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Introduction

Human papillomavirus (HPV) is small double stranded 
DNA virus associated with cutaneous and mucosal 
squamous epithelial lesions (zur Hausen, 1996). In clinical 
samples, the basis for HPV detection and genotyping is 
the amplification of DNA fragments in the L1 region 
(Lee, 2012). The L1 open reading frame region is the 
most conserved gene within the HPV genome, (Depuydt 
et al., 2007). HPV infection is detected in some types 
of cancers such as cervical, vaginal, vulvar, anal and 
oropharyngeal cancers (el-All et al., 2007). The role of 
HPV in cell transformation and cancer development of 
endometrial and ovaries is less clear (Wu et al., 2003). 
Several studies showed an association between HPV 
infection and Epithelial Ovarian Cancer (EOC) (Wu et al. 
2003; Giordano et al., 2008; Al-Shabanah et al., 2013), but 
others have not (Anttila et al., 1999; Quirk et al., 2006). 
The results and data from some studies are contradictory 
(Ingerslev et al., 2016).
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The evidences that most cancers are not symptomatic 
until an advanced stage have encouraged greater effort to 
develop screening programs for different cancer types. 
The ovarian carcinoma is one of the major causes of 
gynecologic neoplasm with high mortality caused by 
the lack of early clinical symptoms and early detection 
(Ozols 1992; Auersperg et al., 2001). The stage of ovarian 
cancer is an important prognostic factor at diagnosis. The 
frequency of ovarian cancer  varies in different countries 
ranging from 1.9-6.3% and with about 4% in Egypt 
(El-Attar, 2005). Ovarian cancer is the 6th cause of cancer 
death in Egyptian females (Ferlay et al., 2015). Epithelial 
ovarian cancer is a lethal cancer, accounts for about 85% 
of ovarian cancers. Epithelial ovarian cancer is resistance 
to chemotherapeutic and is the fifth leading cancer death 
in women (Ferlay et al., 2015). 

HPV genotypes were divided into two groups, 
oncogenic and non-oncogenic group (Castellsague et al., 
2002). The oncogenic group includes HPV genotypes 16, 
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68 (Niyazi 
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et al., 2016; Zeng et al., 2016). Genotypes 16 and 18 are 
classified as “high-risk” (HR-HPV) as they are associated 
with cervical tumors malignant progression and with 
other genital and head-neck malignancies (Al-Badawi et 
al., 2011). There are some risk factors for ovarian cancer 
as the infection with HR-HPV and the mutation in breast 
cancer gene 1 (BRCA1) or BRCA2 (Al-Shabanah et al., 
2013; Candido-dos-Reis et al., 2015). E6 and E7, proteins 
produced by two oncogenes in HR-HPV, have the ability 
to induce cells transformation by interfering with some 
regulatory proteins in the cell cycle (Chong et al., 2010). 
Therefore the genes  of E6 and E7 are responsible for 
about 10-15% of all ovarian cancers (Song et al., 2014). 

In cancers, the hyper-methylation of CpG islands is 
important for activation of oncogene or inactivation of 
tumor suppressor genes (Zhang et al., 2006; Smith et 
al., 2010). One of the key mechanisms for the cancer 
progression (Samudio-Ruiz et al., 2012) is the epigenetic 
changes, DNA methylation, occurred in the carcinogenic 
process (Skinner et al., 2010). DNA methylation is 
important in ovarian carcinogenesis (Montavon et al., 
2012; Samudio- Ruiz et al., 2012; Zeller et al., 2012; Keita 
et al., 2013) and can be used as diagnostic and prognostic 
biomarkers. 

Cell adhesion molecule 1 (CADM1) promoter 
hyper-methylation is reported in different types of 
cancer (Chen et al., 2011; van Kempen et al., 2014) and 
is associated with the cervical carcinogenesis. CADM1 
hyper-methylation is also detected in cervical cancer cell 
lines infected with HPV16 and HPV18 (Steenbergen et 
al., 2004). In ovarian cancer, paired box gene 1 (PAX1) is 
hyper-methylated and is associated with low pathological 
grade and stage of cancer (Su et al., 2009). T-lymphocyte 
maturation Y associated protein (MAL) inhibits tumor 
suppressor genes. In ovarian cancer, MAL expression 
levels are associated with hyper-methylation (Lee et 
al., 2010). The tumor suppressor activity of MAL is 
reported in esophageal and breast cancers (Marazuela 
and Alonso, 2004; Ramnarayanan and Tuma, 2011). 
Adenylate cyclase Y activating polypeptide 1 (ADCYAP1) 
is hyper-methylated in cervical cancer cell lines infected 
with HPVs (Insinga et al., 2011). 

The first study on the incidence of HPV infection 
in ovarian cancers was published in 1987 (Kaufman et 
al., 1987) and to date several additional reports on the 
correlation between HPV infection and ovarian cancer 
were found (Wu et al., 2003; Giordano et al., 2008; 
Shanmughapriya et al., 2012; Al-Shabanah et al., 2013), 
while others presented no association (Runnebaum et al., 
1995; Anttila et al., 1999). Thus, the possible association 
between HPV and EOC remains unclear. The current study 
aimed to determine the prevalence and genotyping of 
HPV infection in ovarian cancerous tissues from Egyptian 
patients and to investigate the correlation between HPV 
infection and the epigenetic profiles of CADM1, PAX1, 
MAL and ADCYAP1 genes methylation.

Materials and Methods

The study was conducted in compliance with Helsinki 
Declaration. It included 100 archival FFPE cancer tissues 

with mean age 45 ±12 years ranging from 35–68 years. 
Human papillomavirus was investigated in ovarian cancer 
formalin fixed paraffin embedded (FFPE) tissues using 
nested PCR followed by DNA sequencing. 

HPV detection by nested PCR using MY09/MY11 followed 
by GP5+/GP6+ primers

The paraffin block samples were thin sectioned at 10 
μm thickness using Leica Microtome and then DNA was 
extraction from three sections using Recover All Total 
Nucleic Acid Isolation Kit (Ambion, Life Technologies, 
USA) following the manufacturer instructions. In brief 
the tissue sections were deparaffinized then digested by 
proteases. The nucleic acid was isolated by preparing 
the isolation additive/ethanol mixture followed by 
transfer to the column then eluted. The quantity and 
quality of DNA extract was characterized in terms 
of concentration and purity using UV spectroscopy 
(NanoDrop8000, Thermo scientific, USA). In order to 
check the DNA quality all extracted DNA were positive 
for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
housekeeping gene. Positive cervical cancer cell lines 
for HR-HPV were used as positive control for HPV in 
both techniques nested PCR and DNA sequencing. The 
extracted DNA from SiHa and CaSki cell lines was used 
as HPV-16 positive genotype and from HeLa cell line was 
used as HPV-18 positive genotype.

The extracted DNA was amplified with GAPDH in 
order to check the DNA quality, all samples positive 
for GAPDH were further used for detection of HPV. 
Nested PCR using MY09/MY11 followed by GP5+/
GP6+ primers was used to amplify HPV genotypes with 
amplicon of approximately 450 and 150 bp respectively 
(Qu et al. 1997). The PCR amplification was done in 50 
μl mixture, containing 500 ng of DNA, 1X PCR Master 
Mix (Promega, Madison, USA), 2M MgCl2, 300 nM 
of each primer. Amplifications using MY09/MY11were 
performed with the following cycling profile: one cycle 
of 94°C for 5 min followed by 40 cycles of 1 minute 
at 95°C, 1 minute at 55°C, and 1-minute elongation at 
72°C. The last cycle was followed by a final extension 
of 10 min at 72°C. The primers sequences used in this 
study were designed and synthesized as in previous study 
(Al-Shabanah et al., 2013). The annealing temperature 
of GP5+/GP6+ primers was performed at 40°C for 2 
min. The PCR products were analyzed on a 2% agarose 
gel stained with ethidium bromide and visualized by 
UV-trans-illumination. Each sample was tested three times 
to verify the results.

Type specific PCR
Samples with negative band in nested PCR were 

subjected to type-specific PCR to confirm the result. 
The amplification reactions were performed using HPV 
primers as previously described (Al-Shabanah et al., 2013) 
( For HR-HPV 16, 18, 31, 33, 35, 39, 45, 51 and 52 and for 
Low risk HPV 6, 11, 42, 43 and 44) in separate reactions. 
Each reaction was performed in a final volume of 50 μL 
containing 500 ng of DNA, 1× PCR Buffer 300 nM of each 
primer, and 1 U of Taq polymerase (promega, Madison, 
Wisconsin, USA). The amplification conditions were 95°C 
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UM: TAGTGTAGGAATTTGAAGAAGTGT) ; 
t h e  r e v e r s e  p r i m e r  s e q u e n c e s  a r e  ( M : 
A A A C G A A A A A AT C A A C A AT C G A A ;  U M : 
TACCAAACAAAAAAATCAACAATCA

For the reaction, 200 ng of sodium bisulfate 
treated DNA was added to 25μl of 2X reaction buffer 
containing, 0.3μM of each forward and reverse primers, 
optimized concentration of MgCl2 and MSP enzyme. The 
amplification conditions were initial activation at 95°C 
for 10 min followed by 40 cycles of 30 sec denaturation 
at 95°C, 30 sec annealing at 55°C and 45 sec extensions 
at 72°C. All reactions were performed using an ABI 
Thermal cycling (Applied Biosystem, life technology, 
USA). Polymerase chain reactions were performed in 
triplicates for all samples. MSP products were separated 
electrophoretically on 3% agarose gel and band of 
methylated and/or unmethylated genes were visualized 
by photo-documentation system (Syngene bio imaging, 
USA).

Statistics 
Methylation percentages across genes and tumor 

characteristics (e.g. age, tumor stage, HPV infection and 
its genotyping) were analyzed using exact chi-square test 
(SPSS, version 12.0). p values<0.05 were considered 
statistically significant.

Results 

The results of GAPDH gene amplification were positive 
for all DNA samples extracted from paraffin-embedded 
tissues. For HPV infection confirmation, the amplified 
DNA samples positive with MY09/MY11 followed by 
GP5+/GP6+ were considered positive for HPV and were 
subjected to DNA sequencing. The negative samples by 
nested PCR were subjected to HPV-type specific PCR to 
confirm that the samples were negative. 

The nested PCR results showed that ten out of one 
hundred (10%) samples were positive for HPV (figure 
1). The prevalence of HPV genotypes were categorized 
according to the patients’ age distribution. No significant 
difference was detected in HPV percentage of infection 
in patients with less than 45 in comparison to those more 
than 45 years old (4/50 (8%), 6/50 (12%) respectively) 
(P > 0.5).

 
The HPV infection and the clinical stage 

The clinical stages were categorized according to the 
Federation International of Gynecology and Obstetrics 
system (FIGO) in which the ovarian cancer samples were 
4% with stage-1, 20% with stage-II, 30% with stage-III 
and 46% with stage-IV. HPV was 0% (0/4) in Stage-I, 0% 
(0/20) in stage-II, 13.33% (4/30) in stage-III and 13.04% 
(6/46) in stage-IV. The HPV infection was statistically 
significant in samples with advanced stages compared to 
localized disease (P < 0.05). The HPV infection was 8% 
(4/50) in cases with Grade-I, 10% (3/30) in cases with 
grade-II and 15% (3/20) in cases with grade-III.

The percentages of HPV genotypes by sequencing
The HPV genotypes were 5% genotype HPV-16 

for 10 min followed by 40 cycle of 1 min denaturation at 
95°C, 1 min annealing temperature vary for each primer, 
and 2 min extension at 72°C. The last cycle was followed 
by a final extension of 10 min at 72°C.

DNA sequencing 
To identify the HPV genotypes, all positive PCR 

products were analyzed by DNA sequencing using 
ABI 3500 genetic analyzer (Applied biosystem, life 
technology, USA). PCR products were purified using 
QIAquick Purification Kit according to manufacturer’s 
instructions (QIAGEN, Hilden, Germany). Purified 
PCR products were labeled with fluorescent dyes using 
BigDye Terminator v3.1 Cycle Sequencing Kit Applied 
Biosystem. Labeled oligonucleotides were purified 
using BigDye X Terminator Purification Kit (Applied 
Biosystems, CA, USA). Chromatograms with sharp peaks 
and quality values ≥20 with little or no background noise 
consider as single HPV infection.

DNA bisulfate treatment 
The extracted DNA was treated with sodium bisulfate 

using EpiTect Bisulfite Kits (Qiagen Inc, Germantown, 
USA) according to the manufacturer’s instructions. This 
process converts the non-methylated cytosine residues to 
uracil, while the methylated cytosine unchanged. Briefly, 
2μg of the extracted DNA was incubated with 140μl of 
EpiTect Bisulfite reaction mixture at room temperature 
for 5min followed by 99°C for 5min, 60°C for 25min, 
99°C for 5min, 60°C for 85min, 99°C for 5min and 
finally 60°C for 175min. The BL buffer containing 10μg/
ml carrier RNA was mixed with bisulfite converted DNA 
and was transferred to the EpiTect spin columns followed 
by washing then elution steps.

Methylation-specific PCR (MSP) 
The CpG islands of CADM1, PAX1, MAL and 

ADCYAP1 genes were examined by EpiTect MSP 
kit (Qiagen Inc, Germantown, USA ). The forward 
and reverse primers corresponding to the predicted 
sequence of methylated or unmethylated genes used 
in this study were as previously described (Overmeer 
et al., 2008; Jung et al., 2011; Ki et al., 2016). For 
the CADM1 gene the forward primers sequences 
are (M: GAAAATTTTAGAATTCGATTTTACG; 
UM: GAAAATTTTAGAATTTGATTTTATG); 
t h e  r e v e r s e  p r i m e r  s e q u e n c e s  a r e  ( M : 
A A A ATA C ATA C G TA C T T TA C A C G ;  U M : 
A A A A A A ATA C ATA C ATA C T T TA C A C A ) . 
For the PAX1 gene the forward primers sequences 
are (M: TATTTTGGGTTTGGGGTCGC; UM: 
GTTTATTTTGGGTTTGGGGTTGTG); the reverse 
primer sequences are (M: CCCGAAAACCGAAAACCG; 
UM: CACCCAAAAACCAAAAACCAC).  For 
the MAL gene the forward primers sequences are 
(M: TTCGGGTTTTTTTGTTTTTAATTC; UM: 
T T T T G G G T T T T T T T G T T T T T A AT T T ) ; 
t h e  r e v e r s e  p r i m e r  s e q u e n c e s  a r e  ( M : 
GAAAACCATAACGACGTACTAACGT; UM: 
ACAAAAACCATAACAACATACTAACATC). For 
the ADCYAP1 gene the forward primers sequences 
are (M: TTAGCGTAGGAATTTGAAGAAGC; 
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(5/100), and 4% genotype HPV-18 (4/100) and 1% 
genotype HPV-33 (1/100) (Figure 2). No HPV-6, -42, 
-43 and -44 genotypes (low risk HPV genotypes) were 
detected in ovarian cancer samples. No overlapped 
sequences were seen in any cases that indicates no more 
than one HPV genotype present in any sample. The 
sequencing technique failed to identify any mixed HPV 
genotypes; therefore, the type specific PCR assay was 
used to confirm the results.

 
The percentages of HPV genotypes in relation to tumor 
stages

HPV-16 genotype was detected in (2/30) 6.6% and 
(3/46) 6.52% in stage-III and -IV respectively. Genotype 
HPV-18 was 2/30 (6.67%) in stage-III, 2/46 (4.35%) in 
stage-IV. Genotype HPV-33 was detected in one case of 
stage IV. No mixed infection with more than one genotype 
was observed in any stage.

The methylated genes in correlation to the clinic-
pathological data

In the age group <45 years, the CADM1, PAX1, MAL 
and ADCYAP1 genes were methylated in 40%, 60%, 
50% and 40% respectively compared to 36%, 64%, 56% 
and 44% in age group >45 years respectively. According 
to tumor stage, CADM1 was methylated in 25, 25, 26.6 
and 52.1% in stage-1,-2,-3 and -4 respectively. On the 
other hand, PAX1 was methylated in 50, 50, 46.6 and 
78% in patients with stage-1,-2, -3 and -4 respectively. 
MAL was methylated in 0, 45, 43.3 and 67.4% according 
to different stage. Hyper-methylation of ADCYAP1 was 
observed in 25, 40, 36.6 and 47.8% in stage-1, -2, -3 and 
-4 respectively.

 
The HPV genotyping in correlation to gene methylation

CADM1 was hypermethylated in 5 out of 5 (100%) 
of patients infected with HPV-16 and in 75% of patients 
infected with HPV-18. PAX1 was hypermethylated 
in 80% (4/5) of patients infected with HPV-16 and in 
75% of patients infected with HPV-18. MAL was 100% 
hypermethylated in patients infected with HPV-16 and 
HPV-18. ADCYAP1 was hypermethylated in 60% in 
HPV-16 infected patients and in 75% in patients infected 
with HPV-18 (Figure 3).

Figure 1. PCR Products Images on a 2% Agarose Gel 
Visualized by UV-Trans-Illumination. Lane M is 100 
PCR Marker (Promega), Lanes 1, 2, 3 and 4 were Positive 
Samples with MY09/MY11 Followed by GP5+/GP6+

Figure 2. Sequencing Data of HPV Genotypes (A) 
Sequence Alignment of HPV Type 18 Using Basic Local 
Alignment Search (BLAST). (B) Sequence Alignment 
of HPV Type 16 Using Basic Local Alignment Search 
(BLAST). (C) Sequence Alignment of HPV Type 33   
Using Basic Local Alignment Search (BLAST)

Figure 3. Methylation Specific PCR for the Studied Genes 
in EOC Some Samples Infected with HPV. M and UM 
Indicate the Presence of Methylated and Un-Methylated 
Target Genes Respectively
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Discussion

Human papilloma virus is commonly noticeable in 
female lower genital tract cancers and cervical cancer 
(Pfister et al., 1986; Gupta et al., 1987; Herrington, 1994) 
but its role in the pathogenesis of ovarian cancer is unsure 
and still under studies. The debated data may be due to  
the different samples size or the technique used for the 
HPV detection (Hung et al, 2012; Ingerslev et al, 2016). 
Therefore, further studies are in need to investigate the 
correlation between HPV infection and genotypes with 
ovarian cancer and the possible mechanism for causing 
cancer. Epithelial ovarian cancer is a common malignancy 
and cancer-related deaths among Egyptian females 
(Ferlay et al., 2015). The current study investigated the 
HPV genotyping and its correlation to CADM1, PAX1, 
MAL and ADCYAP1 genes methylation among Egyptian 
epithelial ovarian cancer patients.

The mechanisms for the carcinogenic effect of 
high-risk HPV are varied in which the oncogenic activity 
of HR-HPV genotypes occurred after their integration into 
the host genome. The expression of viral oncogenes E6 
and E7 suppress the function of p53 and retinoblastoma 
protein causing cell transformation (Chen et al., 2014; 
Zouheir et al., 2016). The E6 and E7 oncogenes first 
target the cell cycle regulators causing suppression of 
cell apoptosis that leads to cell life span elongation and 
finally increasing the HPV replication in cells (Boccardo 
et al., 2010). 

There was a geographical discrepancy in HPV 
prevalence in epithelial ovarian cancer tissue. HPV 
was 15.5-17% in patients with ovarian cancer in North 
America, 4.0-18.5% in Europe, and 31.4-45.6% in Asia 
(Rosa et al., 2013; Svahn et al., 2014). On the other hand, 
HPV does not play an important role in Western European 
and North American populations. The geographical 
variation in HPV variants showed that the virus and the 
host has co-evolved over time (Heinzel et al., 1995).

In the present study, HPV infection was detected in 
10% of cancerous tissues. MY09/MY11 followed by 
GP5+/GP6+ primers were used to increase the HPV 
detection sensitivity and to amplify several genotypes 
(Pannier-Stockman et al., 2008). A previous study was 
conducted on Egyptian women found high incidence of 
HPV 25 out of 166 (15.06%) was detected among women 
have normal cytology, chronic nonspecific cervicitis, 
and squamous intraepithelial lesions. Also, they found 
that among the 25 HPV-positive women, 16 (64%) were 
infected with high-risk HPV types (Abdel Aziz et al., 
2006). Correspondingly, a study reported high rates of the 
HR-HPV genotypes in both benign and malignant ovarian 
cancers (Lai et al., 1992). One more study on Chinese 
patients pointed out the importance of HPV infection 
in ovarian carcinogenesis (Wu et al. 2003). In Saudi 
Arabia, high percentage of HPV (42%) was observed in 
PFFE ovarian carcinoma tissues compared to 8% in the 
non-cancerous tissues, the high-risk HPV types 16, 18 
and 45 were highly associated with the advanced stages of 
tumor (Al-Shabanah et al, 2013). HPV infection in ovarian 
cancer may be correlated to the presence of metastatic 
cervical cancer (Powell et al., 2002; Plaza et al., 2004; Sun 

et al., 2015). Conversely, a study didn’t find correlation 
between ovarian cancers and the HPV infection by using 
PCR assay, (Giordano et al., 2006). Additional study has 
shown lower rate of HPV DNA in ovarian than cervical 
cancer (Ip et al, 2002). In India, a study revealed absence 
of HPV in ovarian cancer, this contrast may be due to the 
low sample size (Shukla et al., 2009). 

In the current study, no significant difference in the 
HPV infection was observed in relation to age group 
more or less than 45 years old. Further report found that 
ovarian cancer patients infected with HPV was in the 
median age of 57 years and 59 years for patients without 
HPV infection (Wu et al, 2003). 

The HPV genotypes identification in cells and tissues 
was done by using several molecular assays (Gravitt et 
al., 2000; Hubbard 2003; Kosel et al., 2003). HPV-16 or 
-18 can cause about 81.2% of invasive cervical cancers. 
In Egypt approximately 3% of women have cervical 
HPV-16/18 infection at a given time (Shaltout et al., 2014; 
Thabet et al., 2014). HPV-6, -16, -18, -33 and -45 genotypes 
were found in ovarian cancer in which HPV-16 was the 
common followed by HPV genotype-18 (Al-Shabanah 
et al., 2013; Rosa et al., 2013; Svahn et al., 2014). In the 
current study, the advanced stages of the disease were 
associated with HR-HPV genotypes -16, -18 and -33. In 
agreement with our results, in ovarian carcinoma Serbia 
patients, HPV infections were more frequent in advanced 
stages (Malisic et al., 2012). A study on the cervical cancer 
Egyptian patients found high prevalence of HPV (40.8%) 
with the common genotypes -16 and −18 among the 26 
genotypes (Youssef et al., 2016). Similar studies detect 
the HR-HPV in advanced stages of disease and serous 
histological subtype (Wu et al., 2003; Al-Shabanah et al., 
2013). In contrast, other studies showed no association of 
HR-HPV with histological subtype and/or stage of disease 
(Ip et al., 2002; Wu et al., 2003). In the present study, 
the detection of HR-HPV in cancerous tissues shows its 
possible role in ovarian carcinogenesis.

Several host genetic factors are implicated in the 
HPV persistence (Scheurer et al., 2005). The silencing of 
specific genes may be related to the disease progressive 
stage in HPV-mediated malignant transformation, and the 
hypermethylation rates of these genes may increase the 
disease severity. 

CADM1 has a key role in both the invasion of tumors 
and the immune escaping (Steenbergen et al., 2004). Loss 
of CADM1 function via hypermethylation is associated 
with decreasing cell adhesion and takes place earlier tumor 
formation, invasion, and anchorage-independent growth 
(Overmeer et al., 2008). In the present study, CADM1 
was found to be hypermethylated in ovarian cancer 
tissues. Additional study found that the hypermethylation 
of CADM1 is associated with the decrease in its protein 
expression levels (Ki et al., 2016). The percentage of 
CADM1 methylation is proportional to the gene silencing 
in HPV transformed keratinocytes and the degrees of 
anchorage-independent growth (Buffart et al., 2008; 
Overmeer et al., 2008).

MAL acts as tumor suppressor gene wherein its 
overexpression suppresses both the proliferation rate 
and the tumor cell characteristics, such as migration and 
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anchorage-independent growth (Hatta et al., 2004). In the 
present study, MAL gene was found to be hypermethylated 
in ovarian cancer tissues and its hypermethylation was 
increased with tumor stage increasing. Comparable 
previous study showed similar data (Ki et al., 2016).  Both 
the incidence and level of MAL promoter methylation 
increase with the severity of disease was reported in 
large group of cervical biopsies (Hesselink et al., 2011; 
Overmeer et al., 2011).

PAX1 is a transcription factor and has high DNA 
methylation rates in samples of cervical cancers. 
PAX1 is development-related gene that is common in 
the progress of different cancers (Rychel and Swalla,   
2007). In the present study, the high percentage of PAX1 
hpermethylation was observed in ovarian cancer tissues 
and increased with advanced tumor stage and is consistent 
with the data of previous report (Su et al., 2009). 

ADCYAP1 is related to cell proliferation and apoptosis 
in normal cells (Jung et al., 2011) and is known to regulate 
the immune system (Baranowska-Bik et al., 2013). The 
up- or down-regulation of ADCYAP1 has been reported in 
various cancers (Garcia-Fernandez et al. 2004; Mounien 
et al., 2006). On the other hand the role of ADCYAP1 
in carcinogenesis has not been entirely explained up till 
now.  In the present study high percentage of ADCYAP1 
hypermethylation was observed in ovarian cancer tissues 
in relation to tumor stage. Correspondingly, other study 
on cervical cancer cell line and human cervical tissues 
reported the suppression of the ADCYAP1 gene by 
its hypermethylation (Ki et al., 2016). The low rate of 
ADCYAP1 hypermethylation in low-stage lesions and 
its increase with tumor stage increasing suggests that the 
ADCYAP1 hypermethylation may suppress the apoptotic 
effects of ADCYAP1.

The data of this study suggests that HR-HPV infection 
may be a factor in epithelial ovarian carcinogenesis, 
although further investigation in large sample size is still 
required. In patients infected with HR-HPV genotypes, the 
CADM1, MAL, PAX1, and ADCYAP1 genes promoter 
hypermethylation may be one of the mechanisms of the 
alteration in their gene expression levels or inactivation 
which may be a mechanism in ovarian carcinogenesis. 
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