
Abstract. There is significant regional variation in the etiologic
agents responsible for hepatocellular carcinoma (HCC),
which influences the genetic and epigenetic mechanisms
of malignant transformation. The aim of the present study
was to investigate the prevalence of allelic imbalance (AI)
and CpG island methylation in HCCs from Australia and
South Africa. Genomic DNA was extracted from malignant
and non-malignant liver from 37 Australian and 24 South
African HCCs and histologically normal liver from 20 trans-
plant donors. AI was examined at 1p, 4p, 4q, 8p, 9p, 13q, 16q
and 17p, using 23 microsatellite markers. Methylation status
of p14, p16, p15, RIZ1, E-cadherin and O6-MGMT was
examined using methylation specific PCR, while MINTs 1,
2, 12, 25 and 31 were assessed using combined bisulfite
restriction analysis. The highest prevalence of AI was observed
at 9p (69%) and 17p (52%). AI was significantly higher in
South African HCCs (p<0.05). The prevalence of promoter
methylation of the six genes was significantly higher in
Australian cases in both malignant and non-malignant liver
tissue (p<0.05). MINT assays revealed an increasing degree
of CpG island methylation in the progression of hepato-
carcinogenesis which was significant for MINTs 1, 12 and 31
(p<0.05). MINT methylation was more prominent in Australian
HCCs. These data indicate that methylation is an early
event preceding malignant transformation. Methylation was
more and AI less prevalent in Australian than South African

HCCs. These data suggest that there are different mechanisms
of malignant transformation in HCCs from Australia and
South Africa.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide with an estimated annual incidence
of one million cases (1,2). Various genetic and epigenetic
abnormalities have been identified in HCC, however hepato-
carcinogenesis is poorly understood at the genomic level. A
number of studies have identified chromosomal arms affected
by allelic imbalance (AI) in HCCs including 1p, 4q, 5q, 6q,
8p, 10q, 11p, 16p, 16q, 17p and 22q (3-8). Two large-scale
studies using multiple markers have confirmed a relatively
high prevalence of AI in these regions (6,7). 

Gene silencing by CpG island methylation has received
increasing attention as an alternate mechanism for the
inactivation of tumour suppressor genes (TSGs) in HCCs.
Toyota et al identified 33 CpG islands that were methylated
in colorectal cancer cell lines which were described as
methylated in tumour clones (MINTS) (9). Some of these
clones were methylated in both malignant and adjacent
non-malignant colorectal tissue in an age-specific fashion
described as type A clones, whilst another group was only
methylated in the cancers (type C clones). Type C MINT
clones were further sub-divided into two categories; tumours
with simultaneous methylation at 3 or more loci (described as
CpG island methylator phenotype or CIMP) and a group with
a low level of methylation (9). 

Currently the role of promoter methylation in hepato-
carcinogenesis is not clear. Aberrant methylation of p16, p15,
E-cadherin, 14-3-3-Û and RIZ1 has been reported in HCCs
and HCC cell lines (8,10-13). A significant correlation
between methylation and reduced protein expression has
been recognized for p16, E-cadherin and 14-3-3-Û (8,10,11).
While these studies provide evidence for the role of CpG
island methylation in HCCs, these genes were analyzed in
isolation or in small groups. We have recently highlighted
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fundamental differences in the prevalence of CpG island
methylation and AI in HCCs from Australia and South
Africa, with a higher prevalence of AI in South African
cases, and a higher prevalence of DNA methylation in
Australian HCCs (14). This presumably relate to differences
in the etiopathogenesis of HCCs in the two populations,
particularly the role of chronic hepatitis B infection and
dietary aflatoxin exposure in the South African patients. It
was not clear from these studies whether these differences
were present throughout the genome or reflected more localized
changes on chromosome 9p, the focus of that study.

The aims of the present study were to assess AI at a number
of chromosomal arms previously shown to have significant
loss of chromosomal segments or to contain candidate genes
considered relevant to hepatocarcinogenesis, to examine
the prevalence of CpG island methylation in non-malignant
and malignant liver tissue and to determine the relationship
between promoter methylation and AI in HCCs from Australia
and South Africa. For this purpose we assessed AI at 8
chromosomal arms, 1p, 4p, 4q, 8p, 9p, 13q, 16q and 17p using
microsatellite analysis. The promoter methylation status of
several genes previously shown to be methylated or likely
candidates for methylation in HCC, p14, p16, p15, E-cadherin,
RIZ and the DNA repair gene, O6-methylguanine methyl-
transferase (O6-MGMT), were studied through methylation
specific PCR. In addition, CpG islands, MINT 1, MINT 2,
MINT 12, MINT 25 and MINT 31 shown to be targets for
methylation in other cancers were studied using combined
bisulfite restriction analysis. 

Patients and methods

Patients. Malignant and adjacent non-malignant liver tissue
was obtained during surgery from 37 Australian (28 Caucasian
and 9 Asian) and 24 black South African patients. There
were 28 males and 9 females in the Australian group with a
median age of 61 years (range 28-77 years). Nine Australian
patients had hemochromatosis, 6 had hepatitis C virus
(HCV), 6 had hepatitis B virus (HBV), one had HBV and
HCV, 6 patients had a history of excess alcohol, and 1 patient
had Allagille's syndrome. Eight Australian patients had no
identified underlying liver disease. Evidence of cirrhosis was
seen in 21 of 37 Australian HCCs. The median age of the
South African patients was 35 years (range 23-67 years) and
all were male. Among the South African patients, 23 had a
history of HBV infection, 21 of these also with dietary aflatoxin
exposure. One South African patient had chronic HCV.
Cirrhosis was present in 10 South African patients.

In addition, samples of histologically normal liver tissue
from 20 transplant donors whose families had consented to
this tissue being used for research purposes were also studied.
There were 12 males and 8 females in the donor group with a
median age of 38 (range 14-71 years). This study was approved
by the Human research Ethics committees of the University
of Queensland and the Queensland Institute of Medical
Research.

LOH analysis. DNA was extracted and PCR microsatellite
analysis was performed using a panel of 23 markers (D1S243,
RIZ CA repeat, RIZ polymorphism, D4S2983, D4S1538,

D4S406, D4S426, 8p, D8S261, 8ptetra, D9S162, D9S171,
D9S1752, p14ARF, D9S1748, p16INK4a, D9S1604, D9S157,
D13S1315, D16S347, D16S496, p53ivs and p53VNTR) at
1p, 4p, 4q, 8p, 9p, 13q, 16q and 17p respectively (15-17).
Primer sequences were obtained from the Genome Database
(http://gdbwww.gdb.org/) or from previous studies as indicated
in brackets. Each microsatellite marker was amplified by PCR
in a final volume of 15 μl incorporating 1.5 μCi of [·-33P]-
dATP. The amplified products were electrophoresed on 5%
denaturing polyacrylamide gels and visualised by auto-
radiography. A microsatellite was scored as informative if
two alleles were present in the DNA from non-malignant
liver tissue. AI was recorded in informative cases when there
was a decrease in the intensity of one allele relative to the
other. A case was considered to have AI of a chromosomal
arm if one or more of the microsatellites studied in that
region had evidence of AI.

Methylation specific PCR (MSP). Methylation status of p14
(18), p16 (19) p15 (12), E-cadherin (20), O6-methylaguanine
methyltransferase (O6-MGMT) (21) and RIZ1 (13) promoter
regions was analysed using MSP, a qualitative technique
(19). DNA was bisulfite-modified using the Wizard DNA
clean up system (Promega, NSW, Australia) according to the
manufacturer's instructions. Blood donor DNA treated with
Sss1 methyltransferase, an enzyme that specifically catalyzes
the transfer of methyl groups to cytosine residues in the
cytosine-guanine doublet, was used as a positive control for
each methylation assay. In addition, five human colon cancer
cell lines, SW480, HCT116, LISP1, LIM1215 and LOVO
were also used to aid in the optimisation of primer sequences. 

Combined bisulfite restriction analysis (COBRA). Methylation
of MINTs 1, 2, 12, 25 and 31 was assessed using COBRA. This
assay has the advantage of allowing alterations in methylation
to be assessed semi-quantitatively (22). The PCR primers for
COBRA exclude CpG dinucleotides to enable amplification
of both methylated and unmethylated templates. Bisulfite
modified DNA is amplified using COBRA primers followed
by restriction enzyme digests for a specific methylation site
within the amplified fragment. The relative intensity of
digested products was quantitated using densitometry to
determine the degree of CpGs methylation at this site.
Previously published primer sequences were used for initial
amplification of these MINTs (9). Additional nested primers
were necessary for MINTs 2, 12 and 25 to facilitate ampli-
fication of these CG rich regions. All MSP and COBRA
primer sequences are presented in Table I.

Statistical analysis. ¯2 tests (where asymptotic assumptions
were satisfied), Fisher's exact tests (for small groups) or
Wilcoxon rank sum tests were used to compare the prevalence
of AI, promoter methylation and associated risk factors
where appropriate. Mann-Whitney U tests were employed to
compare the levels of methylation at MINTs, known genes,
AI as well as ages of patients. Spearman's rank correlation
coefficient (rs) was used to quantify the degree of association
between age, AI and methylation. Multivariate regression
analysis was used to compare AI and methylation frequencies
between countries after adjusting for patient characteristics
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which differed between the countries such as age, gender, and
risk factors such as HBV, HCV and hemochromatosis. All
statistical analyses were performed using SPSS for Windows
release 11.0, and a p<0.05 was considered statistically
significant. 

Results

We examined DNA isolated from paired non-malignant and
malignant liver tissue from 61 patients for evidence of AI,

using a panel of 23 polymorphic microsatellite markers. All
61 HCCs analysed were informative for at least one marker.
The highest prevalence of AI were observed at chromosomal
arms, 1p (41%), 4q (49%), 8p (41%), 9p (69%) and 17p (52%).
The prevalence of AI was consistently higher in the South
African HCCs at each chromosomal region tested (Fig. 1),
with the median LOH being significantly higher in South
African HCCs compared to Australian HCCs (p<0.0034,
Wilcoxon rank sum test). When specific regions were
examined, the rate of AI at 9p (83% vs 59%) and 16q (50%
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Table I. Oligonucleotides used for MSP and COBRA analyses.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene promoters Forward primer Reverse primer
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
p14

Methylated 5'-GTGTTAAAGGGCGGCGTAGC-3' 5'-GTGTTAAAGGGCGGCGTAGC-3'

Unmethylated 5'-TTTTTGGTGTTAAAGGGTGGTGTAGT-3' 5'-CACAAAAACCCTCACTCACAACAA-3'

p16

Methylated 5'-TTATTAGAGGGTGGGGCGGATCGC-3' 5'-CCACTAAATCGACCTCCGACCG-3'

Unmethylated 5'-TTATTAGAGGGTGGGGTGGATTGT-3' 5'-CAACCCCAAACCACAACCATAA-3'

p15

Methylated 5'-GCGTTCGTATTTTGCGGTT-3' 5'-CGTACAATAACCGAACGACCGA-3'

Unmethylated 5'-TGTGATGTGTTTGTATTTTGTGGTT-3' 5'-CCATACAATAACCAAACAACCAA-3'

E-cadherin

Methylated 5'-GGTGAATTTTTAGTTAATTAGCGGTAC-3' 5'-CATAACTAACCGAAAACGCCG-3'

Unmethylated 5'-GGTAGGTGAATTTTTAGTTAATTAGTGGTA-3' 5'-ACCCATAACTAACCAAAAACACCA-3'

O6-MGMT

Methylated 5'-TTTCGACGTTCGTAGGTTTTCGC-3' 5'-GCACTCTTCCGAAAACGAAAC-3'

Unmethylated 5'-TTTGTGTTTTGATGTTTGTAGGTTTTTGT-3' 5'-AACTCCACACTCTTCCAAAAACAAAACA-3'

RIZ

Methylated 5'-GTGGTGGTTATTGGGCGACGGC-3' 5'-GCTATTTCGCCGACCCCGACG-3'

Unmethylated 5'-TGGTGGTTATTGGGTGATGGT-3' 5'-ACTATTTCACCAACCCCAAGA-3'
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
MINT clones Forward primer Reverse primer
and restriction
enzymes
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
MINT 1 5'-GGGTTGGAGAGTAGGGGAGTT-3' 5'-AAGTTATCGAGGTAATTTTAGATGG-3'

(Taq I)

MINT 2 1˚-5'-YGTTATGATTTTTTTGTTTAGTTAAT-3' 1˚-5'-TACACCAACTACCCAACTACCTC-3'

(Taq I) 2˚-5'-TTGTTAAATGTAAATAATT-3' 2˚-5'-GAAAGTGTTAGAAAAATGTGTTG-3'

MINT 12 1˚-5'-YGGGTTATGTTTTATTTTTTGTGTTT-3' 1˚-5'-CTCAAAAAAATCAAACAACCAACCAA-3'

(Mae II) 2˚-5'-AGTTTTTAGTAAGGTTAGTGATTTAGA-3' 2˚-5'-TAAATTGGGAGTTTATTTAGGT-3'

MINT 25 1˚-5'-GTGTTTGTAAAGGGTTGGAATTAT-3' 1˚-5'-AGGGTTGGATG-3'

(Rsa I) 2˚-5'-GTGTTTGTAAAGGGTTGGAATTAT-3' 2˚-5'-AGTTAGTTTTTAGTTCGGGGTTTGGT-3'

MINT 31 5'-GAYGGYGTAGTAGTTATTTTGTT-3' 5'-CATCACCACCCCTCACTTTAC-3'

(Bst U1)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
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vs 11%) were significantly higher in the South African
HCCs compared to the Australian HCCs (p<0.05, ¯2) (Figs. 2
and 3). A summary of the LOH data is provided in Table II.
Interestingly, patients with HBV were more likely to have AI
affecting more than 3 chromosomal regions (p<0.0001, ¯2).
LOH was not associated with cirrhosis, hepatitis C virus
infection or hemochromatosis. 

The methylation status of the promoter regions of six
genes, p16, p14, p15, E-cadherin, RIZ1 and O6-MGMT, was
assessed by MSP (Fig. 4). The prevalence of methylation of
these genes in normal, non-malignant and malignant liver is
presented in Table II. Promoter methylation was detected
at RIZ1 in 16 (26%) HCCs, at p16 in 18 (30%), at p15 in 35
(57%), at p14 in 24 (39%) and E-cadherin in 14 (23%) HCCs.
Evidence of promoter methylation in non-malignant liver
was detected at RIZ1 in 3 cases (5%), at p16 in 4 (7%), at p15
in 33 (54%), at p14 in 19 (31%) and at E-cadherin in 23 cases
(38%). Methylation was considerably lower in histologically
normal livers obtained from organ donors (Table III). No
methylation was observed at O6-MGMT.

The median MSP value of these 6 genes was significantly
higher in the Australian HCCs compared to the South African
HCCs (p=0.02, Wilcoxon rank sum test). This was also
observed in non-malignant liver where promoter methylation
was higher in Australian compared to South African cases
(p<0.001, Wilcoxon rank sum test). A sub-group of HCCs
had no methylation at any of the 6 CpG-island tested. This
was more likely to occur in South African than Australian
HCCs (38% vs 3% respectively, p<0.01, ¯2). 

Promoter methylation in HCCs was more prevalent in
patients with cirrhosis than in those without (39% vs 30%),
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Figure 1. Prevalence of AI in Australian and South African HCCs at each
chromosomal arm examined. *p<0.05. 

Figure 2. The frequency of chromosomal regions lost amongst Australian patients. *The cases are recorded in descending order based on the prevalence of AI.
Black lanes represent LOH of that particular chromosomal region. Grey lanes represent cases that were not informative. The numbers in the last column
indicates the number of chromosomal regions lost collectively in each patient.
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however this difference was not statistically significant.
Furthermore, methylation of non-malignant but not malig-
nant liver was also detected in p14 in 11 cases, p15 in 10,
E-cadherin in 16 and p16 in two. The prevalence of promoter
methylation of p14, p15 and E-cadherin was frequent in
non-malignant liver tissue than p16 and RIZ1 promoter
methylation.

The relationship between LOH and promoter methylation
detected by MSP in Australian and South African HCCs is
shown in Fig. 5. The HCCs appear to fall into separate
groups, with greater levels of AI in South African cases and
promoter methylation more prominent in the Australian
cases. 

When these two factors were correlated with age, there
was an inverse correlation between AI and age (r=-0.29,
p=0.02) and a positive correlation between methylation
and age (r=0.33, p=0.01). Once these values were re-adjusted
for differences in patient characteristics between the two
countries such as gender and risk factors, there was still a
significant difference in the frequency of AI between Australia
and South Africa (p=0.03). However, no significant difference
was observed in the frequency of methylation between the
two countries (p=0.55).

The average proportion of methylation in HCCs for all
five MINT clones was 9%. Methylation of both malignant
and non-malignant liver was observed at MINTs 1, 12 and 25
(Table IV). The distribution of methylation was skewed with
a significant proportion of cases having no methylation.
MINT 1 had the highest degree of methylation, particularly
in malignant liver (61%), whilst MINT 2 had the lowest.
Methylation at MINTs 2 and 31 was only detected in malignant
liver tissue.

In general, there were increasing levels of MINT methy-
lation in the progression from normal donor liver, through
non-malignant to malignant liver tissue. This was statistically
significant at MINT 1 (normal vs non-malignant, p<0.001,
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Figure 3. The frequency of chromosomal regions lost amongst South African patients. *The cases are recorded in descending order based on the prevalence of
AI. Black lanes represent LOH of that particular chromosomal region. Grey lanes represent cases that were not informative. The numbers in the last column
indicates the number of chromosomal regions lost collectively in each patient.

Table II. A summary of chromosomal instability at micro-
satellite markers used in chromosomal regions examined.
–––––––––––––––––––––––––––––––––––––––––––––––––
Chromosomal Microsatellite Prevalence of AI
region (%)
––––––––––––––––––––––––––––––––––––––––––––––––– 
1p D1S243 17/47 (36)

RIZ CA repeat 8/44 (18)
RIZ polymorphism 12/28 (43)

4p D4S2983 6/36 (17)

4q D4S1538 17/40 (43)
D4S406 15/41 (37)
D4S426 19/46 (41)

8p 8p 9/32 (28)
D8S261 14/44 (32)
8p tetranucleotide 16/42 (38)

9p D9S162 15/42 (36)
D9S171 9/36 (25)
D9S1752 7/31 (23)
p14 intragenic 10/47 (21)
D9S1748 8/42 (19)
p16 intragenic 12/43 (28)
D9S1604 11/16 (69)
D9S157 12/29 (41)

13q D13S1315 15/45 (33)

16q D16S347 8/36 (22)  
D16S496 9/30 (30)

17p p53ivs 15/40 (38)
p53VNTR 18/40 (45)

––––––––––––––––––––––––––––––––––––––––––––––––– 
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Figure 4. MSP analysis of multiple CpG islands in HCCs. (A) PCR amplified, bisulfite modified DNA using unmethylation specific primers. The presence of
a band (arrow) indicates the successful bisulfite modification of both the non-malignant (N) and the corresponding HCC (T). (B) PCR amplified, bisulfite
modified DNA using methylation specific primers. The presence of a band indicates the presence of promoter methylation, whereas the absence of a band
indicates a lack of promoter methylation.

Table III. The prevalence and percentage of methylation in normal, non-malignant and malignant liver at RIZ, p16, p15, p14,
E-cadherin and O6-MGMT.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Gene RIZ p16 p15 p14 E-cadherin O6-MGMT
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Normal (n=20)
Cases methylated (%) 1   (5) 3 (15) 4 (20) 2 (10) 2 (10) 0 (0)

Non-malignant (n=61)
Cases methylated (%) 3   (5) 4   (7) 33 (54) 19 (31) 23 (38) 0 (0)

Malignant (n=61)
Cases methylated (%) 16 (26) 18 (28) 35 (57) 24 (39) 14 (23) 0 (0)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Figure 5. AI and CpG island methylation in Australian and South African HCCs.
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non-malignant vs malignant, p<0.001, Mann-Whitney U
test), MINT 12 (non-malignant vs malignant, p<0.05, Mann-
Whitney U test) and MINT 31 (non-malignant vs malignant,
p<0.05, Mann-Whitney U test) (Fig. 6). The level of methy-
lation was again higher in the Australian HCCs compared to
the South African HCCs, however this was not statistically
significant.

Discussion

There are few integrated data in HCCs on CpG island methy-
lation at multiple loci and the relationship between this and

AI. In the present study some of these issues have been
assessed by examining a series of 61 HCCs for AI on 8
chromosomal arms previously identified as potential targets
for AI in HCC (1p, 4p, 4q, 8p, 9p, 13q, 16q, 17p). The results
confirm our previous observation (14) that AI is more prevalent
in HCCs from South Africa compared to Australian cases. In
that earlier study only one chromosomal region on 9p was
studied. The present study extends those observations,
examining 8 chromosomal arms and at each of these the
prevalence of AI was higher in the South African patients.
While this may be a feature related to the chromosomal
regions selected for study, the consistency of this observation
suggests it is a generalized phenomenon. 

The reasons for the greater degree of AI in South African
HCCs, at least when compared to Australian cases, presumably
relate to the pathogenesis of these cancers in the two
populations. The majority of the South African patients with
HCC in the present study had chronic HBV infection and
were from regions with high dietary aflatoxin exposure,
factors previously found to be associated with AI (23,24).
These risk factors for HCC were not jointly present in the
Australian patients. Genetic factors may also have contributed
to the differences in the biology of the HCCs from the two
countries.

With the methodology used in the present study and the
tissue available it was not possible to determine if AI was
present in liver tissue from transplant donors or the non-
malignant liver tissue adjacent to the HCC. To detect AI in
these tissues a source of germ line DNA (such as peripheral
blood leukocytes) would be required. 
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Table IV. The prevalence, mean and range of methylation observed in normal, non-malignant and malignant liver at MINTs 1,
2, 12, 25 and 31.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
MINT clones MINT 1a MINT 2 MINT 12b MINT 25 MINT 31c

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Normal (n=20)

No. of cases methylatedd 0 0 0 3 0

Mean (%) 0.75 0 0 2 0

Range (%) 0-3 0-0 0-0 0-14 0-0

Non-malignant (n=61)

No. of cases methylatedd 15 0 5 4 0

Mean (%) 6.45 0 2.5 4.6 0.1

Range (%) 0-35 0-0 0-39 0-98 0-3

Malignant (n=61)

No. of cases methylatedd 37 4 12 8 13

Mean (%) 21 1.6 7.3 6 8

Range (%) 0-92 0-55 0-66 0-97 0-88
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aA significant difference in the levels of methylation was seen between normal, non-malignant and malignant liver (p<0.001, Mann-Whitney
U test). bA significant difference in the levels of methylation was seen between normal, non-malignant and malignant liver (p<0.05, Mann-
Whitney U test). cA significant difference in the levels of methylation was seen between normal, non-malignant and malignant liver (p<0.05,
Mann-Whitney U test). dAs discussed in the text, the mean methylation at all MINTs in the HCCs was 9%. A case was considered to have
evidence of methylation for any particular MINT if it was >9% methylated at that MINT. 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Figure 6. Progressive increase in the degree of methylation at MINT 12.
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In contrast to AI, the prevalence of CpG methylation
(as assessed by MSP) was higher in the Australian HCCs
compared to South African cases. Non-malignant liver also
showed a greater prevalence of promoter methylation in
Australian compared to South African cases, while methylation
was virtually absent in normal donor liver tissue. 

As with AI, the reason for the differences in the prevalence
of methylation in HCCs from the two countries presumably
relates to host and environmental factors that contribute to
malignant transformation in the liver. One important
consideration is the effect of patient age. Australian patients
were significantly older than those from South Africa
(p<0.001, Mann-Whitney U test) and this may have contributed
to the greater prevalence of methylation in the Australian
population. All genes selected for study by MSP have
previously been implicated in carcinogenesis in a variety of
tissues. Epigenetic silencing of these and other TSGs by
promoter methylation during the aging process may
contribute to the recognised association of increased HCC
risk with advancing age.

We have previously shown that p14 appears to be
methylated in an age-dependent fashion in Australian HCCs
(14). The prevalence of methylation of the promoters of p15
and E-cadherin in non-malignant liver in the present study
suggests that these CpG islands are also methylated in an
age-dependent fashion. p16 and RIZ1 promoter methylation
was principally only detected in malignant tissue consistent
with the current understanding that these are subject to
cancer-specific methylation (13).

An important observation from the present study was the
prevalence of CpG island methylation in non-malignant liver
tissue. The MSP studies demonstrated increasing prevalence,
while data from MINT clones revealed an increasing degree
of CpG island methylation in the progression from histo-
logically normal liver tissue, through non-malignant liver
tissue to malignant liver. These data imply that methylation
is an early pre-malignant event in hepatocarcinogenesis.
They also provide evidence of a field effect with potentially
significant pre-malignant alterations in the non-malignant
liver tissue of patients with HCC. Further study is required,
but the presence of DNA methylation in liver tissue may be a
useful marker of increased risk of malignant transformation
in individuals with chronic liver disease.

Cirrhosis is a recognised risk factor for HCC. Somewhat
surprisingly, methylation in non-malignant liver did not
correlate with the presence of cirrhosis. The reasons for this
were not clear. However, if the mechanisms of malignant
transformation are fundamentally different in the two
populations then methylation may not be a feature of cirrhosis
in the South African patients. This would potentially mask any
relationship between cirrhosis and methylation in the Australian
cases. 

Kondo et al observed frequent methylation at MINTs 1,
2, 12 and 31 in a series of micro-dissected HCCs from Japan
(25). In the present study the highest levels of methylation
were observed at MINT 1 and the lowest level of methylation
was observed at MINT 2, while Kondo et al found the
greatest methylation at MINT 2 and the lowest at MINT 25
(25). These data again emphasize the contribution of regional
factors to genomic alterations and the pathogenesis of HCC.

Additionally, several cases had methylation in DNA from
non-malignant liver tissue but not in the corresponding HCCs.
Similar observations have been reported in other tissues
including lung, colon and breast cancers (13,26-28).

This study demonstrates that HCCs in Australia occur
later in life in the setting of hypermethylation. In contrast,
HCCs in South Africa occur early in life as a result of AI
which does not appear to play a major role in Australian
HCCs. South African HCCs may demonstrate hyper-
methylation with age however, in view of the levels of AI
observed in South African HCCs, hypermethylation of genes
does not appear to be required for hepatocarcinogenesis in this
group. The reasons for the differences observed between the
two groups are not clear but likely relate to the etiopathogenesis
of HCC in both countries.

Until recently, HCCs have been treated as a single entity.
Although histologically they appear to be the same,
differences in the onset of the disease and the pathobiology
of the cancer with implications for differing etiologies
suggest that these are in fact two different types of cancers.
This has been previously demonstrated for the TSG p53.
Data from the present study show similar trends however,
this is a broader study confirming the differences between the
two types of HCCs. These data emphasize the role of host
and environmental factors on the mechanisms of hepato-
carcinogenesis and regulatory pathways affected in different
regions of the world. These issues need to be considered in
the interpretation of studies of the biology of HCC.
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