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Abstract

Background There is a high incidence of cervical cancer in Xinjiang. Genetic variation in human papillomavirus may
increase its ability to invade, spread, and escape host immune response.

Methods HPV16 genome was sequenced for 90 positive samples of HPV16 infection. Sequences of the E4, E5
and L2 genes were analysed to reveal sequence variation of HPV16 in Xinjiang and the distribution of variation
among the positive samples of HPV16 infection.

Results Eighty-one of the 90 samples of HPV16 infection showed variation in HPV16 E4 gene with 18 nucleotide
variation sites, of which 8 sites were synonymous variations and 11 missense variations. 90 samples of HPV16 infection
showed variation in HPV16 E5 and L2 genes with 16 nucleotide variation sites (6 synonymous, 11 missense variations)
in the E5 gene and 100 nucleotide variation sites in L2 gene (37 synonymous, 67 missense variations). The fre-

quency of HPV16 L2 gene missense variations G3377A, G3599A, G3703A, and G3757A was higher in the case groups
than in the control groups.

Conclusions Phylogenetic tree analysis showed that 87 samples were European strains, 3 cases were Asian strains,
there were no other variations, and G4181A was related to Asian strains. HPV16 L2 gene missense variations G3377A,
G3599A, G3703A, and G3757A were significantly more frequent in the case groups than in the control groups.

Keywords Cervical exfoliated cells, Human papillomavirus, Genetic polymorphism, Sanger sequencing

Introduction

Cervical cancer (CC) is the fourth leading cause of death
from malignancy among women, with 604,000 new cases
and 342,000 deaths worldwide in 2020 according to the
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HPV in Xinjiang is 14.02% with HPV52, HPV53, HPV16
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and HPV18 being the most common types and HPV16
being the most pathogenic among all HPV types [9, 10].
HPV16 is the most dangerous and most preventable virus
type. HPV16 is divided into four main variant lineages:
A lineage contains EUR (A1-A3) and As (A4); B lineage
contains AF-1, C lineage contains (AF-2) and D lineage
contains NA (D1), AAII (D2) and AAI (D3). The HPV16
that infects women in Xinjiang, China, are mostly Euro-
pean strains in A lineage [11, 12].

The complete HPV16 genome is approximately 7.9 kb,
consisting of six early genes (E1, E2, E4, E5, E6, and E7),
two late genes (L1 and L2), and one long control region
(LCR) [13]. The HPV16 E4 gene encodes the E4 protein,
which is the protein with the highest HPV16 expres-
sion. The main amino acids are derived from the E4 OREF,
which is contained in the E2 gene [14]. The E4 protein
plays a role in viral transmission by enhancing viral rep-
lication and the excretion of virions [15, 16]. The HPV16
E5 gene encodes a transmembrane protein with 83 amino
acids that serves as an innate immune evasion factor. The
transmembrane protein is involved in immune surveil-
lance and immune evasion, leading to persistent viral
infection. The transmembrane protein also plays a cen-
tral role in the regulation of the host immune system,
and directly related to the initial stages of cervical cancer
development [17, 18]. The HPV L2 gene encodes a minor
capsid protein, which promotes retrograde transport of
the viral genome, integrating the viral genome into the
host gene during the intercellular phase, which may lead
to irreversible changes in the cell [19, 20].

Because the HPV16 E4, E5 and L2 genes affect a series
of processes of virus invasion, immune escape and trans-
mission, the distribution of the HPV16 E4, E5 and L2
genes in Xinjiang is not yet clear. Therefore, in this study,
we focused on the variation in the HPV16 E4, E5 and L2
genes and their distribution in the case group and control

group.

Materials and methods

Collection of samples

A total of 90 patient samples were collected from Yili
Friendship Hospital, Kashgar District People’s Hospital
and Shihezi University Affiliated Hospital with HPV16-
positive cervical cell samples. All samples had been col-
lected from 2016 to 2017 and patients of age were from
30 to 60 years old. The diagnosis of cervical cancer was
confirmed by pathological examination according to
“Diagnosis and Treatment, Obstetrics and Gynaecology”
and the FIGO stage (International Federation of Gynae-
cology and Obstetrics, 2009). The inclusion criteria for
control groups were HPV16 positive and the absence
of lesions or inflammation in the cervix. Informed con-
sent was obtained from all patients. All patients had no
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history of long-term travel or residence, and samples
were collected and stored in a -80 °C low-temperature
refrigerator. The pathological information of the samples
is shown in Table S1 of the supplementary materials.

HPV genotyping
The HPV genotyping (23 types) was performed with
PCR-reverse dot blot hybridization technology (Shen-
zhen Co., Ltd., China). All of the detection procedures
were conducted in accordance with the manufacturer’s
instructions [12].

DNA extraction and PCR amplification of samples

A DNA extraction kit (Tiangen Biochemical Co., Ltd.)
was used to extract DNA, which was stored in a -20 °C
freezer. Using 1% agarose electrophoresis examined the
quality of DNA samples; DNA samples were diluted to a
working concentration of 10-20 ng/uL. Samples without
DNA bands were re-extracted. The mixed reaction solu-
tion (40 pL) consisted of 20 pL of 2xTaq enzyme PCR
SuperMix, 1 pL of forward primer (10pumol/L), 1 pL of
reverse primer (10pmol/L), 2 uL. of DNA sample, and 16
uL of ddH,O. The PCR cycling conditions were 94 °C for
5 min; 34 cycles of 94 °C for 30 s, 52 °C for 30 s, 72 °C for
1 min; and 72 °C for 5 min. Using 1% agarose electropho-
resis examined the quality of PCR products, and samples
with bright and regular bands at 650 bp were qualified for
subsequent DNA sequencing. PCR products were stored
in a -20 °C freezer. Information on the primers is shown
in Table 1.

Sequencing

Sequencing was performed by Shanghai Sangon, The
Beijing Genomics Institute and other sequencing com-
panies, and the PCR product was purified by SAP (Pro-
mega) and EXO I (Epicentre): 0.5 U SAP and 4 U Exo
I were added to 8 pl PCR products. The mixture was

Table 1 Primer information

Primer name Primer sequences

16B1228E-6 F 5'-GAAGCATCAGTAACTGTGGTAGAGG-3'
16B1228E-6R 5'-TGTAACAATTGCACTTTTATGTTTT-3'
16B1228E-7 F 5-GCTCACACAAAGGACGGATT-3'
16B1228E-7R 5-ACGTTTTGTGCGTTTTGCAG-3’
16B1228E-8 F 5-CATACACATGCACGCTTTTT-3'
16B1228E-8R 5'-TGTTGGAGGCTGCAATACAGA-3'
16B1228E-9 F 5'-GTACCTTCCATTCCCCCAGA-3'
16B1228E-9R 5'-GCACCTATAGATTTTCCACTACGA-3
16B1228E-10 F 5'-AATATAGCTCCAGATCCTGACTTTT-3'
16B1228E-10R 5'-TGCGTGCAACATATTCATCC-3"

F is the forward primer and R is the reverse primer
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incubated at 37 °C for 60 min, followed by incubation at
75 °C for 15 min. Finally, the BIG-DYE Terminator V3.1
cycle sequencing kit from ABI Co. was used for sam-
ple sequencing on a DNA analyzer (ABI3130XL) after
purification with alcohol. The sequencing primers were:
16B1228E-6 F, 16B1228E-7 F, 16B1228E-8 F, 16B1228E-9
F, 16B1228E-10 E (Table 1).

Phylogenetic analysis of HPV16 variants

The raw sequences were assembled by Molecular Evo-
lutionary Genetics Analysis (MEGA) software and were
aligned with the European prototype virus strain (Gen-
Bank: NC_001526.4) and the accession numbers of other
HPV16 variants including European strains A1-A3: Al
(HQ644283.1, HQ644268.1, HQ644280.1, HQ644282.1),
A2: (AF5.36179.1), A3: (HQ644236.1), Asian strains A4
(HQ644235.1, HQ644248.1, AF534061.1, HQ644251.1),
African strains B (HQ644238.1, HQ644240.1, HQ644290.1,
HQ644298.1) and C (AF472509.1, HQ644239.1, HQ644249.1,
HQ644237.1), North American strains: D1 (HQ644257.1),
Asian American strains: D2 (HQ644263.1, HQ644277.1,
HQ644279.1, HQ644281.1), D3 (HQ644247.1, HQ644255.1,
HQ644253.1, AF402678.1). Phylogenetic tree of HPV16
E4, E5, and L2 gene was constructed with MEGA [4, 21],
using the Maximum likelihood method, the Bootstrap
method (1000 replication), the Tamura 3-parameter model,
Gamma distributed with Invariant sites (G+1I) and showing

Table 2 HPV16 E4 gene variation and amino acid changes
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only greater than 50% of the Bootstrap values, where the
Bootstrap values were >70% indicates good reliability.

Statistical analysis

The variation frequency of HPV16 E4, E5, and L2 gene
variation was directly counted. SPSS 26.0 software was
used to analyze the statistical results and the correlation
between HPV16 E4, E5, and L2 single nucleotide varia-
tion and cervical cancer. P values < 0.05 is accepted as sta-
tistically significant in chi-square test.

Results

Sequence variation in HPV16 E4, E5 and L2 genes

HPV16 E4, E5 and L2 gene variation results: gene
sequencing results of 90 DNA samples with polymorphic
sites shown in Tables 2, 3 and 4.

Among the 90 HPV16-positive samples, 81 samples
had HPV16 E4 gene sequence variations in 18 nucleo-
tide sites with 8 synonymous and 11 missense. The com-
mon synonymous variations were nt2520 (T-C) (25/81,
30.86%), nt2546 (C-T/A) (76/81, 93.83%; 2/81, 2.47%),
nt2585 (G-A) (23/81, 28.40%), and nt2660 (T-C) (19/81,
23.46%). The number of variation of missense variation
sites did not exceed 1. The frequency of missense varia-
tion was much lower than that of synonymous variations,
indicating that the E4 gene was relatively conserved and
had a stabilizing effect on the spread of the virus.

Variation sites AA As Af Number of variation Variation Amino
samples(n=81) frequency acid
changes
Synonymous variation G2504A G G G 1 1.23% K12K
T2520C T C T 25 30.86% L18L
T2534G T T T 1 1.23% 1227
C2546T T T T 76 93.83% T26T
C2546A T T T 2 2.47% T26T
G2585A A A A 23 28.40% pP39p
A2603G A A A 1 1.23% L45L
T2660C T C T 19 23.46% ce4c
Nonsynonymous variation T2489G T T T 1 1.23% C7W
G2496T G G G 1 1.23% A10S
A2506G A A A 1 1.23% Y13C
A2587C A A A 1 1.23% K40T
G2596T G G G 1 1.23% R43lI
G2621T G G G 1 1.23% Q51H
G2627T G G G 1 1.23% Q53H
G2669C G G G 1 1.23% E67D
T2703G T T T 1 1.23% L79V
27121 C C C 1 1.23% H82Y
C2716G C C C 1 1.23% T83R

AA is the Asian—-American strain, As is the Asian strain, and Af is the African strain
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Table 3 HPV16 E5 gene variation and amino acid changes
Variation sites AA As Af Number of variation Variation frequency Amino
samples(n=90) acid
changes
Synonymous variation A2991G A A A 1 1.11% T2T
A3018G A A A 1 1.11% L11L
G3153A A G G 1 1.11% AS56A
A3207C A A A 1 1.11% 174
A3213T A T A 20 22.22% T76T
A3228G A A A T 1.11% L81L
Nonsynonymous variation C2995T C C @ 2 2.22% L4F
T3031G T T T 1 1.11% L16V
T3068C T T T 1 1.11% L28S
A3115C C C C 68 75.56% 144L
T3122C T T T 4 4.44% V46A
C3127A G C T 10 11.11% L48l
C3127G G C T 4 4.44% L48V
A3178G G G T 90 100.00% 165V
T3179G T T T 1 1.11% I65R
A3180G A A A 1 1.11% 165M
T3226G T T T 1 1.11% L81v

AA is the Asian-American strain, As is the Asian strain, and Af is the African strain

All of the 90 HPV16-positive samples had HPV16 E5
sequence variations in 16 sites with 6 synonymous and
11 missense variations. As shown in Table 3, the sites
with high synonymous variation in the E5 gene were
nt3213 (A-T) (20/90, 22.22%); the sites with more than
1 missense variation were: C2995T, A3115C, T3122C,
C3127A/G, and A3178G, leading to amino acid changes
leucine to phenylalanine (L4F), isoleucine to leucine
(I144L), valine to alanine (V46A), leucine to isoleucine/
valine (L48I/V) and isoleucine to valine (I65V) respec-
tively. The A3115C and A3178G variations had very
high frequency, 75.56% and 100%, respectively, and the
simultaneous occurance of these two variations may sig-
nificantly change the structure of the E5 protein and indi-
rectly change the ability of virus immune escape.

Among the 90 HPV16 positive samples, all samples
had L2 gene sequence variation in 100 nucleotide sites
with 37 synonymous and 67 missense variations. The
sites with high synonymous variations were nt4074
(G-A) (90/90, 100%) and nt4602 (A-G) (15/90, 16.67%)
(Table 4). The most common missense variations were
G3622A, G3641A, G3658A, G3703A, G3757A, T4177C,
A4362C/T and A4654C, which led the amino acid
changes aspartic acid to asparagine (D84N), arginine to
lysine (R90K), aspartic acid to asparagine (D96N), glu-
tamic acid to lysine (E111K), aspartic acid to asparagine
(D129N), serine to proline (5269P), leucine to phenylala-
nine (L330F), and isoleucine to leucine (1428L). Through

the three gene variation sites of HPV16 E4, E5 and L2,
it can be found that the frequency of missense variation
of the E4 gene is lower than that of the E5 and L2 genes,
indicating that the E4 gene is more conserved than these
two genes.

Phylogenetic tree analysis of the nucleotide sequences

of HPV16 E4, E5 and L2

The Maximum likelihood method phylogenetic tree
constructed with HPV16 E4, E5 and L2 gene sequences
showed that 87 of the 90 HPV16 positive samples were
European strains and 3 samples were Asian strains. No
African, American or Asian-American strains were
found. The Asian strains were associated with the mis-
sense variant G4181A, and the phylogenetic tree was
shown in Fig. 1.

Genetic variation of genomic HPV16 E4, E5 and L2

in the case and control groups

Genetic variation of genomic HPV16 E4 in the case

and control groups

The pathological information of the samples was statisti-
cal, including 47 cases in the control groups and 43 cases
in the case groups. There were 6 synonymous variations
and 1 missense variations in the control groups (non-
cervical cancer group) (Table 5). In comparison, there
were 7 synonymous variations and 10 missense variations
in the case groups (cervical cancer group). The sequence
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Table 4 HPV16 L2 gene variation and amino acid changes

Variation sites AA As Af Number of variation Variation Amino
samples(n=90) frequency acid
changes
Synonymous variation A3459C A A A 1 1.11% p29p
T3528G T T T 1 1.11% G52G
A3531T A A A 1 1.11% V53V
T3534C T T T 3 3.33% F54F
T3540G T T T 9 10.00% G56G
C3573G G G G 1 1.11% G67G
A3594T A A A 1 1.11% P74pP
A3594C A A A 2 2.22% p74p
A3627C A A A 1 1.11% T85T
G3699T G G G 3 333% V109V
T3726G T T T 2 222% G118G
A3735T C A A 1 1.11% TI21T
T3852C T T T 1 1.11% N160N
C3861T T T T 4 4.44% F163F
G3879A G G G 1 1.11% L169L
A3891C A A A 1 1.11% T173T
A3897G A A A 1 1.11% A175A
A3906G A A A 1 1.11% G178G
T3912C T T T 1 1.11% H180H
A3924C A A A 1 1.11% 5184S
A3972T A A A 1 1.11% T200T
39841 C C C 2 222% $204S
G4074A A A A 90 100% Q234Q
T4083C T T T 1 1.11% V237V
T4119C T T T 1 1.11% L2491
G4144A G G G 1 1.11% E258E
T4275A T T T 4 4.44% 13011
T4320G T T T 1 1.11% G317G
A4362G A @ A 7 7.78% L330L
A4437G A A A 1 1.11% A355A
A4464G A A A 1 1.11% G364G
T4494C T T T 1 1.11% 1374l
A4518T A A A 1 1.11% V382V
A4602G A A A 15 16.67% L410L
C4623T T @ C 2 2.22% P417pP
T4626C T T T 1 1.11% 1418l
A4653G A A A 1 1.11% L4271
Nonsynonymous variation C3376G C @ C 1 1.11% R2G




Cheng et al. BMC Medical Genomics (2024) 17:179 Page 6 of 14

Table 4 (continued)

Variation sites AA As Af Number of variation Variation Amino
samples(n=90) frequency acid
changes
G3377A G G G 7 7.78% R2Q
(C3389T C C C 2 2.22% S6F
A3396C A A A 1 1.11% K8N
G3398C G G G 1 1.11% RoP
C3416T C C C 1 1.11% A15V
C34247 C C C 1 1.11% L18F
G3481A G G G 1 1.11% E37K
G3554A G G G 8 8.89% G61E
G3578C C C C 5 5.56% R69P
A3580C A A A 2 2.22% T70P
A3589T A A A 1 1.11% 173F
G3599A G G G 7 7.78% G76E
G3622A G G G 23 25.56% D84N
G3641A G G G 40 44.44% R9OK
T3656A T T T 2 2.22% VO5E
G3658A G G G 43 47.78% D96N
T3665G T T T 7 7.78% V98G
G3688T G G G 1 1.11% V106F
T3698G T T T 9 10.00% V109G
G3700A G G G 2 2.22% E110K
G3703A G G G 32 35.56% E111K
G3710T G G G 8 8.89% S113I
A3715G A A A 2 222% 115V
G3757A G G G 27 30.00% D129N
A3862T A A A 1 1.11% T164S
A3881G A A A 1 1.11% Q170R
C3910T C C C 1 1.11% H180Y
C3919G C C C 1 1.11% L183V
G3952A G G G 2 2.22% E194K
G3955A G G G 1 1.11% E195K
A3958T A A A 1 1.11% [196F
A3976T A A A 1 1.11% 1202F
G4061T G G G 1 1.11% R230L
C4072A @ C @ 1 1.11% Q234K
G4087T G G G 1 1.11% D239y
G4099A G G G 3 333% V243|
G4129C G G G 1 1.11% D253H
T4177G C C C 2 222% S269A
T4177C C C C 32 35.56% S269P
C4178A C C @ 1 1.11% S269Y
A4180G A A A 2 2.22% S270G
G4181A G A G 3 3.33% S270N
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Table 4 (continued)
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Variation sites AA As Af Number of variation Variation Amino
samples(n=90) frequency acid
changes

G4186A G G G 5 5.56% D272N
A4190G A A A 1 1.11% N273S
A4192C A A A 1 1.11% S274R
A4203G A A A 1 1.11% 1277M
C4207A @ C C 1 1.11% p279T
A4288C A A A 1 1.11% 1306L
A4301G A A A 1 1.11% Q310R
A4318G A A A 1 1.11% S316G
G4322A G G G 1 1.11% G317E
T4327G T T T 1 1.11% S319A
A4339G A A A 1 1.11% K323E
A4362C A C A 46 51.11% L330F
A4362T A C A 35 38.89% L330F
C4367A C C C 1 1.11% T332N
GA372A A G A 3 3.33% D334N
A4385G A A A 1 1.11% £338G
G4390A G G G 1 1.11% E340K
A4405C A A A 1 1.11% T345P
T4441A T T T 1 1.11% S357T
A4460C A A A 1 1.11% N363T
C4505T T T C 6 6.67% S378F
A4628C A A A 4 4.44% N419T
A4630G A A A 1 1.11% 1420V
A4654C A C A 21 23.33% 1428L

AA is the Asian-American strain, As is the Asian strain, and Af is the African strain

variations did not differ significantly between the control
groups and the case groups (P>0.05) (Table 5). Most of
the missense variations appeared in the case group, indi-
cating the trend of E4 gene missense variations in the
case group.

Genetic variation of genomic HPV16 E5 in the case

and control groups

The control groups (non-cervical cancer group) had 3
synonymous variations and 8 missense variations. In
comparison, the case groups (cervical cancer group)
had 4 synonymous variations and 8 missense variations
(Table 6). The statistical results showed that the synony-
mous variations A3213T was significantly higher than
the control groups in the case groups, and the differ-
ence was statistically significant (P=0.024). It is worth
mentioning that the variation frequency of the missense
variation A3115C in the case groups was 83.72%, which

was higher than the frequency of variation in the control
groups (68.09%), but the difference was not statistically
significant (P> 0.05).

Genetic variation of genomic HPV16 L2 in the case

and control groups

There were 24 synonymous variations and 44 mis-
sense variations in the control groups and 22 synony-
mous variations and 44 missense variations in the case
groups (Table 7), among which the missense variations
were G3377A (P=0.036), G3599A (P=0.004), G3703A
(P=0.038), and G3757A (P=0.019). The frequency of
variations in the case groups was significantly higher
than that in the control groups, and the difference was
statistically significant (P<0.05). The amino acid changes
were arginine to glutamine (R2Q), alanine to glutamic
acid (G76E), glutamate to lysine (E111K), and aspartate
to asparagine (D129N).
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Colored ranges

. European strain
. Asian strain

|:| Other reference strain

Fig. 1 Phylogenetic tree analysis of HPV16 E4 E5 and L2 genes, the red dotted line is the reference virus strain

Discussion

Most of the research on HPV gene variation has
focused on the E6 and E7 genes, while there are fewer
studies on E4, E5, and L2 gene variations, and the
understanding of HPV16 E4, E5 and L2 gene variations
in Xinjiang is even more insufficient. The HPV16 E4,
E5 and L2 genes dominate virion propagation, immune
surveillance and escape, and the integration of the
viral genome into the chromosomes of the nucleus [15,
18]; Sequence variation in E4, E5 and L2 genes, thus,
will directly affect the ability of HPV virus to invade,
immune, and spread.

We found that 87 cases (87/90, 96.67%) of the 90
HPV16 positive samples in Xinjiang were Euro-
pean strains, and the other 3 cases (3/90, 3.33%) were
Asian strains. We speculated that the Asian strain
was directly related to the L2 gene missense varia-
tion G4181A through bioinformatics comparison. The

literature reported that the amino acid variations of
HPV16 E4 protein include T22A, P36T, A43K, Q53R,
L621 and L62P, which of these amino acid variations
are related to the severity of cervical malignancy [22].
The E4 gene also encodes the E1"E4 protein, the first
five amino acids of which are derived from E1 OREF,
while the remaining amino acids are derived from
E4 ORF. nine amino acid variations (A7V, A7P, L16I,
D45E, L591, L59T, Q66P, S72F, H75Q) were detected
in the E1"E4 protein, and these were associated with
the severity of cervical malignancy [23]. In this study,
it was found that the amino acid variation of E4 pro-
tein (E17E4 protein) : C7W, A10S (A7S), Y13C (Y10C),
K40T (K37T), R43I (R40I), Q51H (Q48H), Q53H
(Q50H), E67D (E64D), L79V (L76V), H82Y (H79Y) and
T83R (T80R), which of amino acid variations had low
frequency. Therefore, since the amino acid variations
the frequency of E4 protein were much lower than that
of E5 and L2 proteins, indicating that E4 gene was more
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Table 5 Genetic variation of genomic HPV16 E4 in case and control groups
Variation sites  Control groups Case groups Pvalues  Amino
Number of variation Variation Number of variation Variation iliI:nges
samples(n=47) frequency  samples(n=43) frequency
Synonymous variation G2504A 1 2.13% 0 0.00% 0336 K12K
T2520C 13 27.66% 12 27.91% 0.979 L18L
T2534G 0 0.00% 1 2.33% 0.293 T22T
C2546T 40 85.11% 36 83.72% 0.856 T26T
C2546A 1 2.13% 1 2.33% 0.949 T26T
G2585A 11 23.40% 12 27.91% 0.625 P39P
A2603G 0 0.00% 1 2.33% 0.293 L45L
T2660C 9 19.15% 10 23.26% 0.633 C64C
Nonsynonymous variation — T2489G 0 0.00% 1 2.33% 0.293 C7W
G2496T 0 0.00% 1 2.33% 0.293 A10S
A2506G 0 0.00% 1 2.33% 0.293 Y13C
A2587C 0 0.00% 1 2.33% 0.293 K40T
G2596T 0 0.00% 1 2.33% 0.293 R43l
G2621T 0 0.00% 1 2.33% 0.293 Q51H
G2627T 0 0.00% 1 2.33% 0.293 Q53H
G2669C 1 2.13% 0 0.00% 0.336 E67D
T2703G 0 0.00% 1 2.33% 0.293 L79v
27121 0 0.00% 1 2.33% 0.293 H82Y
C2716G 0 0.00% 1 2.33% 0.293 T83R
The HPV16 E4 reference sequence is NC_001526.4
Table 6 Genetic variation of genomic HPV16 E5 in case and control groups
Variation sites Control groups Case groups Pvalues Amino
Number of Variation Number of Variation :ﬁladnges
variation frequency variation frequency
samples(n=47) samples(n=43)
Synonymous vari- A2991G 0 0.00% 1 2.33% 0.293 T2T
ation A3018G 1 2.13% 0 0.00% 0336 L1iL
G3153A 0 0.00% 1 2.33% 0.293 A56A
A3207C 1 2.13% 0 0.00% 0336 1741
A3213T° 6 12.77% 14 32.56% 0.024 T76T°
A3228G 0 0.00% 1 2.33% 0.293 L81L
Nonsynonymous C2995T 0 0.00% 2 4.65% 0.135 L4F
variation T3031G 1 2.13% 0 0.00% 0336  Ll6V
T3068C 1 2.13% 0 0.00% 0336 L28S
A3115C 32 68.09% 36 83.72% 0.085 144L
T3122C 3 6.38% 1 2.33% 0.351 V46A
C3127A 6 12.77% 4 9.30% 0.601 L48I
C3127G 1 2.13% 3 6.98% 0.265 L48v
A3178G 47 100.00% 43 100.00% 1 165V
T3179G 1 2.13% 0 0.00% 0.336 I65R
A3180G 0 0.00% 1 2.33% 0.293 165M
T3226G 0 0.00% 1 2.33% 0.293 L81V

The HPV16 E5 reference sequence is NC_001526.4

2 Represents sites with significant differences
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Table 7 Genetic variation of genomic HPV16 L2 in case and control groups

Variation sites Control groups Case groups Pvalues Amino
acid
changes

Number of Variation Number of Variation
variation frequency variation frequency
samples(n=47) samples(n=43)

Synonymous variation A3459C 0 0.00% 1 2.33% 0.293 p29pP
T3528G 0 0.00% 1 2.33% 0.293 G52G
A3531T 0 0.00% 1 233% 0.293 V53V
T3534C 3 6.38% 0 0.00% 0.092 F54F
T3540G 2 4.26% 7 16.28% 0.058 G56G
C3573G 0 0.00% 1 233% 0.293 G67G
A3594T 0 0.00% 1 2.33% 0.293 p74pP
A3594C 1 2.13% 1 233% 0.949 P74p
A3627C 0 0.00% 1 2.33% 0.293 T85T
G3699T 1 2.13% 2 4.65% 0.505 V109V
T3726G 0 0.00% 2 4.65% 0.135 G118G
A3735T 0 0.00% 1 2.33% 0.293 21T
T3852C 0 0.00% 1 233% 0.293 N160N
C3861T 3 6.38% 1 2.33% 0.351 F163F
G3879A 1 2.13% 0 0.00% 0336 L1e9L
A3891C 1 2.13% 0 0.00% 0336 T173T
A3897G 1 2.13% 0 0.00% 0336 A175A
A3906G 1 2.13% 0 0.00% 0336 G178G
T3912C 0 0.00% 1 2.33% 0.293 H180H
A3924C 1 2.13% 0 0.00% 0.336 51845
A3972T 1 2.13% 0 0.00% 0336 T200T
C3984T 2 4.26% 0 0.00% 0.171 $204S
GA074A 47 100.00% 43 100% 1 Q234Q
T4083C 1 2.13% 0 0.00% 0336 V237V
T4119C 1 2.13% 0 0.00% 0336 L2490
GAT44A 1 2.13% 0 0.00% 0336 E258E
T4275A 1 2.13% 3 6.98% 0.265 13011
T4320G 0 0.00% 1 2.33% 0.293 G317G
A4362G 5 10.64% 2 4.65% 0.289 L330L
A4437G 1 2.13% 0 0.00% 0336 A355A
A4464G 1 2.13% 0 0.00% 0336 G364G
T4494C 1 2.13% 0 0.00% 0336 13741
A4518T 1 2.13% 0 0.00% 0336 V382V
A4602G 6 12.77% 9 20.93% 0.299 L410L

C4623T 1 2.13% 1 2.33% 0.949 pa17p
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Table 7 (continued)

Variation sites Control groups Case groups Pvalues Amino
acid
changes

Number of Variation Number of Variation
variation frequency variation frequency
samples(n=47) samples(n=43)
T4626C 0 0.00% 1 233% 0.293 1418l
A4653G 0 0.00% 1 2.33% 0.293 L4271
Nonsynonymous variation  C3376G 0 0.00% 1 2.33% 0.293 R2G

G3377A° 1 2.13% 6 13.95% 0.036 R2Q?

C3389T 0 0.00% 2 4.65% 0.135 S6F

A3396C 1 2.13% 0 0.00% 0336 K8N

G3398C 0 0.00% 1 2.33% 0.293 R9P

C3416T 0 0.00% 1 2.33% 0.293 A15V

34247 0 0.00% 1 2.33% 0.293 L18F

G3481A 0 0.00% 1 2.33% 0.293 E37K

G3554A 2 4.26% 6 13.95% 0.106 G61E

G3578C 1 2.13% 4 9.30% 0.138 R69P

A3580C 0 0.00% 2 4.65% 0.135 T70P

A3589T 0 0.00% 1 233% 0.293 173F

G3599A° 0 0.00% 7 16.28% 0.004 G76E°

G3622A 9 19.15% 14 32.56% 0.145 D84N

G3641A 18 38.30% 22 51.16% 0.22 RI0K

T3656A 0 0.00% 2 4.65% 0.135 VI5E

G3658A 21 44.68% 22 51.16% 0.539 D96N

T3665G 2 4.26% 5 11.63% 0.192 V98G

(G3688T 0 0.00% 1 2.33% 0.293 V106F

T3698G 3 6.38% 6 13.95% 0.232 V109G

G3700A 0 0.00% 2 4.65% 0.135 E110K

G3703A° 12 25.53% 20 46.51% 0.038 E111K?

G3710T 2 4.26% 6 13.95% 0.106 S113I

A3715G 0 0.00% 2 4.65% 0.135 15V

G3757A° 9 19.15% 18 41.86% 0.019 D129N®

A3862T 1 2.13% 0 0.00% 0336 T164S

A3881G 1 2.13% 0 0.00% 0.336 Q170R

C3910T 1 2.13% 0 0.00% 0336 H180Y

C3919G 1 2.13% 0 0.00% 0336 L183V

G3952A 2 4.26% 0 0.00% 0171 E194K

G3955A 1 2.13% 0 0.00% 0336 E195K

A3958T 1 2.13% 0 0.00% 0336 1196F

A3976T 1 2.13% 0 0.00% 0336 1202F

G4061T 1 2.13% 0 0.00% 0336 R230L

C4072A 1 2.13% 0 0.00% 0336 Q234K

G4087T 1 2.13% 0 0.00% 0336 D239Y

G4099A 2 4.26% 1 233% 061 V243

G4129C 1 2.13% 0 0.00% 0.336 D253H
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Variation sites Control groups Case groups Pvalues Amino
acid
changes

Number of Variation Number of Variation
variation frequency variation frequency
samples(n=47) samples(n=43)

T4177G 2 4.26% 0 0.00% 0.171 S269A

T4177C 17 36.17% 15 34.88% 0.899 S269P

C4178A 1 2.13% 0 0.00% 0336 S269Y

A4180G 2 4.26% 0 0.00% 0.171 S270G

G4181A 2 4.26% 1 233% 061 S270N

G4186A 3 6.38% 2 4.65% 0.72 D272N

A4190G 0 0.00% 1 2.33% 0.293 N273S

A4192C 1 2.13% 0 0.00% 0336 S274R

A4203G 1 2.13% 0 0.00% 0336 1277M

C4207A 0 0.00% 1 2.33% 0.293 p279T

A4288C 0 0.00% 1 2.33% 0.293 1306L

A4301G 0 0.00% 1 2.33% 0.293 Q310R

A4318G 0 0.00% 1 2.33% 0.293 S316G

G4322A 1 2.13% 0 0.00% 0336 G317E

T4327G 0 0.00% 1 233% 0.293 S319A

A4339G 0 0.00% 1 233% 0.293 K323E

A4362C 25 53.19% 21 48.84% 0.68 L330F

A4362T 16 34.04% 19 44.19% 0.324 L330F

C4367A 1 2.13% 0 0.00% 0336 T332N

G4372A 2 4.26% 1 233% 061 D334N

A4385G 0 0.00% 1 2.33% 0.293 E338G

G4390A 1 2.13% 0 0.00% 0336 E340K

A4405C 0 0.00% 1 2.33% 0.293 T345P

T4441A 1 2.13% 0 0.00% 0336 S357T

A4460C 0 0.00% 1 2.33% 0.293 N363T

C4505T 4 851% 2 4.65% 0463 S378F

A4628C 2 4.26% 2 4.65% 0.929 N419T

A4630G 1 2.13% 0 0.00% 0.336 1420V

A4654C 8 17.02% 12 27.91% 0215 1428L

The HPV16 L2 reference sequence is NC_001526.4

2 Represents sites with significant differences

conserved than E5 and L2 genes. Moreover, the mis-
sense variations of the E4 gene that was new variations
were concentrated in the case group (cervical cancer).
The HPV16 E4 gene is located in the central position
of the E2 gene, which encodes the hinge domain in the
E2 protein. The most common synonymous variations
in the E4 gene, T2520C (30.86%), C2546T (93.83%) and
G2585A (28.40%), are also missense variations in the
hinge region of the E2 gene, which cause amino acid

changes in the E2 protein and affect the viral replica-
tion process [14]. The reported that amino acid varia-
tions of E5 protein include F191, V21A, C24S, L27P,
P31L, 144L, L47S, L48A, V62A, 165V, 165L, and L73V
[22, 24]. We found that the new amino acid variations
of E5 protein include L4F, L16V, L28S, V46A, L48],
L48V, 165R, 165M and L81V, which L481 and L48V were
the amino acid variations with high frequency. It was
reported that a total of 17 amino acid variations with
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Table 8 Distribution of high variation frequency sites in Han nationality

Variation sites Control groups Case groups P values Amino
Number of variation Variation Number of variation Variation zlil:inges
samples(n=31) frequency samples(n=21) frequency

T2520C 11 35.48% 8 38.10% 0.848 LiaL

C2546T 26 83.87% 19 90.48% 0494 T26T

G2585A 9 29.03% 9 42.86% 0.304 P39P

A3115C* 19 61.29% 19 90.48% 0.02 14412

C3127A 4 12.90% 1 4.76% 0329 L48I

C3127G 1 323% 2 9.52% 0339 L48V

G3622A 3 9.68% 6 28.57% 0.77 D84N

G3641A 10 32.26% 10 47.62% 0.264 RIOK

G3658A 11 35.48% 11 52.38% 0.226 D96N

T4177C 13 41.94% M 52.38% 0458 S269P

A4362C 21 67.74% 11 52.38% 0.264 L330F

A4362T 7 22.58% 7 33.33% 0.391 L330F

A4654C 8 25.81% 8 38.10% 0346 1428L

2 Represents sites with significant differences

high frequency in L2 proteins, including D43E, S122P,
V2431, T245A, L266F, L266V, S269P, L330F, D334N,
T351P, T351S, T352P, T352A, S378VS378F, S384A,
V3851, 1420T, A424T, 1428L and A443G. The amino
acid variation I428L was present almost uniquely in
Asia, and the frequency of S269P and L330F was higher
than that of the reference amino acid, at position 330
phenylalanine of L2 protein was more common than
the reference amino acid leucine in Europe, Asia, and
North America [25]. We also found high-frequency
variations of S269P and L330F in the L2 protein, which
were consistent with the previous reports. In addition,
the other high frequency amino acid variations have
also been found in L2 protein, including D84N, R90K,
D96N, E111K and D129N (Table 4). We found that L2
missense variations G3377A (R2Q), G3599A (G76E),
G3703A (E111K), and G3757A (D129N), were in sig-
nificantly higher frequency in the case groups (cervical
cancer) than in the control groups(non-cervical cancer)
(P<0.05). These variations may affect the integration of
HPV16 viral genome into the cell chromosomes.
Xinjiang is a multiethnic region. We included a total of
52 Han ethnic group samples in the 90 samples we stud-
ied, including 31 samples in the control groups and 21
samples in the case groups, and recounted several loci
with more variations (see Table 8 for details). We found
that the missense variation A3115C of the E5 gene was in
significantly higher frequency in the case groups than in
the control groups (P=0.02), and the difference was sta-
tistically significant. However, as seen in Table 6 above,
A3115C did not differ between the case and control

groups in the 90 samples, so the A3115C variation may
have different effects on different ethnic groups, which
needs further validation.

The current study revelaed for the first time sequence
variations in HPV16 E4, E5 and L2 genes and in Xinjiang,
and the distribution of these variations among different
ethnic groups. The sample size of the current study is rel-
atively small and should be increased in future studies, in
particular to include samples from more ethnic groups.
Based on findings from the current study, variations
A3115C, G3377A, G3599A, G3703A and G3757A should
be further investigated in cell experiments to determine
whether they affect the viral immunity and the integra-
tion of viral genome in cell chromosomes.

Conclusion

Phylogenetic tree analysis showed that 87 samples were
European strains, 3 cases were Asian strains, there were
no other variants, and G4181A was related to Asian
strains. HPV16 L2 gene missense variants G3377A,
G3599A, G3703A, and G3757A were significantly more
frequent in the case groups than in the control groups.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512920-024-01926-3.

[ Supplementary Material 1. }

Acknowledgements
We thank the Yili Friendship Hospital, Kashi People’s Hospital and Xinjiang
Uyghur Autonomous Region People’s Hospital for the samples.


https://doi.org/10.1186/s12920-024-01926-3
https://doi.org/10.1186/s12920-024-01926-3

Cheng et al. BMC Medical Genomics (2024) 17:179

Authors’ contributions

ZP designed the study. HC and YD carried out the molecular genetic studies,
participated in the genetic analysis and wrote the manuscript. LW and XZ car-
ried out specimen collection and DNA extraction. XZ and JT carried out HPV16
identification. DL, HL and RS participated in experimental design and revised
the manuscript. All authors read and approved the final manuscript.

Funding

This work was supported by the National Natural Science Foundation of China
(grant numbers: 82060518, U1503125) and the International Science and
Technology Collaboration Projector of Xinjiang Production and Construction
Corps (grant number 2019BC007).

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the ethics committees of the First Affiliated Hospital
of Shihezi University (Approval Number: KJ2020-051-01, date: 2020.3.28).
Informed consent was obtained from all patients for our research.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 17 November 2023 Accepted: 5 June 2024
Published online: 04 July 2024

References

1. Sung H, Ferlay J, Siegel R, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71(3):209-49.

2. Ding X, Jia X, Wang C, Xu J, Gao S. Lu C. A DHX9-IncRNA-MDM?2 interac-
tion regulates cell invasion and angiogenesis of cervical cancer. Cell
Death Differ. 2019;26(9):1750-65.

3. Seyoum A, Seyoum B, Gure T, Alemu A, Belachew A, Abeje D, Aseffa A,
Howe R, Mulu A, Mihret A. Genotype heterogeneity of high-risk human
papillomavirus infection in Ethiopia. Front Microbiol. 2023;14:1116685.

4. Zhe X, XinH, Pan Z, Jin F, Zheng W, LiH, Li D, Cao D, Li Y, Zhang C, et al.
Genetic variations in E6, E7 and the long control region of human papil-
lomavirus type 16 among patients with cervical lesions in Xinjiang, China.
Cancer Cell Int. 2019;19:65.

5. FanPLi X FengY, CaiH,Dong D, Peng Y, Yao X, Guo Y, Ma M, Dong T,
et al. PD-1 Expression Status on CD8+ Tumour Infiltrating Lymphocytes
Associates With Survival in Cervical Cancer. Front Oncol. 2021;11:678758.

6. Kaelin E, Skidmore P, taniewski P, Holland L, Chase D, Herbst-Kralovetz
M, Lim EJ. Cervicovaginal DNA Virome Alterations Are Associated
with Genital Inflammation and Microbiota Composition. mSystems.
2022,7(2):e0006422.

7. Zhou Z,Yang H,Yang L, YaoY, Dai S, ShiL, Li C,Yang L, Yan Z, Yao Y. Human
papillomavirus type 16 E6 and E7 gene variations associated with cervical
cancer in a Han Chinese population. Infect Genet Evol. 2019;73:13-20.

8. Pérez-Gonzdlez A, Cachay E, Ocampo A, Poveda EJM. Update on the epi-
demiological features and clinical implications of human papillomavirus
infection (HPV) and Human Immunodeficiency Virus (HIV) Coinfection.
Microorganisms. 2022;10(5):1047.

9. Wang J,Tang D, Wang K, Wang J, Zhang Z, Chen Y, Zhang X, Ma C. HPV
genotype prevalence and distribution during 2009-2018 in Xinjiang,
China: baseline surveys prior to mass HPV vaccination. BMC Womens
Health. 2019;19(1):90.

Page 14 of 14

10. Chelimo C, Wouldes TA, Cameron LD, Elwood JM. Risk factors for and
prevention of human papillomaviruses (HPV), genital warts and cervical
cancer. J Infect. 2013;66(3):207-17.

11. Burk R, Harari A, Chen Z. Human papillomavirus genome variants. Virol-
ogy. 2013;445(1-2):232-43.

12. Pan Z,SongY, Zhe X, Wang W, Zhu J, Zheng W, Li H, Li D, Cao D, Pan
Z, et al. Screening for HPV infection in exfoliated cervical cells of
women from different ethnic groups in Yili, Xinjiang, China. Sci Rep.
2019;9(1):3468.

13. Revathidevi S, Murugan A, Nakaoka H, Inoue I, Munirajan AK. APOBEC:

a molecular driver in cervical cancer pathogenesis. Cancer Lett.
2021;496:104-16.

14. Doorbar J. The E4 protein; structure, function and patterns of expression.
Virology. 2013;445(1-2):80-98.

15. Leeman A, Jenkins D, Marra E, van Zummeren M, Pirog E, van de Sandt M,
van Eeden A, van der Schim M, Doorbar J, de Vries H, et al. Grading immu-
nohistochemical markers p16™? and HPV E4 identifies productive and
transforming lesions caused by low- and high-risk HPV within high-grade
anal squamous intraepithelial lesions. Br J Dermatol. 2020;182(4):1026-33.

16. Kajitani N, Schwartz S. Role of Viral Ribonucleoproteins in Human Papil-
lomavirus Type 16 Gene Expression. Viruses. 2020;12(10):1110.

17. Scott MLWB, Ulicny J, Raikhy G, Orr AW, Songock WK, Bodily JM. Human
Papillomavirus 16 E5 Inhibits Interferon Signaling and Supports Episomal
Viral Maintenance. J Virol. 2020;6(2):e01582-19.

18. Gutierrez-Xicotencatl L, Pedroza-Saavedra A, Chihu-Amparan L, Salazar-
Pifa A, Maldonado-Gama M, Esquivel-Guadarrama F. Cellular functions
of HPV16 E5 oncoprotein during Oncogenic Transformation. Mol Cancer
Res. 2021;19(2):167-79.

19. Pouyanfard S, Spagnoli G, Bulli L, Balz K, Yang F, Odenwald C, Seitz H,
Mariz F, Bolchi A, Ottonello S, et al. Minor Capsid Protein L2 Polytope
Induces Broad Protection against Oncogenic and Mucosal Human Papil-
lomaviruses. J Virol. 2018;92(4):01930-01917.

20. Aydin |, Villalonga-Planells R, Greune L, Bronnimann M, Calton C, Becker
M, Lai K, Campos S, Schmidt M, Schelhaas M. A central region in the
minor capsid protein of papillomaviruses facilitates viral genome tether-
ing and membrane penetration for mitotic nuclear entry. PLoS Pathog.
2017;13(5):e1006308.

21. Wang L,Wang F, Fu S, Zhang C, Zhe X, Li H, Li D, Shao R, Pan, Z. Analysis
of genetic variation in human papillomavirus type 16 E1 and E2 in
women with cervical infection in Xinjiang, China. BMC Med Genomics.
2021;14(1):268.

22. Plesa A, Anton G, lancu |, Diaconu C, Huica |, Stanescu A, Socolov D,
Nistor E, Popa E, Stoian M, et al. Molecular variants of human papilloma
virus 16 E2, E4, E5, E6 and E7 genes associated with cervical neoplasia in
Romanian patients. Arch Virol. 2014;159(12):3305-20.

23. Tsakogiannis D, Ruether |, Kyriakopoulou Z, Pliaka V, Skordas V, Gartzonika
C, Levidiotou-Stefanou S, Markoulatos P. Molecular and phylogenetic
analysis of the HPV 16 E4 gene in cervical lesions from women in Greece.
Arch Virol. 2012;157(9):1729-39.

24. Hsieh C,Tsao Y, Wang C, Han C, Chang J, Lee J, Chen S. Sequence variants
and functional analysis of human papillomavirus type 16 E5 gene in clini-
cal specimens. Arch Virol. 2000;145(11):2273-84.

25. Tsakogiannis D, Nikolaidis M, Zagouri F, Zografos E, Kottaridi C, Kyri-
akopoulou Z, Tzioga L, Markoulatos P, Amoutzias G, Bletsa GJV. Mutation
profile of HPV16 L1 and L2 genes in different geographic areas. Viruses.
2022;15(1):141.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Analysis of human papillomavirus type 16 E4, E5 and L2 gene variations among women with cervical infection in Xinjiang, China
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Collection of samples
	HPV genotyping
	DNA extraction and PCR amplification of samples
	Sequencing
	Phylogenetic analysis of HPV16 variants
	Statistical analysis

	Results
	Sequence variation in HPV16 E4, E5 and L2 genes
	Phylogenetic tree analysis of the nucleotide sequences of HPV16 E4, E5 and L2
	Genetic variation of genomic HPV16 E4, E5 and L2 in the case and control groups
	Genetic variation of genomic HPV16 E4 in the case and control groups
	Genetic variation of genomic HPV16 E5 in the case and control groups
	Genetic variation of genomic HPV16 L2 in the case and control groups


	Discussion
	Conclusion
	Acknowledgements
	References


