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Abstract. Cervical cancer is the second most common female 
cancer worldwide. DNA methylation is one of a number of 
epigenetic regulation mechanisms leading to gene silencing in 
neoplastic cells. Aberrant methylation results in the silencing of 
tumor suppressor gene expression, and has been detected in a high 
percentage of human cancers. In the present study, the methylation 
status of three tumor suppressor genes, retinoic acid receptor β 
(RARβ), p16 and cadherin 1 (CDH1), and the inflammatory‑asso-
ciated cyclooxygenase‑2 (COX‑2) gene, was examined at distinct 
stages of cervical intraepithelial neoplasia (CIN). The results of 
the present study revealed that the COX‑2 gene was unmethyl-
ated between CIN I and carcinoma specimens. The RARβ gene 
exhibited a minimal change in methylation frequency, whereas the 
CDH1 methylation level was increased <2‑fold between CIN I and 
carcinoma. Notably, the methylation frequency of p16 was 13.2% 
in normal specimens; 18.2% in CIN I; 35.7% in CIN II; 31.6% 
in CIN III; and 15.4% in carcinoma. By contrast, the methylation 
frequency of p16 increased between CIN I and carcinoma in the 
absence of high‑risk group papillomaviruses. The results of bisul-
fite sequencing indicated that the 10 CpG sites were all methylated 
in p16 gene methylation‑positive individuals. The results of the 
present study demonstrate that the methylation frequency of p16 
and CDH1 was progressively increased during the development of 
malignant stages in CIN, and may be an additional tool for current 
cytomorphology‑based screening of cervical cell specimens.

Introduction

Cervical cancer is the leading cause of female cancer world-
wide (1,2). The incidence rate of cervical cancer is high in 

developing countries. High‑risk group (HR) papillomaviruses 
(HPV) have been characterized as the etiological agents 
of cervical cancer. HPV‑infected cells may develop into 
non‑invasive or pre‑malignant lesions referred to as cervical 
intraepithelial neoplasia (CIN), also termed squamous intraep-
ithelial lesions. The classification of CIN depends on the 
morphological alteration in pre‑malignant lesion cells. CIN I 
and CIN II are mildly dysplastic and rarely progress towards 
carcinoma, whereas CIN II and CIN III lesions are precur-
sors of cervical cancer due to the proliferation of dysplastic 
cells. The development of cervical carcinoma is established 
from high‑grade squamous intraepithelial neoplasms, which 
are frequently identified by exfoliative cytology screening 
(conventional Pap smear) (3,4). If not treated, >25% of early 
lesions progress to carcinoma in situ or invasive cancer (5).

The methylation of cytosine in CpG dinucleotides is 
an epigenetic gene‑regulation mechanism in mammalian 
genomes. The methylation of gene sequences subsequently 
results in the inactivation of gene expression (6,7). Aberrant 
methylation of tumor suppressor genes has been detected in 
a high proportion of human cancers (8). It has been identi-
fied in almost all types of cancer and contributes to malignant 
transformation by silencing multiple tumor suppressor genes. 
Numerous previous studies have investigated DNA methylation 
changes in cancer‑associated gene sequences (8,9). The aber-
rant methylation of tumor suppressor genes has been detected 
in gynecological malignancies  (10‑12). Wisman et al  (13) 
proposed that hypermethylation analysis may eventually 
become an additional tool to identify patients with high‑grade 
squamous intraepithelial neoplasms or invasive cervical 
cancer, due to its increased specificity compared with current 
cytomorphology‑based screening (13).

In particular, changes in hypermethylation of promoter 
regions have been implicated in the onset and progression of 
cervical cancer. However, the frequencies of hypermethylation 
of tumor suppressor genes vary in the literature (14), and infor-
mation concerning methylation genes is not well documented 
in precancer, including CIN II and CIN III. Therefore, the focus 
of the present study was on three tumor suppressor genes and 
an inflammation‑associated gene, and the association between 
DNA methylation status and cytopathological features of the 
genes was investigated.
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Materials and methods

Clinical subjects. A community‑based case‑control study 
was conducted in Kaohsiung City, and 529 patients (mean 
age, 46.2±13.2) were enrolled in the present study between 
January 2008 and September 2010. The procedure of patient 
enrollment was as previously described (15). Cervical scrap-
ings were obtained from female patients who attended the 
Department of Obstetrics and Gynecology, Kaohsiung 
Medical University Hospital (Kaohsiung, Taiwan) or from 
the community health clinics of Great Kaohsiung City 
(southern part of Taiwan). Specimens were screened for 
CIN by Pap smear, and the diagnosis was based on cervical 
cytomorphological and histological characteristics. Normal 
specimens were collected, as well as distinct stages of 
cervical neoplasm specimens, including CIN I, CIN II, 
CIN III and squamous cell carcinoma. The present study was 
approved by the Institutional Review Board of Kaohsiung 
Medical University Hospital, and informed consent was 
obtained from all patients.

Extraction of genomic DNA. Genomic DNA samples were 
collected from cervical scrapings. Cells from cervical 
scrapings were concentrated by centrifugation (425 x g for 
10 min at room temperature) and were solubilized in cell 
lysis solution (Cell lysis/binding buffer; Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). The cellular 
lysate was digested with 20  µg/ml proteinase K at 55˚C 
overnight. DNA extraction was performed with a Genomic 
DNA Purification kit (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. The cellular 
DNA was finally dissolved in sterile water until subsequent 
reaction. The genomic DNA was also determined for human 
papillomavirus infection by screening HPV DNA using the 
Hybrid Capture II assay (Digene Corporation, Gaithersburg, 
MD, USA).

Bisulfite modification. The methylation status of the promoter 
regions was determined by sodium bisulfite reaction. The puri-
fied cellular DNA was added to a cytosine conversion reagent in 
the MethylCode Bisulfite Conversion kit (Invitrogen; Thermo 
Fisher Scientific, Inc.). Bisulfite treatment of DNA converted 
unmethylated cytosine into uracil, and methylated cytosine 
remained unchanged. DNA was treated with sodium bisulfite 
using the MethylCode Bisulfite Conversion kit, according to 
the manufacturer's protocol.

Methylation‑specific polymerase chain reaction (PCR). The 
primers and reaction conditions for p16, COX‑2 and CDH1 
were as described previously (16‑18). The PCR thermocycling 
conditions for COX‑2 was as follows: 94˚C for 30 sec, 53˚C 
for 30 sec and 72˚C for 60 sec, for 40 cycles. The methylated 
primers for RARb were 5'‑GGG​GGA​TTA​AAT​TTT​TTA​
TGC​‑3' (forward) and 5'‑AAA​TCC​TAC​CCC​GAC​GAT​AC‑3' 
(reverse). The unmethylated primers for RARb were 5'‑GGG​
GGA​TTA​GAA​TTT​TTT​ATG​TGA‑3' (forward) and 5'‑AAA​
TCC​TAC​CCC​AAC​AAT​ACC‑3' (reverse). Bisulfite‑modified 
DNA (2 µl) was loaded in 25 µl PCR mixture containing 1X 
PCR buffer, 0.2 µM of each primer, 0.2 mM dNTP, 1.5 mM 
MgCl2 and 0.7  unit HotStart Taq polymerase (Promega 

Corporation, Madison, WI, USA). The annealing temperature 
for CDH1 and RARβ was initially 65˚C, decreasing by 1˚C for 
each cycle until reaching 55˚C, and amplification was at 94˚C 
for 30 sec, 55˚C for 30 sec and 72˚C for 60 sec. The amplified 
PCR products were visualized by 1.8% agarose gel electropho-
resis. Either PCR products were cloned into pGem‑T vectors 
(Promega Corporation) for automated sequencing, or direct 
sequencing was performed.

Statistical analysis. The statistical data were examined by 
χ2 test and Students t‑test on Microsoft Excel software (2013; 
Microsoft Corporation, Redmond, WA, USA). Each experi-
ment containing clinical samples was repeated three times. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

The methylation status of three tumor suppressor genes, 
including RARβ, p16 and CDH1, and an inflammatory‑associ-
ated COX‑2 gene, were examined in distinct stages of CIN by 
methylation‑specific PCR (Fig. 1).

The methylation rate of the COX‑2 gene promoter was 
detected in 1.2% of normal specimens, but in 0% of CIN I, 
CIN II, CIN III and cervical squamous cell carcinoma. The 
results of the present study indicated that the COX‑2 gene was 
in a hypomethylated or unmethylated form (Table I). It was 
observed that the RARβ gene exhibited only a minimal change 
in methylation frequency (Table I). The methylation frequency 
of the CDH1 gene was 4.7 and 4.3% in normal and precan-
cerous stage CIN I, respectively. By contrast, the methylation 
frequency was 7.1 and 7.9% in CIN II and CIN III, respectively. 
The CDH1 gene methylation level was markedly increased 
<2‑fold between CIN I and carcinoma (P=0.249; Table I). This 
indicated that the increased frequency of promoter methylation 
was associated with increasing severity of cervical neoplasm 
changes. Notably, the methylation frequency of p16 was 13.2% 
in normal specimens; 18.2% in CIN I; 35.7% in CIN II; 31.6% 
in CIN III; and 15.4% in squamous cell carcinoma (Table I). 
The methylation frequency of p16 progressively increased 
during the development of malignant stages. Cervical speci-
mens were screened for human papillomavirus (HPV) by 
the method of Hybrid Capture II (Digene Corporation). The 
results indicated that, particularly in the absence of HR‑HPV, 
the methylation frequency of p16 was 11.8% in normal, 25% 
in CIN I and 58.3% in CIN II‑carcinoma. In the presence of 
HR‑HPV, the methylation frequency of p16 was without any 
apparent change; 21.3% in normal, 13.8% in CIN I and 23.8% 
for CIN II, CIN III and carcinoma (Table II).

There are 11 CpG sites located within the PCR‑amplified 
150 bp fragments of the p16 promoter, which encompass 
a number of distinct transcription factor‑binding sites 
(Fig. 2A). The PCR‑amplified DNA fragments were also 
cloned and sequenced following bisulfite treatment, and the 
methylation status of all CG sites in the promoter region was 
determined. The results from 10 individuals with CIN II 
and above identified complete methylation at each CpG site 
(Fig. 2B). Bisulfite sequencing also revealed that the CpG 
sites were all unmethylated from p16 unmethylated indi-
viduals (Fig. 2B).
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Discussion

DNA methylation is an important epigenetic mechanism 
of transcriptional control. It performs a critical function in 
the regulation of cellular gene expression. Aberrant DNA 
methylation often occurs in numerous types of cancer; it 
contributes to malignant transformation by silencing multiple 
tumor suppressor genes. Therefore, DNA methylation has been 
increasingly recognized as a promising epigenetic and diag-
nostic biomarker (8). In the present study, the methylation status 

of tumor suppressor genes, including RARβ, p16 and CDH1, 
and an inflammatory‑associated COX‑2 gene, was analyzed in 
distinct stages of CIN using methylation‑specific PCR. Retinoic 
acid is required for the regulation of epithelial cell differentia-
tion (19). The RAR is an intracellular molecule responsible for 
the binding to the RAR‑responsive element promoter (20). The 
rate of RARβ methylation was progressively increased during 
oncogenesis of the cervix (11). In the present study, the RARβ 
promoter exhibited a minimal change in methylation rate, 
and no significant difference was observed in the methylation 

Table I. Methylation status of 4 distinct genes in distinct stages of cervical intraepithelial neoplasia.

	 Normal, 	 CIN I, 	 CIN II, 	 CIN III, 	 Squamous cell 
Gene	 frequency (%)	 frequency (%)	 frequency (%)	 frequency (%)	 carcinoma, frequency (%)

RARβ	 12/311 (3.9)	 1/46 (2.2)	 0/23 (0.0)	 1/31 (3.2)	 0/7 (0.0)
p16	 52/395 (13.2)	 10/55 (18.2)	 10/28 (35.7)	 12/38 (31.6)	 2/13 (15.4)
CDH1	 18/384 (4.7)	 2/46 (4.3)	 2/28 (7.1)	 3/38 (7.9)	 0/12 (0.0)
COX‑2	 3/259 (1.2)	 0/35 (0.0)	 0/23 (0.0)	 0/31 (0.0)	 0/6 (0.0)

RARβ, retinoic acid receptor β; CDH1, cadherin 1; COX‑2, cyclooxygenase‑2; CIN, cervical intraepithelial neoplasia.

Figure 1. The methylation‑specific PCR results of 4 distinct genes in 6 cervical specimens. PCR, polymerase chain reaction; UC, unmethylated control; MC, 
methylated control; Mr, DNA marker; U, unmethylated PCR product; M, methylated PCR product; RARβ, retinoic acid receptor β; CDH1, cadherin 1; COX‑2, 
cyclooxygenase‑2.

Table II. Methylation frequency of p16 in HPV‑negative and HPV‑positive specimens.

Grade	 HPV‑negative, frequency (%)	 HPV‑positive, frequency (%)

Normal	 32/271 (11.8)	 16/75 (21.3)
CIN I	  6/24 (25)	   4/29 (13.8)
CIN II‑carcinoma	     7/12 (58.3)	 19/80 (23.8)
P‑value	 0.0018	 0.6510

CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.
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frequencies. Inflammation has numerous tumor‑promoting 
effects in the tumor microenvironment. COX‑2 has been estab-
lished as one of the inflammatory factors involved in the process 
of angiogenesis and cell adhesion (21). A previous study reported 
that COX‑2 expression was associated with higher grades of oral 
epithelial dysplasia (22). Jo et al (16) also reported that COX‑2 
is hypermethylated in cervical cancer, but their immunohisto-
chemistry results did not demonstrate an association between 
hypermethylation and the expression pattern of COX‑2. The 
present study revealed that all COX‑2 genes were in an unmeth-
ylated form throughout the stages of CIN.

CDH1, also termed E‑cadherin, is one of the molecules 
involved in the Wnt signaling cascade pathway (23). CDH1 
methylation was detected in 43% (40/93) of serum samples of 
patients with cervical cancer (24). Chen et al (25) demonstrated 
that the inactivation of CDH1 is due to hypermethylation 
at the promoter region. Narayan et al (18) identified a high 
degree of methylation of CDH1 in cervical cancers (51.1% 
of 90 cases); however, only 28.8 and 19.2% methylation was 
identified in the studies of Dong et al (26) and Feng et al (11), 
respectively. By contrast, in the present study, it was observed 
that the average methylation frequency of CDH1 was 4.5% in 
normal and CIN I, 7.1% in CIN II and 7.9% in CIN III. The 

methylation rate was markedly increased <2‑fold between 
CIN I and carcinoma. It was observed that CDH1 exhibited a 
tendency to increased frequency of promoter methylation with 
increasing severity of cervical neoplasm changes. The degree 
of promoter methylation was proposed as a potential marker of 
the early events of tumorigenesis.

Aberrant methylation of the p16 gene is widely detected 
in the majority of types of tumor, and is the most studied 
tumor suppressor gene in cervical cancers  (27). p16 is a 
cell cycle regulatory gene, and it performs an essential role 
in inhibiting cell abnormal growth. Its function is involved 
in the inhibition of cell cycle progression by encoding an 
inhibitor of cyclin‑dependent kinase (CDK) 4 and CDK6 (28). 
Wong et al (29) and Dong et al (26) detected 31.6% (31/98) 
and 30% (16/53) of methylated p16 in squamous cervical carci-
noma, respectively. The results of the present study identified 
that the methylation frequency of p16 was relatively low in 
precancerous stages, and that the methylation frequency was 
increased in CIN II and CIN III. The methylation frequency 
of p16 was progressively increased during the development of 
malignant stages in CIN (Table I).

In the presence of HR‑HPV, p16 exhibited a significant 
decrease in the methylation level between normal and CIN I 

Figure 2. Bisulfite sequencing of p16 upstream sequences following bisulfite conversion. The 11 methylated CpG sites are located at the p16 promoter region. 
The gray bar indicates the transcription factor‑binding sites in CpG. GATA2, GATA‑binding protein 2; MZF1, myeloid zinc finger 1; Sp1, specificity protein 1; 
USF, upstream transcription factor 1.
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(P<0.001). However, between CIN I and CIN II‑carcinoma, 
the rate increased to 23.8%. Most notably, in the absence 
of HR‑HPV, the methylation frequency of p16 was 11.8% 
in normal, 25% in CIN I and 58.3% in CIN II‑carcinoma. 
The methylation frequency of p16 was markedly increased 
between normal and CIN I, and between CIN I and CIN 
II‑carcinoma. It was concluded that p16 methylation exhib-
ited an apparent increase between normal and CIN I, and 
between CIN I and CIN II‑carcinoma, without the interven-
tion of virus infection. Furthermore, peripheral blood DNA 
obtained from patients was analyzed for the levels of p16 
methylation, however no association was identified between 
these results and the DNA from the cervical cells (data 
not shown). p16 exerted a critical role across the cervical 
histological grades. However, in the presence of HR‑HPV, 
methylation of p16 served no role in the stages of oncogen-
esis. It was hypothesized that virus infection or integration 
of viral genome may activate the oncogenic expression of 
p16 (30).

In conclusion, the results of the present study revealed that 
the methylation frequencies of p16 and CDH1 were progres-
sively methylated in association with the development of 
malignant stages in CIN. Promoter methylation analysis of 
cervical cell specimens of p16 and CDH1 may be an additional 
diagnostic tool for current cervical cytomorphology‑based 
screening and prognosis markers.
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