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Abstract. Cervical cancer is the most fourth common cancer 
in women worldwide. The E6 and E7 high-risk human papil-
lomavirus (HPV) types are the main cause of this cancer. 
Several studies have revealed that promoter methylation of 
tumor suppressor genes is induced by HPV E7. Recently, it 
was found that HPV16-E7 and the DNA methyltransferase 1 
complex could bind at the cyclin A1 (CCNA1) promoter, 
resulting in CCNA1 promoter methylation. Therefore, there 
is a need to study other tumor suppressor genes for which 
HPV may induce promoter methylation. The present study 
investigated whether HPV induced cell adhesion molecule 1 
(CADM1) and death associated protein kinase 1 (DAPK1) 
promoter methylation. C33a (no HPV infection) and SiHa 
(HPV 16 infection) cell lines were used for methylation status 
and expression observation. It was found that CADM1 and 
DAPK1 promoter methylation, no expression of CADM1 
and decreased expression of DAPK1, was presented in SiHa 
cells. While no promoter methylation of these two genes was 
observed in C33a cells, with positive expression of the genes. 
It was subsequently investigated whether E6 and/or E7 could 
induce promoter methylation and decrease the expression 
of these two genes. Methylation-specific primer PCR and 
quantitative PCR were performed to elucidate the promoter 
methylation status and expression of CADM1 and DAPK1 in 
C33a cells transfected with HPV16 E6-PCDNA3 or HPV16 
E7-PCDNA3.1 myc-his, compared to empty vector-transfected 
cells. The results showed that HPV E7 could induce CADM1 
promoter methylation and decrease the gene expression in 

HPV E7 transfected C33a cells, while HPV E6 could induce 
DAPK1 promoter methylation and decrease its expression in 
C33a cells transfected with HPV E6. Finally, the mechanism 
by which HPV E7 induced CADM1 promoter methylation 
was observed by performing chromatin immunoprecipita-
tion; the data showed that E7 induced CADM1 methylation 
by the same mechanism as that for CCNA1, by binding at the 
CADM1 promoter, resulting in the subsequent reduction of its 
expression in cervical cancer.

Introduction

Cervical cancer is one of the most common cancer types in 
women worldwide (1). In developing countries, cervical cancer 
is a major health problem. In Thailand, cervical cancer is one 
of five cancer types leading to the death of 7 Thai women 
per day (2). Several studies have identified risk factors for 
cervical cancer. Human papillomavirus (HPV) infection is 
the most important risk factor for cervical cancer (3).  HPV 
can be divided into low-risk and high-risk groups. High-risk 
HPV types, including HPV16, 18 and 56, are those with high 
oncogenic potential that can be the cause of neoplastic trans-
formation (4). The mechanism by which high-risk HPV leads to 
cervical cancer is still under investigation. The role of E6 and 
E7 in p53 and pRB degradation, respectively, is well known 
in cancer transformation (5). The role of E6 and E7 proteins 
in tumorigenesis is still being explored. Recent studies have 
illustrated that not only the degradation of p53 and pRB, but 
also the function of these two oncoproteins, are involved in 
the promoter methylation of tumor suppressor genes, resulting 
in tumorigenesis (6,7). Our previous study found that cervical 
cancer tissues infected with the integrated form of either HPV 
16 or 18 can exhibit methylation at the cyclin A1 (CCNA1) 
promoter (8). HPV is composed of 8 genes: L1, L2, E1, E2, E4, 
E5, E6 and E7. The integrated form of HPV exhibits overex-
pression of E6 and E7 because of E2 disruption. E6 and E7 
are oncoproteins that cause cervical cancer and head and neck 
cancer (9).

There is much evidence showing the association between 
HPV infection and promoter methylation in cancer. A study 
by Sator et al (10) showed a higher level of promoter methyla-
tion and lower gene expression levels of seventy‑five genes 
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including IRS1, GNA11, GNAI2, EREG, CCNA1, RGS4, and 
PKIG resulting from HPV infection in head and neck cancer. 
A study by Lechner et al (11) showed increased mRNA 
expression of both DNA methyltransferase 3α (Dnmt3a) and 
DNA methyltransferase 1 (Dnmt1) in HPV-positive head and 
neck cancer cell lines. Moreover, they observed that promoter 
methylation increased in E6 and E7-transfected head and 
neck cancer cell lines (10). A study by Kitkumthorn et al (12) 
demonstrated that CCNA1 promoter methylation was 
detected in cervical intraepithelial neoplasia (CIN) grade III 
and invasive cancer related to HPV.

Promoter methylation of genes is a good biomarker for 
identifying women who are at risk of cervical cancer develop-
ment. CCNA1 promoter methylation is an efficient biomarker 
that can be diagnosed from precancerous stages to invasive 
cervical cancer (13). Our previous study found that HPV16-E7 
can induce CCNA1 promoter methylation by forming a complex 
with Dnmt1 at the CCNA1 promoter (14). Therefore, there is 
a need to identify genes in which HPV can induce promoter 
methylation, in addition to CCNA1. Herein, not only HPV-E7 
but also HPV-E6 were included for the assessment of their meth-
ylation ability. The promoter methylation and expression of two 
tumor suppressor genes, cell adhesion molecule 1 (CADM1) 
and death associated protein kinase 1 (DAPK1), were then 
observed in E6 and E7-transfected cervical cancer cell lines: 
C33a, which is HPV-negative; and SiHa, which is HPV 16-posi-
tive. The studies of Steenbergen et al and Banzai et al found 
CADM1 and DAPK1 promoter methylation in HPV-related 
cervical cancer, respectively (15,16). CADM1 is involved in cell 
adhesion, while DAPK1 is involved in apoptosis (17). Promoter 
methylation of these genes suppresses their expression, leading 
to carcinogenesis. The aim of the present study was to  investi-
gate promoter methylation of CADM1 and DAPK1 in the cells 
with HPV-E6 or E7 transfection together with the mechanism 
by which HPV-E7 induced promoter methylation of the genes.

Materials and methods

Cell culture. The SiHa (HPV 16-positive) cell line was kindly 
provided by Dr.Silvio Gutkind (Moores Cancer Center, UCSD, 
USA) with proof that there was no contamination, and the C33a 
(HPV-negative) cell line was purchased from the American 
Type Culture Collection (HTB-31TM; lot no. 63596879). The 
cells were grown and maintained in DMEM (Sigma-Aldrich; 
Merck KGaA) supplemented with 10% FBS (Gibco; Thermo 
Fisher Scientific, Inc.) and 1% antibiotic-antimycotic (Gibco; 
Thermo Fisher Scientific, Inc.) at 37˚C in an atmosphere of 
5% CO2.

Recombinant plasmid. The E6 recombinant plasmid was 
inserted into a PCDNA3 vector, which was provided by Assoc. 
Prof. Dr. Andrew Yeudal (Augusta University, USA). The E7 
recombinant plasmid was inserted into PCDNA3.1 myc-his, 
which was constructed as per a previous study (13). Both 
recombinant plasmids were sent for sequencing to confirm that 
the sequences were correct.

Transfection. E6 and E7 recombinant plasmids were trans-
fected into C33a cells. C33a cells were seeded into 6-well 
plates at 3x105 cells/ml and incubated overnight. Next, 2 µg 

E6 or E7 recombinant plasmid and pcDNA 3.1/myc-his (PC) 
empty plasmid (Invitrogen; Thermo Fisher Scientific, Inc.) 
were transfected using Lipofectamine® 2000 (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
After 72 h, transfected cells were collected to study E6- and 
E7-mediated CADM1 and DAPK1 promoter methylation, 
and CADM1 and DAPK1 mRNA expression. Moreover, cells 
transfected with E7 were harvested for chromatin immunopre-
cipitation. The transfection was performed in triplicate for all 
experiments.

Isolation of DNA. SiHa, C33a and C33a cells transfected with 
E6 or E7 were subjected to DNA extraction. Briefly, cells were 
digested with lysis buffer II containing SDS (Sigma-Aldrich; 
Merck KGaA) and proteinase K (USB) at 50˚C overnight. 
Phenol/chloroform extraction and ethanol precipitation were 
then carried out as previously described (14).

Preparation of RNA. SiHa , C33a and C33a cells transfected 
with E6 or E7 and empty vector were subjected to RNA 
extraction. Total RNA was extracted using the TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). Then, 5 µg total 
RNA from each sample was synthesized to cDNA using the 
RevertAid first‑strand cDNA synthesis kit, according to the 
manufacturer's specifications (Thermo Fisher Scientific, Inc.).

Sodium bisulfite treatment and methylation‑specific PCR. A 
total of 750 ng DNAsample was subjected to bisulfite treat-
ment using the EZ DNA Methylation-Gold kit (Zymo Research 
Corp.), according to the protocol provided by the manufacturer. 
The eluted DNA was subsequently used  to carry out methyla-
tion‑specific PCR using 0.3 µM methylated and unmethylated 
specific primers (Table I). The DNA was initially denatured for 
15 min at 95˚C, followed by 35 cycles of 1 min at 95˚C, 1 min at 
60˚C for CADM1 and 53˚C for DAPK1, and 1 min at 72˚C, and 
72˚C for 7 min. Then, 10 µl PCR products were observed by gel 
electrophoresis on 8% acrylamide gels and stained with SYBR 
(Lonza Group, Ltd.). The methylated and unmethylated band 
intensities of each sample were visualized and measured using 
Storm840 and ImageQuant Software (Amersham Biosciences; 
GE Healthcare). The experiment was performed in triplicate.

Expression analysis. Quantitative PCR was performed to 
observe the DAPK1 and CADM1 mRNA expression in SiHa  
C33a cells and c33a transfected cells. Amplification was 
performed with 0.1 µM DAPK1 and 0.1 µM CADM1 primers 
(Table I), including primers for 0.1 µM GAPDH, which was 
used as a reference gene, and 19 Power SYBR Green PCR 
master mix (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The cDNA was amplified using a 7500‑fast real‑time 
PCR system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) with  initially denatured for 10 min at 95˚C, followed by 
35 cycles of 1 min at 95˚C, 1 min at 60˚C , and 1 min at 72˚C, 
and 72˚C for 7 min. The fold changes in expression of DAPK1 
and CADM1 between experimental and control cellswere then 
determined using the ΔΔCt method (18). The experiment was 
performed in triplicate.

Chromatin immunoprecipitation. Chromatin immu-
noprecipitation was carr ied out in E7 recombinant 
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plasmid- and empty plasmid-transfected C33a cells, as 
previously described, with some modifications (19). To 
observe the binding of E7 protein (with or without the CR3 
region) at the CADM1 promoter, the chromatin fragments 
were immunoprecipitated with 10 µg of the H3K4 (Abcam 
(Cambridge, UK), HPV16-E7 (Santa Cruz, CA, USA) and 
IgG (Santa Cruz, CA, USA) antibodies. Next, the precipi-
tated DNA was further analyzed by PCR using 0.3 µM 
CADM1-ChIPF and 0.3 µM CADM1-ChIPR (Table I) with 
initially denatured for 10 min at 95˚C, followed by 35 cycles 
of 1 min at 95˚C, 1 min at 62˚C, and 1 min at 72˚C, and 
72˚C for 7 min. Then, 10 µl PCR products were observed by 
gel electrophoresis using a 8% acrylamide and 1% agarose 
gel stained with SYBR (Lonza Group, Ltd.). The CADM1 
bands were visualized using Storm840 and ImageQuanNT 
Software (Amersham Biosciences; GE Healthcare). The 
experiment was performed in triplicate.

Sequencing analysis. To confirm the accuracy of the E6 and 
E7 recombinant plasmid sequences, E6 and E7 recombinant 
plasmids were transformed into competent Escherichia coli 
XL-1 blue cells for cloning, and then the plasmids were 
extracted using a GeneJET Plasmid Miniprep kit (Fermentas; 

Thermo Fisher Scientific, Inc.) for sequencing analysis 
immediately after transfection. After alignment between the 
sequence of recombinant plasmid and GENBANK (www.
ncbi.nlm.nig.gov), the accuracy of the E6 and E7 sequences 
were confirmed.

Statistical analysis. To test the significance of the E6- or 
E7-mediated induction of CADM1 and DAPK1 promoter 
methylation and the decrease in gene expression, two sample 
t-tests between two groups of samples, E6 or E7 transfected 
cells and control cells, were used. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Methylation and expression status in HPV+ and HPV‑cervical 
cancer cell lines. To investigate the effect of HPV in mediating 
promoter methylation and decreasing gene expression, the 
SiHa cervical cancer cell line with HPV type 16 infection and 
the C33a cervical cancer cell line without HPV infection were 
used for the observation of methylation and the expression 
status of CADM1 and DAPK1. There was methylation at the 
CADM1 and DAPK1 promoters in SiHa cells, whereas there 

Table I. Primer sequences, amplicon sizes and annealing temperature and conditions for PCR analysis.

Primers Sequence (5'‑3') Amplicon sizes, bp Annealing temperature, ˚C

MSP
CADM1   
  CADM1-met (F) GCGTCGTCGAACGTTAGCG 165 60
  CADM1-met (R) GTTAACTACCTCCGAAACCCG  
  CADM1-unmet (F) TGAATGTTAGTGTTAGGGGGTG   72 60
  CADM1-unmet (R) CACCACAAACCCAACCCAAC  
DAPK1   
  DAPK1-met (F) CGAGCGTCGCGTAGAATT 114 53
  DAPK1-met (R) CGAAAAACGACCGACAAACG  
  DAPK1-unmet (F) TGAGTTTGGAGTGTGGAGTT   96 53
  DAPK1-unmet (R) AACACAACCCACCCACCT  
CADM1 expression   
  CADM1 (F) TGACAGTGATCGAGGGAGAGGT 236 60
  CADM1 (R) GGGATCGGTATAGAGCTGGCAA  
DAPK1 expression   
  DAPK1 (F) CCACCACTCGGATCAAGATCATTG 132 60
  DAPK1 (R) ATATCTGCCTCAAGACCAAGAGG  
GAPDH expression   
  GAPDH (F) GTGGGCAAGGTATCCCTG   90 60
  GAPDH (R) GATTCAGTGTGGTGGGGGAC  
CADM1 ChIP-PCR   
  CADM1ChIP (F) ACTCCGCCTCCAGCGCATGT   229 62
  CADM1ChIP (R) CCCACACCTACCTGTGGGGAT

F, forward; R, reverse; met, methylated; unmet, unmethylated; ChIP, chromatin immunoprecipitation; CADM1, cell adhesion molecule 1; 
DAPK1, death associated protein kinase 1.
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was no methylation at the CADM1 and DAPK1 promoters 
in C33a cells (Fig. 1A and B). There was no expression of 
CADM1 in SiHa cells, while the expression of this gene in 
C33a cells was detected. For DAPK1, significantly decreased 
expression was detected in SiHa cells compared to that in 
C33a cells; P=0.005. (Fig. 1C and D).

HPV E6 and E7 induces DAPK1 and CADM1 promoter 
methylation and decreases their expression. To investigate 
whether E6 or E7 of HPV induce de novo methylation of 
DAPK1 and CADM1, E6 or E7 recombinant plasmids and 
empty PCDNA3.1 (as a control) were successfully transfected 
into C33a cell (Fig. 2A and B). CADM1 and DAPK1 promoter 
methylation and their expression were observed. For methyla-
tion status in E6- or E7‑transfected cells compared to control 
cells, significant CADM1 promoter methylation was observed 
in E7-transfected cells compared with control cells (P<0.0001), 
while the promoter methylation of this gene could not be 
detected in C33a cells transfected with E6. To observe the 
methylation of DAPK1 in C33a-transfected cells, the results 
showed that significantly increased DAPK1 promoter methyla-
tion was detected in E6-transfected cells compared to cells with 
the empty vector (P=0.0003), whereas there was no DAPK1 
methylation in E7-transfected cells (Fig. 3A and B). For the 

expression study, after E7-transfected into C33a cells, there was 
a significantly decreased CADM1 expression in E7-transfected 
C33a cells (P=0.008) compared to cells with the empty vector. 
To investigate the expression of DAPK1, after E6 and empty 
vector transfection into C33a cells, there was significantly 
decreased expression of DAPK1 (P=0.001) in E6-transfected 
cells compared to cells with the empty vector (Fig. 3C and D).

E7 targets the CADM1 promoter. It was hypothesized that E7 
promotes CADM1 methylation by forming a complex with 
Dnmt1 at the CADM1 promoter, which is the same mechanism 
as that for CCNA1. To demonstrate that this hypothesis was 
viable, a chromatin immunoprecipitation assay was carried 
out in C33a cells transfected with E7 and the empty vector by 
precipitating with anti-HPV16 E7 and performing PCR to obtain 
a 229-bp CADM1 product. As shown in Fig. 4, the product band 
of the CADM1 promoter was detected in E7-overexpressing 
C33a cells, but not in the cells with the empty vector. These data 
suggested that E7 can bind at the CADM1 promoter.

Discussion

Epigenetics plays an important role in tumorigenesis. DNA 
methylation at the promoter of tumor suppressor genes is 

Figure 1. Profile of promoter methylation and the expression of CADM1 and DAPK1 in SiHa and C33a cell lines: Methylation status of (A) CADM1 promoter 
and (B) DAPK1 promoter was detected by methylation‑specific PCR using duplex primers for methylated and unmethylated regions. Expression status of 
(C) CADM1 and (D) DAPK1 in C33a and SiHa was investigated by quantitative PCR. -ve, distilled water; +ve, mixture of human methylated and non-methyl-
ated DNA. CADM1, cell adhesion molecule 1; DAPK1, death associated protein kinase 1.
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a process that decrease their expression, resulting in the 
development of many cancer types, including cervical cancer. 
In addition to promoter methylation, HPV is also a major 
cause of cervical cancer. To date, there have been several 
studies showing that HPV induces promoter methylation of 
tumor suppressor genes.  It has been found that E6 and E7 
can promote the promoter methylation of several genes. For 

example, a study by Li et al (20) reported that E6 and E7 gene 
silencing led to a decrease in the methylation of six tumor 
suppressor genes, MT1G, NMES1, RRAD, SFRP1, SPARC and 
TFP12, and induced the phenotypic transformation of human 
cervical carcinoma cell lines.

The mechanism by which E6 or E7 could induce the 
promoter methylation of the genes has been explored. Our 

Figure 3. Promoter methylation and the expression of CADM1 and DAPK1 were investigated in E6 or E7 recombinant plasmid and empty vector (PC)-transfected 
cells. Methylation status of (A) CADM1 and (B) DAPK1 was observed; -ve was distilled water, +ve was the mixture of  human methyled and non-methylated 
DNA, E6, E7 and PC  were E6, E7 and PC (empty vector) transfected cells, respectively. The expression of (C) CADM1 in C33a cells transfected with E7 and PC 
(empty vector) (D) DAPK1 in C33a cells transfected with E6 and PC (empty vector). CADM1, cell adhesion molecule 1; DAPK1, death associated protein kinase 1.

Figure 2. Expression of E6 and E7 in E6 or E7 recombinant plasmid and empty vector (PC) transfected cells. (A) E6 expression was observed in three trans-
fected cells; E7_C33A was E7 transfected C33A cells, PC_C33A was PC transfected C33A cells, E6_C33A was E6 transfected C33A cells. (B) E7 expression 
was observed in three transfected cells; E6_C33A was E6 transfected C33A cells, PC_C33A was PC transfected C33A cells, E7_C33A was E7 transfected 
C33A cells.
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previous study demonstrated that HPV 16 E7 had an interac-
tion with Dnmt1 resulting in CCNA1 promoter methylation and 
a reduction in expression (14). A study by Au Yeung et al (21) 
indicated that E6 increased the expression of Dnmt1 by 
degrading p53. Dnmt1 is a member of the Dnmt family, which 
can play role in de novo methylation (22). Therefore, the present 
study sought to discover genes whose promoter methylation 
may be induced by E6 or E7. Here, CADM1 and DAPK1 were 
selected to be candidate genes because of their functions as 
tumor suppressor genes, and the evidence showing that the 
methylation of these two genes may be related to cervical 
cancer progression. CADM1 is hypermethylated in CIN II-III 
and cervical cancer, while DAPK1 is hypermethylated in 
CIN III and cervical cancer (23). Notably, it was found that 
the promoter methylation of both genes was induced by HPV. 
Nevertheless, HPV16 E6 only induced methylation of DAPK1, 
while HPV 16 E7 only induced methylation of CADM1.

The present study demonstrated that HPV 16 E7 can induce 
promoter methylation of CADM1, and not only of CCNA1. 
Therefore, it was hypothesized that the mechanism by which 
HPV16 E7 induced promoter methylation of CADM1 may 
be the same as the mechanism for CCNA1. To elucidate this 
mechanism, chromatin immunoprecipitation was carried out 
using an E7 antibody to precipitate E7 protein binding at the 
CADM1 promoter. The results showed that E7 protein can bind 
at the CADM1 promoter. Studies by Chalertpetch et al (14) and 
Burgers et al (24) found an interaction between E7 and Dnmt1. 
This evidence indicated that that HPV16 E7 may bind with 
Dnmt1 at the CADM1, promoter leading to aberrant promoter 
methylation and decreasing the expression of the gene.

In the cells, it was hypothesized that E6 and E7 may work 
together to induce promoter methylation. E6 was thought to 
increase Dnmt1 expression (21), and E7 to bind with Dnmt1 and 
target the promoters (14). However, it was found that DAPK1 
promoter methylation can be augmented by E6, but not by E7. 
Therefore, it is possible that E6 might increase Dnmt1 activity 
and thus has another mechanism through which it targets 
DAPK1 to induce its promoter methylation. The mechanism 
underlying the increase in DAPK1 promoter methylation by 
E6 remains to be studied. However, in E7-transfected cells, 
CADM1 promoter methylation was observed. This may be 
because there is endogenous Dnmt1 in the cells, thus E7 
protein can form complexes with endogenous Dnmt1 and 
induce CADM1 promoter methylation.

Understanding the mechanism by which HPV induces 
promoter methylation of genes will be useful for drug 
discovery and clinical diagnosis. At present, a Pap smear 
is still the gold standard for cervical cancer diagnosis. 

Nevertheless, there is a chance of receiving false negative 
results from a Pap smear test (25,26). In addition, Pap smear 
tests frequently detect atypical squamous cells of undeter-
mined significance (ASCUS) (27). Therefore, molecular 
marker findings, together with HPV testing, may be a good 
alternative for diagnosing the early stages of cervical cancer, 
eventually leading to a decrease in the number of cervical 
cancer patients worldwide.
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