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Hepatocellular carcinoma (HCC) is a common and

highly malignant tumor that is prevalent in Southeast

Asia. Although the etiological factors associated are

now well recognized, the interactions between indi-

vidual factors and the molecular mechanisms by

which they lead to cancer remain unclear. Cytoge-

netic analysis on HCC has been limited because of

poor hepatocyte growth in vitro. The recently devel-

oped technique of comparative genomic hybridiza-

tion (CGH), however, permits screening of the entire

genome without the need of cell culture. CGH was

applied to the study of genomic aberrations in 67

surgically resected samples of HCC, 3 of adenomatous

hyperplasia (AH), and 12 of nontumorous cirrhotic

liver surrounding the tumors. All samples were from

patients of a racially and etiologically homogeneous

population in Southern China, where chronic hepa-

titis B virus infection is the main etiological factor.

CGH analysis of the HCC samples revealed frequent

copy number gain of 1q (48/67 cases, 72%), 8q (32/67

cases, 48%), 17q (20/67 cases, 30%), and 20q (25/67

cases, 37%) and common losses on 4q (29/67 cases,

43%), 8p (25/67 cases, 37%), 13q (25/67 cases, 37%),

and 16q (20/67 cases, 30%). Our finding of a high

incidence of 1q gain strongly suggested this aberra-

tion was associated with the development of HCC.

Genomic abnormalities were detected in 1 of the 3 AH

specimens but absent in all 12 cirrhotic tissues sur-

rounding the tumor. Clinical staging classified 3/67

HCC cases as T1, 53 cases as T2, and 11 cases as T3. No

significant difference in the pattern of genomic im-

balances was detected between stages T2 and T3. A

significant copy number loss of 4q11-q23 was, how-

ever, identified in those tumors larger than 3 cm in

diameter. Of particular interest was the identification

of 8q copy number gain in all 12 cases of HCC that

arose in a noncirrhotic liver, compared with only

20/55 cases in HCC arising in a cirrhotic liver. We

suggest that 8q over-representation is likely associ-

ated with a growth advantage and proliferative stim-

ulation that have encouraged malignant changes in

the noncirrhotic human liver. (Am J Pathol 1999,

154:37–43)

Hepatocellular carcinoma (HCC) is responsible for at

least 5% of all cancer deaths worldwide.1 It is particularly

common in Southeast Asia, China, and sub-Saharan Af-

rica where the age-standardized annual incidence rate

ranges from 20 to over 100 per 100,000.2,3 The main

etiological factor is chronic hepatitis B virus (HBV) infec-

tion, to which 50% to 80% of all cases are attributable.4,5

Other etiological factors include chronic hepatitis C virus

infection, exposure to aflatoxin, male gender, and chronic

liver disease of any type.5–7 Differences in exposure to

these various risk factors account for the wide geograph-

ical variation in incidence. Surgical resection of the tumor
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offers the only hope of long-term survival, but because

patients frequently present late in the natural history of

the disease and often have poor underlying liver function,

it is applicable to only a minority of patients.8–10 The poor

liver function is caused both by the tumor itself and by

concomitant chronic liver disease, usually cirrhosis,

which is present in 70% to 90% of cases. By the time of

clinical presentation, intra- and extrahepatic metastases

are common, which further limit the scope of surgical

resection.11,12

Molecular studies have demonstrated frequent loss of

heterozygosity (LOH) on chromosomes 1p, 4q, 8p, 11p,

13q, 16q, and 17p13–18 and multiplications of chromo-

some 8q19 in HCC. Although cytogenetic analysis of HCC

has received much less attention20–23 due to the poor

hepatocyte growth in vitro, structural aberrations of chro-

mosome 1 were consistently reported.20–23 Comparative

genomic hybridization (CGH), first described by Kallion-

iemi in 1992,24 is a powerful molecular cytogenetic tool

that allows rapid screening for regions of DNA sequence

gains and losses across the entire tumor genome without

the need of cell culture. To date, there has been only a

single report on the application of CGH to HCC25 that

described the recurring chromosomal changes of 4q loss

(70%), 8p loss (65%), 8q gain (60%), and 1q gain (58%).

However, the patients studied were from various, but

unspecified, geographic locations, there was no clinico-

pathological data except all patients being HBV positive,

and no attempts were made to correlate CGH findings

with the clinical stage or the tumor size.

Here, we have applied CGH to the detection of

changes in the genetic pattern of 67 cases of HCC and

associated nonmalignant tissues (cirrhosis and adeno-

matous hyperplasia), in relation to clinical disease stage,

tumor size, and the presence or absence of underlying

liver cirrhosis. By comparing the pattern of genetic aber-

rations in these groups of tissues, we sought to identify

those changes that may be associated with the develop-

ment and progression of HCC.

Materials and Methods

Samples were collected from 70 ethnic Southern Chinese

patients (aged 30 to 97 years, 81% male) undergoing

hepatic resection of a liver tumor with curative intent. All

but one case was tested for hepatitis B surface antigen

(HBsAg) and serum a-fetoprotein (AFP), and 89% of

cases were seropositive for HBsAg. Serum AFP levels

ranged from less than 10 ng/ml (within the reference

range) in 13 patients, to minimally elevated in 21 (10 to 50

ng/ml) and markedly elevated in the remaining 35 pa-

tients (50 to 40,000 ng/ml). The disease stage of the HCC

cases was classified according to the tumor/node/metas-

tasis (TNM) staging criteria.26 Three cases (5%) were

classified as stage I (T1N0M0), 53 (79%) as stage II

(T2N0M0), and 11 (16%) as stage III (T3N0M0). The mac-

ro- and microscopic features of the resected specimens

were reviewed by an experienced liver pathologist (C.-T.

Liew) who confirmed the diagnosis of HCC, assessed the

presence or absence of vascular invasion, and recorded

the maximal diameter of the tumor. The presence or

absence of cirrhosis in the nontumorous part of the re-

sected specimen was also recorded. Cirrhosis was de-

fined as the presence of complete fibrous septa separat-

ing regenerating nodules.27 Within the nontumorous liver

parenchyma, an increase in fibrous tissue alone was not

classified as cirrhosis.

Sixty-seven samples of HCC tissue and three of ad-

enomatous hyperplasia (AH) were received directly from

the operating theater. They were snap-frozen in embed-

ding medium (Tissue-Tek, Elkhart, IN) and stored at

280°C until analysis. Each resected specimen was eval-

uated for its tumor cell content on a hematoxylin and

eosin (H&E)-stained section. For CGH analysis of HCC

tissues and AH cases, only specimens with more than

80% tumor cell content were used. Twelve cirrhotic tissue

samples, taken from the nontumorous part of the re-

sected specimens, were also analyzed for CGH abnor-

malities.

Comparative Genomic Hybridization Analysis

High molecular weight DNA was extracted from the re-

sected liver specimen and control DNA from blood lym-

phocytes of healthy volunteers by standard phenol/

chloroform extraction procedures. Normal metaphase

chromosomes were prepared from 72-hour phytohe-

matoglutinine-stimulated peripheral blood lymphocyte

cultures of healthy donors. The CGH protocol was carried

out according to the method described in Chan et al.28

Briefly, tumor and normal DNA labeled with biotin-16-

dUTP (Boehringer Mannheim, Mannheim, Germany) and

digoxigenin (dig)-11-dUTP (Boehringer Mannheim), re-

spectively, by nick translation were co-precipitated in

excess unlabeled Cot-1 DNA (Gibco Life Technologies,

Gaithersburg, MD) and redissolved in hybridization solu-

tion containing 50% v/v formamide, 10% w/v dextran

sulfate, and 23 SSC, pH 7. Slides containing normal

metaphase chromosomes were denatured in 70% form-

amide/23 SSC (pH 7) at 70°C for 110 seconds. The

hybridization was performed in a humid chamber at 37°C

for 2 days. Biotin signals were detected through avidin-

conjugated fluorescein isothiocyanate (FITC) antibodies

(Sigma Chemical Co., St. Louis, MO), whereas dig-la-

beled DNA were visualized using antibodies conjugated

with tetramethylrhodamine isothiocyanate (TRITC) (Sig-

ma). The preparations were counterstained with 0.4

mg/ml 49,6-diamidino-2-phenylindole (DAPI) in anti-fade

solution.

Hybridized metaphases were captured with a cooled

CCD camera mounted on a Leitz DM RB (Leica, Wetzlar,

Germany) fluorescence microscope. Three-band-pass

filter (DAPI, FITC, and TRITC) sets arranged in an auto-

mated filter wheel were employed for image acquisition.

CGH software version 3.1 on Cytovision (Applied Imag-

ing, Sunderland, UK) was used for digital image analysis

of fluorescence intensity. Chromosome identification was

performed on the reverse DAPI banding images. The

average ratio profiles were calculated based on the anal-

ysis of 5 to 10 selected metaphases. Thresholds for gains
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and losses were defined as the theoretical value of 1.25

and 0.75, respectively. High-level gain of a whole chro-

mosome arm or amplification of a chromosomal region

was considered to be present when ratios exceeded 1.5.

Regions rich in heterochromatin (centromeres of chromo-

somes 1, 9, and 16, p-arm of acrocentromeric chromo-

somes, and Yq12) were excluded in the CGH analysis

because the excess Cot-1 DNA present suppressed hy-

bridization to these regions.29

Statistical Analysis

Total DNA copy number aberrations, whether gains or

losses, were compared between various groups by the

two-tailed unpaired Student’s t-test. A difference was

considered significant when the P value was less than

0.05. Individual chromosome copy number changes

were compared by the nonparametric x2 test and con-

sidered significant when the P value was less than 0.05.

Results

Of the 67 cases of HCC analyzed, frequent copy number

gains were detected on chromosomes 1q (48/67 cases,

72%), 8q (32/67 cases, 48%), 17q (20/67 cases, 30%),

and 20q (25/67 cases, 37%). Common losses were iden-

tified on 4q (29/67 cases, 43%), 8p (25/67 cases, 37%),

13q (25/67 cases, 37%), and 16q (20/67 cases, 30%).

High-level gains of regional and/or the whole of 1q were

also identified in 20/67 cases (30%), and a novel ampli-

con was mapped to 1q21-q22 (Figure 1).

No sequence gains or losses were detected in any of

the surrounding cirrhotic tissues. One of the three AH

cases displayed a gain of 1q32-qter and 20. The remain-

ing two cases had no detectable CGH abnormalities.

TNM Staging

There were no significant DNA sequence differences

between the two major stage groups (T2 and T3) other

than 8q over-representations, which were found mainly in

stage T2 (P 5 0.027; Table 1). A high incidence of 1q

copy number gain was detected in both stage T2 (39/53

cases, 74%) and stage T3 (8/11 cases, 73%). Other

common gains include 8q, 17q, and 20q and frequent

losses on 4q, 8p, 13q, and 16q (Table 1).

Tumor Size

Twenty specimens fell into the category of small tumors

(,3 cm) and forty-seven into the category of large tumors

(.3 cm). Figure 2 summarizes the chromosomal aberra-

tions detected in the 47 large tumors. No significant

difference on the incidence of chromosomal gains and

losses could be identified between the two groups, ex-

cept diminution on 4q11-q23 was more profound in the

larger HCC (P 5 0.009; Table 2).

Cirrhotic and Noncirrhotic HCC

Twelve of the sixty-seven HCC specimens arose in a

noncirrhotic liver; the remaining fifty-five cases had asso-

ciated liver cirrhosis. All 12 tumors that had no underlying

liver cirrhosis exhibited an 8q copy number gain. This

incidence was significantly lower in the cirrhotic HCC

cases (20/55 cases; P 5 0.0001). Other significant gains

include 20q, which was found in 9/12 of those without

cirrhosis but in only 16/55 cases with cirrhosis (P 5

0.003). Losses on 4q were also marked in the noncir-

rhotic cases (9/12 cases) in comparison with the cirrhotic

cases (20/55 cases; P 5 0.014; Table 3). The mean

number (6SD) of DNA sequence copy changes per tu-

mor in the cirrhotic and noncirrhotic groups were 7.4 6

5.3 and 12.8 6 5.0, respectively (P 5 0.002). On subdi-

vision of the total aberrations into gains (including ampli-

fications) and losses, a mean of 4.1 6 2.7 gains was

found in the cirrhotic group compared with 7.5 6 2.8 in

the noncirrhotic group (P 5 0.0002). The mean copy

number losses were 3.3 6 3.3 in the cirrhotic group and

Figure 1. CGH aberrations detected in case H2. A CGH image of hybridized
chromosomes is shown with the corresponding fluorescence ratio profile
plotted alongside the chromosome ideogram. Green regions represent gains,
whereas red highlights the losses. The mean ratio profile of 12 analyzed
chromosomes or more (n # 12, pink line) is depicted with the 95% confi-
dence interval (gold lines). Red and green lines represent thresholds for
chromosomal losses (0.75) and gains (1.25). An amplicon on 1q21-22 and
high-level gain of 8q can be readily identified by the intense green signals.
The corresponding ratio profiles exceeded 1.5 (see Materials and Methods).
The CGH profile of this specimen suggests high-level copy gains of 1q21-22
and 8q, low-level gains of 1q, 9q32-qter, 10p, and 16pter-p11.2, and losses of
2q32-qter, 4q28-qter, 7q32-qter, 8p, 10q, 11q, 12p, 13q12-q31, 14q, and 16q.

Table 1. Comparison of Chromosomal Aberrations between
Stages T2 and T3

Stage T2 Stage T3 P value

11q 39/53 (74%) 8/11 (73%) 0.953
18q 29/53 (55%) 2/11 (18%) 0.027
117q 17/53 (32%) 3/11 (27%) 0.755
120q 19/53 (36%) 5/11 (46%) 0.549
24q 22/53 (42%) 5/11 (46%) 0.810
28p 20/53 (38%) 4/11 (36%) 0.932
213q 20/53 (38%) 4/11 (36%) 0.932
216q 17/53 (32%) 17/53 (32%) 0.359

Genomic Imbalances in HCC 39
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5.3 6 2.9 in those without underlying cirrhosis (P 5

0.046).

Discussion

The present study represents the first genome-wide in-

vestigation on the genetic imbalances in HCC in relation

to TNM staging, tumor size, and underlying cirrhosis. Our

series has the advantage of being particularly homoge-

neous, all samples coming from Southern Chinese pa-

tients of whom the great majority were chronic carriers of

HBV. As noted previously, this series is typical of the

majority of cases in Southeast Asia, although there may

still be additional etiological factors even among HBV-

related cases, such as aflatoxin exposure and HCV co-

infection.4,7,30 The two most striking features of our anal-

ysis were the finding of 8q copy number gain in all HCC

cases without underlying liver cirrhosis and the very high

incidence of 1q gain (48/67 cases, 72%). These obser-

vations strongly suggest that 8q plays an important role in

the malignant changes in the noncirrhotic liver and that

the gain of 1q is an early aberrant event in HCC devel-

opment.

High-level gain of regional and/or whole q-arm of chro-

mosome 1 was also observed in 20 of the 48 HCC cases

(42%) that exhibited a 1q copy number gain. This obser-

vation, together with the finding of an amplicon on 1q21-

22, indicates the likelihood of important proto-oncogenes

residing in this region. According to the Genome Data

Base, 1q21 harbors the gene that encodes the human

mRNA for hepatoma-derived growth factor. The en-

Table 2. Comparison of Chromosomal Aberrations between
Small (,3 cm) and Large (.3 cm) Tumors

,3 cm .3 cm P value

11q 12/20 (60%) 36/47 (77%) 0.168
18q 9/20 (45%) 23/47 (49%) 0.768
117q 6/20 (30%) 14/47 (21%) 0.986
120q 5/20 (25%) 20/47 (43%) 0.174
24q 7/20 (35%) 22/47 (47%) 0.372
24q11-q21 3/20 (15%) 20/47 (43%) 0.009
28p 9/20 (45%) 16/47 (40%) 0.396
213q 6/20 (30%) 19/47 (40%) 0.419
216q 4/20 (20%) 16/47 (34%) 0.250

Table 3. Comparison of Chromosomal Aberrations between
HCC with and without Underlying Liver Cirrhosis

Cirrhotic HCC Non-cirrhotic HCC P value

11q 38/55 (69%) 10/12 (83 %) 0.321
18q 20/55 (36%) 12/12 (100%) 0.0001
117q 15/55 (27%) 5/12 (42 %) 0.324
120q 16/55 (29%) 9/12 (75 %) 0.003
24q 20/55 (36%) 9/12 (75 %) 0.014
28p 18/55 (33%) 7/12 (58 %) 0.097
213q 18/55 (33%) 7/12 (58 %) 0.097
216q 15/55 (27%) 5/12 (42 %) 0.324

Figure 2. Summary of gains and losses of DNA sequences identified by CGH in 47 HCCs .3 cm in diameter. Gains are shown on the right side of the chromosome
ideogram and losses on the left. High-level gains are shown as thick lines. Each vertical line represents the affected chromosomal region seen in a single tumor
specimen.
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hanced expression of this gene could be associated with

the paracrine and/or autocrine activity that supports tu-

mor growth. CGH studies on soft tissue sarcomas, osteo-

sarcoma, and the Ewing family of tumors have also

reported the presence of a recurring 1q21-q22 ampli-

con.31–33 Amplification of the FLG and SPRR3 genes,

also located on 1q21, have been identified in several

sarcoma cell lines.34 An increased expression of CACY

and CAPL of the S-100 family calcium-binding proteins

have been mapped to the same region and implicated in

tumor progression and metastasis.35 We are currently

examining the significance of 1q21-q22 amplifications

using interphase fluorescence in situ hybridization analy-

sis on a large series of archival paraffin-embedded ma-

terial and examining the expression pattern of candidate

genes described in this region. Although a previous CGH

study on HCC also noted a raised incidence of 1q gain

(58%), the amplicon 1q21-q22 was not detected.25 Se-

quence amplifications detected in the latter study were

defined within one band and mapped to 11q12, 12p11,

and 14q12 (1/50 cases each) and 19q31.1 (2/50 cas-

es).25 In our present study, the amplicons identified by

Marchio et al25 were not detected. Rather, frequent high-

level gains of regional and/or whole chromosome arms

were seen.

In nearly 90% of our cases the HCC arose in a liver that

was cirrhotic. This figure is typical of our area and similar

to that reported from most other countries.6,36 Cirrhosis

may be considered as the final common pathway of

several chronic liver insults, including viral hepatitis types

B and C, excessive alcohol consumption, and various

metabolic diseases, and indeed each of these is also

strongly associated with the development of HCC. The

extent to which it is cirrhosis per se or the factors respon-

sible for the cirrhosis that cause the tumor to develop

remains controversial although many authors have con-

sidered cirrhosis itself to be a premalignant condition.6

Our present study reveals a significantly lower total

number of aberrations in the cirrhosis-associated HCC

compared with those without underlying liver cirrhosis.

None of the surrounding cirrhotic livers displayed any

CGH abnormalities. This suggests that, although liver

cirrhosis itself is not associated with any gross genotypic

changes, it may increase the susceptibility of the liver to

HCC development so that fewer genetic aberrations are

required for tumor development. Noncirrhotic HCC, on

the other hand, exhibited significantly more genomic vari-

ants, in particular the gains of 8q (100%) and 20q (75%)

and loss of 4q (75%). These aberrations may be essential

for the transformation of noncirrhotic liver to HCC, pro-

viding the hepatocytes with proliferative stimulation and

growth advantages. Gain of 8q material might be related

to the CMYC proto-oncogene. Coexpression of CMYC

and transforming growth factor (TGF)-a in a transgenic

mouse liver have been reported to result in a major en-

hancement of HCC development.37 The interaction be-

tween CMYC and TGF-a is believed to support the pre-

neoplastic hepatocytes with growth advantages by

disrupting the pRB/E2F pathway and TGF-a-mediated

apoptosis.38 The expression of CMYC and TGF-a in hu-

man HCC has yet to be confirmed. However, as we have

shown that a gain of the whole chromosome 8 q-arm is

often observed, the involvement of one or more other

putative proto-oncogenes besides the CMYC gene

(8q24) is also likely. An increase in 8q copy number gain

has been reported in a number of malignant diseases.

These include breast, pancreatic, head and neck, and

lung cancers.39–42 In this study, we observed a frequent

loss of 8p accompanying the gain of 8q (50%, 16/32

cases with 8q gain). Deletion of one chromosome arm

and multiplication of the other arm could be indicative of

the respective iso-chromosomes formation as seen in

many solid tumors. Allelic loss of 8p is well described in

HCC and is also common in breast, bladder, and in par-

ticular recurrent prostate cancers.39,43–44 The putative

tumor suppressor gene (TSG) on 8p has been suggested

to be PRLTS (platelet-derived growth factor receptor-b-

like TSG).18

Some authors have proposed that it is adenomatous

hyperplasia (AH), rather than cirrhosis, that is the prema-

lignant precursor of HCC.45,46 In this series, we have

examined three AH cases of which two had normal CGH

profiles and one displayed a copy number gain of 1q32-

qter and 20. The absence of CGH abnormalities in two

cases of AH could be due to the insensitivity of CGH in

detecting imbalances of small subchromosomal regions

(,10 Mbp) and/or the inability to elucidate balanced

translocations.29 Frequent low-level gain of 20q and high-

level amplification of 20q13 were also identified in the 67

HCC cases studied (37%). The finding of a chromosome

20 gain in a case of AH together with its frequent occur-

rence in HCC suggested that chromosome 20 has an

important role in HCC development. Chromosome 20q

over-representation has not been described previously in

HCC but is common in pancreatic, bladder, colon, and

breast cancers.39,40,47,48 Studies on bladder cancer and

transformed uroepithelial cells have shown that low-level

20q gain was associated with overcoming cellular senes-

cence, which in turn enabled surviving cells to accumu-

late multiple genetic alterations, whereas 20q13 amplifi-

cation was associated with chromosome instability.48–50

The conventional TNM staging classification51,52 is

generally less widely used in HCC than other malignant

tumors because the prognosis is related to the state of

the underlying liver disease as much as the extent of the

tumor itself. In this paper, we have studied exclusively

surgical specimens, a subpopulation of HCC that repre-

sents only the early resectable tumors with neither lymph

node (N0) involvement nor metastasis (M0). We com-

pared the pattern of genetic alterations between 53

cases of T2 and 11 cases of T3, and found no significant

difference except a higher incidence of 8q gain in stage

T2. On further analysis, this raised incidence could be

explained by the observation that all of the noncirrhotic

HCC cases fell within the T2 stage. The absence of

progressive genetic changes in relation to the clinical

staging supports a recent report that suggested TNM

classification in HCC has little prognostic implications

among small tumors.53 Rather, tumor size or the pres-

ence of vascular invasion in conjunction with measures of

the underlying liver function may be better prognostic

parameters for HCC. Tumors of less than 3 cm in diam-
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eter are often referred to as minute HCC,54–58 and this

forms the basis of our tumor classification into small and

large sizes.

Frequent LOH on the long arm of chromosome 4 is well

documented in HCC13–17 with a putative TSG suggested

to be HVBS6 (hepatitis B virus integration site 2).18 Com-

mon deleted regions have been suggested in the vicinity

of the albumin gene locus (4q11-q12),13,59 4q12-q23,60

4p11-q21,61 and 4q35.14 In the present investigation, we

found no significant difference in the incidence of total

number of deletions on 4q in relation to disease stage,

tumor size, or underlying liver cirrhosis. However, when

focusing on the distal q-arm, a significant increase in the

incidence of 4q11-q23 copy number loss was found in

tumors larger than 3 cm in diameter. Frequent interstitial

deletions on 4q21-q22 have also been reported among

the larger and more advanced HCC tumors.17 Our

present finding thus supports the previous study17 and

suggest a correlation between DNA sequence deletions

on 4q11-q23 and tumor progression.

In the present study, we were unable to discern any

obvious chromosomal difference in relation to AFP posi-

tivity. However, we have observed a marked difference in

genomic alterations in relation to HCC with or without

underlying liver cirrhosis and tumor size. A high fre-

quency of 1q gain was also observed. In our future in-

vestigations, attempts to further define the gene(s) in-

volved in the aberrant chromosomal regions identified

here will be carried out. Also, a comparison of genomic

aberrations between etiological factors, such as HBV-

and HCV-related HCC, and correlation of genetic

changes with clinical outcome will be undertaken.
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