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Abstract. To understand human papillomavirus (HPV) 
and expression of osteopontin (OPN) in cervical diseased 
tissues, HPV infection was detected in paraffin-embedded 
specimens of cervical lesions from 90 patients with cervical 
cancer. Three polymerase chain reaction (PCR) techniques 
were used to determine the detectable rate of HPV infection. 
Expression of HPV OPN protein was detected using immu-
nohistochemical methods. When a pairwise comparison was 
made among the three PCR methods, χ2 analysis indicated 
P>0.05 for detection through the methods of MY09/11 and 
GP5+/6+, and P>0.05 through the methods of MY09/11 
and Nested-PCR. This indicated that there was no statisti-
cally significant difference in the HPV infection detection 
sensitivity of these methods. However, χ2 comparison of 
the methods of GP5+/6+ and Nested-PCR indicated P<0.05, 
which demonstrated that there was a statistically significant 
difference. The rate of positive HPV DNA measured with 
Nested-PCR was significantly higher than that measured 
using the GP5+/6+ PCR method. The HPV OPN protein is 
expressed in cervical cancer, and the HPV OPN polypeptide 
antibody has broad spectrum reaction capacity and signifi-
cant multivalence for HPV infection. Immunohistochemical 
detection was performed on tissue specimens using the 
purified rabbit HPV OPN polypeptide antibody. Sixty-one 
cases exhibited a positive result and 29 a negative result. The 
total rate of positive detection was 67.78%. HPV OPN may 
therefore serve as a candidate target for tumor treatment, 
including targeted therapies and vaccine development.

Introduction

Human papillomavirus (HPV) is a small double-stranded 
circular DNA virus infecting the squamous epithelial cells of 
the skin and mucosa. It is able to immortalize normal cells 
and infect human skin and epithelia, including the genital and 
respiratory tracts. HPV is associated with numerous benign and 
malignant tumors (1,2). Cervical cancer has become the second 
largest malignant tumor to threaten female life, following 
breast cancer. The morbidity and mortality of cervical cancer in 
China account for approximately one-third of those worldwide. 
The overall morbidity rate is 0.27% (3). Based on epidemio-
logical and biological studies, it is clear that HPV infection is 
a required condition for pre-cervical cancer lesions and the 
occurrence of invasive cervical cancer  (4). High-risk HPV 
(HrHPV), including HPV31, 33 and 35, and particularly HPV16 
and 18, are closely associated with the occurrence of cervical 
cancer and cervical intraepithelial neoplasia (CIN). HrHPV 
may be responsible for >95% of cervical cancer cases (5,6).

Osteopontin (OPN) is a phosphorylated glycoprotein, which 
bridges cell and matrix inorganic substances and is closely 
associated with the occurrence, progression and metastasis of 
malignant tumors (7). Recently, certain studies have indicated 
that OPN is expressed in cervical cancer (8,9). OPN is associ-
ated with positive expression rate, tumor staging, lymphatic 
metastasis and distant metastasis in human cervical cancer. In 
normal cervical mucosa, OPN is similarly expressed in CIN 
Grade I and Grade II groups. However, OPN expression is 
increased in CIN Grade III patients, particularly in infiltrating 
tumor tissues. Hence, OPN may promote tumor metastasis (10).

Therefore, the aims of the present study were to explore 
the expression of HPV OPN in diseased cervical tissues 
to determine whether HPV OPN may be able to serve as a 
target protein in tumor treatment. Furthermore, the present 
study aimed to determine whether the HPV OPN C-terminal 
common sequence polypeptide antibody was able to accurately 
detect HPV OPN. These results may provide theoretical and 
experimental support for HPV vaccine development and poten-
tial targeted therapies for cervical tumors.

Materials and methods

Subjects. Ninety diseased cervical tissue specimens were 
collected from the Pathology Department of People's Hospital 
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Affiliated to Inner Mongolia Medical University (Hohhot, 
China) from June 2012 to May 2013. The present study was 
approved by the Ethics Committee of the People's Hospital 
Affiliated to Inner Mongolia Medical University. Consent 
was obtained from all enrolled patients prior to examination 
and treatment according to the Declaration of Helsinki and 
relevant laws in China. All treatments were performed based 
on the patients' best interests.

Pathological and cytological classification of cervical 
lesions was performed for all specimens. High-grade squamous 
intraepithelial lesion (HSIL) included CIN Grade 2 (CIN2) and 
CIN Grade 3 (CIN3) and carcinomas in situ were classified as 
CIN3; low-grade squamous intraepithelial lesion (LSIL) was 
equivalent to CIN Grade 1 (CIN1) (11). The types and number 
of cases of cervical cancer detected amongst the 90 patients 
were as follows: Cervical squamous cell carcinoma, 38 cases; 
adenocarcinoma of the cervix, 23 cases; HSIL (CIN2, CIN3 
and carcinoma in situ), 18 cases; LSIL (CIN1), 11 cases.

The tissue samples were paraffin‑embedded, sectioned 
into 10‑µm sections and placed into Eppendorf (EP) tubes at 
a density of five sections per tube. Each tube was sealed using 
sealing film prior to HPV DNA level detection. In addition, 
each paraffin-embedded specimen was serially sectioned and 
prepared for immunohistochemical analysis. All specimens 
were stored in a refrigerator at 4˚C.

Reagents and instruments. Tris was purchased from Fermentas 
(Thermo Fisher Scientific, Pittsburgh, PA, USA); proteinase K 
was purchased from Biowish Biotechnology Co., Ltd. 
(Hangzhou, China); agarose was purchased from Beijing Bole 
Bioscience Development Co., Ltd. (Beijing, China); ethidium 
bromide was purchased from Shanghai Meiji biotechnology 
Co., Ltd. (Shanghai, China); DNA marker and 2XTaq Master 
Mix were purchased from Shanghai Boyan Biotechnology 
Co., Ltd. (Shanghai, China); DNA amplification reagent kits 
and typing detection reagent kits for HPV nucleic acid ampli-
fication were purchased from Invitrogen Life Technologies 
(Carlsbad, CA, USA); the PCR amplifier was purchased from 
Labnet International, Inc. Global (Edison, NJ, USA) and 
the PTC-200 Eppendorf Master ThermalCycler hybridiza-
tion instrument was purchased from Eppendorf (Hamburg, 
Germany).

Total DNA extraction from specimens. The paraffin-embedded 
specimens were removed from the 1.5 ml EP tubes for marking. 
250 µl cell lysis buffer solution was added to each EP tube 
and the tubes were re-sealed and heated in a dry thermostat 
at 100˚C for 10 min. Once the paraffin had completely melted, 
the tubes were centrifuged at 12,927 x g for 10 min, removed 
and placed in an environment at -20˚C to allow for sufficient 
rigidification of the upper wax sheets. The wax sheets were 
removed and 2 µl proteinase K (20 mg/ml) was added to the 
sufficiently dewaxed specimens which were subsequently 
placed in the dry thermostat at 48˚C for 72 h until the solu-
tions became clear. The specimens were then heated in the dry 
thermostat at 100˚C for 10 min to inactivate the protease and 
centrifuged at 12,927 x g for 10 min. The supernatants were 
transferred to 0.5 ml EP tubes and stored at 4˚C in preparation 
for PCR and HPV gene amplification hybridization typing 
detection or stored at -20˚C for later use.

Primer synthesis. Primers were synthesized by Shanghai 
Yanjing Biotechnology Co., Ltd (Shanghai, China). 
Referring to the complete sequence of the HPV gene, the 
primer 5.0 primer design software (Premier Biosoft, Palo 
Alto, CA, USA) and DNAman gene analysis software 5.2.9 
Demo version (Lynnon LLC, San Ramon, CA, USA) were 
used in order to detect the primer location and to screen 
the appropriate primers  (12). MY09/11 upstream primer, 
5'-CGTCCTGGATATGCTGTATGC-3' and downstream, 
5'-GAACCAGGGCATATAAATGG-3', 384  bp. GP5+/6+ 
upstream, 5'-TYACGTTACTTAGATACTGT-3' and down-
stream, 5' GATCATAAACTATAAAGTAAC-3', 152  bp 
(mixed base: M=A+C, R=A+G, W=A+T, Y=C+T).

The internal reference β-globin gene infected with HPV in 
human host cells was selected as a control and its primers were 
as follows: Upstream, 5'-ACTAAACTGCAGTTCACGTC-3' 
and downstream, 5'-ATCCACTGTACATCACTCCC-3'.

Experimental grouping. The present study comprised three 
experimental groups for PCR analysis; the experimental 
group, total DNA extracted from the clinical cervical paraffin 
specimens; the positive control group, total DNA from SiHa 
cells (HPV16-positive cervical squamous epithelial cell line 
and viral genome integration) and the negative control group, 
total DNA from HeCaT cells (normal human immortalized 
cutin cells). SiHa and HeCaT cell lines were purchased from 
Shanghai Enzyme-linked Biotechnology Co., Ltd. (Shanghai, 
China).

Polymerase chain reaction (PCR) amplification of β-globin, 
OPN conserved sequence general-type primer MY09/11 
and OPN conserved sequence general-type primer GP5+/6+. 
Nested PCR was performed by first amplifying with 
MY09/11,GP5+/6+ primers, followed by a second amplifica-
tion with the internal standard of human host cells infected 
by HPV, i.e. the β-globin gene. DNA was extracted using a 
Total DNA extraction kit (Qiagen, Hilden, Germany) The PCR 
reaction mixture contained: 12.5 µl 2XTaq Master Mix, 0.5 µl 
upstream and downstream primers of HPV β-globin gene, 
HPV OPN general-type MY09/11 or HPV OPN general-type 
GP5+/6+ (10 µmol/l) and 2 µl template. Deionized water was 
added to make the solution up to 25 µl, which was then mixed 
and centrifuged slightly.

PCR reaction conditions: Initial denaturation at 94˚C for 
5 min; denaturation at 94˚C for 45 sec; annealing at 55˚C for 
45 sec and extension at 72˚C for 90 sec for 30 cycles in total. 
Final extension was at 72˚C for 5 min.

Detection of PCR products: 5 µl PCR reaction products 
and 1 µl 6X bromophenol blue loading buffer were mixed, 
electrophoresed with 2% agarose gel at 80-90  V for 1  h, 
scanned and photographed using a Gel.Doc2000 gel imager 
(Bio-Rad, Hercules, CA, USA).

Immunohistochemical experimental method for HPV OPN 
polypeptide antibody. The prepared pathological sections 
were placed in an oven at 70˚C for 15 min. Subsequently, the 
section rack with the sections mounted on it was placed in a 
dewaxing jar with dimethylbenzene solution (Ji’nan Huifengda 
Chemical Co.,Ltd., Ji'nan, China) and dewaxed twice for 
15 min each time. The dimethylbenzene solution was removed, 
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sections were placed in clean distilled water and soaked for 
several min, placed in the ready-to-use IHC antigen retrieval 
solution, 100x (Beijing ComWin Biotech Co., Ltd., Beijing, 
China), heated to 100˚C for 1 min, removed and stored at room 
temperature for natural cooling. Sections were soaked in phos-
phate buffered saline (PBS) for 10 min, subsequently the glass 
slides around the tissue were wiped dry and soaked for 30 min 
following addition of 3% H2O2 (Ji'nan Huifengda Chemical 
Co.,Ltd.). Sections were agitated and washed with phosphate 
buffer three times for three minutes each time and blocked in 
confining liquid at room temperature for 1 h. All antibodies 
were obtained from ChinaPeptides Co., Ltd., (Shanghai, 
China). Rabbit HPV OPN polyclonal antibody, anti-mouse 
HPV OPN polyclonal antibody (primary antibody; 1:200) was 
added drop-wise to the sectioned tissue and incubated at room 
temperature for 1 h prior to being washed with PBS three times 
for five minutes each time. Anti-rabbit or anti-mouse immuno-
globulin G biotinylated secondary antibody was subsequently 
added to each sectioned tissue and incubated for 10 min prior 
to being rinsed with PBS three times for three minutes each. 
Streptavidin horseradish peroxidase marker was added to 
cover each sectioned tissue, incubated for 10 min then rinsed 
with PBS three times for three minutes each. The appropriate 
amount of ready-to-use diaminobenzidine color development 
solution (Beijing Solarbio Co., Ltd., Beijing, China) was added 
to the sectioned tissue. Sections were developed away from 
sunlight at room temperature and the color development was 
observed under a BK-DM320/500 digital biological micro-
scope, (Leica, Germany). Sections were washed with double 
distilled water to terminate the reaction and tissues were 
counterstained with hematoxylin for 5 min and washed with 
tap water, then differentiated with hydrochloric acid alcohol 
and washed with tap water. Finally, the sectioned tissues were 
dehydrated, clarified, mounted and dried at room temperature. 
The experimental results were observed and recorded under a 
microscope (13).

Statistical analysis. All data are expressed as the mean ±  the 
standard error of the mean. The data obtained were subjected 
to statistical analysis using one-way analysis of variance 
followed by Dunnett's post test for comparison between control 
and test groups using SPSS version 12.0 software (SPSS, Inc., 
Chicago,IL, USA). P<0.05 was considered to indicate a statisti-
cally significant difference. For quantification of the PCR and 
western blot results, the gray scale pictures were quantified 
using Gel-Pro Analyzer. The fold changes of the mRNA and 
protein level were expressed relative to the readings of the 
control group.

Results

PCR analysis of HPV. HPV PCR amplification with β-globin as 
internal reference was performed for the total DNA extracted 
from all 90 specimens. The total DNA was electrophoresed 
with 2% agarose gel following amplification. A consistent band 
was observed at ~153 bp (Fig. 1) for all experimental specimens. 
The success rate of DNA extraction was therefore 100%.

PCR amplification of HPV OPN conserved sequence using 
general-type primer MY09/11. MY09/11 primer PCR amplifica-

tion was performed for all 90 specimens. The specimens were 
electrophoresed using a 2% agarose gel following amplification. 
A marked band at ~392 bp (Fig. 2), indicating positive HPV 
DNA, was observed in 39 of the experimental specimens. This 
result indicated that there were 39 HPV‑positive specimens and 
therefore, the detection rate of HPV infection was 43.33%.

PCR amplification of HPV OPN conserved sequence using 
general-type primer GP5+/6+. GP5+/6+ primer amplification was 
performed for all specimens that were found to be HPV-negative 
in the MY09/11 primer PCR amplification detection. The speci-
mens were electrophoresed using a 2% agarose gel following 
amplification. A band at ~127 bp (Fig. 3), indicating positive 
HPV DNA, was observed in 22 of the experimental specimens. 

Figure 2. General-type MY09/11 primer polymerase chain reaction electro-
phoresis. Lanes: 1, DNA marker; 2, SiHa positive control; 3, HaCat negative 
control; 4-9, experimental specimens. 

Figure 1. β-globin primer polymerase chain reaction electrophoresis. Lanes: 
1, SiHa control; 2, HaCat control; 3, DNA marker; 4-9, experimental speci-
mens.

Figure 3. General-type GP5+/6+ primer polymerase chain reaction electro-
phoresis. Lanes: 1, SiHa positive control; 2, HaCat negative control; 3, is 
DNA marker; 4-9, experimental specimens.

https://www.spandidos-publications.com/10.3892/mmr.2014.2647


BAO et al:  HUMAN PAPILLOMAVIRUS AND OSTEOPONTIN450

This result indicated that there were 22 HPV-positive speci-
mens. The detection rate of further HPV infections was 24.44%.

Nested-PCR. The Nested-PCR method was performed for all 
specimens. This method was able to detect 48 HPV DNA-positive 
specimens (Table I). The total detection rate of HPV infection 
was therefore 53.33%. The HPV detection rate obtained from 
amplification of two pairs of internal and external primers was 
significantly higher than that of amplification of either pair of 
primers.

Nested-PCR HPV detection rate is significantly higher than 
that of GP5+/6+ PCR. When a pairwise comparison was made 
among the three PCR methods (Table I), χ2 analysis indicated 
P>0.05 for detection through the methods of MY09/11 and 
GP5+/6+; and P>0.05 through the methods of MY09/11 and 
Nested-PCR. This indicated that there was no statistically 
significant difference in the HPV infection detection sensitivity 
of these methods. However, χ2 comparison of the methods of 
GP5+/6+ and Nested-PCR indicated P<0.05, which demonstrated 
that there was a statistically significant difference. The rate of 
positive HPV DNA measured using the Nested-PCR method 
was significantly higher than that measured using the GP5+/6+ 
PCR method (Table I).

Immunohistochemical detection of HPV OPN polypeptide in 
tissue specimens using anti-rabbit antibody. The immuno-
histochemical results of anti-rabbit paraffin section analysis 
indicated that seven of the 11 LSIL cases were HPV-positive, 
while 11 of the 18 HSIL cases were HPV-positive. Furthermore, 
29 of the 38 cervical squamous cell carcinoma cases were 
HPV-positive and 14 of the 23 cervical adenocarcinoma cases 
were HPV-positive (Table II and Fig. 4). 

The results demonstrated that overall, 61 specimens exhib-
ited a positive reaction and 29 specimens exhibited a negative 
reaction. The total positive detection rate was therefore 67.78%.

Immunohistochemical detection of HPV OPN polypeptide in 
tissue specimens using anti-mouse antibody. The immuno-
histochemical results of anti-mouse paraffin section analysis 
indicated that eight of the 11 LSIL cases were HPV-positive 
and 14 of the 18 HSIL cases were HPV-positive. Furthermore, 
31 of the 38 cervical squamous cell carcinoma cases were 
HPV-positive and 15 of the 23 cervical cancer cases were 
HPV-positive (Table III and Fig. 5).

The results indicated that 68 specimens exhibited a posi-
tive reaction and 22 specimens exhibited a negative reaction. 
The total positive detection rate was therefore 75.56%.

Discussion

HPV-associated cervical cancer is the second most prevalent 
cancer among females worldwide, the most common malig-
nant lesion among females in developing countries and one of 
the major malignant tumors threatening the health of females 
at the present stage. Furthermore, HPV-associated cervical 
cancer exhibits a trend of onset in a younger age-group than 
other types of cancer (14). Cervical cancer poses a significant 
threat to the lives of females, in part because there is no accu-
rate detection index available for predicting the occurrence 
and progression of the disease  (15). It has been generally 
accepted that persistent HrHPV infection is a significant 
contributing factor in the development of cervical cancer; 
the degree of its correlation with the occurrence of cervical 
cancer is markedly higher than the degree of correlation 
between smoking and the occurrence of lung cancer  (16). 
HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 66, 68 and 70 have 
been assigned to the HrHPV group and HPV6, 11, 34, 42, 43, 
44 and 74 have been assigned to the potentially carcinogenic 
group (17,18). Pathological studies have demonstrated that 
there are two PCR methods (MY09/11 and GP5+/6+) available 
for the detection and typing of HPV in cervical cancer speci-
mens. The odds ratio of cervical cancer to HrHPV exposure 

Table I. Results of Nested-PCR examination.

PCR Class	 Number of cases tested	 Number of cases of positive HPV DNA	 Positive rate (%)

MY09/11	 90	 39	 43.33
GP5+/6+	 90	 22	 24.44a

Nested-PCR	 90	 48	 53.33a

aIndicates P<0.05 based on χ2 test between nested PCR, P5+/6+ and MY09/11 groups. PCR, polymerase chain reaction; HPV, human papil-
lomavirus.

Table II. Immunohistochemical results of anti-rabbit paraffin sections.

Group	 Number of cases tested	 Number of positive cases	 Positive rate (%)

LSIL	 11	 7	 63.64
HSIL	 18	 11	 61.11
Cervical squamous cell carcinoma	 38	 29	 76.32
Cervical adenocarcinoma	 23	 14	 60.87

LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion.
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Table III. Immunohistochemical results of anti-mouse paraffin sections.

Group	 Number of cases tested	 Number of positive cases	 Positive rate (%)

LSIL	 11	 8	 72.73
HSIL	 18	 14	 77.78
Cervical squamous cell carcinoma	 38	 31	 81.58
Cervical adenocarcinoma	 23	 15	 65.22

LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion.

Figure 4. Anti-rabbit immunohistochemical staining for HPV OPN polypeptide. (A) Low-grade squamous intraepithelial lesion of the cervix. (B) High-grade 
squamous intraepithelial lesion of the cervix. (C) Cervical squamous cell carcinoma. (D) Cervical adenocarcinoma. HPV, human papillomavirus; OPN, 
osteopontin (magnification, x200).

Figure 5. Anti-mouse immunohistochemical staining for HPV OPN polypeptide. (A) Low-grade squamous intraepithelial lesion of the cervix. (B) High-grade 
squamous intraepithelial lesion of the cervix. (C) Cervical squamous cell carcinoma. (D) Cervical adenocarcinoma. HPV, human papillomavirus; OPN, 
osteopontin (magnification, x400).
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obtained by the GP5+/6+ method is 158.2 (95% confidence 
interval, 113.4‑220.6) (19).

HPV is a spherical virus with epithelial tropism which 
belongs to a subgroup of the papilloma virus. HPV comprises 
a double-stranded closed circular DNA which specifically 
infects the squamous epithelial cells of human skin and 
mucous membranes and an icosahedral non-enveloped virus 
composed of core DNA and OPN. OPN is a glycoprotein 
and major capsid protein, which is highly conserved among 
HPV types and is the main group‑specific antigen (20,21). 
OPN has several important functions due to its structural char-
acteristics and accurate antigenic characteristics, including 
adhesion to host cells, identification of virus receptors and 
assisting endocytosis and transport of viral DNA (22).

According to clinical statistics, 80% of cervical cancer 
tumor patients died of invasion or metastasis (23). The process 
of invasion and metastasis of tumor cells is complex, including 
a series of interactions amongst tumor cells and between tumor 
cells, host cells and extracellular matrixes. In particular, the 
involvement of multiple cytokines in cell regulation allows for 
metastasis and rapid growth of tumor cells (24,25). OPN is one 
such cytokine, and functions as a secretory multi-functional 
phosphorylated sialoglycoprotein and a non-collagenic adhe-
sion molecule in the extracellular matrix (26). Markman (27) 
suggested that expression of OPN in breast cancer was asso-
ciated with clinicopathologic factors, including tumor size, 
histological grading and lymph node conditions. A study 
by Fröberg et al (28) indicated that overexpression of OPN 
messenger RNA in liver cancer is associated with the levels of 
serum alpha-fetoprotein, tumor size and clinical staging.

The outcome of a HPV-infected host is dependent on 
whether a rapid and intensive cellular immune response occurs 
at the host infection site (29). Numerous studies have indicated 
that the main capsid protein of HPV is the invasion site where 
the host-cell immune response targets HPV. OPN capsid 
protein, host T cells (CD4/CD8) and major histocompatibility 
complex I/II form an immune complex. This activates the 
immune chain reaction of the organism following host inva-
sion by HPV and high-concentration immune antibodies kill 
and eliminate the HPV (30,31). However, when host immunity 
is low or the virulence is strong, HPV is able to survive in the 
host cells through DNA replication, RNA transcription and 
protein synthesis, thus leading to persistent host infection and 
exacerbation of lesion extent (32). A study by Origoni et al (33) 
demonstrated that expression of HPV OPN tends to indicate 
that the organism is HPV-infected and that the HPV is at the 
replication stage. Detection of HPV OPN protein expression 
in diseased cervical tissue may be capable of monitoring 
the reproductive cycle of the virus and also indirectly evalu-
ating patients' infectivity to provide theoretical guidance for 
the clinical application of a HPV OPN protein vaccine and 
potential targeted therapy for tumors (34). This study used 
a high-sensitivity immunoenzyme technique, and the rabbit 
polypeptide antibody used was regarded as the first antibody 
for immunohistochemical detection of HPV OPN. The results 
demonstrated that the cytoplasm and karyons of certain cells 
in the specimens exhibited a positive reaction, which indicated 
that these cells contained HPV OPN proteins. The cell volume 
was increased and the karyon was significantly enlarged in 
specimens positive for HPV infection.

Currently, HPV vaccine‑development primarily consists 
of two categories: A prophylactic vaccine and a therapeutic 
vaccine with a main focus on HrHPV. The therapeutic vaccine 
may eliminate viral infection or variant cells and enhance the 
cell‑mediated immunoreaction of infected individuals (35). 
Various therapeutic immunological methods are available, 
the most common of which involve activation of host T cells 
by tumorigenic HPV‑type E6 and E7 polypeptides (36). The 
prophylactic vaccine is able to resist HPV infection by inducing 
an effective humoral immune response, mainly via the capsid 
protein. These components can constitute non-HPV DNA 
virus-like particles independently and have natural structures 
similar to the virus and good antigenicity and immunogenicity, 
stimulating generation of endogenous neutralizing antibodies, 
thus preventing HPV infection (37). The prophylactic vaccine 
is important in reducing the morbidity and mortality rates of 
cervical cancer.

In conclusion, the results of this study revealed that OPN 
had a higher positive expression rate in HPV-positive cervical 
tumor tissues than in HPV-negative ones, indicating that OPN 
expression is associated with HPV infection and OPN may be 
involved in the promoting effects of HPV infection on tumor 
metastasis. Radical HPV therapy for cervical cancer patients 
may delay the metastasis of tumor cells and prolong their 
survival.
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