current study, we found that the distribution of C749T (S63F) was
significantly different between the case and control groups overall, as
well as for the A4 (As) and the Al-A3 (EUR) sub-lineages
(P=4.861%x10"'° Pp=1.815x 1075, P = 0.008). One of the rea-
sons for the association between the C749T (S63F) variation of the
HPV16 E7 gene with cervical cancer could be that this variation in-
fluences the E7 epitopes and causes viral persistence and cervical
cancer. In 2013, we predicted putative cytotoxic lymphocyte (CTL)
epitopes on the HPV-16 E6 and E7 proteins using immunoinformatic
methods and found that C749T (S63F) was located in the HLA-A*02:01



Infection, Genetics and Evolution 73 (2019) 13-20

Z. Zhou, et al.

uedyTudIs A[[ed1ISIIeIS PaIapISuOd SeM GO'( UBY) SSI] SON[BA J PUR ON[BA J 1S9) J9BXD SIIYSI .
‘T'1SZHP9OH sem 2duanbas aual 97 9TAJH oUa19a1 Y],

- - - 00 0 SS6S - - - 0°00T T L9+8D
- - - 00 0 L8LL - - - 0°00T T DS6LL
- - - 00 0 1941 - - - 0°00T 1 068LL
- - - 00 0 EVASE | - - - 0°00T T OzELL
V.¥99 (0 = W) [onUod (T = u) 3seD
- - - 0°00T T N6TS - - - 0°00T T Vorov (1vV) €d
- 00 0 00 0 SS6S - 0°00T 4] 0°00T 8T 19¥8D
642°0 61 T 'L 14 VA 6420 6’1 T 'L 14 L064D
- 00 0 00 0 T491 6€S°0 8¢ 4 00 0 0094L
800°0 8'8¢C ST £'09 L1 4€9s 800°0 8'8¢C ST £°09 L1 L6v.LD
- 00 0 00 0 q4s€d 000°T ¥'s9 143 6°L9 61 V9995
VLiv9D
000°T 808 (44 9'8L (44 N62ZS 000°T 808 t44 9'8L (44 Vorov
VLi¥9D
000°T 261 (018 v'1¢C 9 H6TS 000°T 261 (18 v'1C 9 099V
- 00 0 00 0 1221 YeL0 S'TL 9 [ a4 14 L4290 (¢S = W) [01U0d (8T = U) 25D
0S€°0 00 0 9'¢ T 42T1 0S€°0 00 0 9'¢ T 15290 and €V-1V
- 00 0 00 0 o¥6D €98°0 1ze LT 8'¢e €T OEv8L
- 00 0 00 0 1€61 000°T Tl 1 00 0 L0¥8D
000°T T 4 ST T oLLd 000°T T 4 ST T L064D
g—0T X GI8'T Sor e €68 88 d€9S g—0T X GI8'T S0y 123 €68 89 L6v.LD
- 00 0 00 0 EVASE | Lb'0 00 0 ST 1 OTeLL
- 00 0 00 0 1221 000°T L0T 6 8’1 8 L4290 (#8 = W) [01U0D (89 = U) 2D
- 00 0 00 0 LSL 20S°0 v'C 14 00 0 D9LSV (V) vV
- 00 0 00 0 SS6S 112°0 z'8¢ ZS 6'6C 6C 19¥8D
- 00 0 00 0 o¥6D 6150 661 LT L'€T €T OEv8L
- 00 0 00 0 1€61 000°T L0 T 00 0 L0¥8D
- 00 0 00 0 L8LL 91¥°0 00 0 01 T DS6LL
S69°0 tard € e € oLL4d S69°0 fard € e € L1064D
- 00 0 00 0 1941 91t°0 00 0 01l T 068LL
- 00 0 00 0 TL9T C1S°0 ST 14 00 0 0094L
0r-0T X 198¢ 09¢ (614 €LL SL 4€9S 0r-0T X 198¢ 09¢ (614 €LL SL L6vLD
- 00 0 00 0 EVASE | CLT0 00 0 12T 4 oTeLL
- 00 0 00 0 HSed LYE0 0'S¢C 125 961 61 V9995
VLi¥9D
112°0 6°0¢ t44 L'€T €T N62ZS 112°0 60€ (44 L'€T €T Vorov
V.i¥9D
8640 VL o1 c9 9 H6CS 8640 YL o1 C9 9 09v9V
- 00 0 00 0 1221 9€8°0 0'TL ST &4t z1 L4290
91t°0 00 0 0T T 42e1 91+°0 00 0 0l 1 15290 (9€1 = W) [01U0D (L6 = U) 958D
- 00 0 00 0 LSL C1S0 ST 14 00 0 DILSV v
(%) Aouanbaz uonempn (%) Aduanbarg uonemn (%) Adouanbai] uonemn (%) Adouanbaiyg uonemn
anfea 4 Tonuo) aseD LpIoe ourury anfea 4 Tonuo) ased Luonisod swouan

'sdnoig [onuod pue Ised Y3 UI SUOIININISQNS PIJB OUTWE pue suonerreA auad /7 9TAJH

€ dIqeL

18



Z. Zhou, et al.

and HLA-A*33:03 epitopes (Yao et al., 2013). Our results indicated that
this variation could affect the adaptive immune response to the virus.
The other reason could be that the variation is influenced by genetic
selection pressure in the host. The apolipoprotein B messenger RNA-
editing, enzyme-catalytic, polypeptide-like 3 (APOBEC3) family of cy-
tidine deaminases plays an important role in the innate immune re-
sponse to viral infections by editing viral genomes(Warren et al., 2017).
Wakae et al. reported that C-to-T and G-to-A hypermutations in-
troduced by APOBEC3 accumulated in the HPV16 genome (Wakae
et al., 2015). In 2017, Mirabello et al. showed that the HPV16 E7 gene
variation C749T (S63F) could be a specific DNA modification induced
by the potentially antiviral activity of human APOBEC3 (Mirabello
et al., 2017).

Also in 2017, Mirabello et al. used a novel HPV whole genome se-
quencing technique to evaluate a large number of HPV16-infected case-
control samples and found that the E7 gene was devoid of variations in
precancers/cancers but that the level of variations was increased in the
control (Mirabello et al., 2017). However, in the current study, we
found that the frequency of E7 gene variations was almost equal in the
case and control groups. One of the reasons for this discrepancy could
be the predominant sub-lineages and the sample size. There were
smaller numbers of other sub-lineages, especially the A4 (As) sub-
lineage, in the Mirabello et al. study. However, the A4 (As) sub-lineage
was predominant in our population. Thus, variations in the E7 gene
could be different among sub-lineages. In the future, samples con-
taining a larger proportion of other sub-lineages should be analysed.

In the current study, we found that the HPV16 E7 gene variation
C749T (S63F) played an important role in the development of cervical
cancer. Moreover, this variation was associated with cervical cancer not
only in the A4 (As) sub-lineage but also in the A1-A3 (EUR) sub-lineage.
Our results will provide a good reference for further functional studies
of the relationship between cervical cancer carcinogenesis and the
HPV16 E6 and E7 genes.
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