@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

ONCOLOGY LETTERS 13: 2929-2936, 2017

OVCALI expression and its correlation with the expression levels of
cyclin D1 and p16 in cervical cancer and intraepithelial neoplasia

RUI TONG'?, QING YANG', CHUNYAN WANG?, FANGFANG BI' and BING JIANG®

'Ward One of Minimally Invasive Gynecology, Nanhu Branch of Shengjing Hospital of China Medical University, Shenyang,

Liaoning 110004; 2Ward Four of Tumor Gynecology, Liaoning Cancer Hospital and Institute; 3Pathology Department,

Cancer Hospital of China Medical University, Liaoning Cancer Hospital and Institute, Shenyang, Liaoning 110042, PR. China

Received August 19, 2015; Accepted December 2, 2016

DOI: 10.3892/01.2017.5848

Abstract. The present study aimed to examine the associations
between the protein and mRNA expression levels of ovarian
cancer gene 1 (OVCALI), cyclin D1 and pl6 and high-risk
human papillomavirus (HR-HPV) infection in cervical lesions.
The protein expression levels of OVCALI, cyclin D1 and p16 in
66 cases of cervical cancer, 64 cases of cervical intraepithelial
neoplasia (CIN) and 34 normal cervix tissues were detected
using immunohistochemistry. The mRNA expression levels
of OVCAL, cyclin D1 and pl6 in cervical cancer and normal
cervix cells were detected using real-time polymerase chain
reaction. The results revealed that the protein expression levels
of OVCAL increased gradually, whereas its mRNA expression
levels decreased gradually, in the progression from normal
cervix tissue to CIN and cervical cancer (P<0.01). In addi-
tion, significant differences in the protein expression levels of
OVCAI between low-and high-level CIN, as well as between
the early and advanced stages of cervical cancer, were observed
(P<0.05). No significant associations were detected between
the protein and mRNA expression levels of OVCALI and the
pathological type of cervical cancer or the presence of lymph
node metastasis (P>0.05). The expression levels of OVCA1
mRNA and protein were positively correlated with the levels
of pl6 expression (P<0.01). Significant differences were also
observed in the OVCALI protein and mRNA expression levels
between the HR-HPV (+) and HR-HPV (-) groups (P<0.05).
Therefore, aberrant expression of OVCALI protein and mRNA
may be important during the development of cervical lesions,
particularly in the early stages. In addition, the mechanisms

Correspondence to: Mrs. Qing Yang, Ward One of Minimally
Invasive Gynecology, Nanhu Branch of Shengjing Hospital of
China Medical University, 36 Sanhao Street, Heping, Shenyang,
Liaoning 110004, P.R. China

E-mail: yangqing_sj@163.com

Abbreviations: HR-HPV, high-risk human papillomavirus; CIN,
cervical intraepithelial neoplasia

Key words: ovarian cancer gene 1, cyclin DI, pl6, cervical cancer

underlying the effects of OVCA1 during cervical cancer devel-
opment may involve pl6 and HPV, as the levels of OVCAI in
cervical lesions were correlated with abnormal expression of
pl6 and HR-HPV infection.

Introduction

Cervical cancer is the second most common cancer in females
worldwide, ranking first in developing countries (1). In recent
years, the incidence of cervical adenocarcinoma and cervical
cancer in young women has increased significantly; therefore,
early diagnosis is of high importance (2-8). High-risk human
papillomavirus (HR-HPV) infection is an established cause of
cervical cancer and this disease is preventable and treatable.
Although extensive screening of cervical cancer enables early
diagnosis and treatment in an increasing number of patients,
the detection of cervical cancer using the HR-HPV ThinPrep
cytology test may lead to overtreatment and misdiagnosis,
which may also impede prevention and therapeutic interven-
tion. Furthermore, the clinical outcomes of the same treatment
for similar pathological types of cervical cancer are heteroge-
neous (9). Therefore, an effective molecular marker of cervical
lesions is required to supplement screening for cervical cancer,
in order to allow the development of individual treatment regi-
mens for various molecular types and improve the prevention
and treatment of cervical cancer.

Ovarian cancer gene 1 (OVCAI) is a cancer suppressor that
may be correlated with the occurrence and development of
ovarian and cervical cancer, particularly in early lesions (10).
The inhibition of OVCA1 may be associated with the regula-
tion and control of the cell cycle, leading to cell cycle arrest at
the G,/S phase and, thus, suppressing cell proliferation (11,12).
Aberrant expression of OVCA1 mRNA has been detected in
cervical cancer (13). However, the expression levels of OVCALI,
as well as its association with the clinical pathology and its
underlying mechanisms of action, remain to be elucidated.

The current study aimed to evaluate molecular biomarkers
for the diagnosis and treatment of cervical lesions through
detection of the protein and mRNA expression levels of
OVCAL, cyclin D1 and pl6 in cervical cancer, cervical
intraepithelial neoplasia (CIN) and normal cervix tissue. In
addition, the associations between OVCAI expression and
HR-HPYV infection were examined, in order to examine the
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potential mechanisms underlying the involvement of OVCA1
in the development of cervical lesions.

Materials and methods

Patients. In total, 130 female patients with cervical lesions
who were pathologically diagnosed between February 2014
and July 2014 at Liaoning Cancer Hospital and Institute
(Shenyang, China) were selected, including 66 cases of
cervical cancer and 64 cases of CIN. All pathological sections
were reviewed by a pathologist (Liaoning Cancer Hospital
and Institute). In addition, 34 normal cervix tissue specimens
obtained from patients with hysteromyoma, ovarian cysts and
other non-malignant tumors with hysterectomy were selected
as controls. The present study was approved by Liaoning
Cancer Hospital Ethics Committee, and all patients provided
informed consent prior to biopsy surgery.

The clinical stages of cervical cancer were classified
according to the 2009 International Federation of Gynecology
and Obstetrics staging system (9,14). Of the 66 cases of
cervical cancer, 20 cases were stage I, 8 were stage 11, 34 were
stage III and 4 were stage I'V. The cases included 60 of squa-
mous carcinoma and 6 of adenocarcinoma. The pathological
grades were as follows: 20 cases of high differentiation (G1),
42 cases of moderate differentiation (G2) and 4 cases of low
differentiation (G3). In total, there were 31 cases with lymph
node metastasis and 35 cases without lymph node metastasis.
In addition, 64 cases of CIN were graded according to the
Richart Pathology criteria (9,15-17) as follows: 22 cases of
CINI1, 22 cases of CIN2 and 20 cases of CIN3. Among the
164 cervical cancer, CIN and control patients, HR-HPV infec-
tion was detected in 103 cases and undetected in 61 cases. All
patients had no contraindications and received no radiotherapy
or chemotherapy prior to biopsy.

Two biopsy tissue specimens (3-8-mm thick) were
obtained for each patient with cervical cancer and each
healthy patient with normal cervical tissue. The first was fixed
in 4% paraformaldehyde for immunohistochemistry tissue
microarray analysis. The second tissue specimen was stored
in at -80°C for reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) analysis. Following lymph node
excision, lymph nodes of >1 c¢m that had been deemed highly
suggestive of metastasis preoperatively using computed
tomography/magnetic resonance imaging were determined to
be cases of lymph node metastasis. Prior to treatment, the pres-
ence of HPV infection was determined from cervical screening
using hybrid capture II (HC-II; Qiagen, Inc., Valencia, CA,
USA) and values of >1.0 relative light units/cutoff were defined
as HR-HPV-positive.

Reagents and instruments. The antibodies used were as
follows: Mouse anti-human OVCA1 (#ab54777;, Abcam,
Cambridge, UK), mouse anti-human p16 (#ZM-0205; OriGene
Technologies, Inc., Beijing, China) and mouse anti-human
cyclin D1 (#sc-8396; Santa Cruz Biotechnology, Inc., Dallas,
TX,USA). The High-Capacity cDNA Reverse Transcription kit
was purchased from Thermo Fisher Scientific, Inc. (Waltham,
MA, USA) and the PrimeScript™ RT-PCR kit was purchased
from Takara Bio, Inc. (Otsu, Japan). TRIzol® RNA Isolation
reagent was purchased from Invitrogen (Thermo Fisher
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Scientific,Inc.). Primers for OVCA1,cyclin D1, pl6 and GAPDH
(internal control) were designed and synthesized by Invitrogen
(Thermo Fisher Scientific, Inc.). Immunohistochemistry
imaging was performed using NIS-Elements F3.0 software for
image acquisition, and image analysis utilized NIS-Elements
Br3.0 software (Nikon Corporation, Tokyo, Japan). The PCR
instrument was produced by Bio-Rad Laboratories, Inc.
(Hercules, CA, USA).

Immunohistochemistry. The representative regions of normal
cervix, CIN and cervical cancer in paraffin-embedded
specimens were labeled according to the hematoxylin and
eosin-stained sections. Subsequently, tissue microarrays
of cervical cancer, CIN and normal cervical tissues were
constructed, and all the representative points were included
in three arrays (10x8, 10x6 and 8x3). The dilutions of primary
antibodies were 1:50 (OVCALI), 1:100 (cyclin DI) and 1:200
(p16). Immunohistochemical staining was performed using
a PicTure™ Two-Step Immunohistochemistry kit (OriGene
Technologies, Inc., Beijing, China) according to the manufac-
turer's protocol. PBS was used to replace primary antibody
as a negative control, and cervical cancer tissue sections with
established cyclin D1- and pl6-positive staining were used as
positive controls, whereas no positive control was established
for OVCALI. The presence of translucent brown granules in the
nucleus and cytoplasm was determined to indicate positivity
for OVCAL, cyclin DI and pl6. Abnormal OVCAI1 and pl6
proteins were detected using immunohistochemistry. Positive
staining for OVCA1 was localized to the nucleus and cyto-
plasm, primarily surrounding the nucleus. CyclinDI staining
was primarily localized to the nucleus, as well as being
observed in the cytoplasm, whereas p16 staining was localized
to the nucleus and cytoplasm. In total, 5 representative fields
from each pathological section were examined under high
magnification using a scanning electron microscope (Nikon
E800; Nikon Corporation) to detect the average optical density
(OD) and color rendering area (S) of each field. The integral
OD (IOD) was calculated as ODxS, and the average IOD of
each pathological section was determined. The results were
judged semi quantitatively.

RT-gPCR. Total RNA was extracted from normal cervix and
cervical cancer tissue samples using TRIzol, and the OD of the
RNA samples, as detected using an ultraviolet spectrophotom-
eter at an absorbance of 260-280 nm, was ~1.8-2.0. The RNA
bands were separated using 1.5% agarose gel electrophoresis.
The process of cDNA synthesis was performed according to
the manufacturer's protocol. Briefly, reaction mixtures were
prepared, which consisted of 4 1l RNA samples treated with
DNase (Takara Bio, Inc.), 2 pl of 5X PrimeScript® RT Master
mix and 4 pl diethylpyrocarbonate (DEPC)-treated water.
The reactions were incubated for 15 min at 37°C and 5 sec at
4°C, and the cDNA was subsequently used as a template for
RT-qPCR or stored at -70°C.

RT-qPCR reaction mixtures were composed of 10 x1 SYBR
Green, 6 ul DEPC-treated water, 2.0 ul cDNA template and
2.0 pl of each 10 M primers (total primer volume, 20 ul). The
primer sequences were as follows: OVCAI forward, 5'-CTG
AGGTGGATGTGTGGGTG-3" and reverse, 5'-CCTCAT
AGGGTGTCAGCAGC-3'; cyclin D1 forward, 5'-CCCTCG
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GTGTCCTACTTC-3' and reverse, 5-AGGAAGCGGTCC
AGGTAGTT-3"; pl6 forward, 5'-GTGGACCTGGCTGAG
GAG-3' and reverse, 5-CTTTCAATCGGGGATGTCTG-3";
and GAPDH forward, 5-"AGGTGAAGGTCGGAGTCA-3' and
reverse, 5'-GGTCATTGATGGCAACAA-3'. The thermocy-
cling conditions consisted of an initial step for 5 min at 94°C,
followed by 40 cycles of denaturation for 5 sec at 94°C and
annealing for 30 sec at 60°C. The results were analyzed using
the AACq relative quantification method (18), with GAPDH as
the reference gene. The ACq values for the experimental group
and the control group were calculated according to the formula:
ACq=Cq (target gene)-Cq (reference gene). Subsequently,
according to the formula AACq=ACq (experiment group)-ACq
(control group), AACq was calculated, and the difference in
relative mRNA expression (2°44%), was obtained.

Statistical analysis. One-way analysis of variance, the
Mann-Whitney U rank sum test and Spearman's correla-
tion analysis were applied to analyze the data using SPSS
version 19.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Protein expression of OVCAI, cyclin DI and pl6 in various
cervical tissues. The I0OD values of the OVCA1 (P<0.01),
cyclin D1 (P<0.01) and p16 (P<0.01) protein bands increased
from the normal cervix to CIN and cervical cancer tissues.
Following further pairwise comparisons, a statistically
significant difference was observed in the OVCAI and pl6
expression levels between normal and cancer tissues (P<0.01),
normal and CIN tissues (P<0.01) and CIN and cancer tissues
(P<0.01), and in the protein expression levels of cyclin D1
between normal and cancer tissues (P<0.01) and CIN and
cancer tissues (P<0.01). Conversely, no significant difference
in the expression levels of cyclin D1 was observed between
normal and CIN tissues (P=0.136; Table I; Fig. 1A).

Associations between the protein expression levels of OVCAI,
cyclin DI and pl6 and clinical features. The protein expres-
sion levels of OVCAI in high-level CIN tissues (CIN2-3) were
significantly higher compared with low-level CIN tissues
(CIN1; P=0.031, <0.05), whereas no significant differences
were observed in cyclin D1 and pl6 expression levels between
the high and low-level CIN groups (P, n;=0.977; P ,,=0.056;
Table II). The protein expression levels of OVCAL, cyclin D1
and pl6 in advanced-stage (II-IV) cervical cancer were signifi-
cantly higher compared with early-stage cervical cancer (I;
Povear=0.016; P i, ,=0.001; P,,c=0.005; Table II).

The protein expression levels of OVCAI and pl6 in the
HR-HPV (+) group were significantly higher, as compared
with the HR-HPV (-) group (Pgyca,<0.01; P (<0.01; Table II).
The expression levels of pl6 protein in adenocarcinoma were
higher compared with those detected in squamous carcinoma
(P=0.030; Table II). No statistically significant differences
(P=0.933) were identified in the protein expression levels of
cyclin D1 between the HR-HPV (+) and HR-HPV (-) groups. In
addition, no statistically significant differences in OVCA1 and
cyclin DI protein expression levels were identified between
various pathological types, as well as in OVCAL, cyclin D1
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and pl6 protein expression levels between the groups with
or without lymph node metastasis and between pathological
grades (G1/G2/G3; Poyca=0.799; P yyjin ,=0.496; P,4=0.617;
Table II; Fig. 1B and C). Intense positive staining was observed
in the cytoplasm of the koilocytes in the tissue samples, which
was indicative of HPV infection (Fig. 1D).

Associations between the protein expression levels of OVCAI,
cyclin DI and pl6. The 10D values of the OVCAL, cyclin D1
and pl6 proteins in the normal cervix, CIN and cervical cancer
tissues increased as the lesions progressed towards malig-
nancy. Positive staining for OCVALI protein was significantly
positively correlated with that of cyclin D1 and p16 (Pgyca,,
eyetinp1<0.01;5 Poyea, 116<0.01), and staining for cyclin D1 and p16
were positively correlated (P ;6 g cyeiin p1<0.01; Table I1I).

OVCAI, cyclin DI and pl6 mRNA expression levels in
cervical cancer and normal cervix tissues. The relative
mRNA expression levels of OVCAL1 and p16 in cervical cancer
tissues were lower compared with that in normal cervix tissues
(Povcar<0.01; P,=0.005). In addition, the relative cyclin D1
mRNA expression levels were higher in cervical cancer tissues
compared with normal cervix tissues (P;, n;<0.01; Table IV).

Associations between the mRNA expression levels of OVCAI,
cyclin DI and pl16 and clinical features. The mRNA expres-
sion levels of OVCAL1 decreased gradually from low- to
moderately- and highly-differentiated cervical cancer tissues
(P=0.012) and were significantly lower in the HR-HPV (+)
group compared with the HR-HPV (-) group (P<0.01). No
significant differences were observed in the cyclin D1 and
pl6 expression levels between various pathological grades
and between the HR-HPV (+) and HR-HPV (-) groups
(Peyetin Di-pathological grades:0~359§ Pyeiin p1-upyv=0.250; P 16-pathological
arades=0.481; P16 ypy=0.411). No significant differences were
identified in the mRNA expression levels of OVCAL, cyclin
D1 and p16 between the various stages and pathological types
of cervical cancer, and the presence or absence of lymph node
metastasis (Table V).

Associations between the mRNA expression levels of OVCAI,
cyclin DI and pl6. The relative mRNA expression levels of
OVCALI and pl6 were decreased as the lesions progressed,
and there was a positive correlation between them (P=0.007).
The relative expression levels of cyclin DI mRNA increased
as lesions progressed; however, no correlation was identi-
fied between OVCAL1 and cyclin D1 and between cyclin D1
and pl6 mRNA expression levels (Poycag & cyctin p1=0.845;
P16 & eyetin ;i=0.471; Table VI).

Discussion

Although pathological detection remains the gold standard for
the diagnosis of cervical cancer, it is an invasive examination,
with a lack of consensus between pathologists, low reproduc-
ibility rates for diagnosis and a high rate of misdiagnosis of
early or focal lesions (19,20). At present, persistent HR-HPV
infection is a recognized pathogenic factor of cervical cancer,
but HR-HPV infection alone is not sufficient to cause cervical
cancer, with few HR-HPV-infected individuals developing
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Table I. Expression levels of OVCAL, cyclin D1 and p16 proteins in various cervical tissues (IOD value).

10D value, F-value/ 10D value, F-value/ 10D value, F-value/
Group n OVCALl P-value cyclin D1 P-value plé P-value
Normal tissue 34 44318.68 13.703%/<0.001*  342,846.11 2.26*0.136* 42.,779.59 19.53%/<0.001*
CIN 64 71,011.03 73.078%<0.001° 41,502.09  11.88%<0.001° 88,331.77  126.11%/<0.001°
Cervical cancer 66  120,093.60  159.949¢/<0.001° 60,090.93  13.579/<0.001¢ 17297476  445.76°/<0.001¢
Total 164 85,229.99 73.914%<0.001¢ 4748697 10.84Y<0.001¢  112,951.67 130.82%<0.001¢

*CIN vs. normal; "cervical cancer vs. CIN; “cervical cancer vs. normal; “overall comparison. CIN, cervical intraepithelial neoplasia; p16, tumor
protein 16; IOD, integrated optical density; OVCAL, ovarian cancer gene 1.

cancer. The detection of HR-HPV lacks specificity for the
detection of cancer; therefore, medical interventions to combat
HR-HPV infection may cause patient distress and overtreat-
ment (19,20).

Advancements in molecular biology techniques have
allowed an improved understanding of the occurrence and
development of tumor sat the genetic level (21). If molecular
factors that are associated with tumor development are identi-
fied, the accuracy of early diagnosis and severity evaluation
of cervical lesions may improve, providing a reference for the
prevention and treatment of cervical cancer.

First identified by Schultz et al (22) using positional
cloning, the OVCAI gene is a tumor suppressor gene localized
tol7p13.3 that is widely expressed in various human tissues.
OVCAL1 is transcribed as a 213 kb mRNA molecule, and trans-
lated to a protein encoding 443 amino acids; its subcellular
localization is surrounding the nucleus, and its gene products
in mammals are highly conserved (21). Increased OVCAI1
protein is able to inhibit the growth of tumor cells significantly,
and small alterations in its gene expression levels may lead to
anomalies of the cell cycle, promoting tumor development (10).
A loss of heterozygosity in the OVCA1 gene has been detected
in ovarian, breast and cervical cancer (23-25), as well as other
tumors (26-30), indicating its potential role in the development
of various malignant tumors. In addition, previous studies
have demonstrated that OCVAI is important in tumorigenesis,
cell proliferation, maintaining the normal growth of animals
and inhibiting apoptosis, metastasis and cell invasion (31,32).

In previous studies, the mRNA and protein expression
levels of the OVCAI1 gene were decreased significantly or
were lost in ovarian cancer tissues and cell lines, as compared
with normal ovarian tissues, via an underlying mechanism that
may be correlated with the downregulation of cyclin D1 and
upregulation of p16 expression (33-35).

High-frequency anomalies at the OVCAI1 gene locus
are a feature of cervical cancer, and anomaly of number is
as common as that of structure. These abnormalities occur
at an earlier stage than p53 mutations, which are localized
nearby (17p13.1). This indicates that the deletion of OVCA1
in cervical cancer may be correlated with cervical cancer
progression, and appears at the early-stage of disease (36,37).
The detection of OVCAL1 deletions may contribute to the
understanding of the molecular mechanisms underlying the
occurrence and development of cervical lesions at the early
stages. A previous study by Zhu (13) revealed that the rate

b ovcai-ciN

A a ovCcAl-CA
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Figure 1. Positive immunohistochemical staining for OVCALI, cyclin D1 and
pl6 in cervical cancer and CIN. (A) Positive expression of OVCAL in (a)
cervical cancer, tissue and (b) CIN tissue. (B) Positive expression of cyclin
D1 in (a) cervical cancer tissue and (b) CIN tissue. (C) Positive expression of
pl6 in (a) cervical cancer tissue and (b) CIN tissue. (D) Positive expression
of OVCAL1 in koilocytes of cervical cancer tissue. Magnification, 400x. CIN,
cervical intraepithelial neoplasia; OVCAI, ovarian cancer gene 1.

of loss of all exons of the OVCAI gene in cervical cancer
tissue was higher compared with normal tissue, and that loss



Bz SPANDIDOS
-.fa‘_,‘ PUBLICATIONS

ONCOLOGY LETTERS 13: 2929-2936, 2017

2933

Table II. Correlations between the protein expression levels of OVCAL, cyclin D1 and p16 and various clinicopathological

features.
10D value, Z/F-value 10D value, Z/F-value 10D value, Z/F-value
Group n OVCALI P-value cyclin D1 P-value plé P-value
CIN level
CIN 1 22 51,995.00 -2.941 42,772.36 -0.280 69,577.02 -1.908
CIN 2-3 42 80,971.81 0.031* 41,664 .49 0.977 98,155.69 0.056
FIGO clinical stage of
cervical cancer
Stage 1 20 109,356.18 -2.401 36,212.49 -3471 159,454 .92 -2.832
Stage II-1V 46 124,762.04 0.016* 70,472.35 <0.001° 178,852.94 0.005°
Pathological grade
Gl 20 123,756.57 0.251 63,685.25 0.496 170,175.84 0.486
G2 42 118,751.72 0.779 63,685.25 0.496 176,783.05 0.617
G3 4 115,868 .47 73,442 .64 172,357.07
Pathological type
Squamous carcinoma 60 120,694 .21 -1.026 66,669.11 -0.580 170,586.98 -2.164
Adenocarcinoma 6 114,087.48 0.305 64,282 .41 0.562 196,852.47 0.030*
Lymph node metastasis
Positive 31 123,897.14 -1.774 70,232.35 -2.211 173,387.03 -0.084
Negative 35 116,724.75 0.076 51,108.52 0.027 172,609.60 0.933
HPV
Positive 103 94,994 85 -3.934 49,858.21 0.864 127,905 .46 -3.479
Negative 61 68,741.79 <0.01° 43,483.07 0.387 87,701.82 0.001°

1P<0.05, *P<0.01. 10D, integrated optical density; CIN, cervical intraepithelial neoplasia; FIGO, International Federation of Gynecology and
Obstetrics; HPV, human papillomavirus; OVCAL, ovarian cancer gene 1.

Table III. Correlations between OVCAL, cyclin D1 and pl16
protein expression levels.

Table I'V. Relative expression levels of OVCAL, cyclin D1 and
pl6 mRNA in normal cervix and cervical cancer tissues.

Cyclin D1 pl6
r P-value r P-value
OVCALl 0.249 0.001* 0.618 <0.001?
Cyclin D1 - - 0.336 <0.01*

*P<0.01. OVCAL, ovarian cancer gene 1.

rates of the exons of the OVCALI gene in HPV16/18 positive
individuals were higher compared with HPV16/18 negative
individuals. In addition, the relative OVCA1 mRNA expres-
sion levels were higher in HPV16/18 positive cervical cancer
tissues compared with HPV16/18 negative samples; however,
this difference was not significantly significant (13). The
relative OVCA1 mRNA expression levels in cervical cancer
tissues were significantly decreased compared with those in
normal tissues (13). Aberrant OVCA expression may occur at
the mRNA or protein level. To the best of our knowledge, no
studies have been conducted to examine the protein expres-
sion levels of OVCALI in cervical cancer and their association

OVCAL, cyclin D1, ple6,
Group n AACq AACq AACq
Normal tissue 34 1.07 1.25 0.94
Cervical cancer 66 0.64 1.98 0.72
Z-value -5.520 -3.247 -2.825
P-value <0.001* 0.001* 0.005*

“P<0.01. OVCALI, ovarian cancer gene 1.

with cancer stage, pathological grades, histological classifica-
tion and HPV infection status.

The current study revealed that the protein expression
levels of OVCAL increased gradually in normal cervix, CIN
and cervical cancer tissues (P<0.05), whereas mRNA expres-
sion decreased gradually (P<0.05). The protein and mRNA
expression levels of OVCAL in cervical cancer exhibited statis-
tically significant differences between the early and advanced
stages (P<0.05), and the protein expression levels exhibited
statistically significant differences between CIN1 and CIN2/3
(P<0.05), indicating that OVCA1 may function during the
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Table V. Correlations between OVCAL, cyclin D1 and p16 mRNA expression levels and various clinicopathological features.

OVCAL, Z/F value Cyclin D1, Z/F value plo, Z/F value
Group n AACq P-value AACq P-value AACq P-value
FIGO clinical stage of
cervical cancer
Stage I 20 0.71 -0.671 1.78 -0.614 0.80 -1.173
Stage II-IV 46 0.61 0.502 2.04 0.539 0.69 0.241
Pathological grade
Gl 20 0.30 4487 1.79 1.043 0.75 0.740
G2 42 0.76 0.012* 2.12 0.359 0.73 0.481
G3 4 1.04 1.17 0.53
Lymph node metastasis
Positive 31 0.68 -0.328 191 -0.129 0.62 -0.926
Negative 35 0.60 0.743 2.00 0.898 0.81 0.355
HPV
Positive 103 0.53 -5.753 1.80 -1.132 0.78 -0.822
Negative 61 1.15 <0.001° 2.29 0.250 0.62 0411

1P<0.05,°P<0.01. FIGO, International Federation of Gynecology and Obstetrics; HPV, human papillomavirus; OVCA1, ovarian cancer gene 1.

process of cervical lesion development, particularly at the early
stages. There was a statistically significant difference between
OVCALI protein and mRNA expression levels between the
HR-HPV (+) and HR-HPV (-) groups (P<0.05). Therefore,
the aberrant expression of OVCALI in cervical lesions may be
correlated with HR-HPV infection, and HR-HPV infection
may function during the intermediate processes underlying
cervical carcinogenesis. In addition, the present study detected
positive expression of OVCA1 inthe HR-HPV (+) normal cervix
tissue and CINI tissue, whereas intense positive expression
was observed in koilocytes, which indicated the presence of
HPYV infection. Therefore, the current study hypothesizes that,
prior to triggering morphological changes to cells, HR-HPV
infection may promote the abnormal expression of OVCAI1
mRNA and protein. Furthermore, the detection of OVCA1
expression may aid the triage of diagnosis and the treatment
of HR-HPV-infected patients, as well as improving the detec-
tion rate of CIN and cervical cancer at early stages. However,
OVCALI positive expression was detected in HR-HPV (-) cases,
which indicates that the causes of abnormal OVCA1 expres-
sion may not be limited to HR-HPV infection. The expression
levels of OVCAImRNA significantly increased from the high
to moderate to low differentiation cervical cancer groups
(P<0.05), and abnormal OVCA1 mRNA expression was more
common in well-differentiated cases at the early stage, but
there was no difference at the protein level. Therefore, further
studies with increased sample sizes are required.

Disorders of the cell cycle and the uncontrolled growth of
cells are primary mechanisms underlying tumorigenesis. As
a positive regulatory factor, cyclin is a convergent point of
numerous oncogenes and tumor suppressor genes, serving a
key role in the regulation of cell cycle events (38).

CyclinD1 is localized in the 11q13 chromosomal region
and is a regulatory nuclear protein, as well as being an
established potential oncogene, as its c-terminus has a PEST

Table VI. Correlations between OVCAL, cyclin D1 and pl16
mRNA expression levels.

Cyclin D1 pl6
r P-value r P-value
OVCA1l 0.20 0.845 0.286 0.007*
Cyclin D1 - - -0.073 0471

“P<0.01. OVCAL, ovarian cancer gene 1.

sequence that is important in the cellular transformation
process (39). As a Gl-stage cyclin, cyclin D1 is important for
G,/S-stage transformation of the cell cycle. Following DNA
synthesis, cyclinD1 forms a complex with cyclin-dependent
kinase (CDK) 6 or CDK4 at the G, stage, which combines with
retinoblastoma protein (pRb) to promote DNA transcription,
allowing cells to pass the G,/S checkpoint and triggers cell
proliferation (39). Overexpression of cyclin D1 may shorten
the duration of the G, stage and accelerate cell proliferation,
leading to tumorigenesis (39). The overexpression and amplifi-
cation of cyclin D1 are common features of cervical cancer and
other malignant tumors (40) and may underlie the pathogenic
process in ovarian cancer that involves the loss of OVCAI
expression (34.,41).

The pl6 protein is an important tumor suppressor
and is a member of the cyclin-dependent kinase inhibitor
family (42-44). Through the competitive inhibition of cyclin
D1, pl6 protein is able to function directly in the process
of cell cycle regulation to reduce cell proliferation (42-44).
Furthermore, p16 expression levels are negatively regulated by
pRbD protein (45). Previous studies have demonstrated that the



abnormal expression of pl6 is correlated with the occurrence
of cervical squamous carcinoma and CIN, and may occur in
part due to the combination of the E7 carcinogenic protein of
HR-HPV and pRB (46,47). A previous study suggested the
detection of pl6 protein expression levels may be applied in
the differential diagnosis of high or low level CIN (48).

Preventing cell transformation and proliferation from the
G, to S stage via upregulation of pl6 and inhibition of cyclin
D1 expression may be a possible mechanism underlying the
effects of OVCAL in ovarian cancer (21). The current study
hypothesizes that, if this mechanism was disrupted, cell cycle
dysregulation may occur, leading to uncontrolled proliferation
of tumor cells. Therefore, the detection of cyclin D1 and pl6,
in addition to examining the correlations between the OVCA1
gene and cervical cancer progression, may aid the elucidation
of the potential underlying mechanisms of abnormal OVCA1
expression in the development and progression of cervical
lesions, and the interaction of various genes in the occurrence
of cervical lesions.

In the current study, the protein and mRNA expression
levels of pl6 in normal cervix, CIN and cervical cancer
tissues differed significantly (P<0.05). The protein expression
of pl6 in early-stage cervical cancer in the HR-HPV nega-
tive group was lower compared with cervical cancer in the
advanced-stage and HR-HPV positive group (P<0.05). In the
case of HR-HPV infection, pl6 may function in the overall
process of the occurrence and development of cervical lesions
together with OVCA1; however, the present study observed no
statistically significant differences in pl6 expression between
low vs. high level CIN in the early events of cervical lesions,
which revealed that changes in OVCA1 expression may occur
earlier compared withpl6 expression. The protein and mRNA
expression levels of cyclin D1 in normal cervix and cervical
cancer tissue exhibited significant differences (P<0.01), indi-
cating its potential participation in the development of cervical
cancer. However, the protein expression of cyclin DI in normal
cervix, CIN and low vs. high level CIN tissues exhibited no
significant differences (P>0.05), indicating that cyclin D1 may
function in cervical cancer at the advanced stage or during
cervical cancer metastasis. This result was consistent with a
previous study, which detected a correlation between cyclin D1
expression levels and the infiltration, metastasis and deteriora-
tion of tumors, indicating that cyclin D1 may be an important
prognostic indicator (24).

In the current study, statistically significant differences
were identified between the protein expression levels of pl6
in cervical squamous carcinoma and adenocarcinoma tissues
(P<0.05); however, as the numbers of cases in the two groups
differed greatly, this may have led to bias and the results
require further study in an increased sample size. The correla-
tions between OVCAI, cyclin D1 and p16 and the lymph node
metastasis of cervical cancer exhibited no statistical signifi-
cance. In addition, no significant association was observed
between cyclin DI expression and HR-HPV infection, which
also requires further study with an increased number of cases.

Positive correlations were observed in all pairwise
comparisons between OVCAL, cyclin D1 and pl6 protein
expression (all P<0.05), with a more pronounced correlation
between OVCA1 and pl6 expression compared with OVCA1
and cyclin D1, as well as cyclin D1 and pl6. For mRNA
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expression, only OVCAL1 and pl6 exhibited a significantly
positive correlation (P<0.01). Therefore, in the occurrence
and development of cervical lesions, there may be interactions
among OVCAI, cyclin D1, pl6 and HR-HPV infection,
particularly for pl6.

The occurrence and development of cervical cancer is a
multi-factor, multi-stage process involving numerous genes,
including a variety of oncogenes and tumor suppressors.
Abnormal OVCA1 gene and protein expression and its syner-
gistic effects with various cancer-associated genes (oncogenes,
tumor suppressor genes and other regulatory factors) may
be important in the occurrence and development of cervical
cancer. Although the upregulation of pl6 expression levels
and the inhibition of cyclin DI expression levels in ovarian
cancer were possible mechanisms underlying the effects of
OCVALI, there may be varied mechanisms in cervical cancer.
HR-HPV infection maybe the initial factor underlying changes
in cyclin DI expression, and its synergistic effect with P16 was
more pronounced than the associated functions of cyclin DI.
Therefore, cyclin D1 may function in the advanced stages of
cervical cancer. At present, there are few studies examining the
role of OCVAL in cervical cancer, and the associated under-
lying mechanisms by which OVCAL1 is involved in internal
functions of cells and interacts with associated genes or factors,
including p16 and HR-HPV infection remain to be elucidated.
OCVAI may be a potential tumor marker and provide a novel
basis for the clinical diagnosis and treatment of cervical cancer.
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