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Aberrant DNA Methylation on Chromosome 16 Is an Early Event in

Hepatocarcinogenesis
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In order to clarify the significance of DNA methylation in both earlier and later stages of hepatocar-
cinogenesis, the DNA methylation state on chromosome 16, on which loss of heterozygosity (LOH)
has frequently been defected in human hepatocellular carcinomas (HCCs), was examined. DNA from
primary HCCs and tissues showing chronic hepatitis and liver cirrhosis, which are considered to be
precancerous conditions, was analyzed by digestion with methylation-sensitive and non-sensitive
resiriction enzymes, DNA hypermethylation at the D16532, tyrosine aminotransferase (TAT) and
D16S7 loci and hypomethylation at the D1654 locus were detected in 189, 58%, 20% and 48% of
examined HCCs, respectively. Aberrant DNA methylation occurred more frequently in advanced
HCCs than in early HCCs. Moreover, DNA hypermethylation at the D16532, TAT and D16S7 loci
was frequently observed in chronic hepatitis and liver cirrhosis. The incidence of DNA hypermethyl-
ation was higher than that of LOH (429 at the TAT locus). These data suggest that DNA
hypermethylation might predispose the locus to allelic loss. Aberrant DNA methylation is a significant

change which may participate in the early developmental stages of HCCs,
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The majority of hepatocellular carcinomas (HCCs)
are associated with infection by hepatitis B virus (HBV)
or hepatitis C virus (HCV), and clonal expansion of
hepatocytes is initiated during the regeneration process
after damage by hepatitis viruses or other carcinogenic
factors."® Chronic hepatitis and subsequent liver cirrho-
sis are widely considered to be precancerous conditions,
which correspond to an early stage of hepatocarcinogen-
esis. Small nodular lesions with structural abnormalities
develop in these precancerous conditions and are consid-
ered to be early HCCs.>¥ Within these nodules, ad-
vanced HCCs often emerge as nodule-in-nodule lesions.”

Corresponding to the stages of malignant progression,
frequent allelic losses on specific chromosomes, including
1, 4q, 5q, 8p, 11p, 13q, 16p, 16q and 17p, are observed,
indicating that dysfunctions of diverse tumor suppressor
genes located on these chromosomes are involved in the
development of HCCs.”'® Indeed, mutations of the p33
and RB tumor suppressor genes have been noted during
the progression of HCCs."'® Loss of heterozygosity
{LOH) on chromosome 16 correlates with clinicopatho-
logical parameters, that is, it is frequently detected in
HCCs which are poorly differentiated, larger in size, and
with metastasis, whereas it is not detected in HCCs at
earlier stages, indicating that LOH on chromosome 16
may be involved in the progression of HCCs.” Previously
reported genetic alterations other than LOH on chromo-
some 16 also occur in the later stages of HCCs and few
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events responsible for the earlier processes of hepatocar-
cinogenesis have been identified to date.

Alteration in DNA cytosine methylation is one of the
most consistent molecular changes in human can-
cers.'™ '™ The total level of DNA methylation is generally
lower in cancer cells than in normal cells.”?® However,
a normal to high level of DNA methyltransferase expres-
sion is usually seen in cancer cells.”*® Hypermethylation
on 11p in lung cancer and lymphocytic leukemia,® on
17p in colon,” renal® and ovarian®® cancers and neural
tumors™ and on 3p in lung® and breast® cancers has
been reported, whereas 11pl5 is hypomethylated in lung
cancer.” DNA methylation may play roles in carcino-
genesis in three ways: (a) DNA cytosine methylation
facilitates gene mutation via a unique mechanism, i.e., 5-
methylcytosine is deaminated to thymine;**" (b) DNA
methylation occurs frequently in clusters of CpG dinu-
cleotides near regulatory region of genes™*? and affects
the transeription of specific genes;**" (¢) aberrant DNA
methylation may be associated with allelic loss, as re-
ported on 17p.* 2"

In order to clarify the significance of aberrant DNA
methylation in hepatocarcinogenesis, we assessed aber-
rant CpG methylation on chromosome 16 in both pri-
mary HCCs and precancerous conditions.

MATERIALS AND METHODS

Tissue samples and DNA preparation Fifty-two HCCs,
including multicentric HCCs, and corresponding non-



cancerous tissues were obtained from surgically resected
materials of 44 patients (H1 to H44), who underwent
partial hepatectomy at the National Cancer Center Hos-
pital, Tokyo, Japan. Ten lesions were pathologically clas-
sified as early HCCs, which are composed of well
differentiated cancer cells and retain underlying liver
structure.>® The other 42 lesions were classified as ad-
vanced HCCs.**® The lesions were graded from I to III,
according to Edmondson’s criteria for histological grad-
ing.> Data were also available regarding the presence or
absence of involvement of portal vein and intrahepatic
metastasis at the time of surgery. Histological findings
compatible with chronic hepatitis and liver cirrhosis were
observed in non-cancerous liver tissues of all 44 HCC
cases. Additionally, liver tissues with no remarkable his-
tological findings were obtained from surgically resected
materials of four patients with liver metastatic lesions of
primary colonic cancer (C1 to C4) and were subjected to
the same analyses for comparison. High-molecular-
weight DNA was isolated from fresh tissue samples by
phenol-chloroform extraction and dialysis.’®

CpG methylation on chromosome 16 DNA. probes for
chromosome 16, D16S32 (16 pter to pl3),*” D1684
(16¢22.1),® TAT  (tyrosine aminotransferase,
16922.2)*" and D1657 (16q24.3),*” were used.*” The
methylation state was assessed by digesting DNA with
Msp I and Hpa 11, which cut at the sequence CCGG. Hpa
IT does not cut when the internal cytosine is methyl-
ated.*”) High-molecular-weight DNA (5 1tg) was digested
for 24 h with 10 units of either Msp 1 or Hpa 11 per
microgram of DNA. The DNA fragments were sepa-
rated by electrophoresis, transferred to nitrocellulose
membranes, and hybridized with **P-labeled DNA probes.
LOH on chromosome 16 A polymorphic marker on
chromosome 16, HP 0.4, which is a 400-bp subclone
obtained by Hind III-Pst I digestion of the TAT gene and
which reveals a two allele restriction fragment length
polymorphism in DNA cut with Msp 1** was used.
High-molecular-weight DNA (5 ug) was digested for 24
h with 10 units of Msp I per microgram of DNA. The
DNA fragments were scparated by electrophoresis,
transferred to nitrocellulose membranes, and hybridized
with a ¥*P-labeled DNA probe.

Statistics The relationship between the incidence of
aberrant methylation on chromosome 16 and clinico-
pathological parameters was analyzed by using the y*
test.

RESULTS

CpG methylation on chromosome 16 in HCCs Hybrid-
ization patterns of DNA digests from normal liver tissue
samples (Cl to C4) without chronic hepatitis or liver
cirrhosis, which were obtained from patients with liver
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metastatic lesions of primary colonic cancer, were almost
identical to each other. Although faint bands with larger
size appeared in Hpa II digests, Hpa II patterns were
similar to Msp I patterns at the D16S32, TAT and D16S7
loci in the normal liver tissue samples, indicating that
genomic DNA is normally unmethylated or only slightly
methylated in these regions (Figs. 1A, C and D; lanes C1
and C2). Multiple bands with larger size were detected in
Hpa 11 digests compared to Msp I digests at the D16S4
locus in the normal liver tissues, indicating that this re-
gion is normally methylated (Fig. 1B; lanes C1 and C2).

Hybridization patterns could be clearly identified at
the D16832, D168S4, TAT and DI1687 loci in 50, 44, 50
and 45 HCCs, respectively. In accordance with previ-
ously described criteria,® the methylation state of each
locus examined was judged from the Hpa 1I digestion
pattern of the HCC samples compared with the Msp 1
digestion pattern of the same HCCs, and both the Hpa 1I
and Msp I digestion patterns of the normal liver tissue
samples C1 to C4 (Fig. 1).

Aberrant CpG methylation was observed in 32 out of
52 HCCs. Chromosomal loci involved in aberrant CpG
methylation in the 32 HCCs are illustrated in Fig. 2,
Hypermethylation at the D16832, TAT and D16S7 loci,
at which DNA from normal liver tissues was unmethyl-
ated or only slightly methylated, was detected in 189,
58% and 20% of analyzed HCCs, respectively (Table I).
Hypomethylation at the DD1654 locus, at which DNA
from normal liver tissues was methylated, was detected in
48% of analyzed HCCs (Table I), Correlations between
clinicopathological parameters and aberrant DNA meth-
ylation are summarized in Table II. The incidence of
hypermethylation at any of the ID16832, TAT or D1687
loci in advanced HCCs was significantly higher than that
in early HCCs (P<<0.01) and correlated significantly
with the histological grade (P<0.05). Hypermethylation
was detected more frequently in HCCs that were associ-
ated with portal vein involvement and intrahepatic me-
tastasis than in HCCs without them (Table IT). The
incidence of hypomethylation at the D16S4 locus in
advanced HCCs was significantly higher than that in
early HCCs (P<0.05). Hypomethylation was detected
more frequently in HCCs with malignant histological
grades or with portal vein involvement and intrahepatic
metastasis than in HCCs without them (Table IT). There
was no significant difference in the incidence of aberrant
DNA methylation between cases with HBV or HCV
infection and cases without it (Table IT).

CpG methylation on chromosome 16 in chronic hepatitis
and liver cirrhosis As in HCC samples, the methylation
state in chronic hepatitis and liver cirrhosis was judged in
comparison with that of the normatl liver tissues C1 to C4
(Fig. 1). CpG hypermethylation was detected even in
chronic hepatitis and liver cirrhosis at 36 (shown by
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Fig. 1. CpG methylation on chromosome 16 in primary HCCs and in chronic hepatitis and liver cirrhosis. Normal liver tissues
without chronic hepatitis or liver cirrhosis (C1 and C2), as well as cancerous tissues (T) and corresponding tissues showing
chronic hepatitis and liver cirthosis (N) of primary HCC cases (H20, H23, 136, H38 and H41) were examined. High-molecular-
weight DNA was digested with either Msp I (M) or Hpa II (H), subjected to electrophoresis, transferred to nitrocellulose
membranes, and hybridized with DNA probes for the D16832 (A), D16S4 (B), TAT (C) and D16S7 (D) loci. A, Multiple
bands with larger size, which were not obvious in the C1 and C2 digests, appeared in the Hpa IT digest of H23N. In the Hpa 11
digest of H23T, the intensity of the 1.8 kb band, which was a major band in the C1 and C2 digests, was decreased and that of a
band with larger size was increased. Although the Hpa II pattern of H41N seemed to be the same as those of C1 and C2, the
intensity of the bands with larger size was increased in H41T. The Msp I digests of H23 and H41 indicated that differences in
the Hpa II patterns of H23N, H23T and H41T compared to those of C1 and C2 were not simply due to a polymorphism. DNA
from H23N, H23T and H41T was hypermethylated at the D16532 locus. B, Although the Hpa II patterns of H36N and H38N
seemed to be the same as those of C1 and C2, 1.8 and 2.1 kb bands, which were not detected in Hpa 11 digests of C1, C2,
H36N and H38N, were seen in the Hpa II digests of H36T and H38T;. DNA from HCC samples of both cases was
hypomethylated at the 131684 locus. C, In H36N, H36T and H41T, 2.4 and 3 kb Hpa II-digested bands, which were characteris-
tic of normal tissues, were reduced and the intensity of the bands with larger size was increased. Although the 2.4 and 3 kb
bands remained, the intensity of the bands with larger size was increased in H4IN. DNA from H36N, H36T, H41N and H41T
was hypermethylated at the TAT locus. In lane M of H41T, the absence of the 2.4 kb band may be due to the loss of one allele
at the TAT locus, although analysis using HP 0.4 failed to detect LOH in this case (Fig. 2). D, In lane H of H20T, a 1.8 kb
band, which was one of the major bands in C1 and C2, was absent. In lane H of H20N, H20T, H41N and H41T, the intensity
of the bands with larger size (arrowheads) was increased. DNA from H20N, H20T, H4IN and H41T was hypermethylated at
the D1687 locus.

closed circles in Fig. 2) out of the 47 loci, in which HCC  described criteria,” when the hybridization intensity of

samples showed hypermethylation. Hypermethylation at
the D16832, TAT and D1687 loci was not detected in
chronic hepatitis or liver cirrhosis from cases which did
not show hypermethylation in HCC samples. Hypometh-
ylation at the D16S4 locus was not detected in chronic
hepatitis or liver cirrhosis from any of the HCC cases.

LOH on chromosome 16 in HCCs The relationship
between aberrant DNA methylation and LOH was ex-
amined. It was previously reported that no polymorphic
bands were detected with the TAT probe, which revealed
the highest incidence of aberrant DNA methylation in
the present analysis, in DNA cut with nine different
restriction enzymes,*® Therefore, we used HP 0.4, a Hind
ITT-Pst 1 fragment of the TAT gene, as a polymorphic
marker and informative polymorphic bands were ob-
tained for 31 HCCs. In accordance with previously
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one allele in the cancerous tissue was markedly less than
that of the other allele, taking into consideration the ratio
of intensity of the two alleles in the corresponding non-
cancerous tissue, it was judged as indicating LOH* (Fig.
3). LOH at the TAT locus was detected in 13 (42%,
shown by obliques in Fig. 2) out of 31 informative
HCCs. In 12 of 13 HCC cases with LOH at the TAT
locus, hypermethylation at the same locus was detected
not only in HCCs, but also in chronic hepatitis and liver
cirrhosis (Fig. 2).

* Although incomplete loss of DNA fragment indicating one
allele is usually attributed to DNA from contaminating non-
cancerous cells, the possibility of allelic gain is not completely
excluded. Therefore, some investigators prefer to use the term
allelic imbalance instead of LOH.*



DISCUSSION

The present findings imply that changes in DNA meth-
ylation are significant in hepatocarcinogenesis, since: (a)
DNA hypermethylation on chromosome 16 occurred
even in chronic hepatitis and liver cirrhosis, which are
considered to be precancerous conditions and (b) aber-
rant DNA methylation was detected more frequently in
advanced HCCs than in early HCCs.

We previously reported that LOH on chromosome 16
is a late event in multistage hepatocarcinogenesis.”®
However, gene alterations associated with LOH on chro-
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Fig. 2. Map of the regions showing aberrant DNA methyla-
tion in primary HCC cases. Thirty-two HCC lesions in which
aberrant DNA methylation was detected at one or more of
the four loci examined are presented. Hypermethylation of
DNA from cancerous tissues (open circles) and from both
cancerous and corresponding cirrhotic tissues (closed circles),
and hypomethylation of DNA from cancerous tissues (open
squareg), are indicated. No case showed hypomethylation of
DNA from corresponding cirrhotic tissues. Simultaneous de-
tection of hyper- or hypo-methylation patterns at different
chromosomal loci in the same DNA samples of most cases
excludes the possibility of incomplete Hpa II digestion. LOI
at the TAT locus is indicated by obliques. Informative polymor-
phic bands were not obtained in HS, H13, H18, H20, H22,
H36, H38 and H39 out of these 32 HCCs in analysis of LOH
at the TAT locus.
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mosome 16 in HCCs have not been identified to date.
Hypermethylation on 17p is associated with LOH on the
same chromosome region in human cancers.”**” There-
fore, we assumed that aberrant DNA methylation on
chromosome 16 may have significance in hepatocarcine-
genesis. The present study shows that the D16S532, TAT
and D1687 loci are hot spots of DNA hypermethylation
in HCCs, and that the D16S4 locus is frequently
hypomethylated in HCCs. The incidence of aberrant
DNA methylation in advanced HCCs is significantly
higher than that in early HCCs, indicating that aberrant
DNA methylation on chromeosome 16 may play a role in
the progression of HCCs.

Although genetic alterations that accumulate during
multistage hepatocarcinogenesis have been well de-
scribed,” ' few significant events of the earlier stages are
known. Perhaps the most striking finding of the present
study is that frequent hypermethylation at the D16S32,
TAT and D1687 loci, compared to normal liver tissues
without chronic hepatitis or liver cirrhosis, was detected
even at the stage of chronic hepatitis and liver cirrhosis.
Since the molecular weight of Hpa Il-digested DNA
fragments in HCCs is higher than that in precancerous
conditions and the intensity of bands with larger size is
increased in HCCs compared with precancerous condi-
tions, as shown in Fig. 1A, the degree of methylation
seems to increase further during the progression from a
precancerous condition to an HCC in at least some cases.
The detection of DNA hypermethylation in both the
precancerous conditions and advanced HCCs suggests
that this process might be involved in an early develop-
mental stage of HCCs.

The hot spot of hypermethylation detected in the pres-
ent study is in accordance with a previously reported hot
spot of LOH on chromosome 16 in HCCs. Several
aspects of our data suggested that hypermethylation
might predispose the locus to allelic loss, although
hypermethylation may not be the only cause of LOH.
Firstly, the incidence of hypermethylation at the TAT
locus (58%) exceeded that of LOH (42%). Secondly,
DNA hypermethylation was observed in chronic hepati-
tis and liver cirrhosis, in which LOH was not detected.
Most cases with LOH in HCCs also showed hypermeth-

Table I. Incidence of Aberrant DNA Methylation on Chromosome 16 in HCCs
Number of tumors
h.]i;;l::r Localization Hypermethylation Hypomethylation
Analyzed detected (%) detected (%)
D16832 pter-p13 50 9 (18) 0 ()
D1684 g22.1 44 V(1)) 21 (48)
TAT q22.2 50 29 (58) 0 (0)
D1687 q24.3 45 9 (20) 0 (0)
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Table IIL
Parameters of HCCs

Association of Aberrant DNA Methylation on Chromosome 16 with Clinicopathological

Number of tumors

Parameter Hypermethylation® Hypomethylation®

Analyzed detected (%) Analyzed  “Gerected (%)

Early HCC*¥ 10 1 (10)}} 9 1 (11)]:1)
Advanced HCC 42 28 (67) 35 20 (57)
Edmondson’s grade I 13 2 (15) 1 3N
I 21 13 (62)}1) 17 8 (47)
II1 18 14 (78) 16 10 (63)
Portal vein involvement negative 33 16 (49) 31 13 (42)
positive 19 13 (68) 13 8 (62)
Intrahepatic metastasis negative 33 16 (49) 29 13 (45)
positive 19 13 (68) 15 8 (53)

HBYV infection negative 20 12 (60) 19 11 (58) -

positive 32 17 (53) 25 10 (40)
HCYV infection negative 18 8 (44) 17 6 (35)
positive 2¢ 18 (62) 23 15 (65)
undetermined 5 3 (60) 4 o (O
Total cases 52 29 (56) 44 21 (48)

a) At any of D16532, TAT and D1687. b) At D1684. ¢) P<0.01.4d) P<0.05.

H32

Fig. 3. LOH at the TAT locus in primary HCCs. High-molee-
uiar-weight DNA was digested with Msp I, subjected to electro-
phoresis, transferred to nitrocellulose membranes, and hybrid-
ized with the DNA probe, HP 0.4. LOH at the TAT locus
was detected in H29T and H32T2, but not in H32T1.

ylation in chronic hepatitis and liver cirrhosis. Further
study is needed to elucidate the relationship between
aberrant DNA methylation and LOH at other chromo-
somal loci and in cancers from other organs.

Recently, it has been discovered that some tumor
suppressor genes, including RB,*> VHL," p15 " and
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p16,°%% and the E-cadherin invasion suppressor gene®”
are inactivated by reduced expression due to CpG
methylation. A new candidate tumor suppressor gene,
HIC-1, has been isolated by molecular analysis of a DNA
site which is hypermethylated in cancer cells.*" Participa-
tion of hypermethylation on chromosome 16 in human
hepatocarcinogenesis may not only predispose the chro-
mosome to DNA instability and allelic loss, but also alter
the transcription of specific genes in the affected chromo-
some region.

In addition to the hypermethylation at the three loci,
CpG methylation at the D1654 locus was frequently
reduced, indicating that the DNA methylation state on
chromosome 16 is regionally disturbed in HCCs. More-
over, activation of some oncogenes, including ras™
and c-myc,” due to DNA hypomethylation has been
reported. Hypomethylation at the D1684 locus, by itself,
may play a role in hepatocarcinogenesis by activating
specific genes. Hypomethylation at the D1684 locus was
distinct from the hypermethylation at the three other loci
examined and was not detected at the stage of chronic
hepatitis and liver cirrhosis. However, this change was
observed in an early HCC (H3 in Fig. 2), suggesting that
hypomethylation in this region is also an early event, in
contrast to the majority of previously reported genetic
alterations in multistage hepatocarcinogenesis.

Recently, it was reported that a reduction in the DNA
(cytosine-5) methyltransferase (EC 2.1.1.37) activity,
due to heterozygosity of the DNA methyltransferase



gene and the DNA methyliransferase inhibitor 5-aza-
deoxycytidine, resulted in suppression of Arc*™-induced
intestinal neoplasia.®® Correction of aberrant DNA
methylation may provide a new strategy for suppressing
the progression of multistage hepatocarcinogenesis in
hepatitis virus carriers suffering from chronic hepatitis
and liver cirrhosis. Moreover, a few cases of spontaneous
regression of human cancers have been reported.* Some
step of carcinogenesis involving non-mutational genetic
alterations may be reversible. Aberrant DNA methyla-
tion might become a target for cancer prevention and
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