
[CANCER RESEARCH 51, 4367-4370, August 15, 1991]

Loss of Somatic Heterozygosity in Hepatocellular Carcinoma1
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ABSTRACT

Loss of tumor suppressor genes is involved in the mechanism of
tumorigenesis of many solid tumors. We tested 9 hepatitis B virus (HBV)-
positive and 10 HBV-negative hepatocellular carcinomas for loss of
somatic heterozygosity using 14 polymorphic probes mapping to chro
mosomes 4, 11, 13, and 17. Losses were found on all chromosome arms
tested. The highest frequency of loss was observed at the D13S1 locus
(67%) at band 13ql2. Losses were also observed at three other loci on
13q. Twenty-one % of informative cases showed loss on 17p using the
probe pYNZ22 which maps near the p53 locus. Losses on 4q were
infrequent with 17% found at one locus and no loss at two others. The
retinoblastoma gene and the locus on 17p were only inactivated in our
HBV-negative tumors, although the numbers were too small for statistical
significance. For all loci tested, we found no significant differences in the
frequency of losses with HBV status, ethnic background, cirrhosis, grade
of tumor, or presence of hemochromatosis.

INTRODUCTION

HCC3 is the most common adult internal malignancy in areas

of the world where HBV is endemic (especially parts of Asia
and Africa), and epidemiological studies clearly implicate the
virus in the etiology of HCC (1). The only successful form of
treatment is surgical resection or hepatic transplantation when
the tumor is diagnosed early enough; therefore, studies of the
genetic mechanisms of HCC development are very important
because they may provide insight into monitoring, treatment,
and possibly prevention of this disease. Most studies of HCC
at the genetic level have been performed mainly on HBV-
positive patients. Viral DNA can be detected integrated into
hepatocyte DNA in up to 80% of chronic HBV carriers (2), but
the relationship between viral integration and hepatocyte cell
ular transformation is not understood. HBV appears to inte
grate randomly, although single integrations of viral sequences
have been found in the retinoic acid receptor gene (3) and the
cyclin A gene (4). All other integration sites are into unknown
loci, and there is no direct evidence that any particular locus
has been targeted more than once. Possible mechanisms for
HBV-related hepatocarcinogenesis are via the HBV X gene (5)
or truncated preS2/S region (6) which express proteins shown
to transactivate both viral and mammalian transcriptional reg
ulatory sequences.

As with most solid tumors, only a small proportion of HCCs
exhibit increased expression or activation of protooncogenes
(7). Tada et al. (8) failed to find codon 12, 13, or 61 point-
mutated N-, Ki- or Ha-ras genes in a series of 12 HCCs.
However, Zhang et al. (9) found increased expression of N-ras
and c-myc in HCC tissue and increased N-ras expression in
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normal surrounding tissue, as well as in cirrhotic liver from
patients without HCC. This would suggest that ras activation
(through increased expression) may occur early in the tumori-
genie process followed by, or together with, loss of tumor
suppressor genes.

Recently, tumor suppressor genes have been implicated in
the pathogenesis of HCC. These reports included losses on
chromosome arm 4q (10-12), which seem to be HCC specific,
as well as losses on chromosome arms 1Ip and 13q (13), and
17p (14, 15) which are sites at which losses are seen in many
different tumor types. However, there were also prominent
differences which were not adequately explained between stud
ies. We have, therefore, extended these earlier studies to deter
mine whether loss at any particular locus was specifically as
sociated with various pathological parameters including HBV
status, tumor histology and grade, cirrhosis, and ethnic origin
of patient. We also studied four patients with hemochromatosis,
a condition also predisposing to HCC unrelated to HBV
infection.

MATERIALS AND METHODS

Samples. Nineteen HCCs with surrounding nontumorous liver tissue
were available after surgical resection, transplantation, or autopsy. The
samples had been immediately frozen in liquid nitrogen and then stored
at â€”70Â°C.Peripheral blood lymphocytes were available as somatic

DNA for some patients.
DNA Extraction. Samples were ground into a fine powder in liquid

nitrogen in a cold mortar, and DNA was extracted using the "salting
out" procedure (16). Before ethanol precipitation of the DNA, we found

it necessary to perform at least one phenol/chloroform/isoamyl alcohol
(25/24/1, v/v/v) extraction to remove fatty debris and bile salts contam
inating the liver DNA.

RFLP Analysis. DNA samples (5 ug) were digested overnight with
20-30 units of the appropriate restriction enzyme and electrophoresed
through 0.8-1.2% agarose gels. Southern blotting, hybridization, and
stringency washes were performed using the method of Church and
Gilbert (17). Probes were labeled with [32P]dCTP using the random
priming method (18). Filters were then exposed to X-ray film using
intensifying screens for 1-14 days at -70Â°C. The probes used, their

locus name, and corresponding chromosomal locations are listed in
Tables 1 and 2. Information concerning the choice of appropriate
restriction enzyme and the corresponding alÃelesizes for RFLPs ob
tained with these probes was obtained from the Human Gene Mapping
10 workshop (19).

RESULTS

Table 1 shows that some LOH occurred on every chromo
some arm tested, indicating that allelic loss in HCC is a gen
eralized phenomenon. We only found one loss in 11 individuals
that were informative for at least one marker on chromosome
arm 4q (Tables 2 and 3). The single loss we observed occurred
at the pADH73 locus in an HBV-positive patient. In fact, we
found more losses on chromosome arm 4p (2 of 6; Table 2)
using the probe pTV20 (locus D4S10); however, the losses were
discrete from the 4q loss, indicating that a whole chromosome
4 was not lost in any patient.

We found one of 10 losses at the calcitonin locus (11 pi5)
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Table 1 Loss of heterozygosity al chromosomal loci in hepatocellular carcinoma
Locus names for each probe are given in Table 2.

HBV status
andpatient
no.HBV-12345678910HBV+111213141516171819pTV20

4pl6
Bglll1/12/21/11/1l/-1/21/2l/-1/1I/I1/21/11/1I/II/I1/2pHSAB44

4ql2
HaeUl1/21/22/22/21/21/11/21/11/21/1pADH73

4q23
Mspl1/1"1/21/21/21/21/11/11/1-/21/21/11/1pADH364q23A'v/l1/11/21/21/11/11/11/21/11/21/22/21/21/11/11/12/21/11/11/1ProbephTB58

llplS
Taql1/21/22/22/21/21/11/1-/21/21/21/21/11/22/22/21/21/2name/chromosome

band/RFLPenzymepEJ

llplS
Taq\2/21/21/22/21/21/21/11/21/11/21/21/21/22/21/22/21/1InsSOO

llplS
Rsa\1/22/21/12/21/21/21/12/22/21/21/2-/22/22/22/22/21/1SS6

Ilql3
Taql1/11/22/21/11/22/21/11/21/11/11/11/11/22/21/2l/-1/21/1p7F12

13ql2
Mspl1/1-/2-/21/21/22/2-/21/12/22/2-/21/11/2-fil/-1/1P123M1.8

13ql4
BamHl2/22/21/21/11/2l/-2/21/21/11/11/21/22/21/21/21/2p68rs2.0

13ql4
Rsal1/2l/-1/2l/-1/21/21/1l/-1/21/12/21/21/12/21/12/21/11/21/2P88R2.5

13ql4
Xbal1/21/21/21/11/21/22/2p9A7

13q32
Hindil/-2/21/11/11/21/11/21/11/22/21/2l/-1/12/~1/12/21/1l/-pYNZ22

17pl3
Rsal1/2-/2l/-1/21/11/21/1l/-1/21/21/21/21/21/11/21/21/2

" 1/1 and 2/2, homozygous patients (noninformative) in whom alÃele1 is the larger of the two alÃeles;1/2, heterozygous patient (informative, but no alÃeleloss in
tumor); I/â€”and â€”/2,alÃelelosses in tumor DNA; blank spaces, analysis not done.

Table 2 Frequency of alÃelelosses observed for each probe
No losses were observed for 10. 5, 6, and 5 informative cases, respectively, for the probes pEJ, p88R2.5, pADH36, and pHSAB44.

LocusD4S10ADH3CALCIINSINT2D13S1RBIRBID13S3D17S5ProbenamepTV20pADH73phTBSSphinsSOOSS6p7F12P123M1.8p68rs2.0p9A7pYNZ22Chromosomeband4pl64q23llplSllplSIlql313ql213ql413ql413q3217pl3No.
homo

zygous1067IIII778103No.
heter

ozygous6610679911814FractionLOH2/61/61/101/61/76/91/93/114/83/14%LOH33171017146711275021No.
HBV+/

No. HBV-1/1i/o0/11/0i/o3/30/10/33/10/3

and one of 6 losses at the insulin locus (11 pi5) (Table 2). We
tested the other chromosome arm using an Int2 probe (1 Iql3),
again, to determine whether the whole chromosome was lost,
but this was not the case for either patient showing lip loss
(Table 1).

As can be seen from Tables 1 and 2 most of our losses
occurred on chromosome arm 13q, and the overall frequency
of 13q losses appears similar between HBV-negative and HBV-
positive patients. Probe p7F12 (13ql2) was deleted most fre
quently (67%) and showed 3 of 5 losses for HBV-negative and
3 of 4 losses for HBV-positive patients. The probe having the
second highest (50%) rate of loss was p9A7 ( 13q32), with alÃeles
deleted in 3 HBV-positive patients and one HBV-negative
patient. Interestingly, probe pl23M1.8 (13ql4) showed a single
loss in an HBV-negative patient, and probe p68rs2.0 (13ql4)
was deleted 3 times in HBV-negative patients. Both of these
probes map to the retinoblastoma (RBI) locus at 13ql4, so we
have found that the RBI gene (the prototype tumor suppressor
gene) is often lost in HCCs, and it appears that it may be lost
preferentially in HBV-negative patients, although there was no
statistically significant difference between HBV-positive and -
negative donors (x2 = 2.684, P > 0.1 ).

We used the minisatellite probe pYNZ22, which maps very
close to the p53 locus, to look for LOH on 17p in our HCCs
and found 3 of 7 losses for HBV-negative and 0 of 7 losses for

HBV-positive patients (Table 2).
Examples of LOH observed in some of the HCCs are shown

in Fig. 1.
A summary of allelic losses scored on a chromosome arm

basis are listed in Table 3 together with the age, sex, and ethnic
origin, as well as factors predisposing to HCC and the histolÃ³g
ica! type and stage of tumor. Patients are classified as to whether
they have markers of hepatitis B virus infection, viz., hepatitis
B surface antigen, or not. Overall, there were no significant
differences between the frequency of losses between grades of
tumors (x2 = 3.230, P> 0.1), presence or absence of cirrhosis
(x2 = 0.568, P > 0.5), or HBV carrier status of donors (x2 =

DISCUSSION

We have used loss of constitutional heterozygosity at various
chromosomal loci to search for possible tumor suppressor genes
involved in the development of HCC. Cavenee et al. (20)
indicated that allelic loss in retinoblastoma can be expected in
about 50% of patients. However, the retinoblastoma model for
recessive mutations of tumor suppressor genes is almost cer
tainly much simpler than that which occurs in tumors like
HCC, where more than one suppressor gene is probably lost.
However, a loss rate of <20% for any particular marker may
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Table 3 Summary of patient data and alÃelelosses by chromosome arm
Southern blots of somatic and tumor DNA were analyzed for loss of heterozygosity (+) or no loss of heterozygosity (â€”)at loci on various chromosome arms. Some

markers were noninformative (NI) or not done (blank). Patients are grouped under HBV-negative and HBV-positive status.

Status and
PatientHBV-12345678910HBV+111213141516171819Sex/age(yr)F/44F/36M/71M/67M/68M/76F/21M/79M/61M/68M/51M/71M/52M/52M/29M/57M/35F/69M/36EthnicoriginCaucasianCaucasianCaucasianCaucasianCaucasianCaucasianCaucasianCaucasianIndianCaucasianMelanesianCaucasianAborigineCaucasianMelanesianVietnameseMelanesianCaucasianCaucasianCirrhosisHistologyPleo*TrabTrab+

Trab+
Pseu+
TrabFibr+

TrabTrab+

TrabTrab+

Trab+
Trab+
Trab+
Pleo+
TrabPseu+

Pseu+
TrabGrade21221-331212-3221131212Predisposing

factorPresentation"EarlyEarlyLateHem

LateAleo
LateLateEarlyHem

LateLateHem

LateEarlyHem

LateEarlyEarlyEarlyLateLateLateLateChromosome

arm4pNINININI+â€”â€”+NINIâ€”NINININI-4qNI-â€”NIâ€”â€”â€”NIâ€”-NIâ€”+â€”NIâ€”NININIllp--â€”NIâ€”â€”NI+NINIâ€”â€”+â€”â€”NIâ€”â€”-llqNI-NINIâ€”NINIâ€”NINININI-NIâ€”+â€”NI13q

17p++

++
++
-NI+

â€”+

NI+
+â€”

â€”NINIâ€”+

-â€”
â€”+
â€”+

NI+
â€”â€”
_+

"Time of presentation. Early, e.g., found incidentally at transplantation (e.g., patient 14) or screening for a-fetoprotein (e.g., patient 13) and tumor <2 cm in

diameter.
*Trab, trabecular; Pleo, pleomorphic; Pseu, pseudoglandular; Fibr, fibrolamellar; grade 1, well differentiated; grade 2, moderately well differentiated; grade 3,

poorly differentiated; Hem, hemochromatosis; Aleo, alcoholism.

2
N T

2
T N

11
T N

13
T N

pYNZ22
Rsal

p68RS2.0
Rsal

pTV20
Bglll

p9A7
Hindill

Fig. 1. Autoradiograms of Southern blots showing loss of heterozygosity in
hepatocellular carcinoma. DNA was isolated from tumor (T) or normal (N) liver
tissue from each patient, digested with enzymes, and hybridized to probes as
indicated below each pair of lanes. Patient numbers are at the top of each
autoradiogram. AlÃelesizes for each of the probes shown are as follows (in
kilobases): pYNZ22, 1.8/1.4; p68RS2.0, 1.45/1.4; pTV20, 3.5/2.3; p9A7, 3.2/
0.9. It should be noted that the somatic DNA for patient 2 probed with p68RS2.0
carries two very closely migrating alÃeles.In each case the second alÃeleis lost
from the tumor sample.

only reflect a "background" loss rate, which may be expected

in any tumor cell by chance, such as been reported for colorectal
tumors (21). For only two loci (D13S1 and D13S3) did we find
losses (6 of 9 and 4 of 8, respectively) of 50% or greater (Table
2). Our losses on chromosome arms 13q and 1Ip support the
data of Wang and Rogler (13) who found significant losses at
various loci on these two arms more frequently than on any
other chromosome arms they tested. Losses in these regions
are particularly interesting because they contain tumor sup
pressor genes lost in other tumors (see Ref. 22 for review).
However, these results are in contrast to other studies (11, 12,
23) in which no losses at all were observed on 1Ip and only one

tumor (11) had a loss on 13q. This may be due in part to ethnic
differences, because the studies of Zhang et al. ( 12) and Naga-
hara et al. (23) were on Japanese patients who may share
predisposing hereditary, environmental, or dietary factors dif
ferent from other ethnic groups.

While we found the majority of losses on 13q in both HBV-
positive and -negative patients, only the HBV-negative patients
showed losses at the RBI locus. However, the number of losses
is small and the difference is not statistically significant. From
Table 1 it can be deduced that there is no common region of
loss on 13q and at least 3 distinct regions are implicated i.e.,
around the RBI locus (e.g., patients 2 and 4), distal to RBI
(e.g., 1 and 19), and proximal to RBI (e.g., 3, 7, 13, and 16).
Patients 6 and 8 are particularly interesting because they are
heterozygous for one probe at the RBI locus but show alÃele
loss for another probe at this locus. This implies that the
breakpoint of mitotic recombination or chromosomal deletion
in these tumors is actually within the RB gene.

Buetow et al. (11) found evidence for the existence of an
HCC-specific tumor suppressor gene on chromosome arm 4q
(they found 7 of 9 losses at the albumin locus in band 4ql2).
We did not confirm their findings because we found only 17%
LOH at one locus on this arm. We did, however, find 33%
LOH on the short arm of chromosome 4, indicating that one
or more genes on this chromosome may be deleted or inacti
vated in HCC. Wang and Rogler (13), in an earlier study, also
found that one of 5 HCCs showed alÃeleloss on 4p.

Chromosome arm 17p is the location of a putative tumor
suppressor gene, the p53 gene. p53 alÃelelosses and other p53
abnormalities have previously been reported in HCCs (14, 15,
24). Indeed, recent findings demonstrate that HCCs arising in
patients with a potentially high intake of aflatoxin B, often
have a specific mutation within codon 249 of the p53 gene (25,
26). While we have not looked at the p53 gene directly, we have
found that a linked locus, D17S5, undergoes frequent (21%)
LOH in HCCs.

It should also be noted that HCCs in which LOH was not
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observed may still have inactivated tumor suppressor genes, but
these genes are mutated by mechanisms other than mitotic
recombination, chromosome loss, or interstitial deletion (27).

The effect of different gene pools on reported alÃelelosses
remains to be determined but may be important because chro
mosome 16 losses have, to our knowledge, only been recorded
in Japanese HCCs, which, unlike ours, show no 13q losses (12,
28). Many of those Japanese HCCs were cryptogenic in origin
and were probably hepatitis C virus related (29).

Even though HCCs, particularly in Western countries, are
most often associated with cirrhosis, our study showed no
correlation between allelic loss and the presence or absence of
cirrhosis. We found no statistically significant differences in
the frequency of losses at any loci between HBV-positive and
HBV-negative patients. There was no specific pattern of losses
observed in patients with hemochromatosis, another disease
involved with cirrhosis and HCC. Overall, we were not able to
correlate any observed losses with the grade or stage of tumor
and have shown that losses have occurred on all chromosomes
tested.

In conclusion, it would appear from our study that ethnic
origin, HBV status, cirrhosis, or any other known predisposing
parameter does not correlate with loss at specific loci in HCC.
Tumor suppressor genes on several different chromosomes
appear to be important in hepatocarcinogenesis, including two
well-characterized suppressors, the p53 and RBI gene products.
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