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Abstract

We evaluated the genotype distributions of human papillomavirus (HPV) in cervical intraepithelial
neoplasia (CIN) and cervical cancer (CC) cases. Cervical exfoliated cells from 490 patients (125, 231, and
134 patients in groups CIN1, CIN2+, and CC, respectively) were tested to determine the HPV genotypes.
The positive rates were statistically analyzed to determine the correlations between HPV and disease
severity. Average age of subjects in the CIN1, CIN2+, and CC groups was 44.3 + 10.3, 44.1 + 11.8, and
52.3 £ 10.9 years, respectively. The average age in group CC was higher than that in groups CIN2 + and
CIN1 (P<0.001). The following HPV subtypes were the most common in groups CIN1, CIN2+, and CC,
respectively: HPV16, HPV58, HPV18, and HPV33; HPV16, HPV5S8, HPV52, and HPV33; and HPV16,
HPV18, HPV58, and HPV33. Group CIN2+ showed a higher positive rate of HPV16/52 and lower
positive rate of HPV51 than group CIN1 (P<0.05). Group CC showed a higher positive rate of HPV16
and lower positive rate of HPV33/52/58 than group CIN2+ (P<0.05). Multiple infection rates of HPV
were 28.8%, 36.8%, 16.4% in groups CIN1, CIN2+, and CC, respectively, and that in group CC was
lower than in groups CIN2+ and CIN1 (P<0.001). HPV16/18 are the most important predisposition
factors for CC and HPV33/52/58 showed weak carcinogenicity but belonged to high-risk subtypes of

CC; therefore, attention should be given to HPV16/18 and HPV33/52/58 infection.
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Introduction

Cervical cancer (CC) is the third most prevalent malignant
tumor in women [1] and the most common gynecologic
malignancy. Approximately 500,000 new cases and 250,000
deaths from CC occur each year [1]. Continuous infection with
high-risk HPV (HR-HPV) is the main cause of cervical
precancerous lesions and invasive cervical cancer [2]. At least
15 HPV genotypes (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 68, 73, and 82) have been identified as HR-HPV [3],
among which HPV16 exhibits the closest relationship with CC,
followed by HPV18 [4]. Currently, HPV vaccines are applied
worldwide mainly for HPV16/18 and HPV 6/11/16/18 [5].
However, in different geographic regions and populations, the
distributions of HPV subtypes are different [6]. In northeast
China, the most common HPV genotypes are HPV-16 (28%),
HPV-58 (14%), and HPV-52 (14%), and HPV-18 accounts for
only 8% [7,8]. In western China, the most common HPV
genotypes are HPV-16, HPV-33, and HPV-58 [9]. In South-
eastern China, the most common genotypes are HPV-52,
HPV-16, and HPV-58 [10]. Vaccines against HPV16/18 have
limited effects on other HR-HPV infections [11]. Thus, an
effective vaccine should contain the HPV subtypes with the
highest local prevalence. Here, we detected the infection rates
of HPV16/18 and other HR-HPV subtypes in cervical
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precancerous lesions and CC to explore the most common and
highly carcinogenic HPV types in CC. Our results provide a
basis for CC vaccine development and pre-judgment of
cervical diseases by gynecologists in China.

Materials and Methods

Materials

Cervical exfoliated cells sampled from 490 CIN or CC
patients, histologically diagnosed by cervical biopsy or cervical
conization in the First Affiliated Hospital of Wenzhou Medical
University from June 2015 to February 2016, were selected as
study subjects, including 125 cases of CINI, 231 cases of
CIN2-3 (group CIN2+), and 134 cases of CC. No patients had
a history of HPV vaccination. This study was conducted in
accordance with the declaration of Helsinki. This study was
conducted with approval from the Ethics Committee of
Wenzhou Medical University. Written informed consent was
obtained from all participants.

Pathological diagnosis

The tissue sections were subjected the hematoxylin-eosin
staining and then diagnosed by two experienced pathologists in
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our hospital based on WHO classification. The diagnosis was
further confirmed after review. When results of cervical biopsy
and cervical conization were inconsistent, results showing a
higher histological grade were considered for the final
diagnosis.

HPYV genotyping

After histological diagnosis, cell preservation solution
(TEGEN, Shanghai, China) was used to collect the cervical
exfoliated cells, followed by in vitro PCR amplification and
subsequent DNA reverse dot blot-combined DNA chip
technology to determine HPV subtypes of the cervical cell
specimens for genotype identification. The specific detection
operations included extraction of DNA, PCR amplification,
hybridization, washing of the film, and coloration.

Statistical analysis

SPSS 17.0 software was used for statistical analysis (SPSS,
Inc., Chicago, IL, USA), percentages (count data) were
compared using the % test. Intergroup comparison of
measurement data was performed by the t-test. P-values<0.05
were considered statistically significant.

Results

Age group of patients

Mean age of patients was 44.3 £ 10.3 (24 to 73) years in Group
CIN1, 44.1 £ 11.8 (21 to 79) years in Group CIN2+, and 52.3 +
10.9 (32 to 85) years in Group CC. The patients in group CC
were older than those in groups CIN2+ and CINI (t=6.561,
P=0.000; t=6.047, P=0.000); subjects in groups CIN2+ and
CIN1 showed no significant difference in age (t=0 163,
P=0.871).

HPYV distribution and positive rates

Of the 125 patients in group CIN1, 109 were HPV-positive
(87.2%), including 145 HPV types (one sample may have
contained more than one HPV type). Of the 231 patients in
group CIN2+, 212 were HPV-positive (91.8%), including 318
HPV types. The four most common HPV types and their
positive rates in these two groups were: group CIN1: HPV16
(24.8%), HPV58 (17.6%), HPV18 (8.8%), HPV33, and HPV51
(7.2%); group CIN2+: HPVI16 (44.2%), HPV58 (24.7%),
HPV52 (16.5%), and HPV33 (13.0%). Group CIN1 included
17 cases of low-risk HPV (4 cases of simple HPV 11 infection,
1 case of simple HPV81 infection) and group CIN2+ included
13 cases of low-risk HPV (1 case of simple HPV6 infection,
and one case of simple HPV11 infection); the remaining cases
were infected with other HR-HPV types simultaneously. A
comparison of the total positive rates of low-risk HPV between
the two groups showed a significant difference (}*=6.680,
P=0.01); however, a comparison of the positive rate of simple
low-risk HPV showed no significant difference (P=0.055,
Table 1).
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Table 1. HPV subtype distributions and positive rates in CIN.

CIN1 (n=125) CIN2+(n=231) CIN2+VS CIN1

Typing

n  Positive rate (%) n Positive rate (%) X2 P
HR
16 31 248 102 44.2 12.985a  0.000**
18 11 838 24 104 0.231a  0.631
31 6 48 7 5.3 0.039a 0.843
33 9 72 30 13 2.785a 0.095
35 3 24 6 2.6 0.000b 1
39 6 48 5 2.2 1.104b  0.293
45 0 o0 5 2.2
51 9 72 4 1.7 5.427b 0.020*
52 7 56 38 16.5 8.647a 0.003*
53 8 64 9 3.9 1.118a 0.29
56 3 24 5 22 0.000b 1
58 22 176 57 247 2.352a 0.125
59 3 24 3 1.3 0.427c
66 3 24 4 1.7 0.700c
68 7 56 6 2.6 1.313b  0.252
LR
6 0 o0 4 1.7
11 6 48 1 0.4
42 1 08 0 0
43 1 08 1 0.4
44 3 24 1 0.4
55 1 038 1 0.4
61 2 16 2 0.9
81 3 24 2 0.9
83 0o 0 1 0.4

Note: 1. The positive rate of different types in the patients with multiple
infections were repeatedly calculated.

2.**P<0.001,*P<0.05.

3. a: Pearson x2, b: successively corrected x2, c: P obtained by Fisher exact
statistics; when the positive rate of one group was 0, no statistical process was
performed.

Of the 134 patients in group CC, 119 were HPV-positive
(88.8%), including 148 HPV types. The four most common
HPV subtypes and their positive rates in CC were HPV16
(59.7%), HPV18 (15.7%), HPV58 (6.0%), and HPV33 (5.2%).
The HPV-positive rate of adenocarcinoma was 64.0%, which
was lower than that of squamous cell carcinoma (94.5%)
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(P<0.01). The four most common HPV types in squamous cell
carcinoma were HPV16 (68.8%), HPVI18 (10.1%), HPV5S8
(7.3%), and HPV33 (6.4%). The four most common HPV
subtypes in adenocarcinoma were HPV18 (40.0%), HPV16
(20.0%), HPV58 (4.0%), and HPV43 (4.0%, Table 2).

Comparison of HPV positive rates

A comparison of groups CIN2 + and CIN1 showed that the
former had higher positive rates of HPV16 and HPVS52

Table 2. HPV subtype distributions and positive rates in CC.

(P<0.05), but lower positive rate of HPV51 (P<0.05); the
positive rates of HPV18, HPV33, and HPV58 showed no
significant difference (P>0.05). A comparison of groups CC
and CIN2+ showed that the former had a higher positive rate of
HPV16 (P<0.05) but lower positive rates of HPV33, HPV 52,
and HPV58 (P<0.05).

) CC (n=134) (cniq";g?l squamous carcinoma Cervical adenocarcinoma (n=25) CCvsCIN2+

Typing
n Positive rate (%) n Positive rate (%) n Positive rate (%) X2 P

HR
16 80 59.7 75 68.8 5 20 8.198 a 0.004*
18 21 15.7 1 10.1 10 40 2.189a 0.139
26 1 0.7 1 0.9 0 0
31 3 22 3 2.8 0 0 0.013b 0.909
33 7 5.2 7 6.4 0 0 5611a 0.018*
35 1 0.7 1 0.9 0 0 0.430 ¢
39 2 1.5 2 1.8 0 0 - 1.000c
45 5 3.7 5 4.6 0 0 0.304 b 0.581
52 5 3.7 5 4.6 0 0 13.200 a 0.000**
56 2 1.5 2 1.8 0 0 1.000 ¢
58 9 6.7 8 7.3 1 4 18.465 a 0.000**
59 1 0.7 1 0.9 0 0 1.000 c
66 1 0.7 3 2.8 0 0 0.656 ¢
68 1 0.7 1 0.9 0 0 0.430¢c
82 2 1.5 2 1.8 0 0
LR
82 2 1.5 2 1.8 0 0
43 1 0.7 0 0 1 4
55 2 1.5 2 1.8 0 0
61 3 22 3 2.8 0 0

Note: 1. The positive rate of different types in the patients with multiple infections were repeatedly calculated.

2.**P<0.001,*P<0.05.

3. a: Pearson x2, b: successively corrected 2, c: P obtained by Fisher exact statistics; when the positive rate of one group was 0, no statistical process was performed.

Comparison of simple- and multiple-infection and
negative rates

Simple-infection rates in groups CIN1, CIN2+, and CC were
58.4% (73/125), 55.0% (127/231), and 72.4% (97/134),
respectively (32=0.386, P=0.535 (between CINI1 and CIN2+),
v2=10.842, P=0.001 (between CIN2+ and CC)). The multiple-
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infection rates in groups CIN1, CIN2+, and CC were 28.8%
(36/125), 36.8% (85/231), and 16.4% (22/134) (*=2.312,
P=0.128 (between CIN1 and CIN2+), ¥2=16.996, P=0.000
(between CIN2+ and CC)); the HPV-negative rates were 12.8%
(16/125), 8.2% (19/231), and 11.2% (15/134), and comparison
of these three groups showed P>0.05 (Figure 1).
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Figure 1. Distributions of multi-HPV infections in different groups.
Note: 1. CIN2+: group CIN2-3, CC: group CC; 2. 2+ means with
two or more HPV infections.

The proportion of patients with HPV16 and/or HPV18
infection with no other HR-HPV infection in groups CINI,
CIN2+, and CC were 24.8% (31/125), 31.6% (73/231), and
60.4% (81/134), respectively. The proportion in group CIN2 +
was lower than that in group CC (¥*=28.932, P=0.000);
however, the difference between groups CIN2 + and CIN1 was
not significant (y~=1.815, P=0.178). The proportion of patients
with other HR- HPV infections but no HPV16 and/or HPV18
infection in groups CIN1, CIN2+, and CC was 52.0% (65/125),
42.0% (97/231), and 16.4% (22/134), respectively. The
proportion in group CIN2 + was higher than that in group CC
(x2=25.241, P=0.000); however, the difference between groups
CIN2+ and CIN1 was not significant (y*>=3.276, P=0.070). The
proportion of patients with HPV16 and/or HPV18 infection
plus other HR-HPV infection in groups CIN1, CIN2+, and CC
was 6.4% (8/125), 17.3% (40/231), and 11.9% (16/134),
respectively. The proportion in group CIN2+ was higher than
that in group CINI (3>=8.285, P=0.004); however, the
difference between groups CIN2+ and CC was not statistically
significant (x?=2.361, P=0.124, Figure 2).
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Figure 2. Percentages of HPV16 and/or HPV18 positive or plus other
HR-HPV positive in each group, Note: 1: CIN2+: group CIN2-3,
CC: group CC. A: HPV16 and/or HPV1S8 infection while no other
HR- HPV infection. B: other HR- HPV infection while no HPV16
and/or HPV1S infection. C: HPVI16 and/or HPVIS8 infection plus
other HR- HPYV infection.
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Discussion

The occurrence and development of CC involves quantitative
and qualitative changes, from gradual changes to mutations,
and progresses from of CIN- carcinoma in situ to early
invasive cancer and then invasive cancer. CIN often occurs in
women aged 25-35 years, and the highest CC incidence occurs
at 40-54 years [12]. In this study, the average age of CIN
patients was approximately 44 years, whereas that of CC
patients was about 52 years. The average age of CC patients
was higher than that of other patients; therefore, CC screening
in this region should be increased for early detection and
timely treatment. Persistent infection of HR-HPV is necessary
for the occurrence and development of CIN and CC [13]. HPV
genotyping detection is the only method to identify persistent
HPV infection in females. Because there are various HPV
types that show differing carcinogenic potencies, improving
HR-HPV genotyping detection in women in the high-risk CC
age range may be an effective means for CC screening and
CIN follow-up in obstetrics and gynecology.

Different regions show different HPV subtypes of CC, and the
HPV16 subtype is the most common with an infection rate of
40-60%; HPV18 accounts for 10-20% of cases [14]. A meta-
analysis analyzing 984 Japanese CC patients found that the
three most common HPV subtypes were HPV16 (44.8%),
HPV18 (14.0%), and HPV52 (7.0%) [15]. In Chinese CC
patients, the HPV infection is mainly caused by HPV16 and
58; of these, HPV16 shows the closest relationship with
cervical squamous cell carcinoma and HPVI18 is the most
likely to cause cervical adenocarcinoma [16]. In this study,
HPV16 was the most prevalent subtype in CC, followed by
HPV18, HPV58, and HPV33. HPV16 was the most prevalent
subtype in cervical squamous cell carcinoma, followed by
HPV18, HPV58, and HPV33. HPV18 was the most prevalent
subtype in CC, followed by HPV16 and HPV58. These results
indicate that in addition to HPV16 and HPV18 in CC, HPV58
and HPV33 were the most common subtypes. Therefore, when
detecting HPV16 and HPV18 infection, HPV58 and HPV33
infection should also be evaluated. Currently, most HPV
screening programs only detect the HPV6, 11, 16, and 18
subtypes, and current HPV vaccines only target these four
subtypes [5]. If vaccines have limited cross-protection toward
HPV58 and HPV33, the chances of HPV58 and HPV33-
positive CC may be increased.

In this study, the HPV-positive rate of cervical adenocarcinoma
(64.0%) was lower than that of squamous cell carcinoma
(94.5%) and those reported in other similar studies
(65.6-82.0%) [17,18]. The low detection rate of HPV DNA in
adenocarcinoma may be because the HPV L1 and E6 genes
were cleaved when HPV integrated into the host genome,
improper cervical cell sampling, or the degradation of cell
samples contained low levels of HPV DNA [15]. In cervical
adenocarcinoma, low HPV-positive can also be attributed to
the presence of HPV-independent glandular lesions. Recently,
gastric adenocarcinoma has been proposed as another subtype
of cervical adenocarcinoma, and was found to be independent
of HPV infection [19]. Nonetheless, the number of cervical
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adenocarcinoma cases was low in this study, and larger
samples sizes need to be tested to confirm this hypothesis. The
results of this study showed that the HPV types of CIN were
similar to those determined by Onuki et al. [20], where the four
most common types in the CIN1 group were HPV16, HPV5S,
HPV18, and HPV33 and the four most common types in the
CIN2+ group were HPV16, HPV58, HPV52, and HPV33.
These results suggest that HPV16 played a major role in CIN
and that infection with HPV58, HPV52, and HPV33 were also
common.

A recent prospective study proposed seven HPV subtypes
(HPV1e, 18, 31, 33, 35, 52, and 58) as high risk factors for the
progression of cervical lesions [21]. This study found that
compared with CIN2+, CC showed a higher positive rate of
HPV16, supporting that continuous HPV16 infection increases
carcinogenicity. In contrast, we found that CC had lower
positive rates of HPV33, HPV52, and HPVS58 than that of
CIN2+, indicating that when CIN progresses to CC, HPV33,
HPV52, and HPV58 show low carcinogenicity. We observed
an increased simple HPV infection rate from CIN to CC
lesions; however, multiple infection rates decreased, which
does not support the view that multiple infections are
associated with the severity of cervical lesions. In contrast, a
single infection appears to be associated with the severity of
cervical lesions, as described by Hou et al. [22]. This shows
that multiple infections have lower carcinogenicity than single
infection.

This study showed that group CC included a larger number of
simple HPV16- and/or HPV18-infected patients than group
CINI1 and CIN2+; however, the number of patients with other
HR-HPV infections was lower, indicating that HPV16/18 have
higher carcinogenicity than other HR-HPV subtypes during the
development from CIN to CC. Some studies have proposed
that cervical diseases associated with HPV16 infection subside
with more difficultly than when combined with other HR-HPV
infections [23]. In summary, persistent infection with
HPV16/18 is the most important predisposition factor in CC,;
therefore, these subtypes have important clinical significance.
HPV33, HPVS52, and HPVS5S8 are also high-risk subtypes in
cervical precancerous lesions and CC; however, compared with
HPV16/18, HPV33, HPV52, and HPV58 show lower
carcinogenicity. The sample size in this study was small.
Large-sample multi-center studies are required in the future
that should focus on polymorphisms in regional HPV33,
HPV52, and HPV58. Moreover, whether HPV16/18 vaccines
show better protection against simultaneous infection with
HPV33, HPV52, and HPV58 should be determined.
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