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Abstract

AIM: To explore the relationship between DNA
methyltransferase 1 (DNMT1) and hepatitis B virus
(HBV)-related hepatocellular carcinoma (HCC) and its
biological significance in primary HCC.

METHODS: We carried out an immunohistochemical
examination of DNMT1 in both HCC and paired non-
neoplastic liver tissues from Chinese subjects. DNMT1
mRNA was further examined in HCC cell lines by
real-time PCR. We inhibited DNMT1 using siRNA and
detected the effect of depletion of DNMT1 on cell
proliferation ability and cell apoptosis in the HCC cell
line SMMC-7721.

RESULTS: DNMT1 protein expression was increased
in HCCs compared to histologically normal non-
neoplastic liver tissues and the incidence of DNMT1
immunoreactivity in HCCs correlated significantly with
poor tumor differentiation (P = 0.014). There were

more cases with DNMT1 overexpression in HCC with
HBV (42.85%) than in HCC without HBV (28.57%).
However, no significant difference in DNMT1 expression
was found in HBV-positive and HBV-negative cases
in the Chinese HCC group. There was a trend that
DNMT1 RNA expression increased more in HCC cell
lines than in pericarcinoma cell lines and normal liver
cell lines. In addition, we inhibited DNMT1 using siRNA
in the SMMC-7721 HCC cell line and found depletion
of DNMT1 suppressed cells growth independent of
expression of proliferating cell nuclear antigen (PCNA),
even in HCC cell lines where DNMT1 was stably
decreased.

CONCLUSION: The findings implied that DNMT1 plays
a key role in HBV-related hepatocellular tumorigenesis.
Depletion of DNMT1 mediates growth suppression in
SMMC-7721 cells.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

DNA methylation plays an important role in
transcriptional regulation, chromatin remodeling and
genomic stability!"l. Tt is catalyzed in mammalian cells
by a family of highly related DNA methyltransferases
(DNMTSs) that use S-adenosylmethionine as the methyl
donort. Alteration of DNA methylation is one of the
most consistent epigenetic changes in human cancers
and is involved even in the early and precancerous
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stages of human catrcinogenesis®. Ovetrexpression of
DNMT1 has been detected in several human cancers!"!
and showed a relatively significant correlation with
tumorigenesis, but not in hepatitis B virus (HBV)-related
hepatocellular carcinoma (HCC). HCC is a devastating
disease with a very poor prognosis, and is the fourth or
fifth largest cause of cancet-related death wotldwidel'>".
More than 85% of Chinese HCC patients have HBV
infection history. Data on hepatocarcinogenesis in other
countries showed that DNMT1 mRNA and protein
expression were significantly higher in HCCs!'*!l.
Therefore, DNMT1 may play an important role during
hepatocarcinogenesis. However, the relationship between
HBYV infection and DNMT1 in HCC has still to be
elucidated, especially in Chinese subjects. In the present
study, we examined the expression of DNMT1 both
in HBV-related HCC cases and cell lines from Chinese
subjects. DNMT1 expression was significantly increased
both in tumor tissues and HCC cell lines compared
with corresponding controls. To further investigate
and evaluate the possibility of DNMT1 knockdown
strategies for cancer therapy, we inhibited DNMT1
using siRNA and examined the cell growth and cell
proliferation ability in the HCC cell line SMMC-7721.

MATERIALS AND METHODS

Tissue specimens

We selected 42 cases of surgically resected livers from
the surgical pathology files of the Department of
Pathology at The Qidong County Hospital, China. The
patients’ clinicopathologic features are shown in Table 1.
All the HCC samples were diagnosed by a single
pathologist and appropriate consent was obtained. Paired
samples of primary HCC and matched non-cancerous
normal tissues were obtained from each patient. The
pathological classification of HCC tissues was carried
out and the stage of each HCC was determined
according to criteria. Histological examination of
noncancerous liver tissues from HCC patients revealed
no remarkable findings. Thirty-five cases were associated
with HBV infection, and 7 cases were negative for HBV.

Cell lines

Nine human cell lines were cultured for the study.
Human hepatocellular carcinoma cell lines (BEL-7402,
BEL-7404, BEL-7405, QGY-7703, QGY-7701,
SMMC-7721), an immortalized human hepatocellular
normal cell line (HL-7702) or a pericarcinoma
(QSG-7701) cell line were cultured in RPMI-1640 (Life
Technologies, Inc., Rockville, MD) containing 10% new
born bovine serum in 5% CQO, incubation at 37°C.

Preparing a vector-based siRNA construct for DMMT1

siRNAs targeting DNMT1 were designed and prepared
as described previously!'l. The siRNA sequences
against DNMT1 were designed as sense and antisense
oligonucleotides corresponding to nucleotide position
2620-2638 of human DNMT1 (GenBank accession
No. NM001379.1). The siRNA sequence and scrabble

2021

Patients and tissue specimens n
Sex

Male 36

Female 6
Viral status

HBs-Ag positive 35

HBs-Ag negative 7
Histology of noncancerous liver tissues

Histologically normal 18

Liver cirrhosis 24
Tumor differentiation

Well differentiated 0

Moderately differentiated 22

Poorly differentiated 20
Total 42

sequence were sub-cloned into the pPSUPER-EGFP
vector (gift from Dr. Dianqging Wu), which was identified
by Hindlll (TAKARA) and Bg/ll (TAKARA), to be the
DNMT1 siRNA construct named pMT1, with sMT1 as
a control.

Transfection of DNMT1 RNAI construct to hepatocellular
carcinoma cell line SMMC-7721

The human HCC cell line SMMC-7721 (No. TCHul3
Cell Bank Shanghai, China) was cultured in RPMI-1640
containing 10% new born bovine serum in 5% CO,
incubation at 37°C. Cells were transfected with 1.5 ug
of DNMT1 siRNA (pMT1) construct or sMT1 using
transfectamine™ 2000 reagent (Invitrogen), and selected
with 0.4 mg/mL genetincin (Life Technologies).
SMMC-7721 cells were transfected with pMT1 and
named 7721-MT1 cell lines or transfected with sMT1
and named 7721-sMT1 as a control.

Immunohistochemistry

Four micrometre thick sections of formalin-fixed,
paraffin embedded tissue specimens from all 42 patients
were deparaffinized and dehydrated. For antigen
retrieval, the sections were heated for 10 min at 120°C
in an autoclave, and nonspecific reactions were
blocked with 5% normal hotrse serum. All sections
were incubated with specific primary antibodies that
recognized DNMT1 (goat polyclonal antibody, dilution
1:500; Santa Cruz Biotechnology, Santa Cruz, CA).
We previously confirmed the specificity of the goat
anti-human DNMT1 polyclonal antibody by Western
blotting analysis: an immunoreactive band of 193.5 kDa,
corresponding to the molecular mass of DNMT1, was
detected in human cancer cells, but no nonspecific bands
were detected with this antibody"®. All primary antibody
incubations were conducted at 4°C overnight and were
followed by incubation with biotinylated secondary
antibodies (anti-goat IgG, anti-mouse IgG, dilution
1:200; QIAGEN Laboratories) at room temperature for
30 min. The sections were then treated with Vectastain
Elite ABC reagent (Vector Laboratories). All sections
were counterstained with hematoxylin. For negative

www.wjgnet.com



2022  ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

April 28, 2009  Volume 15  Number 16

control preparations, the primary antibody was omitted
from the reaction sequence.

Real time PCR to detect mRNAs of DNMT1

Total RNA was purified from a normal liver cell line, a cell
line established from pericarcinoma tissue and HCC cell
lines with TRIzol (Invitrogen). The first-strand cDNA
was synthesized from 2 pg total RNA using Oligo (dT)
18 primer and SuperScript II reverse transcription kit
(Life Technologies). A PCR reaction was performed
in a 50 pL volume with 5U polymerase (TAKARA)
and cDNA samples equivalent to 1 ng of RNA. SYBR
green with 20000 dilutions was included in each reaction
for relative quantification in the ABI 7300 sequence
detection system (Applied Biosystems). To normalize
the input load of cDNA among samples, B-actin was
quantified and used as an endogenous standard. The
relative level of expression of each DNMT7 among
different cell lines was then calculated accordingly (ABI
PRISM 7300 Sequence Detection System, USA). The
primers used for PCR were as follows: DNMTT: sense
primer, 5'-CCGAGTTGGTGATGGTGTGATC-3';
antisense primer, 5~ AGGTTGATGTCTGCGTGGTAG
C-3". B-actin: 5'-AAAGACCTGTACGCCAACAC-3';
antisense primer, 5'-GTCATACTCCTGCTTGCT
GAT-3". PDCD4: sense primet 5“TGGATGAAAGGG
CATTTGAGA-3"; antisense primer, 5-AGCCTTCCC
CTCCAATGCTA-3".

Western blotting analysis

Cells were grown and harvested at 80%-85% confluency,
and cellular proteins were extracted with lysis buffer
containing 0.5% NP-40, 150 mmol/L NaCl, and
1 mmol/L EDTA in 50 mmol/L Tris-HCI at pH 7.5,
supplemented with a protease inhibitor cocktail (Sigma
Chemical Co., St. Louis, MO). The protein concentration
of each extract was quantified by BCA assay (Pierce,
Rockford, IL). Two to forty microliter of total protein
was electrophoresed on 7%-15% SDS-polyacrylamide
gel and transferred to polyvinylidene fluoride
membranes (PVDE, Amershan) electrophoretically. After
blocking with 5% nonfat dry milk and 0.1% Tween
20 in Tris-buffered saline, membranes were incubated
with goat anti-DNMT1 (Santa Cruz Biotechnology),
proliferating cell nuclear antigen (PCNA) (mouse
monoclonal antibody, dilution 1:200, Lexington, KY)
or mouse monoclonal anti-actin (Sigma) antibodies.
The membranes were then developed with peroxidase-
labeled antibodies (Amersham Pharmacia, Piscataway,
NJ) by Super Signal chemiluminescence substrate
(Pierce, Rockford, IL). Actin protein levels were used as
a control for equal protein loading,

In vitro analysis of cell growth

Cell proliferation of transiently transfected SMMC-7721
cells was measured by trypan blue dye cell count assay.
Cells were cultured in triplicate in 12-well plates at
a concentration of 3 X 10* cells per well. Cells were
collected at 1, 3, 5 and 7 d and exposed to trypan blue
(Sigma), and nonviable cells took up the dye. Both viable

(unstained) and nonviable (stained) cells were counted,
and the relative survival rate (%) of each siRNA
treatment was then calculated.

Flow cytometric (FCM) analysis

Stably transfected SMMC 7721 cells were washed,
resuspended in staining buffer, and examined by
ApoAlert Annexin V Apoptosis kit (BD Biosciences)
and PI according to the manufacturer’s instructions.
Stained cells were analyzed by FACS (FACScalibur, BD

Biosciences).

RESULTS

Immunohistochemical analysis of DNMT1 in
pericancerous liver tissues and HCCs
Immunoreactivity for DNMT1 was detected in the
nuclei and cytoplasm, but not in the cell membranes,
of cancer cells (Figure 1). To discriminate definitely
positive cases from cases with a leaky background level
signal, if more than 30% of the cells in a tissue sample
exhibited nuclear and cytoplasm staining the sample
was considered to show positive immunoreactivity.
Nuclear and cytoplasmic DNMT1 immunoreactivity was
detected and overexpressed in 40.48% of patients. The
incidence of DNMT1 immunoreactivity in carcinoma
correlated significantly with poor tumor differentiation
(Table 2, P = 0.014, % test). The incidence of DNMT1
immunoreactivity was significantly higher in HCCs
than in pericancerous liver tissues. DNMT1 protein
overexpression was not significantly associated with
other parameters relating to cancer aggressiveness, such
as the depth of invasion, vascular involvement, or lymph
node metastasis. In HBV-related HCC cases, 70% had
different degrees of hepatocirrhosis. To investigate
whether there was an HBV-induced increase in DNMT1
expression in HCC, we evaluated the relationship
between HBYV infection and up-regulated DNMT1.
There was higher expression of DNMT1 in HCC with
HBYV than in HCC without HBV. However, there was
no significant correlation between the incidence of
DNMT1 immunoreactivity in HCCs and the patients’
viral status (HBs-Ag-positive, HBs-Ag-negative) by
statistical analysis.

Expression of DNMT1 in nine cell lines

In order to determine whether the expression of
DNMT1 was different between HCC cell lines and
normal hepatocellular cell lines which were cultured
under the same conditions, real-time RT-PCR was
carried out in ABI 7300. DNMT1 was increased
more in most HCC cell lines, especially in BEL-7405,
BEL-7402 and SMMC-7721, than in a normal cell line
and a pericarcinoma cell line. There were a trend that
DNMTT increased more in HCC cell lines than in a
normal liver cell line and a pericarcinoma cell line. In
contrast to the low expression level of DNMT1 in
the pericarcinoma cell line, the levels of DNMT1 in
most HCC cell lines were increased more than 2-fold
(Figure 2).
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Figure 1 DNMT1 expression was analyzed in pericancerous liver tissues
and HCCs by immunohistochemistry (x 100). A:The expression of DNMT1
was detected in cirrhotic noncancerous liver tissue obtained from HCC patients;
B: The expression of DNMT1 was detected in well differentiated HCC; C: The
expression of DNMT1 was detected in poorly differentiated HCC. The arrow is
to show DNMT1 antibody staining in cell nuclei.

Decrease in DNMT1 suppresses growth of human
hepatocellular carcinoma cells in vitro

We analyzed the proliferation ability of SMMC-7721
cells transfected with DNMT1 siRNA constructs and
its control by FCM and trypan blue assay. The resulting
RNA interference had a negative effect on SMMC-7721
growth (Figure 3). This growth suppression was
noticeable two days after transfection, and the effect
was more prominent in DNMT1 knockdown cells
than at seven days after transfection (Figure 3A). For
the determination of DNMT1 protein expression in
construct pMT1 transiently transfected SMMC 7721
cells, B-actin was employed for adjustment of DNMT1
expression data to protein content. PCNA, an established
cell proliferation marker and the DNA replication factor
to which DNMT1 binds, was employed to evaluate cell
proliferation. Comparison with PCNA expression levels

Figure 2 DNMT1 mRNA expression levels analysis in HCC cell lines by
quantitative real-time PCR. DNMT1 mRNA expression levels were normal-
ized according to the B-actin mRNA level of the same cell line. DNMT1 was
increased more in most hepatocellular carcinoma cell lines, especially in
BEL-7402, BBEL-7405 and SMMC-7721, than in the normal cell line HL-7702
and pericarcinoma cell line QSG-7701.
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Figure 3 Inhibition of DNMT1 affects cell growth in HCC cell lines. Expres-
sion of endogenous DNMT1 protein in 7721-MT1 cells transfected with DNMT1
RNAi construct were decreased more than 80%. A: The SMMC-7721 cells were
transfected transiently with DNMT1 siRNA and analyzed for their survival by try-
pan blue staining assay. The assays were performed in triplicates and the data
are the mean + SE; B: Western blotting analysis of DNMT1 expression in cells
transfected transiently with DNMT1 siRNA for 1, 3, 5, 7 d; C: The SMMC-7721
cells were transfected stably with DNMT1 siRNA for 2 mo and the inhibition of
DNMT1 and expression of PCNA were evaluated.

revealed that the changes in DNMT1 expression were
independent of the cell proliferation status (Figure 3B).
The data showed that DNMT1 levels started to decrease
on day 3 and was maintained until seven days after
transfection with cell growth inhibition. However, there
were no significant changes in PCNA expression, even
in a stably decreased DNMT1 HCC cell line (Figure 3C).

DNMT1 knockdown induced cell apoptosis in
SMMC-7721 cell line

Cell apoptosis detection was performed by flow
cytometric analysis as described above. The data from
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DNMT1 expression (P/OR: up-regulated/normal + down-regulated)

Subtotal Up-regulated Normal Down-regulated P OR (95% CI)
Total or subtotal 42 (100.00) 17 (40.48) 13 (30.95) 12 (28.57)
Age (yr) 054 1.9 (0.41-5.35)
>50 15(3571) 7 (46.67) 4(2667)  4(26.67)
<50 27 (64.29) 10 (37.04) 9(3333)  8(29.63)
Size of tumor (cm) 0.23 0.45 (0.12-1.67)
>5 17 (40.48)  5(29.41) 6(3529)  6(35.29)
<5 25(59.52) 12 (48.00) 7(28.00) 6 (24.00)
Histological differentiation 0.014 0.20 (0.05-0.75)
Moderate 22(5238)  5(22.72) 9(4091)  8(36.37)
Poor 20 (47.62) 12 (60.00) 4(2000) 4 (20.00)
HBsAg 0169 4.5 (0.829-24.4)
Positive 35 (83.33) 15 (42.86) 12(3428) 8 (22.86)
Negative 7(16.67)  2(2857) 1(1429)  4(57.14)
Hepatocirrhosis 0.083 3.57 (0.81-15.71)
With 24 (57.14) 10 (41.67) 10 (41.67) 4 (16.67)
Without 18 (42.86) 3 (16.67) 7(38.89) 8 (44.44)

A 16 - Ratio of apoptosis of dysplasia and early HCC in a background of
14 | chronic liver diseases, including chronic hepatitis
o and liver cirrhosis. Increased DNMT1 mRNA

o 10 | expression has been reported in a number of human
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Q I . . .

¢ during hepatocarcinogenesis even at the precancerous
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B Expression levels of PDCD4 in 7721-pMT1 during hepatocarcinogenesis in a Chinese population,
9 and control cell lines _ we used an immunohistochemical technique to directly
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Figure 4 Knock-down DNMT1 induces cell apoptosis in HCC cell lines.
A: The SMMC-7721 cells were transfected stably with DNMT1 siRNA for 2 mo
and apoptosis was detected by FACS; B: Knock-down DNMT1 induced apop-
tosis gene PDCD4 expression in 7721-MT1 cell line compared with control cell
line by quantitative real-time PCR. “Show the significant difference between
7721-pMT1 and control.

the present study indicated that DNMT1 knockdown
induced cell apoptosis. The apoptotic rate increased
from 8.78% £ 0.44% to 14.24% * 0.12%. These results
indicated that DNMT1 knockdown may induce HCC
cell apoptosis (Figure 4). The apoptosis gene PDCD4
was induced by DNMT1 siRNA in SMMC-7721.

DISCUSSION
HCC is well known to develop through the stages

considerable risk factor for HCC in studied cases. In the
present study, more than 80% of nonneoplastic liver
tissues with either chronic hepatitis or liver cirrhosis
showed variable nuclear and cytoplasm immunopositivity
for DNMT1. DNMT1 immunoreactivity was certainly
detected in HCCs, as it was in other cancers®?4,
DNMT1 overexpression was detected in 40.48% of the
patients and the incidence of DNMT1 immunoreactivity
was significantly higher in HCC than in pericancerous
liver tissues. Specifically, the incidence of DNMT1
immunoreactivity in HCCs correlated significantly
with poor tumor differentiation. The above evidence
indicates that increased DNMT1 protein expression
may play a role in the malignant progression of HCCs
in Chinese subjects. Alternatively, in virus-associated
cancers, viral proteins have been shown to disturb the
host DNA methylation system by up-regulating DNMT
activities, thereby increasing tumor susceptibility®.
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Park ¢/ a/*! showed that HBx promoted specific
regional hypermethylation of tumor suppressor genes
and genome-wide hypomethylation by transcriptional
regulation of DNMTs. HBx expression elevates overall
intracellular DNMT activity by inducing DNMT1 and
DNMT3A. HBx promotes epigenetic abnormalities
by modulating the expression of DNMTSs immediately
after HBV infection, thus epigenetically accelerating
hepatocarcinogenesis. In this study, we evaluated
DNMT1 expression in HBV-positive cases and HBV-
negative cases. No significant relationship was found
between HBV infection and DNMT1 up-regulation.
These data suggested there is a different mechanism of
HBV affected by DNMTs expression in diverse ethnic
populations although additional studies with larger
sample sizes are required to confirm our findings.

According to the results of both immuno-histo-
chemistry and real time RT-PCR, progressive increases
in DNMT1 expression may be accompanied by
hepatocarcinogenesis from the precancerous stage to the
malignant progression of HCC. Immunohistochemical
analysis of DNMT1 in biopsy specimens obtained for
diagnostic purposes and/or surgically resected materials
may show that DNMT1 is a biologic predictor of both
HCC recurrence and poor prognosis in HCC patients.
To address whether DNMT1 overexpression plays an
important role in hepatocellular carcinogenesis in Chinese
subjects and to evaluate DNMT1 knockdown strategies
for cancer therapy, it is necessary to deplete DNMT1 in
the HCC. To avoid the problem of DNMT1 siRNA not
being sufficient to inhibit cell growth due to the short-
term inhibition of DNMT1 expression, we employed
the RNAI technique to knockdown DNMT1 expression
in an HCC cell line and assessed tumor cell growth in
transiently transfected and stably expressed DNMT1
siRNA cell lines, respectively. Fortunately, we observed
that depletion of DNA methyltransferase 1 mediates
growth suppression in the HCC cell line SMMC-7721.
In order to explore whether this inhibition of DNA
replication reflects a distinct alteration in cell cycle kinetics,
similar to the DNA damage checkpoints that trigger arrest
at distinct phases of the cell cycle®, we detected PCNA
in the treated cells, and found there were no significant
changes in PCNA expression in treated cells and controls.
However, DNMT1 knockdown inhibited cell growth and
induced cell apoptosis in the SMMC-7721 cell line. With
a view to the results of cDNA microarray!'’, PDCD4,
an over-expression apoptosis gene, may contribute to the
apoptosis rate in SMMC-7721 cells treated by siRNA.
PDCD4 is a proapoptotic molecule involved in TGF-
betal-induced apoptosis in human HCC cells, and a
possible tumor suppressor in hepatocarcinogenesis?.
These results provide a rationale for the development of
a DNMT1-targeted strategy as an effective epigenetic
cancer therapy.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is the fourth or fifth largest cause of cancer-

related death worldwide. The aberration of DNA methylation (DNMT), which
is catalyzed by DNA methyltransferases, is common in HCC. DNMT1 is the
main and maintenance methyltransferase in mammals. DNMT1 may play an
important role during hepatocarcinogenesis. However, the relationship between
abnormal DNMT1 expression and hepatocellular carcinogenesis is still to be
elucidated, especially in a Chinese population.

Research frontiers

Overexpression of DNMTs is a common event in nearly all malignancies,
and DNMT1 may play an important role during hepatocarcinogenesis. In the
present study, the authors demonstrated that the overexpression of DNMT1
is correlated significantly with poor tumor differentiation in HCC. Inhibition of
DNMT1 through siRNA affected the proliferation ability of an HCC cell line.

Innovations and breakthroughs

Recently, most reports focus on the overexpression of DNMT1 and DNA
methylation in tumors. However, abnormal expression of DNMT1 may be
involved in tumorigenesis, especially in HBV-related HCC. RNA interference is
a direct and efficient way to suppress the target gene in a gene function study.
This is the first study to report that inhibition of DNMT1 via RNAi suppressed
cell proliferation and induced cell apoptosis in an HCC cell line.

Applications

This study implied that DNMT1 maybe considered as a target for HCC therapy.
The study also gives a general and better understanding of tumor cell biology
and the potential epigenetic mechanism of hepatocellular carcinogenesis.

Terminology

DNMTs are crucial components of DNA methylation. DNMT1 is the major
and best-known DNMT in somatic cells. DNMT1 overexpression correlated
significantly with poorer tumor differentiation, but not with the phenotype of the
cancer cells, in several tumors. DNMT1 protein might have a more direct and
immediate effect on the state of cellular growth and transformation.

Peer review

The manuscript by Hong et al shows an increased expression of DNMT1 in
hepatocellular carcinoma tissue samples and cell lines compared to controls.
The increase was correlated with the degree of differentiation. Knockdown
of DNMT1 expression in HCC cell lines decreased the number of cells at the
end of the experiment. This did not correlate with decreased proliferating cell
nuclear antigen (PCNA) expression but was associated with an increase in
apoptosis and the expression of apoptosis-related gene PDCD4. For the most
part the data is convincing and the experiments are well carried out.
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