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Abstract

Gene silencing due to aberrant DNA methylation plays an important role in carcinogenesis. Previous microarray analysis dem-
onstrated that 14 genes, including hepatocyte growth factor activator inhibitor 2/placental bikunin (HAI2/PB) gene, showed particu-
larly high inductions after 5-aza-2’deoxycytidine (5Aza-dC) treatment in multiple hepatoma cell lines. In the present study, we
studied all of these genes except for the HAI2/PB gene and examined DNA methylation status and levels of acetylated histones using
bisulphite genomic sequencing and the chromatin immunoprecipitation (ChIP) assay, respectively. Aberrant methylation in primary
hepatoma tissues was also examined using methylation-specific polymerase chain reaction (MSP). Genes for E-cadherin, collagen
type I alpha 2 (COLI1 A2), insulin-like growth factor binding protein 2 (IGFBP2), connective tissue growth factor (CTGF) and fibronec-
tin 1 exhibited aberrant methylation in several hepatoma cell lines. The ChIP assay showed that DNA methylation and deacetylation
of histones generally coexist except for fibronectin 1. In further studies of 24 primary hepatoma tissues, methylation signals for
COLI1A2, IGFBP2, CTGF and fibronectin 1 were detected in 13, 18, 4 and 10 patients, respectively. In conclusion, aberrant meth-
ylation of COL1A2, IGFBP2, CTGF and fibronectin 1 genes were detected in hepatoma cell lines. We also demonstrated that the
methylation of 5'CpG islands and histone deacetylation generally coexisted in the regulation of gene expression except for fibronec-
tin 1. The results of MSP in hepatoma tissues suggested that some of these genes might be involved in the development or progres-
sion of hepatoma.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Epigenetic modifications, such as DNA methylation
and histone acetylation, in promoter areas are estimated
to play a crucial role in the control of gene expression
and chromosome structure in mammalian cells [1,2].
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The cytosine methylation of CpG dinucleotide se-
quences is a common occurrence and roughly 70% of
all CpG dinucleotides in mammalian genomes seem to
be methylated. It is reported that 40-60% of human
genes possess CpG-rich sequences in 5’ regulatory re-
gions, so called ‘5’CpG islands’, and normally remain
unmethylated [3]. The methylation of CpG islands is
deeply associated with inactivation of the X-chromo-
some in females and genomic imprinting [4,5]. More-
over, transcriptional silencing of tumour suppressor
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and mismatch repair genes due to hypermethylation of
5’CpG islands is observed in a variety of malignancies
[6,7].

Hepatoma is one of the most common malignancies
worldwide and still has a poor prognosis. It is consid-
ered that genetic alterations, such as loss of heterozygos-
ity (LOH) and the mutation of tumour suppressor
genes, accumulate and play an important role in multi-
step hepatocarcinogenesis [8,9], however, this does not
completely explain the mechanisms underlying hepato-
carcinogenesis. Molecular approaches have recently
demonstrated interesting epigenetic alterations in vari-
ous malignancies. It is noted that microsatellite instabil-
ity and LOH following DNA methylation might
contribute to hepatocarcinogenesis [10,11]. Decreases
in the expression levels of pl5, pl6, E-cadherin and
14-3-3 sigma caused by aberrant DNA methylation have
already been reported in hepatoma [12-14], although
only a small number of genes silenced by hypermethyla-
tion have been identified.

Previously, we detailed the gene expression profile al-
tered after exposure to a DNA methyltransferase inhib-
itor, 5-aza-2’'deoxycytidine (5Aza-dC), in six hepatoma
cell lines using a cDNA microarray spotted with 557 dis-
tinct cDNA of cancer-related genes and reported high
frequency of hypermethylation of the hepatocyte growth
factor activator inhibitor 2lplacental bikunin (HAI2/PB)
gene in both hepatoma cell lines and primary hepatoma
tissues [15]. The expression of 14 genes, namely HAI2/
PB, E-cadherin, collagen type I alpha 2 (COL1A2), insu-
lin-like growth factor binding protein 2 (IGFBP2), con-
nective tissue growth factor (CTGF), fibronectin 1,
cyclin A2, integrin alpha V (ITGAYV), hyaluronan-medi-
ated motility receptor (RHAMM), chromosome segrega-
tion 1-like (CSEIL), lumican, Rho GDP dissociation
inhibitor beta (Rho-GDI p), collagen type III alpha 1
(COL3AI) and secreted protein, acidic, cysteine-rich
(SPARC) was increased (more than fivefold) in at least
two cell lines and these genes were considered candidates
for genes silenced by aberrant methylation in hepatoma
cells. Transcriptional start sites of these genes were
determined utilising the human genome database of
the National Center for Biotechnology Information
(www.ncbi.nlm.nih.gov/) and it was found that 10 genes,
those for HAI2/PB, E-cadherin, COLIA2, IGFBP2,
CTGF, fibronectin 1, cyclin A2, ITGAV, RHAMM and
CSEIL, possess 5'CpG islands according to the criteria
reported by Gardiner-Garden and colleagues [16].

In the present study, we examined the methylation
status of 5'CpG islands in all these genes except the
HAI2/PB gene for the further detection of novel genes
silenced by aberrant methylation in hepatoma cells.
We further estimated the association between aberrant
methylation and levels of acetylated histones in some
of these genes. The frequency of aberrant methylation
of several genes showing aberrant methylation of 5'CpG

islands in hepatoma cell lines was also examined in pri-
mary hepatoma tissues.

2. Materials and methods
2.1. Cell culture and treatment with 5Aza-dC

Human hepatoma cell lines HLE, HuH7, Hep3B,
HepG2, PLC/PRF/5 and HuH6 were cultured in Dul-
becco’s modified Eagle’s medium (DMEM) (Invitrogen
Life Technologies, Carlsbad, CA, United States of
America (USA)) supplemented with 10% foetal bovine
serum (FBS) and 1% penicillin/streptomycin (Invitro-
gen). The hepatoma cells were incubated at 37 °C in
an atmosphere containing 5% CO, and were treated
with 1 uM of 5Aza-dC (Invitrogen) for 96 h. The med-
ium including 5Aza-dC was replaced every 24 h.

2.2. Source of hepatoma tissue samples

Hepatoma tissues were obtained from 24 patients
who underwent hepatic resection or autopsy for primary
hepatoma. The specimens were immediately frozen and
stored at —70 °C for the subsequent isolation of DNA
and RNA. There were 22 men and 2 women with a mean
age of 651 8 (mean = SD) years (range 42-79 years).
Numbers of patients positive for hepatitis B surface
antigen (HBsAg), positive for hepatitis C antibody
(HCVAD) and negative for HBsAg and HCVAb were
8, 11 and 5, respectively. Pathological examination of
non-tumour tissues revealed that 11 patients had
chronic hepatitis and 13 patients had cirrhosis. Normal
liver tissues were also obtained from 2 patients with co-
lon cancer and a patient with bile duct cancer.

2.3. Quantitative real-time reverse transcriptase-
polymerase chain reaction

Total RNA was extracted from hepatoma cell lines and
primary hepatoma tissues using TRIzol reagent (Invitro-
gen) according to the manufacturer’s instructions. Re-
verse transcription (RT) was carried out using First
strand superscript (Invitrogen) after pre-treatment with
amplification grade DNase I (Invitrogen). Polymerase
chain reaction (PCR) was carried out by TagMan tech-
nology using ABI PRISM 7000 Sequence detection Sys-
tem (Applied Biosystems, Foster City, CA, USA).
Assays-on-Demand primer and probe mixes were used
for E-cadherin, COL1A2, IGFBP2, fibronectin 1, cyclin
A2, ITGAV, RHAMM, CSEIL and B-actin (assay IDs
Hs00170423_m1, Hs00164099_ml, Hs00167151_ml,
Hs00170014_m1, Hs00277509_m1, Hs00153138_ml,
Hs00233790_m1, Hs00234864_m1, Hs00169158_mland
Hs99999903_m1, respectively; Applied Biosystems). The
thermal cycling was performed using 40 cycles (hepatoma
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cell lines) or 45 cycles (hepatoma tissues) of 95 °C for 15 s
and 60 °C for 1 min with duplicates of interest. B-actin
was used for normalisation. Relative quantitation was
performed using the comparative cycle threshold (Cr)
method, as described by the manufacturer.

2.4. Sodium bisulphite genomic sequencing

The methylation status of 5'CpG islands of E-cad-
herin, COL1A2, IGFBP2, fibronectin 1, cyclin A2, IT-
GAV, RHAMM and CSEIL was examined using
sodium bisulphite genomic sequencing, because the
analysis of CTGF in 5CpG was demonstrated previ-
ously [18]. Bisulphite treatment was performed for
18 h at 50 °C on 1 pg of the genomic DNA extracted
from six hepatoma cell lines, according to the method
of Herman and colleagues [19]. Next, nested PCR was
carried out using specific primers to amplify the se-
quences of 5'CpG islands (Table 1). The number of cy-
cles was 35 for the first PCR and 40 for the second PCR.
The PCR products were subcloned into the TOPO TA
cloning vector (Invitrogen). Sequencing of 10 clones in
each cell was performed together using an ABI PRISM
Dye Deoxy Terminator Cycle sequencing Kit (Applied
Biosystems) and then the sequences were analysed with
an ABI 377 DNA Sequencer.

2.5. Chromatin immunoprecipitation assay

The chromatin immunoprecipitation (ChIP) assay
was performed as described previously [17]. The PCR
of immunoprecipitated DNA was performed using
primers for E-cadherin (5'-CAGGTCCCATAACC-
CACCTA-3" and 5-TCACAGGTGCTTTGCAGTTC-
3") and fibronectin 1 (5-AGGCATTAGAAGGGATT-
TTTCC-3' and 5-GTACTCACGCTTGCTTTGACT-
G-3’). PCR conditions were 95 °C for 2 min followed
by 35 cycles of 94 °C for 30s, 58 °C (E-cadherin) or
50 °C (fibronectin 1) for 30s, and 72 °C for 1 min, and
then a final extension at 72 °C for 5 min. The primer se-
quences and PCR conditions for COLIA2, IGFBP2,
CTGF and B-actin were the same as those described
previously [17,18]. The PCR bands were normalised by
the B-actin expression and quantified using NIH Image
1.62.

2.6. Methylation-specific PCR

Genomic DNA was isolated from human hepatoma
specimens using a QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany) according to the instructions pro-
vided by the manufacturer. The DNA was modified with
sodium bisulphite, as described above, and was ampli-
fied with a set of primers for the methylated reaction
and another set of primers for the unmethylated reac-
tion (Table 2), as described previously [15].

3. Results

3.1. Expression levels of mRNA based on quantitative
real-time RT-PCR

We analysed changes in the mRNA expression of
nine genes, including E-cadherin, COLIA2, IGFBP2,
CTGF, fibronectin 1, cyclin A2, ITGAV, RHAMM and
CSEIL by quantitative real-time RT-PCR (Table 3).
These genes showed an up-regulated expression in multi-
ple cell lines, as detected in the cDNA microarray anal-
ysis, although a difference in the detection sensitivity
might exist between the ¢cDNA microarray and RT-
PCR. IGFBP2 in Huh6 cells exceptionally exhibited an
inconsistent result between microarray and quantitative
real-time RT-PCR.

3.2. Methylation status of 5'CpG islands

To examine the methylation status of 5'CpG islands
in the eight genes, namely E-cadherin, COLIA2,
IGFBP2, fibronectin 1, cyclin A2, ITGAV, RHAMM
and CSEIL, we performed bisulphite genomic sequenc-
ing (Fig. 1). The number of CpG dinucleotides was 29,
23, 65, 24, 38, 25, 15 and 30, respectively. The methyla-
tion status was classified as ‘methylated’ or ‘demethy-
lated’. 5'CpG islands of fibronectin I in six cell lines
studied were heavily methylated, although those of cy-
clin A2, ITGAV, RHAMM and CSEIL were fully deme-
thylated. Those of E-cadherin, COLIA2, IGFBP2 and
CTGF showed various methylation patterns in each hep-
atoma cell line. CTGF in 5'CpG islands showed a com-
paratively heavy methylation in HepG2 and HuH®6 cells
as reported previously [18]. The levels of aberrant meth-
ylation did not necessarily correlate with the fold induc-
tion after 5Aza-dC treatment.

3.3. Levels of acetylated histones H3 and H4

The ChIP assay using anti-acetylated histone H3 or
H4 antibody revealed alterations in the level of acety-
lated histones H3 or H4 in the promoter region in E-cad-
herin, COL1A2, IGFBP2, CTGF and fibronectin 1 (Fig.
2). E-cadherin in HLE and HepG?2 cells demonstrated
no PCR bands. Levels of acetylated histones H4 in these
genes were similar to those of acetylated histones H3,
but no bands of /GFBP2 in HLE and HepG?2 cells were
detected concerning acetylated histones H4.

3.4. Association between DNA methylation and histone
acetylation in gene expression

The status of DNA methylation and histone acetyla-
tion was shown in association with the mRNA expres-
sion of each gene in six hepatoma cell lines (Fig. 3).
mRNA expression appeared to be correlated with levels
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Primers used for sodium bisulphite genomic sequencing

Gene name Primer Base pairs Temperature (°C)
E-cadherin 1st PCR Fw 5-GTATTTTAGTTTGGGTGAAAGAGTGAGA-3’ 739 60
Rv 5-TCACCACCCACCCCCCACTCCCATCACT-3'
2nd PCR Fw 5-AGTAATTTTAGGTTAGAGGG-3' 321 45
Rv 5"TCCAAAAACCCATAACTAAC-3’
COLI1A2 Ist PCR Fw 5-TAAAGTTAGAGAAAAGTTGGAAGGGGTTGG-3' 779 50
Rv 5-ACTAAACATAAAATTACTACAAACAACAAC-3’
2nd PCR Fw 5-ATAGTGTTTTTAAATTTGGAAAGGG-3’ 460 45
Rv 5-AACACTTAAACATACAAACTCCTTA-3'
IGFBP2 1st PCR Fw 5-TATTTTAGGATGGAAGGAGTTGGTATGAGT-3’ 990 55
Rv 5-CCAAATTTCTCCCAACTACTTATTCCAAAC-3’
2nd PCR Fw 5-ATTGAAATTTATTTGAAGGT-3’ 604 48
Rv 5-CCCAATAACAACAACAACAA-3’
Fibronectin 1 1st PCR Fw 5-GGGAAAGGTAGTTTTGTTTTGGGATTGAAA-3’ 1170 58
Rv 5-ATCTTATCATCCCAAACCCTCAAAACCAAC-3'
2nd PCR Fw 5-GAAGGGAAGTAAATTTGGTG-3’ 403 50
Rv 5-TCTTATCATCCCAAACCCTC-3’
Cyclin A2 1st PCR Fw 5-GGGATATTTGAATTGTAAGAATAGT-3’ 391 48
Rv 5-AATATTCTCCTAATCCTCTTAAAAC-3’
2nd PCR Fw 5-TTGGGTAGTGTTTGTTTG-3' 281 48
Rv 5-CTACTACAATACTAACAAC-3’
ITGAV Ist PCR Fw 5-GTTGATTTAGGTTTAGGAGTTGGGGG-3’ 872 58
Rv 5-ATTCATTTCCCCAAATATTTCCTCCACCCA-3'
2nd PCR Fw 5-GGTAGTTTTTAGTTTTAGA-3’ 369 48
Rv 5-CACAAAAATAACAAAAATCC-3’
RHAMM 1st PCR Fw 5-GTTTGGGAAGAGGAAATTGAATATAAGTTT-3’ 1109 44
Rv 5-TCCTTAACATCCTAATTAATACTTA-3’
2nd PCR Fw 5-GGGAATGATTGGGTGGGTGG-3' 333 62
Rv 5’-CCCAACTCTTTCCCCCTTAC-3’
CSEIL Ist PCR Fw 5-TAAAATAGAAGTTTTAAGAGGGGTAGGAAG-3’ 720 55
Rv 5-CTCAATTACCCTCAACCCTCACAAACCCTA-3'
2nd PCR Fw 5-AATGGGTTAGAAGTTAGTAG-3' 409 50

Rv 5-CCTCATCCCTTCCTCAACTA-3'

PCR, polymerase chain reaction; Fw, forward; Rv, reverse; COL1A2, collagen type I alpha 2; IGFBP2, insulin-like growth factor binding protein 2;

ITGAYV, integrin alpha V; RHAMM, hyaluronan-mediated motility receptor; CSE1L, chromosome segregation 1-like.

of acetylated histones H3 and H4, and inversely with
DNA methylation in the promoter region in E-cadherin,
COLI1A2, IGFBP2 and CTGF, however E-cadherin in
HLE cells exceptionally showed DNA demethylation
with deacetylated histones, which resulted in no mRNA
expression. These results also indicated that aberrant
methylation and histone deacetylation are closely associ-
ated with the silencing of these genes. Although 5'CpG
islands of fibronectin 1 showed heavy methylation in all

six cell lines, comparatively high levels of mRINA expres-
sion accompanied by acetylated histones were observed
in HuH7 and Hep3B cells compared with other cell lines.

3.5. Frequency of aberrant methylation and suppressed
gene expression in primary hepatoma tissues

We analysed the methylation status of COLIA2,
IGFBP2, CTGF and fibronectin 1 in normal liver tissues



T. Chiba et al. | European Journal of Cancer 41 (2005) 1185-1194 1189

Table 2

Primers used for methylation-specific PCR (MSP)

Gene name Primer Base pairs Temperature (°C) Cycles

COL1A2 M Fw 5-CGTATAAATAGGGTAGATTC-3' 95 50 45
Rv 5-AAATATCACCTAACGAACGC-3’

U Fw 5-TGTATAAATAGGGTAGATTT-3’ 47 45
Rv 5-AAATATCACCTAACAAACAC-3'

IGFBP2 M Fw 5-GTCGGTTATAGGGGAAGCGC-3 104 53 40
Rv 5-GAATTTAAATAAAACCGACGTAACG-3’

U Fw 5-GTTGGTTATAGGGGAAGTGT-3' 47 35
Rv 5'-AAATTTAAATAAAACCGACATAACA-3'

CTGF M Fw 5-TCGTTTCGGTCGATAGTTTC-3' 159 55 40
Rv 5-CGAAACCCATACTAACGACG-3’

U Fw 5-TTGTTTTGGTTGATAGTTTT-3’ 50 40
Rv 5-CAAAACCCATACTAACAACA-3’

Fibronectin 1 M Fw 5-CGGTGTTTTTTACGGGAGTTTC-3’ 209 55 40
Rv 5-GCGCACACACTCGCACACACG-3’

U Fw 5-TGGTGTTTTTTATGGGAGTTTT-3' 50 40

Rv 5'-ACACACACACTCACACACACA-3’

M, methylated; U, unmethylated; Fw, forward; Rv, reverse.

Table 3

Fold induction of the 9 genes after 5Aza-dC treatment based on quantitative real-time reverse transcriptase-polymerase chain reaction (RT-PCR)
Gene name Acc. no HLE HuH7 Hep3B HepG2 PLC/PRF/S HuH6
E-cadherin 713009 10.25 9.92 1.24 12.22 2.28 0.90
COL1A2 J03464 5.62 7.21 10.34 4.11 0.05 0.28
IGFBP2 X16302 10.32 2.06 4.14 11.63 0.17 0.28
CTGF X78947 5.29 1.52 1.21 3.89 3.46 4.72
Fibronectin 1 X02761 6.41 4.11 0.77 5.78 1.99 1.43
Cyclin A2 X51688 1.58 5.35 1.56 3.76 5.39 1.25
ITGAV M14648 6.70 10.13 3.13 1.56 1.69 0.91
RHAMM AF032862 0.88 3.62 1.19 4.93 4.51 1.20
CSEIL AF053641 5.06 4.41 0.70 9.09 3.01 0.88

Acc. no., GenBank accession number; COL1A2, collagen type I alpha 2; IGFBP2, insulin-like growth factor binding protein 2; CTGF, connective
tissue growth factor; ITGAYV, integrin alpha V; RHAMM, hyaluronan-mediated motility receptor; CSEIL, chromosome segregation 1-like.

(n=3) and primary hepatoma tissues (n = 24) by MSP
analysis (Table 4, Fig. 4). No significant association be-
tween aberrant methylation and serological or patholog-
ical background of the patients was found. No
methylation signals were observed in three normal liver
tissue samples in these four genes, but aberrant methyl-
ation was detected in 13, 18, 4 and 10 hepatoma sam-
ples, respectively, and that in non-tumour tissue,
showing pathological findings of chronic hepatitis or cir-
rhosis, were also found in 6, 11, 4 and 8 samples, respec-
tively (Table 5). Methylation in non-tumour tissue
samples from the same individuals with hepatoma tis-
sues showing methylation in COLIA2, IGFBP2, CTGF
and fibronectin 1 was detected in 5/13, 8/18, 2/4 and 7/
10 samples, respectively. However, the signals for
COLI1A2, IGFBP2, CTGF and fibronectin 1 were stron-
ger in hepatoma tissues than non-tumour tissues in 5, 7,
1 and 5 samples, respectively.

Moreover, quantitative real-time RT-PCR revealed
that decreased mRNA expression of COLIA2, IGFBP2,
CTGF and fibronectin 1 in hepatoma tissue compared
with corresponding non-tumour tissue was observed in
10/13, 13/18, 2/4 and 6/10 samples, respectively (Fig. 4).

4. Discussion

The aberrant methylation of 5'CpG islands is a cru-
cial epigenetic alteration in cancers and associated with
gene silencing in specific tumours. The suppression of
gene activity is in part mediated by a reduction in the
binding affinity of methylation-sensitive transcription
factors [20,21]. A link between DNA methylation and
histone deacetylation through the family of methyl-
CpG binding proteins such as methyl-CpG binding pro-
tein 2 (MeCP2), methylated-DNA binding domain
(MBD) 2 and MBD3 to recruit HDACs was also re-
ported [22,23].

5Aza-dC, a DNA methyltransferase inhibitor, regu-
lates gene expression and cell differentiation. The agent
is also a potent anti-tumour agent and has already been
used clinically to treat several malignancies [24]. SAza-
dC exhibits anti-proliferative effects by reactivating tu-
mour suppressor or mismatch repair genes. It is also
suggested that the cytotoxic effect of 5Aza-dC is medi-
ated directly by the covalent binding of DNA methyl-
transferase 1 (DNMTI1) to 5Aza-dC-substituted DNA
[25].
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Fig. 1. Methylation analysis of the genes for (a) E-cadherin, (b) COL1A2, (c) IGFBP2, (d) fibronectin 1, () cyclin A2, (f) ITGAV, (g) RHAMM and
(h) CSEIL using bisulphite genomic sequencing. Each circle shows a CpG site in the primary DNA sequence (circle, non-methylated; filled circle,
methylated; half-filled circle, methylated in 50% of clones). Arrows indicate transcription start site.
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Fig. 2. Levels of acetylated histones based on the chromatin immunoprecipitation (ChIP) assay using (a) anti-acetylated histone H3 antibody and
(b) anti-acetylated histone H4 antibody in the genes for E-cadherin, COL1A2, IGFBP2, CTGF and fibronectin 1. Levels of acetylated histones H4 in
these genes were generally similar to those of acetylated histones H3.
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Fig. 3. Association between aberrant DNA methylation and histone acetylation in the expression of (a) E-cadherin, (b) COL1A2, (c) IGFBP2, (d)
CTGF and (e) fibronectin 1 in hepatoma cell lines. The intensity of the bands in the chromatin immunoprecipitation (ChIP) assay was quantified with
normalisation by that of f—actin. mRNA level of the four genes was also quantified by quantitative real-time reverse transcriptase-polymerase chain
reaction (RT-PCR). DNA methylation and low levels of acetylated histones H3 and H4 were, in general, observed in silenced genes except the
fibronectin 1 gene.

Recently, a genomic screen for genes up-regulated by array was reported [15,26]. Our previous microarray-
DNA methyltransferase inhibition and/or histone deace- based profiling led to the identification of 14 candidate
tylase inhibition in several cancers using cDNA micro- genes of which expression was silenced by aberrant
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Table 4
Detection of DNA methylation in 24 primary hepatoma tissues
Case Age Sex HBsAg HCVAb LC Differentiation Aberrant methylation detected
COLI1A2 IGFBP2 CTGF Fibronectin 1
1 60 M + — - Moderate - - + -
2 70 M + - - Moderate — + — +
3 55 M + — + Well — + + —
4 42 M + — + Moderate + + — +
5 50 M + - + Moderate — + — -
6 59 M + — + Moderate + + - +
7 74 M + - + Moderate — + - +
8 69 M + — + Poor + — + —
9 62 M — + - Well - + — —
10 67 M — + - Well + + — +
11 55 M — + - Moderate + + — -
12 73 M — + — Moderate + + — +
13 63 M — + — Poor - + — +
14 72 M - + — Poor + + - —
15 64 M - + + Well - + + —
16 62 M — + + Moderate — + — —
17 69 M — + + Moderate — — — -
18 73 M — + + Moderate + — — +
19 65 F - + + Poor + - — —
20 71 F — — — Well + + — +
21 65 M — - - Moderate + + — -
22 68 M — — — Moderate — — —
23 79 M — — - Moderate + + — —
24 71 M — — + Moderate + + — +

HBsAg, hepatitis B surface antigen; HCVAD, hepatitis C antibody; LC, liver cirrhosis; M, male; F, female; COL1A2, Collagen type I alpha 2;
IGFBP2, insulin-like growth factor binding protein 2; CTGF, connective tissue growth factor.
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UM UM U M UM UM UM UM

R — = e =
Fibronectin 1

(b) COL1A2 (c) IGFBP2 (d) CTGF (e) Fibronectin 1
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Fig. 4. (a) Representative methylation-specific PCR (MSP) of COL1 A2, IGFBP2, CTGF and fibronectin I in liver metastasis of colon cancer (C) and
hepatoma tissues (H). Numbers of hepatoma samples correspond to those in Table 4. T, tumour tissues; NT, non-tumour tissues; M, methylated; U,
unmethylated. (b)—(e) Representative quantitative real-time reverse transcriptase-polymerase chain reaction (RT-PCR) of COL1A42, IGFBP2, CTGF
and fibronectin 1.

methylation of 5'CpG islands. Because we have already of 13 genes in this study. Lumican, Rho-GDI B, COL3 A1
reported aberrant methylation of the HAI2/PB gene in and SPARC, do not possess 5'CpG islands according to
hepatoma, we sought to examine the methylation status the available human genome database. Bisulphite
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Table 5
Frequency of aberrant methylation in chronic liver disease and hepatoma

DNA methylation detected (%)

Gene name NL (n=13) CH (n=11) LC (n=13) Hepatoma (n = 24)
COL1A2 0 2 (18.2) 4 (30.8) 13 (54.2)

IGFBP2 0 5 (45.5) 6 (46.2) 18 (75.0)

CTGF 0 2 (18.2) 2(15.4) 4 (16.7)
Fibronectin 1 0 3(27.3) 5(38.5) 10 (41.7)

NL, normal liver; CH, chronic hepatitis; LC, liver cirrhosis; CTGF, connective tissue growth factor; IGFBP2, insulin-like growth factor binding

protein 2; COL1A2, collagen type I alpha 2.

genomic sequencing revealed the 5'CpG islands of E-
cadherin, COLI1A2, IGFBP2 and CTGF to have aber-
rant methylation in several cell lines. Fibronectin 1
showed heavy methylation in all cell lines examined,
although cyclin A2, ITGAV, RHAMM and CSEIL were
fully demethylated. This might be due to sequential acti-
vation by the up-regulation of upstream genes after
5Aza-dC treatment.

The aberrant DNA methylation of HA12/PB and E-
cadherin had already been reported in hepatoma
[13,15], but the relationship between other genes and
the development or progression of hepatoma had not
been well argued. COL1A2 is synthesised in hepatic stel-
late cells and is a component of the extracellular matrix
[27]. Sengupta et al. [28] reported the methylation of
COL1A2 in both a variety of cancer cell lines and pri-
mary colorectal cancer tissues. IGFBP2, which is a
member of the IGFBPs, regulates IGF associated with
growth control and carcinogenesis [29]. It was reported
that CTGF might play an important role in hepatocar-
cinogenesis and correlated with recurrence and metasta-
sis of hepatoma [30]. Fibronectin 1 is an important
adhesive glycoprotein in connective tissue and is re-
ported to be associated with the metastasis of melanoma
cells [31]. The present study showed that methylation of
COLI1A2, IGFBP2, CTGF and fibronectin 1 was detected
in 13, 18, 4 and 10 out of 24 hepatoma tissues, respec-
tively. Because decreased mRNA expression of
COL1A42, IGFBP2, CTGF and fibronectin 1 was ob-
served in 10/13, 13/18, 2/4 and 6/10 hepatoma samples,
respectively, it appears that aberrant DNA methylation
plays a crucial role in gene expression. Moreover, MSP
bands in non-tumour tissues from the same individuals
with hepatoma showed weaker signals in more than half
of these cases. Aberrant methylation in these genes ap-
peared to be observed frequently with the progression
of chronic liver damage. Taking into consideration that
no methylation was detected in 3 samples of normal li-
ver tissue, hypermethylation of 5'CpG islands in some
genes might be an early event in hepatocarcinogenesis.

It was reported that aberrant methylation and his-
tone deacetylation are closely associated with gene
silencing, although heavy methylation of 5'CpG islands
is dominant for maintaining stability [32,33]. The cur-
rent PCR analysis of ChIP assay revealed that the genes

with heavy methylation of 5'CpG islands generally dis-
played low levels of acetylated histones and weak
mRNA expression with few exceptions. The role of epi-
genetic modification in the expression of fibronectin 1
should be further examined. Although mRNA expres-
sion of E-cadherin in HLE cells was suppressed in spite
of DNA demethylation, it might be due to activation of
Snail and SIP1 (Smad interacting protein 1), which
works as crucial transcription factors in epithelial-mes-
enchymal transition (EMT) [34].

In conclusion, we showed four genes including
COLI1A2, IGFBP2, CTGF and fibronectin 1 as methyl-
ated genes in both hepatoma cell lines and primary hep-
atoma tissues. These genes might be involved in
hepatocarcinogenesis or the development of hepatoma.
It is also presumed that epigenetic alterations, including
DNA methylation and histone deacetylation, are closely
associated with the altered gene expression in hepatoma.
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