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Summary Elucidation of the basic genetic changes of human hepatocellular carcinoma is important for the understanding and treatment of
this cancer. We used microsatellite polymorphism markers to study 30 cases of hepatocellular carcinoma (34 tumours) on all human
chromosomes. DNA from 34 pairs of hepatocellular carcinomas and corresponding non-tumour parts was prepared. Loss of heterozygosity
(LOH) and microsatellite instability on 23 chromosomes were investigated by 231 sets of microsatellite markers. More than 20% LOH was
shown for loci on 16q (47.1%), 13q (32.4%), 17p (32.4%), 5q (26.5%), 11p (23.5%) and 9p (20.6%). The commonly affected regions were
mapped to 16q12.1, 16q12.2, 16q24, 139q12.1-32, 17p13, 5932, 5934, 5q3, 11p15, 11g23-24 and 9p21. Hepatitis B virus carriers had a
significantly higher frequency of LOH on chromosomes 5q, 11p and 16q. Furthermore, larger tumour size tended to have higher frequency of
LOH at D16S409 locus (16g12.1). Microsatellte instability was only found in 12 of 231 markers and the frequency is very low. These data
suggest that the chromosomes 16q, 13q, 17p, 59, 11p and 9p might participate in hepatocarcinogenesis. However, microsatellite instability
might play little role in the development of this cancer in Taiwan.
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Hepatocellular carcinoma (HCC) is one of the most commorBRCA2 and DPC4 genes (Kamb et al, 1994; Miki et al, 1994,
malignancies in the world, particularly in Southeast Asia and irLinardopoulos et al, 1995; Wooster et al, 1995; Hahn et al, 1996).
Sub-Saharan Africa (Linsell and Higginson, 1976; Beasley, 1982). Identification of subtle genetic changes indicative of microsatel-
In Taiwan, it ranked the first in cancer mortality. The disease idite instability can be obtained through the analysis of mobility
known to be closely associated with chronic hepatitis B or C virathange of tumour DNA in electrophoresis (Peinado et al, 1992;
infection (Beasley, 1982; Chen, 1987, Chen et al, 1990), or expdenov et al, 1993). Microsatellite instability has been reported in a
sure toa-toxin B, and environmental factors (Sheu et al, 1992).variety of human cancers, including colorectal carcinomas, but not
Nevertheless, the molecular mechanism still needs to be clarifiedn adjacent normal tissues from the same individual (Peinado et al,

The genesis of human cancers is a multistep process reflectii®92; Gonzalez-Zulueta et al, 1993; Han et al, 1993; lonov et al,
cumulative genetic alterations that include activation of oncogenes993; Peltomaki et al, 1993; Risinger et al, 1993; Thibodeau et al,
or inactivation of tumour suppressor genes (Sheu et al, 1992993; Loeb, 1994; Merlo et al, 1994). In hereditary non-polyposis
Weissenbach et al, 1992). Loss of heterozygosity (LOH) in polyeolorectal carcinoma (HNPCC), this microsatellite instability is
morphic markers in a chromosomal fragment is known to bepparently due to inherited and somatic mutations in mismatch
indicative of the presence of putative tumour suppressor gengspair genes (Loeb, 1994). Mutations of these microsatellite insta-
(Yeh et al, 1994, 1996; Kuroki et al, 1995 bility genes may be an important mechanism in tumorigenesis.

The recently identified short tandem repeat, the microsatellite, By using restriction fragment length polymorphism (RFLP) and
which exhibits length polymorphism is widely and evenly distrib- microsatellite analysis, previous reports have demonstrated that
uted throughout the whole genome (Weissenbach et al, 1992jllelic losses on chromosomes 1p, 4q, 5q, 8p, 8q, 11p, 13q, 16q
These microsatellite markers have been used for primary gerand 17p are frequently found in HCC (Nose et al, 1993; Takahashi
mapping and linkage analysis (Weissenbach et al, 1992kt al, 1993; Fujimoto et al, 1994; Fujiwara et al, 1994; Yeh et al,
Polymerase chain reaction (PCR) amplification of these sequenc&894, 1996; Kuroki et al, 1985199%; Yumoto et al, 1995; Nagai
allows rapid assessment of LOH and greatly simplifies the deteet al, 1997). These observations implicated that loss, or alterations,
tion of LOH (Yeh et al, 1994, 1996; Kuroki et al, 189399%). of a number of tumour suppressor genes in these loci might play an
Studies based on somatic LOH as a means of identifying criticamportant role in the development of HCC. However, conflicting
loci have already led to the discovery of several important tumouresults regarding the frequency and site of chromosome loss have
suppressor genes, including the retinoblastoma (Rb), BRCAXeen shown in these studies. In the present study we used a total of

231 markers, representing 1-22 and X chromosomes to examine
systematically the LOH frequency in 30 cases of HCC. At the

Received 4 August 1998 same time, microsatellite instability was analysed. We hoped to
Revised 12 November 1998 determine the specific sites for the putative tumour suppressor
Accepted 17 November 1998 genes in HCC. Meanwhile, the correlation with clinical parameters
Correspondence to: J-C Sheu was also studied.
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Table 1 Clinical data of HCC patients

Case no. Sex Age HBsAg a-fetoprotein Anti-HCV Tumour Liver state 2 LOH Percentage No. of instability
(mg ml -%) diameter (cm)

1 F 55 N <20 P 3.6 Cir 6.2 (11/178) 0
2 M 41 P <20 N 7 Cir 9.3 (14/151) 0
3 M 59 P 139 N 2.6 Cir 1.3 (2/153) 1
4 F 67 N <20 P 1.8 Cir 0 (0/164) 0
5 M 60 P 597 N 5 Cir 0.6 (1/168) 0
6 M 64 P <20 ND 5 Cir 7.5 (12/161) 0
7 M 46 P a7 N 2.2 Cir 26.6 (42/158) 2
8 M 67 P <20 N 3.6 CPH 10 (15/150) 1
9 M 39 P 25979 ND 8 Cir 6 (9/152) 0
10 M 29 P 21598 ND 4.3 Cir 4.7 (7/150) 0
11 F 43 P <20 ND 4.5 Non-Cir 0 (0/164) 1
12 F 68 N 646 P 4.5 Cir 0 (0/171) 0
13 M 65 P <20 P 2.2 Cir 3.2 (5/154) 0
14 F 57 N 47192 N 7.5 Cir 9.3 (16/172) 0
15 M 50 P <20 N 25 Cir 0 (0/166) 0
16 M 44 P 237 ND 5 Cir 7.1 (11/155) 1
17 F 47 P <20 N 5 CPH 16.8 (28/167) 0
18 F 64 N 497 P 3 Cir 3.4 (5/147) 0
19 M 31 P 190 N 4 Cir 10.4 (17/163) 0
20 M 56 P <20 P 17 CPH 2 (3/151) 1
21 F 60 N <20 P 4.8 Cir 0 (0/170) 2
22 M 60 N 37 P 25 Cir 0 (0/152) 0
23 M 60 P > 35000 N 20 CPH 0 (0/161) 0
24 M 63 N 905 P 2 Cir 0 (0/182) 0
25 M 63 N 23 P 3.2 Cir 0 (0/174) 0
26 F 65 P 1995 N 7 Cir 11.9 (18/151) 2
27 M 52 P 649 N 4 Non-Cir 0 (0/155) 0
28 M 54 P <20 N 13 CPH 0 (0/162) 0
29 M 57 P <20 N Ta=3 Cir 32.3 (53/164) 3
<20 Th=2 0.6 (1/165) 0
69.3 T,=2 9.7 (16/165) 0
69.3 T,=17 6.1 (10/165) 0
30 M 64 N <20 P Ta=238 CPH 1.3 (2/154) 0
Th =22 0 (0/153) 0

Ta, Tb: primary tumours; T, T,: recurrent tumours; ND: not determined; F: female; M: male; N: negative; P: positive. @ Cir, cirrhosis; CPH, chronic persistent
hepatitis. °(no. of primers with LOH)(total no. of informative primers).

MATERIALS AND METHODS DNA isolation

Patients Genomic DNAs were extracted from the tumour and non-tumour

liver tissues using methods described previously (Sheu et al, 1992).
Primary HCC tissues and their corresponding non-neoplastic liver

tissues were obtained from 30 HCC patients receiving surgice'\lll
resection in National Taiwan University. The diagnosis of HCC
was confirmed by histology. Both tumour and non-tumour partAll these samples, including tumour and non-tumour parts, were
were frozen immediately after surgery and stored B285°C until  systematically studied by using the microsatellite markers (from
use. A total of 30 HCC patients were included in this study (Tablehromosomes 1-22 and X chromosome). These markers were
1). One patient (case 29) received two operations due to primagelected at a distance of every 10-20cM according to
and recurrent HCCs, and there were two tumours in each oper@feissenbach (Weissenbach et al, 1992) (Table 2). The primers
tion. Another patient (case 30) had two small tumours. Thereforespecific for these markers are commercially available (Research
a total of 34 tumours were studied. The tumour size was less thaenetics, Huntsville, AL, USA) (Weissenbach et al, 1992). A total

3 cmin 14 tumours, between 3 and 5 cm in 13 tumours, and largef 231 microsatellite markers were used. Each marker was ampli-
than 5cm in the remaining seven tumours. Twenty-one patient$ed by PCR in 254 volumes of a mixture containing 25 ng of
were male and nine were female. The age ranged from 29 to @&nomic DNA template, 5 pmol of each primer, &b each of
years. Twenty were positive and ten were negative for hepatitis Beoxyguanosine triphosphate, deoxythymidine triphosphate and
surface antigen (HBsAg). Hepatitis C virus antibody (anti-HCV)deoxycytidine triphosphate, 71 triphosphate deoxyadenosine
was positive in two of the 20 patients who were positive fortriphosphate, 1.5 m magnesium, 1X PCR buffer, 2.&i of
HBsAg. However, in the ten patients negative for HBsAg, ning[3sS]dATP 5 Upl-2, and 0.5 Ulag. PCR was performed in a ther-
were positive and only one was negative for anti-HCV. mocycler which can fit 96-microtiter plates (PTC-100-96V, MJ

icrosatellite polymorphism analysis
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Research Inc., Watertown, MA, USA). Reactions were performedwo clustering bands of equivalent intensity. In contrast, in tumour
in 27 cycles under the following conditions: 30 s &®fbr denat-  part with loss of one allele at this microsatellite locus, the gel
uration, 75 s at 5% for primer annealing and 30 s at°@2for showed disappearance of clustering bands indicating LOH.

primer extension. Finally, PCR product was further incubated in

72°C for another 6 min. The pipetting and dispensing of the PCRFrequency of LOH in each samples

reagents was performed by a Robotic workstation (Biomek 2000dmong the 34 HCC samples analysed, the frequency of LOH
Beckman, Palo Alto, CA, USA). After completion of PCR, the (number of primers with LOH/number of informative primers)
PCR products were run on a 6% polyacrylamide gel elecranged from 0% to 32.2% (average 5.5%) (Table 1). Except for
trophoresis (PAGE) gel followed by exposure of the gel to X-raytwo HCC samples (case 7 and case 29 Ta) that had LOH frequency
film for 2-3 days. The band pattern between tumour and noref 32.3% and 26.6%, most of the HCC samples had LOH
tumour part was compared. The genetic changes, including LOHequency less than 10%. Of the 34 HCCs, 11 HCCs did not show
and microsatellite instability, were analysed. The assessment ahy LOH with the 231 markers tested.

LOH and microsatellite instability was done as described previ- In the four tumours of case 29, who had two tumours in two

ously (Loeb, 1994; Yeh et al, 1994; Nagai et al, 1997) operations, one tumour (Ta) had the highest LOH (53/164, 32.2%)
and the other three tumours had LOH less than 10%. In the two
Statistical analysis tumours of case 30, who had two tumours, one tumour (Ta) had

two LOH locus, but the other tumour (Tb) had no LOH. The sites

Wel (cj:_orrelate LOH frequen_cy V;{'th several cllgcal aspects,of LOH in the four HCCs of the first case and the two HCCs of the
including sex, age, tumour size, liver state, seoufietoprotein ?econd case were all different.

(AFP) and status of hepatitis B or C virus infection. The statistic
analysis was performed by the computer program STATISTIC
(StatSoft, Tulsa, OK, USA). The-values were obtained by
Fisher’'s exact tests and thevalues were obtained by linear
regression analysis.

AFrequency of LOH in each chromosome
When the data were analysed based on the frequency of LOH in
each chromosome (allelic loss at one or more markers), the range
of LOH was from 0% to 47.1% (average 15.2%). There were six
chromosomes which had LOH more than 20%. The highest rate of
RESULTS LOH were on chromosome 16 (16/34, 47.1%), followed by 5
(12/34, 35.3%), 13 (11/34, 32.4%), 17 (11/34, 32.4%), 9 (8/34,
Study on LOH 26.5%) and 11 (8/34, 23.5%) (Table 3).
We analysed 34 HCC samples and their corresponding non-tumour
DNA for LOH by microsatellite markers from chromosomes 1-22Frequency of LOH based on each microsatellite marker
and X chromosome. A total of 231 markers were used in this studfhe percentage of LOH on all microsatellite markers for 34 HCC
The mean heterozygosity of the microsatellite markers was 70%amples is shown in Table 2. The average frequency of LOH in each
The representative results of microsatellite amplifications in HCCsnicrosatellite locus ranged from 0% to 50% (average 5.4%). Most of
are shown in Figure 1. In the DNA of non-tumour part that waghe markers had LOH less than 20%, and only 12 markers had LOH
heterozygous at a locus, two alleles were amplified at similar effimore than 20%. Among the 231 markers, the highest rates of LOH
ciency, and the resulting PCR product was separated on the gelwsre detected for specific loci on chromosome arm 9p21 (20.8%),

Table 2  Microsatellite markers used in this study and results of LOH at each locus in 34 HCCs

D1S191 (0/25, 0%)
D1S222 (025, 0%
D15238 (0122, 0%)
D1S306 (1/26, 3.8%)
D15249 (0127, 0%)

Chromosome
1 2 3 4 5 6 7 8 9 10 11 12
D1S201 (0/23,0%)  D2S158 (0/23, 0%) D3S1307 (0127, 0%) D4S419 (1/21, 4.8%) D5S406 (3/18, 16.7%)  D6S296 (0/25, 0%) D7S511 (0/28, 0%) D8S265 (0/6, 0%) D9S168 (3/21, 14.3%) D10S223 (0/23, 0%) D11S932 (7129, 24.1%) D12593 (1/26, 3.8%)
DIS211 (024, 0%)  D2S146 (0/34,0%)  D3S1297 (1/29,3.4%)  DAS396 (0/16, 0%) D58395 (0/14, 0%) D6S289 (0127, 0%) D75493 (0126, 0%) D8S282 (4128, 14.3%)  DIS162 (1120, 5%) D10S197 (0129, 0%) D11S921 (2127, 7.4%) D12589 (0121, 0%)
D1S232 (0125, 0%)  D2S123 (0/23, 0%) D3S1304 (1/27,3.7%)  D4S416 (1/23, 4.3%) D55426 (0/29, 0%) D6S306 (0/27, 0%) D75485 (0/26, 0%) DBS278 (2125, 8%) D9S169 (5/24, 20.8%) D10S218 (2/23, 8.7%) D118915 (2/21, 9.5%) D12S87 (0/13, 0%)
D1S200 (0/27,0%)  D2S160(1/27,3.7%)  D3S1263(1/27,3.7%)  D4S410 (0/14, 0%) D55420 (0134, 0%) D6S272 (0127, 0%) D7S499 (1/27, 3.7%) DBS260 (2/30,6.7%)  DIS165 (3125, 12%) D10S206 (1/19, 5.3%) D11S914 (2121, 9.5%) D12596 (0/10, 0%)
D1S220 (0/32,0%)  D2S114 (1/27,3.7%)  D3S1266 (0/19, 0%) D4S406 (2/18, 11.1%) ~ D5S427 (3/28,10.7%)  D6S313 (1/18, 5.6%) D7S502 (1/30, 3.3%) DB8S271 (0/25, 0%) D9S197 (221, 9.5%) D10S215 (0/17, 0%) D11S905 (2/34, 5.9%) D125104 (0/27, 0%)
D1S230(0/26,0%)  D2S150 (1/24,4.2%)  D3S1260 (0/20, 0%) D4S427 (4128,14.3%)  D5S428 (1/23,4.3%)  D6S284 (3/27,11.1%)  D7S524 (0120, 0%) DB8S269 (0/8, 0%) D9S177 (121, 4.8%) D10S192 (2/27, 7.4%) D11S937 (2/28, 7.1%) D12592 (0/34, 0%)
D1S219 (0/26,0%)  D2S142 (1/26,3.8%) D3S1313(1/24,4.2%) D4S417 (2/15,13.3%)  D5S421 (0/23, 0%) D6S283 (4128, 14.3%)  D7S501 (0/24, 0%) DBS284 (0/30, 0%) D9S179 (3128, 10.7%) D10S217 (2/29, 6.9%) D115938 (5/19, 26.3%) D12S106 (071, 0%)
D1S236 (1/23, 4.3%) D2S152 (1126, 3.8%)  D3S1261 (1/19,5.3%)  DAS621 (0/10, 0%) D5S393 (1131, 3.2%)  D6S266 (4124, 16.7%)  D7S522 (1/26, 3.8%) DI1S934 (4134, 11.8%)  D12S81 (0/34, 0%)
D1S223 (0115, 0%)  D2S172 (0127, 0%) D351290 (0/25, 0%) D4S415 (4129, 13.8%)  D5S413 (4/25, 16%) D6S303 (2/18, 11.1%)  D7S487 (0/21, 0%) D12S101 (0/16, 0%)
D1S194 (0/15,0%)  D2S140(1/30,3.3%)  D3S1279 (0/26, 0%) D5S410 (1/23, 4.3%) D6S304 (2/21,9.5%)  D7S500 (1/30, 3.3%) D12S78 (0/16, 0%)
D1S218 (0/25, 0%) D3S1275 (0/10, 0%) D5S412 (4/31,12.9%)  D6S262 (2/26,7.7%)  D7S483 (2/28, 7.1%)
D1S242 (0/27, 0%) D351262 (0/28, 0%) D55423 (1/22, 4.5%) D6S308 (3/26, 11.5%)
D15215 (0/24, 0%) D351288 (1/34, 2.9%) D5S400 (4128, 14.3%)  D6S314 (3/17, 17.6%)

) D3S1272 (1/21, 4.8%) D58425 (2123, 8.7%)  D6S311 (2125, 8%)
D15254 (0/12, 0%) D5S394 (0122, 0%) D6S305 (2123, 8.7%)

)

)

)

)
D1S217 (0/24, 0%)
D1S237 (0119, 0%)
D1S304 (0/16, 0%)
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()%: indicates LOH cases/informative cases, LOH frequency. X2: informative cases are few on X chromosome.
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Figure 1 A representative result of LOH in HCC. DNA from one pair of liver
cancer (lane T) and non-tumour part (lane NT) was amplified by PCR with
microsatellite primer D13S155. Tumour DNA showed a disappearance of one
allele at this microsatellite loci

NT
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11p15 (26.3%), 11023-24 (24.1%), 13q12.1-12.2 (25%), 13q14.3
(20.6%), 13q21-32 (31.3%), 16q12.1 (31.6), 16q12.2 (50%), 16q13
(33.3%), 16024 (30.4-33.3%) and 17p13 (39.3%) (Table 4). The
most frequent LOH was detected at locus D16S419 in 16g12.2 with
a frequency of 50% of 14 informative HCCs in our study.

Deletion mapping of chromosomes with frequent LOH

Deletion mapping by LOH analysis was performed on six chromo-
somes which had LOH frequency more than 20%. Deletion
mapping of chromosome 16 is shown in Figure 2A. Most of the 16
tumours that had LOH span the q arm (16/34, 47.1%). By further
mapping, the LOH regions were limited to three smaller regions.
The first region was near marker D16S409, the second was near
marker D16S419 and the third region is between markers
D16S402 and 16S408. The locations of D16S409 and 16S419
were on chromosome 16g12.1 and 16g12.2, while the locations of
D16S402 and D16S408 were on chromosome 1624 and 16g13.
From the LOH mapping of tumours 18, 19, 25 and 19, the third
region was narrowed down to D16S422 (16g24). Therefore, the
minimal LOH regions commonly affected in these patients were
deduced to be 16g12.1, 16g12.2 and 16qg24.

The deletion mapping of chromosome 13 is shown in Figure 2B.
In most affected samples, the LOH regions cover 13q (11/34,
32.4%). Furthermore, we found a smaller region of LOH between
D13S171 and D13S156. The locations of these markers were on
chromosome 13g12.1 and 13g32.

For chromosome 17, the LOH region seemed to span the p arm
(11/34, 32.4%) (Figure 2C). The minimal LOH region frequently
affected in these 11 patients was deduced to be around markel
D17S796. The localization of marker D17S796 was 17p13.

Similar analysis was performed on chromosomes 11, 9 and 5
(data not shown). Regions of LOH appear to cover both p arms of
chromosome 11 (8/34, 23.5% for the p arms; 5/34, 15% for the q
arms). In the p arm, the LOH region was near marker D11S932,
while the g arm was between D11S938 and D11S934. The loca-
tions of D11S932 and D11S934 were on chromosome 11p15 and

13

14

16

17

D13S221 (1/15, 6.7%)
DI3S171 (5120, 25%)
D135218 (2124, 8.3%)
D13S155 (5127, 18.5%)
D13S153 (7134, 20.6%)
D13S176 (3126, 115%)
D13S156 (5/16, 31.3%)
DI3S157 (2120, 10%)
D13S159 (4119, 21.1%)
DI3S173 (30, 3.3%)

D14S72 (1129, 3.4%)
D14ST0 (0129, 0%)

DI4ST5 (1126, 38%)
D14S66 (1/24, 4.2%)
D14S61 (1124, 4.2%)
D14S68 (2123, 8.7%)
D14S8L (3123, 13%)
D14S78 (2132, 6.3%)

D165418
D165406
D16S414
D16S410
D16S417
D165409
D165416
D165419
D16S415
D165408
D16S422
D165402

4131, 12.9%)
2130, 6.7%)
1126, 3.8%)
2118, 11.1%)
1119, 5.3%)
6/19, 31.6%)
2118, 11.1%)
7114, 50%)
4125, 16%)
6/18, 33.3%)
824, 333)
7123, 30.4%)

D17S796 (11128, 39.3%)
D17S786 (3/18, 16.7%)
DA7S783 (1/17, 5.9%)
DL7S805 (0117, 0%)
DL7S79L (0127, 0%)
DL7S788 (1124, 4.2%)
DL7S792 (0124, 0%)
DL7S789 (1/14, 7.1%)
DL7S784 (1123, 4.3%)

19 20 21 22 xa
D18S59 (0123, 0%) D19S209 (323, 13%) ~ D20S113(1/26,38%)  D22S265(0/28,0%)  D22S280(2/29,69%)  DXS987 (017, 0%)
D18S63 (0129, 0%) D19S221(0/13,0%) ~ D20S115(0/18,0%)  D21S269(0/22,0%)  D22S281 (2125, 8%) DXS989 (U8, 12.5%)
0119, 0%) DI9S213(0/25,0%)  D20S104 (0/34,0%)  D22S262 (1/29,3.4%)  D22S278 (1/34,2.9%)  DXS991 (017, 0%)
DI8ST1 (0127, 0%) D19S220 (0116,0%)  D20SII8(0/34,0%)  D21S261(L122,45%)  D22S277(2/34,5.9%)  DXS1000 (0/4, 0%)
D18SE5 (1U28,36%)  D19S223(0/25,0%)  D20SL12(0/34,0%)  D21S270(2/23,87%)  D225283(1/33:3%) DXS995 (119, 11.1%)
D18S69 (U32,31%)  DI9S217(024,0%) D20S106(0/25,0%)  D21S267 (2/24,83%)  D225279 (1/34,29%)  DXS990 (0/6, 0%)
D18S60 (0119, 0%) D19S214 (0/26,0%) ~ D20SL20(0/13,0%)  D21S266 (2/33,6.1%)  D22S276 (0/16, 0%) DX984 (011, 0%)
DI18S68 (U29,34%)  D19S218(0128,0%)  D20S100 (0118, 0%) D225282 (1115, 6.7%)
D18S58 (3128, 10.7%) D20S102 (0/34, 0%) D225274 (0133, 0%)

© Cancer Research Campaign 1999
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Figure 2 Summary of the results of LOH analysis on chromosomes that have LOH frequency more than 15% in 34 HCCs. The locations of the microsatellite
markers are shown. The patients are indicated by the number shown at the top of the Figure; case 29: tumours 29-32, case 30: tumours 33-34. Non-
informative indicated no polymorphism between alleles at the markers. Therefore, no LOH information could be obtained. ¢, Informative with two alleles
normally intact (e ); LOH (o ); non-informative (no allelic polymorphism) (©). (A) Chromosome 16, (B) chromosome 13, (C) chromosome 17

11923—q24 respectively. For chromosome 9, the LOH region&orrelation analysis based on HCC samples and LOH

spanned the whole 9p arm (7/34, 20.6%). One smaller LOH regiowe correlated the LOH frequency of each HCC sample with the
was mapped to chromosome 9p21 (D9S169). For chromsome 8inical status. There was no significant correlation with sex, age,
we found that these LOH regions spanned the chromosome Sgatus of HCV antibody, AFP or liver status. However, among the
arm (9/34, 26.5%). Three distinct regions, D5S413(5032)34 HCC samples, tumours in those patients positive for HBsAg
D5S412(5q34) and D5S400(5935.2), were mapped. tended to have higher frequency of LOH (primers with LOH/
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Table 3 Summary results of LOH analysis in each chromosome in 34 HCC tumours

Chromosome no. 1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16 17 18 19 20 21 22 X

No. of tumour with 1 4 2 6 12 4 4 6 9 2 8 1 11 5 3 16 11 3 3 1 2 3 2
LOH (allelic loss at
one more markers)

Frequency of 2.9 118 59 17.6 353 11.8 11.8 17.6 265 59 235 29 324 147 88 471 324 88 88 29 59 8859
LOH (%)

T NT Table 4 Summary of microsatellite marker loci demonstrating significant
frequency of LOH in HCC

Chromosomal locations Locus LOH frequency
LOH/informative cases (%)
9p21 D9S169 5/24 20.8
11p15 D11S932 7129 26.3
11923-24 D11S938 5/19 24.1
13g12.1-q12.2 D13S171 5/20 25.0
13q14.3 D13S153 7134 20.6
13921-g32 D13S156 5/16 31.3
16q12.1 D16S409 6/19 31.6
16q12.2 D16S419 7114 50.0
16qg13 D16S408 6/18 33.3
16924 D16S422 8/24 333
D16S402 7123 30.4
17p13 D17S796 11/28 39.3

significant difference between these two groups was observed
(P < 0.05). At the same time, LOH on chromosome 11p was
found more frequently in HBV-positive than in HBV-negative
HCCs (8/23, 34.7% vs 0/11, 09;< 0.05). Similarly, a signifi-
cant correlation between hepatitis B virus carrier and LOH on
chromosome 16qg was also found (14/23, 60.7% vs 2/11, 18%;
P < 0.05).

Correlation analysis based on each locus and LOH

After analysing the clinical parameters with the LOH frequency
that were greater than 20% in 13 microsatellite loci, we found the
larger tumour size tended to have higher frequency of LOH at

Figure 3 A result of microsatellite instability in HCC. DNA from one pair of D_16_8_409 £ = 0'59_136’P = 0.0097). However, there was no
liver cancer (lane T) and non-tumour part (lane NT) was amplified by PCR significant correlation between the LOH frequency of the
with microsatellite primers D19S214. Arrows show increasing or decreasing remaining 12 microsatellite loci and clinical parameters.

number of repeats

Study on microsatellite instability

informative primers) (Table 1), but the difference was not statistiThe mobility shift in tumour DNA compared to corresponding

cally significant f > 0.05) normal DNA samples representing microsatellite instability is
shown in Figure 3. Except for nine HCC samples which had few
Correlation analysis based on each chromosome and LOH numbers of instability (Table 1), most of the HCCs had no band

After analysing several clinical aspects, including sex, age, AFBhift on gel electrophoresis. Microsatellite instability was found in
and status of HCV infection, no significant correlation betweenl?2 of 231 markers: D1S219, D1S249, D4S406, D5S413, D7S502,
these parameters and LOH frequency for each chromosome wB41S914, D13S155, D13S176, D19S217, D19S214, DX989 and
found. Interestingly, we found significant correlation betweenDX990. Only one patient had instability on the marker for each
LOH on chromosome 5q, 11p, 16qg and positivity of HBSAg. locus respectively. Of the 12 markers which had microsatellite

For the 34 randomly selected HCCs, LOH on chromosome 5ipstability, ten showed an increasing number of repetitive
was found in nine of 23 (39.1%) HCCs who were positive forsequences, the remaining two showed a decreasing number of
HBsAg, but none in 11 (0%) HCCs who were HBsAg-negative. Arepetitive sequences.
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DISCUSSION HCC. As for chromosome 11, we mapped the minimal LOH
region to 11p15 and 11g23—-g24. Wang and Royler (1988) have
Recently, microsatellite polymorphism studies have determinethapped the fine LOH region to 11p13 in HCC, which was
frequent LOH on chromosomes 1p, 14, 2q, 4q, 54, 60, 8p, 8q, 9yifferent from our data. The significance of these two new loci on
9q, 10q, 11p, 13q, 14q, 16p, 16q, 17p, 17q and 22q in HCCshromosome 11 needs further study. Recently, the p16/MTS1 and
(Buetow et al, 1989; Tsuda et al, 1990; Konishi et al, 1993; Nose €t15/MTS2 genes, located at chromosome 9p21-22, were found to
al, 1993; Takahashi et al, 1993; Fujimoto et al, 1994; Fujiwara dbe important tumour suppressor genes in human cancers (Kamb et
al, 1994; Yeh et al, 1994; Kuroki et al, 19989%; Yumoto etal,  al, 1994; Linardopoulos et al, 1995). In this study, we found the
1995; Nagai et al, 1997). In agreement with their data, we demon-OH frequency was 14.7% at marker D9S169 on chromosome
strated frequent LOH on chromosomes 5q, 9p, 11p, 13q, 16q agh21 in HCC. In addition, we found that the frequency of p15 gene
17p in this study. In addition, we found a new location exhibiting aalteration is about 14% in HCC (Lin et al, 1998). However, the
high rate of LOH on chromosome 11923-24 (24.1%). Thereforefrequency of p16 gene alteration is very rare (3%) in HCC in our
chromosome 11g923-24 might be a new location of tumoustudies (Lin et al, 1998) and in a previous report (Kita et al, 1996).
suppressor gene. Our study did not find frequent LOH on chromoFhese results suggested that p15 might be the tumour suppressor
some arms 1p, 1q, 2q, 44, 8p, 8q, 99, 14q, 16p, 17q and 229 gsne on 9p21 in HCC. However, the possibility of the presence of
reported by previous investigators. The most likely possibility ofother tumour suppressor genes cannot be excluded.
the difference is that the tumour size in our study is smaller than in Early studies have demonstrated high frequency of LOH on
previous investigations. The larger tumours might have obtainedhromosome 4q in HCC (Yeh et al, 1996; Fujimoto et al, 1994).
more secondary genetic changes during tumour developmerBecause chromosome 4q contains genes encoding albumin,
However, the use of different microsatellite markers might bealcohol dehydrogenase (ADH3), fibrinogen and UDP-glucuronyl-
another possibility of this discrepancy. transferase, which are expressed predominantly in the liver, the

Yeh et al (1994) reported LOH (30%) on chromosome 1p irLOH of this region may interfere the liver function (Buetow et al,
HCC in Taiwan and mapped a commonly affected LOH region td989). Therefore, chromosomal alterations in this region seem to
1p35-36. However, all the tumours used in their study were largdse an unique trait in HCC (Nagai et al, 1997). By microsatellite
than 5 cm. Comprehensive allelotyping analysis by Nagai et analysis, LOH on 4q has been mapped to 4ql1-ql12, 4q12-23,
(1997) found frequent LOH on chromosome 1p and 1q in smaltq22—24 and 4g35 (Buetow et al, 1989; Yeh et al, 1996; Nagai et
HCCs. In the present study, a total of 24 microsatellite markeral, 1997). However, our data showed lower LOH (14.3%) than
were used for chromosome 1, but our data showed only 3.3% LOptevious data, in wider locus of 4q21-28 in HCC. Recently, Nagai
on chromosome 1. et al (1997) reported that 42% of their HCCs had LOH on 8p23

In this study, we showed that chromosome 16q had the highe@S277) and argued that a tumour suppressor gene for HCC lies in
LOH frequency among all the chromosomes studied and ththis region. A candidate tumour suppressor gene, the PRLTS gene
common LOH regions were mapped to 16g12.1, 16q12.2 anthcated on 8p21-22, has been found to be mutated in sporadic
16g24, which are different from 16¢q22—-23 reported by Yeh et atolorectal carcinoma and HCCs (Fujiwara et al, 1995). On the
(1996) and 1602324 reported by Nagai et al (1997). E-cadheristher hand, we also found LOH on 8p21.3 (D8S282) in only
gene, which was located at chromosome 16g22, has been reporteti3% of our HCCs. These differences might be due to different
to play important role in tumour progression in a variety of humarrace, different tumour stages and different markers. However,
cancers including HCC (Slagle et al, 1993) and might be a tumodurther elucidation of the discrepancy is necessary.
suppressor gene in this region. However, our data suggest thatAs for chromosome 6, a candidate tumour suppressor gene, the
alterations occur in two different loci on 16q; this has not beetM6P/IGF2R gene, which was mapped to 6q26-27, was found to
reported in previous investigations. Because chromosome 1@tave LOH in 70% of HCC (De Souza et al, 189%Recently, De
contains many other important genes, such as phosphorylaS®uza et al (1995 showed that the M6P/IGF2R gene was deleted
kinase 3 (PHKB, 16912.1), retinoblastoma-related human geneand mutated in HCCs with LOH. In our study, we only found LOH
(RB2, 16912.2), collagenase (MMP2, 16q13), cytochrome dn 17.6% of our HCCs on 6¢16.3—27 (D6S314), which includes
oxidase subunit IV (COX4, 16q24.1), adenine phosphoribosythe locus 6q26—27. The cause of this discrepancy needs further
transferase (APRT, 16024.2);acetylgalactosamine-6-sulphatase investigation. However, it is probable that the LOH in our series
(GALNS, 16g24.2) and cellular adhesion regulatory moleculemight be underestimated; recently, Yamada et al (1997) have
(CARM, 160g24.3), the deletion of this region may interfere withshown that hepatocytes adjacent to HCCs that appear normal
cell growth or function (Buetow et al, 1989; Tsuda et al, 1990might already have LOH. The only way to elucidate the difference
Slagle et al, 1993; Yeung et al, 1993; Kamatani, 1996). Thereforés to use blood or some other non-liver normal tissue for deter-
it is likely that the two new loci detected in our study may contairmining whether a person is informative at loci on 6q. This experi-
important tumour suppressor genes. ment is now ongoing in our lab.

As in our study, previous investigators (Kuroki et al, 7§95 HBV infection has been regarded as an important factor in the
found a high rate of LOH on 13q and mapped the common regiorgevelopment of HCC (Beasley, 1982; Chen, 1987). However, the
to 13912.1-g32, which harbours the Rb and BRCAZ2 tumoumolecular mechanism is unclear. In this study we found the LOH
suppressor genes (Hada et al, 1996). The role of these two genesrisquency in HBsAg-positive HCC patients was significantly higher
HCC needs to be established. Meanwhile, frequent LOH on chr@an chromosome 5q, 11p and 16q than those who are negative for
mosome 17p13 was also detected. The tumour suppressor gerBsAg. These data imply that HBV infection might cause genetic
p53, located around chromosome 17p13 has been reported to ¢ieanges within chromosomal regions where this is important for the
mutated frequently in a variety of human cancers including HCGlevelopment of some HCCs. Using RFLP, Wang and Rogler (1988)
(Hsu et al, 1994; Yumoto et al, 1995). In this region, p53 might béxave demonstrated that allelic loss in 11p and 13q occurs in a higher
the target gene and play an important role in the development percentage of HCCs arising from HBV carriers. Recently, Becker
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and Zhou (1996) have shown frequent loss of chromosome 8p [hen DS, Kuo GC, Sung JL, Lai MY, Sheu JC, Chen PJ, Yang PM, Hsu HM,
HBV-positive HCC from China. The discrepancy needs further gg(‘)g L"H' ?geféc% H?hf” LtC Choo QL, V\f‘”g TH ;”d,H?Ug:m“t'_‘ﬂ .
study. By linear regression, the LOH frequency of D16S400 (i ORI itee MEas Bon e e
(16912.1) has a positive relation with tumour size. Previous investi- g17_g22

gation has reported that the high frequency of LOH on chromosonee Souza AT, Hankins GR, Washington MK, Fine RL, Orton TC and Jirtle RL
16q arm is usually accompanied with advanced stage of HCC (199%) Frequentloss of hetrozygosity on 6q at the mannose 6-

phosphate/lnsulln—llke g owth factor Il ecepto locus in huma hepatocellula
( ) tumors.Oncogene 10: 1725-1729

near D16S4(_)_9 (16q12-1) m|ght be 'nVOIYed in the progression qge Souza AT, Hankins GR, Washington MK, Orton TC and Jirtle RL (1995
HCC. In addition to HBsAg and tumour size, we found no correla-  M6p/IGF2R gene is mutated in human hepatocellular carcinbmaGen 11:

tion between LOH frequency and clinical parameters, including sex, 447-449
AFP, age liver state and anti-HCV. Fujimoto Y, Hampton LL, Wirth PJ, Wang NJ, Xie JP and Thorgeirsson SS (1994)

. . e . Alterations of tumor suppressor genes and allelic losses in human
To study the role of microsatellite instability in liver carcino- hepatocellular carcinomas in ChirGauncer Res 54: 281-285

genesis, we screened 34 HCCs at 231 microsatellite loci on 22 aut@yjiwara Y, Ohata H, Emi M, Okui K, Koyama K, Tsuchiya E, Nakajima T,
somal chromosomes and X chromosome. Although microsatellite  Monden M, Mori T and Kurimasa A (1994) A 3-Mb physical map of the
instability is significant in HNPCC and other cancers (Peinado et al, ~chromosome region 8p21.3-p22, including a 600-kb region commonly deleted
1992 Gonzalez-Zulueta et al. 1993: Han et al. 1993: lonov et al in human hepatocellular carcinoma, colorectal cancer, and non-small cell lung
z | ki | i o ’ | ! . h_' ' cancerGenes Chromosomes Cancer 10: 7-14

1993; Peltomaki et al, 1993; Risinger e_t al, 1993; T IpOdeaU et_ t"\4—'ujiwara Y, Ohata H, Kuroki T, Koyama K, Tsuchiya E, Monden M and Nakamura
1993; Loeb, 1994; Merlo et al, 1994), in our study, microsatellite v (1995) Isolation of a candidate gene on chromosome 8p21.3-22 that is
instability was only found in 12 of 231 markers. More recently, homologous to an extracellular domain of the PDGF receptor beta gene.
Kazachokov et al (1998) and Macdonald et al (1998) have shown Ofmgz"’”f l‘t): 8'5’1;895 M. Tokino K. Teai YC. Soruck CHAA. Mivan N

. . . - . . onzalez-Zulueta M, Ruppert, JM, Tokino K, Tsai YC, Spruc , Miyao N,

0,
that mlcrosat.e”lte mStab,I“ty F)ccurs ":I a.pprox[mately 35% of Nichols PW, Hermann GG, Horn T, Steven K (1993) Microsatellite instability
HCCs. The discrepancy in microsatellite instability between our i pladder cancetancer Res 53: 5620-5623
HCCs and their HCCs might reflect the difference in the tumouHada H, Koide N, Morita T, Shiraha H, Shinji T, Nakamura M, Ujike K,
size (smaller in our series) and the fact that the number of markers Takayama N, Oka T, Hanafusa T, Yumoto Y, Hamazaki K and Tsuji T
we used was more extensive. However, other factors such as (+996) Promoter-independent loss of mRNA and protein of the Rb gene
dif t hi d diff t criteria f R tellit in a human hepatocellular carcinomi&patogastroenterology 43: 11851189
. I ere'n_ geggrap IC _area an I _eren criteria tor microsatelligop, SA, Schutte M, Hoque AT, Moskaluk CA, da Costa LT, Rozenblum E,
instability might contribute to the difference. Fischer A, Yeo CJ, Hruban RH and Kern SE (1996) DPC4, a candidate
In this study, one patient (case 29) had multiple and recurrent tumor suppressor gene at human chromosome 18¢iedce 271:
tumours, and the other patient (case 30) had multiple tumours, f'EJ’O‘Y353_ A Kato Y. Park 16 and Nak ¥ (1993) Genetic nstabil
. . - an , Yangisawa A, Kato Y, Par an aKkamura enetic Instability

After analysmg the SIX_ multiple small HCCs, we found all the_ in pancreatic cancer and poorly differentiated type of gastric canogrer
tumours had different sites of LOH. Although the case number is  g.s 53: 5087-5089
limited, these data further support our previous observations thaisu HC, Peng SY, Lai PL, Sheu JC, Chen DS, Lin LI, Slagle BL and Butel JS

multiple small HCCs usually arise from different clonality (Sheu (1994) Allelotype arld loss of heterozygosity of p53 in primary and recurrent
et al 1993). hepatocellular carcinomas. A study of 150 patieBicer 73: 42—-47

’ . . . ___lonov Y, Peinado MA, Malkhosyan S, Shibata D and Perucho M (1993) Ubiquitous
In summary, we have used microsatellite polymorphlsm somatic mutations in simple repeated sequences reveal a new mechanism for

analysis to screen LOH frequency of every chromosome in HCC,  colonic carcinogenesiglarure 363: 558-561
and the results provide a basal information for further positionakamatani N (1996) Adenine phosphoribosyltransferase (ARRppon Rinsho Jpn

cloning of putative tumour suppressor genes. Further fine mapping 7 Clin Med 54: 3213-3219 ‘ N
of LOH on chromosome arms that have a higher frequency o amb A, Gruis NA, Weaver-Feldhaus J, Liu Q, Harshman K, Tavtigian SV, Stockert
9 q Yy E Day RS Ill, Johnson BE and Skolnick MH (1994) A cell cycle regulatory

LOH, and cloning of the candidate genes in these areas, is 0Ngoing potentially involved in genesis of many tumor typgsence 264: 436-440

in our lab. Kazachokov Y, Yoffe B, Khaoustov VI, Solomon H, Klintmalm GBG and Tabor E
(1998) Microsatellite instability in human hepatocellular carcinoma:
relationship to p53 abnormalitiesiver 18: 156-161
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