
Abstract. The HPV-16 early proteins E6 and E7 are consi-
dered to function as oncoproteins in cervical cancer. DNA
methyltransferase 1 (DNMT1) is one of the enzymes
involved in epigenetic silencing of tumor suppressor genes.
In the present study, the functional role and regulation
of DNMT1 in HPV-16 E6 associated cervical cancer
development were examined. Knockdown of E6 in HPV-16
positive human cervical carcinoma SiHa and CaSki cells led
to the increase in p53, repression of DNMT1 protein and
promoter activity. Moreover, p53 knockdown increased the
DNMT1 protein as well as promoter activity, indicating that
p53 may mediate E6 upregulation of DNMT1. In addition,
E6 knockdown induced growth retardation in SiHa cells, and
the effect was partially reverted by DNMT1 overexpression.
The results suggest that HPV-16 E6 may act through p53/
DNMT1 to regulate the development of cervical cancer.

Introduction

Cervical cancer is the malignant cancer of the cervix or
cervical area. It is the second major type of cancer for
women worldwide. Cervical cancer is considered as a kind
of viral cancer because persistent infection with human
papillomavirus (HPV) is regarded as its most important
risk factor. Although the infection of HPV does not neces-
sarily cause cervical cancer, it is the prerequisite for its
development (1-3).

HPV is a small non-enveloped virus with a double-
stranded circular DNA genome of about 8000 base pairs.
The virus most likely infects epithelial cells by integration
of the viral genome with the host genome (3,5). There are
more than 100 genotypes of HPV identified so far. About 40

of them can be transmitted through sexual contact, infect the
genital region, and therefore are categorized as genital HPVs
(6). They can be further classified into low-risk or high-risk
subtypes based on their oncogenic ability, the degree of risk
to develop cancer after infection. Infection with low-risk
subtypes of HPVs may develop genital warts while infection
with the high-risk subtypes generally may lead to cervical
cancer (7,8). Among the high-risk subtypes, HPV-16 causes
over 50% of the cervical cancer cases (2). In terms of cancer
development, HPV-16 early proteins E6 and E7 are often
believed to act as oncoproteins since both of the proteins are
crucial for host cell immortalization and transformation (9).
Particularly, E6 targets p53 tumor suppressor directly and
enhances p53 degradation via the action of ubiquitin (1,9,10).
The process of epigenetic silencing involves the methylation
of specific CpG dinucleotides in the promoter region of
the target gene. DNA methyltransferase 1 (DNMT1) is an
enzyme that regulates the genomic methylation pattern in
cells. Inactivation of tumor suppressor genes (TSGs) through
promoter hypermethylation is one of the common events that
leads to cancer development and progression (11-14). Mean-
while, overexpression of DNMT1 was often found in human
cancers (14-18).

In the present study, the link between HPV-16 E6, p53
and DNMT1 was demonstrated in human cervical carcinoma
cells. The findings may provide evidences that DNMT1 is
probably involved in HPV-16 mediated human cervical cancer
development.

Materials and methods

Cell lines and reagents. Human cervical carcinoma SiHa
cells and CaSki cells were cultured in Dulbecco's modified
Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum and 2 mmol/l L-glutamine (Invitrogen). All
cells were incubated in humidified incubator with 10% CO2

at 37˚C.

Construction of HPV-16 E6 siRNA and full-length HPV-16
E6 cDNA expression vectors. The sequences of the siRNA
template oligonucleotides targeting HPV-16 E6 mRNA (from
107 to 127 nucleotides in the gene sequence) were as follows,
5'-AGCTTTTCCAAAAAATGTGTGTACTGCAAGCAA
CTCTCTTGAAGTTGCTTGCAGTACACACACGG-3'
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(sense) and 5'-GATCCCGTGTGTGTACTGCAAGCAA
CTTCAAGAGAGTTGCTTGCAGTACACACATTTTTTG
GAAA-3' (antisense) (1). The annealed hairpin siRNA-
encoding oligonucleotides were ligated into HindIII and
BamHI sites of the pSilencer 2.1-U6 neo vector (Ambion)
and sequenced.

The full-length HPV-16 E6 cDNA was amplified by
PCR. (Forward primer 5'-GCGGATCCATGCACCAAAA
GAGAACTGC-3' and reverse primer 5'-TGCTCGAGTTAC
AGCTGGGTTTCTCTAC-3') and then subcloned into the
pcDNA3 vector (Invitrogen).

Transfection. All plasmids and p53 siRNA duplex with the
sense sequence of 5'-GACUCCAGUGGUAAUCUAC-3' (4)
were transfected into cells with the aid of Lipofectamine
2000 (Invitrogen) for 24 h before sample extraction or MTT
cell viability assay.

Establishment of stable transfectants. The plasmid pSilencer/
HPV16E6siRNA and empty pSilencer vector were trans-
fected into SiHa cells using Lipofectamine 2000. Neomycin-
resistant clones were selected in the presence of 600 μg/ml
G418 (Calbiochem). The positive clones were identified by

quantitative real-time RT-PCR and Western blot analyses.
SiHa cells stably transfected with pSilencer empty vector
were designated as SN cells whereas SiHa cells stably
transfected with pSilencer/HPV16E6siRNA with the least
expression of HPV-16 E6 was designated as S16E6i cells.
Both cells were cultured in complete DMEM medium
supplemented with 200 μg/ml G418.

Western blot analysis. Cells were lysed in lysis buffer
containing 1% Triton X-100, 4.9 mmol/l MgCl2, 1 mmol/l
sodium orthovanadate, 2.1 μg/ml aprotinin, 0.5 μg/ml
leupeptin and 1 mmol/ml phenylmethylsulfonyl fluoride
(PMSF). Protein was then resolved by SDS-PAGE according
to size and transferred to polyvinylidene fluoride (PVDF)
membrane (Millipore) by electroblotting. After overnight
blocking with 5% non-fat dry milk in PBS at 4˚C, the mem-
brane was probed with primary antibodies for 2 h followed
by the respective horseradish peroxidase-conjugated secon-
dary antibodies at 1:10000 dilution. Signals were developed
and visualized by using ECL Western blotting reagents
(Amersham Biosciences). The protein band intensity was
analyzed by ImageJ software (version 1.41o). Primary anti-
bodies against HPV16 E6 (N-17) (Santa Cruz Biotechnology),
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Figure 1. The effect of HPV-16 E6 on p53 and DNMT1 protein expression levels in SiHa and CaSki cells. (A) SiHa cells were transiently transfected with
pSilencer empty vector (S) or pSilencer/HPV16E6siRNA (E6i) for 24 h. (B) CaSki cells were transiently transfected with pSilencer empty vector (S) or
pSilencer/HPV16E6siRNA (E6i) for 24 h. (C) HPV-16 E6 siRNA stable transfectants. SiHa, SiHa cells without transfection; SN, SiHa cells stably transfected
with pSilencer empty vector; S16E6i, SiHa cells stably transfected with pSilencer/HPV16E6siRNA. (D) SiHa cells were transiently transfected with pcDNA3
empty vector (P) or pcDNA3/HPV16E6cDNA (E6) for 24 h. Western blot analysis was performed after protein extraction to determine the protein expression
levels. ß-actin was served as the loading control. The relative expression level of each protein was first normalized with that of ß-actin. Results were average
from at least three separated experiments. Mean ± SD. *p<0.05, **p<0.01, compared with the cells with empty vector transfection or SN cells. C, cells with
no transfection.
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DNMT1 (Epigentek Group), p53 (Merck Biosciences) and
ß-actin (Sigma) were used.

Luciferase reporter assay. The part of DNMT1 promoter
region containing the p53 consensus binding sequence (at
position +30 to +56 relative to the transcription start site)
(19) was amplified using the forward primer 5'-TAGGTAC
CATCCCCATCACACCTGAAAG-3' and the reverse primer
5'-TAAGAGCTCCCTGTGCAGAAGGATGGAAC-3' and
then subcloned into the pGL3 basic vector (Promega) up-
stream of the luciferase gene. The construct was designated
as pGL3/DNMT1pro-p53. The mutated construct pGL3/
DNMT1pro-mutp53 was synthesized using the site-directed
mutagenesis kit (Stratagene) with point mutations in the p53
consensus binding sequence from 5'-GGGCATGGCC-3'
to 5'-GTGTATTGCC-3'. The cells were seeded in a 24-well
plate for 24 h and then transfected with the reporter constructs
together with p53 siRNA, pSilencer/HPV16E6siRNA or
pcDNA3/HPV16E6cDNA for 24 h. At the same time,
control vector containing the Renilla luciferase pRL-CMV
was also included in the transfection for monitoring the trans-
fection efficiency. The firefly luciferase activity was measured
using the dual-luciferase reporter assay system according to
the manufacturer's protocol (Promega). Relative luciferase
activity was first normalized with Renilla luciferase activity
and then compared with those with the respective control.

MTT cell viability assay. Cells were seeded in a 96-well plate
and were allowed to grow for 72 h after transfection. The
cells were then incubated with 50 μl of 0.1 mg/ml 3-(4,5-
Dimenthylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT; USB) in PBS at 37˚C for 3 h. The formazan formed
was solubilized with 150 μl dimethyl sulfoxide (DMSO).
The absorbance was measured at 570 nm using a micro-
plate reader.

Results

Effect of HPV-16 E6 on DNMT1 expression. To investigate
the effect of the oncoprotein HPV-16 E6 on the expression
of DNMT1 in cervical cancer, the DNMT1 protein level
in HPV-16 E6 positive SiHa and CaSki cells transiently
transfected with HPV-16 E6 siRNA and in SiHa HPV-16 E6
siRNA stable transfectant was examined by Western Blot
analysis. Reduced DNMT1 protein expression was observed
by knocking down HPV-16 E6 in SiHa and CaSki cells
(Fig. 1A and B), as well as in S16E6i cells (Fig. 1C). In
contrast, DNMT1 protein level was elevated in HPV-16 E6
overexpressed SiHa cells (Fig. 1D).

Effect of HPV-16 E6 on p53 expression. By knocking down
HPV-16 E6 transiently in HPV-16 positive human cervical
carcinoma SiHa and CaSki cells, accumulation of p53
protein was observed (Fig. 1A and B). Similar results were
also found in SiHa HPV-16 E6 siRNA stable transfectant,
S16E6i cells (Fig. 1C). On the other hand, by full-length
HPV-16 E6 cDNA transfection in SiHa cells, a decrease in
p53 protein level was resulted (Fig. 1D). The findings for
the effect of HPV-16 E6 on p53 were comparable with those
reported previously (1,8).

Effect of p53 on DNMT1 expression. Knockdown of p53
by p53 siRNA led to an upregulation of DNMT1 in SiHa
cells (Fig. 2A). Also, by co-transfecting p53 siRNA with
the reporter carrying the DNMT1 promoter with consensus
binding sequence of p53 in SiHa cells, the reporter activity
increased with wild-type p53 binding site, but remained
unchanged for that with mutated p53 binding site (Fig. 2B).
This shows that p53 may repress the expression of DNMT1.

p53 mediates the HPV-16 E6 upregulation of DNMT1. HPV-
16 E6 siRNA or full-length HPV-16 E6 cDNA was trans-
fected into SiHa cells together with pGL3 reporter constructs
carrying the DNMT1 promoter with either wild-type or
mutated p53 binding sites. Knockdown of HPV-16 E6
decreased significantly whereas overexpression of HPV-
16 E6 increased the reporter activity of DNMT1 promoter
containing the wild-type p53 binding site. However, in both
cases, there was no change when the DNMT1 promoter
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Figure 2. Validation of p53-mediated DNMT1 repression. (A) The effect of
p53 siRNA transient transfection on DNMT1 protein expression level in
SiHa cells. The cells were transiently transfected with negative siRNA (N)
or p53 siRNA (p53i) for 24 h followed by protein extraction. Western blot
analysis was performed to determine the protein expression levels. ß-actin
served as the loading control. The relative expression level of each protein
was first normalized with that of ß-actin. Results were average from at least
three separated experiments. Mean ± SD. **p<0.01, compared with the cells
with negative siRNA transfection. C, cells with no transfection. (B) the
effect of p53 siRNA transient transfection on the activity of DNMT1
promoter reporter in SiHa cells. The cells were transiently transfected with
pGL3/DNMT1pro-p53 (wtp53) or pGL3/DNMT1pro-mutp53 (mutp53)
constructs and negative siRNA or p53 siRNA for 24 h followed by dual-
luciferase reporter assay. Results were average from at least three separate
experiments. Mean ± SD. **p<0.01.
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contained the mutated p53 binding site (Fig. 3). This suggests
that HPV-16 E6 may upregulate the expression of DNMT1
through p53.

DNMT1 suppresses the HPV-16 E6 effect on cell growth.
Knockdown of HPV-16 E6 by transient siRNA transfection
resulted in the retardation of the growth of SiHa and CaSki
cells down to around 67 and 73% of the control, respectively
(Fig. 4A and B). Comparable results were also found in

SiHa HPV-16 E6 siRNA stable transfectant, S16E6i cells,
the growth decreased to 68% of the control (Fig. 4C). More-
over, increase in cell growth for up to about 130% of the
control was observed in HPV-16 E6 overexpressed SiHa
cells (Fig. 4A). The findings were coherent with that reported
previously for HPV-16 E6 effect on cell growth (1,8). In
addition, the cell growth was increased from 67 to 88% of
the control after the transfection of SiHa cells with HPV-16
E6 siRNA alone and together with DNMT1 cDNA (Fig. 4D),
indicating that DNMT1 may mediate the HPV-16 E6 effect
on cell growth.

Discussion

DNA methylation plays a considerable role in cancer prog-
ression. Oncogenic viruses, including hepatitis B virus (HBV)
(20,21), hepatitis C virus (HCV) (22), Epstein-Barr virus
(EBV) (23,24), human T-lymphocyte virus-1 (HTLV-1) (23)
and human papillomavirus (HPV) (14,23,25) are often
thought to alter the methylation status of cancer cells. In
association with cervical carcinogenesis, aberrant promoter
methylation and thus the silencing of various tumor
suppressor genes (TSGs) was reported, such as p16INK4a
(25-27), RASSF1A (27), E-cadherin (25,28) and death-
associated protein kinase (DAPK) (25). DNA methyl-
transferase 1 (DNMT1) was believed to be the major DNA
methyltransferase involved in DNA methylation (14).
Increased DNMT1 activity and expression were found in
human cancers (15,16), including cervical cancer (14,18,29).
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Figure 4. The effect of HPV-16 E6 and DNMT1 on the growth of SiHa and CaSki cells. (A) SiHa cells were transiently transfected with pSilencer/
HPV16E6siRNA (HPV16E6i) or pcDNA3/HPV16E6cDNA (HPV16E6). The cells were transfected with their corresponding empty vector in parallel. (B)
CaSki cells were transiently transfected with pSilencer empty vector (pSilencer) or pSilencer/HPV16E6siRNA (HPV16E6i). (C) HPV-16 E6 siRNA stable
transfectants, SN and S16E6i cells. (D) SiHa cells were transiently transfected with pSilencer/HPV16E6siRNA and/or pGFP-C3/DNMT1cDNA (HPV16E6i
and DNMT1, HPV16E6i or DNMT1). The cells were allowed to grow for 72 h after transfection. MTT assay was performed to determine the cell viability.
Results were average from at least three separate experiments. Mean ± SD. **p<0.01.

Figure 3. HPV-16 E6 suppresses the p53-mediated repression of DNMT1 in
SiHa cells. The cells were transiently transfected with pGL3/DNMT1pro-
p53 (wtp53) or pGL3/DNMT1pro-mutp53 (mutp53) constructs and pSilencer/
HPV16E6siRNA or pcDNA3/HPV16E6cDNA for 24 h followed by dual-
luciferase reporter assay. The cells were transfected with pSilencer or
pcDNA3 empty vector in parallel. Results were average from at least three
separate experiments. Mean ± SD. **p<0.01.
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The increase in DNMT1 will likely be induced by the onco-
protein HPV-16 E6 in human cervical cancer cells (Fig. 1).

The tumor suppressor p53 is one of the most well-
characterized target genes of HPV-16 E6 (8,30,31) besides
the PDZ domain containing proteins (25), human telomerase
reverse transcriptase (hTERT) (32), vascular endothelial
growth factor (VEGF) (33,34), and hypoxia-inducible factor
1· (HIF-1· ) (34). p53 was recently reported to repress the
DNMT1 level in human colon carcinoma HCT116 cells (19).
Similarly, knockdown of p53 also upregulated DNMT1 in
SiHa cells (Fig. 2A). The regulatory role of p53 in DNMT1
is further confirmed as co-transfection with p53 siRNA in
SiHa cells increased the activity of the DNMT1 promoter
reporter with wild-type p53 binding site, while has no effect
on that with mutated p53 binding site (Fig. 2B).

HPV-16 E6 was found to upregulate DNMT1 and sup-
press p53 in cells (Fig. 1). On the other hand, p53 also
represses the DNMT1 level (Fig. 2). It is therefore hypo-
thesized that HPV-16 E6 may act through p53 to induce
DNMT1 level in HPV-16 positive human cervical carcinoma
cells. To verify this hypothesis, the activity of DNMT1 pro-
moter reporter transfected together with either HPV-16 E6
siRNA or full-length HPV-16 E6 cDNA was examined. A
significant decrease in the activity of reporter with wild-type
p53 binding site was observed in HPV-16 E6 knockdown
SiHa cells, though an increase was found for HPV-16 E6
overexpression. There was no change in the activity for the
DNMT1 promoter with mutated p53 binding site (Fig. 3).
This suggests that p53 may mediate HPV-16 E6 upregulation
of DNMT1.

One of the major biological functions of HPV-16 E6
in cervical cancer development is induction of cell growth
(Fig. 4A-C). As DNMT1 was found to be upregulated by
HPV-16 E6, the significance of the pathway in cell growth
was therefore examined by co-transfection of SiHa cells with
HPV-16 E6 siRNA and DNMT1 cDNA. As shown in Fig. 4D,
DNMT1 may counteract the growth suppression effect
induced by HPV-16 E6 knockdown. The results therefore
support that DNMT1 may be one of the downstream
molecules in mediating the effect of HPV-16 E6 on cell
growth.

In conclusion, oncogenic E6 protein of high-risk HPV-16
regulates the expression of DNMT1 through tumor sup-
pressor p53. Although the present study only indicates the
possible role of the DNMT1 in E6 regulation of cell growth,
further investigation is necessary to clarify the significance
of the pathway between HPV-16 E6 and DNMT1 in cervical
cancer development. The information from such study may
help to provide new perspective on developing new strategies
for curing cervical cancer.
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