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ABSTRACT

By molecular genetic approach using polymorphic DNA markers
which detect alleile deletion at specific chromosomal loci, we analyzed
30 human stomach cancers for possible loss of chromosomal heterozy-

gosity. We analyzed 25 loci on 18 different chromosomes covering regions
frequently deleted in several types of cancers. Loss of chromosomal
heterozygosity was observed only in five of 30 cases examined, and it
was infrequently detected at 10 loci on seven different chromosomes
including chromosome 1 in two of 12 cases, chromosome 12 in one of
four cases and chromosome 13 in three of 27 cases. It was also observed
at loci on chromosomes 11, 14, 16, and 19 with very low frequency
t< 10%), but not on other chromosomes: chromosomes 3, 5, 6, 9, 10,15,
17,18,20, and 22. Thus, in human stomach cancer, loss of heterozygosity
occurs infrequently even at chromosomal loci often deleted in other types
of cancers.

INTRODUCTION

Although stomach cancer is a common malignancy in the
world, little is known about the genetic changes which may be
associated with the development of tumor. Finding of amplifi
cation or a single base mutation of several oncogenes has been
reported in stomach cancer (1-10), but the incidence was rela
tively low. Information from cytogenetic studies is limited (11,
12), probably because of the difficulty in the preparation of
chromosomes for karyotyping. Common chromosomal abnor
mality has not yet been identified by chromosomal analysis in
stomach cancer. A molecular genetic method with probes re
vealing RFLPs3 has become available to detect allelic deletion

at various chromosomal loci. It allowed us to study loss of
genes at specific chromosomal loci in various cancers by ana
lyzing directly genomic DNAs obtained from surgical speci
mens without prior culture in vitro.

Using this approach, it has been shown that loss of genes on
specific chromosomal loci occurs not only in childhood tumors
(13-22) but also in common adult tumors (23-37), and sug
gested that gene loss at specific chromosomal loci may have a
role in the development of a variety of tumors. We have recently
reported high incidence of loss of heterozygosity at loci on
several chromosomes in lung cancer, including those on chro
mosomes 3p, 13q, and 17p in nearly 100% of small cell carci
nomas, and on 3p in nearly 100% of adenocarcinomas. Besides
those loci, loss of heterozygosity at loci on several other chro
mosomes was frequently observed in lung cancer (37). We have
also reported loss of Y chromosome in stomach and lung cancer
(38). To clarify whether loss of heterozygosity on certain spe
cific chromosomal loci is really involved in the development of
stomach cancer, we further performed a molecular genetic
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analysis with RFLP probes, and obtained information on chro
mosomal abnormalities at 25 loci on 18 au to somal chromo
somes except chromosomes 2, 4, 7, and 21 in 30 patients with
stomach cancer. In the present study, loss of heterozygosity was
observed only in Five of 30 cases with stomach cancer. It was
infrequently detected at 10 loci on seven different chromo
somes, and not at all at the other 14 loci on 11 chromosomes.
Thus, in stomach cancer, loss of chromosomal heterozygosity
occurred infrequently even at loci often deleted in several other
types of cancers including lung cancer.

MATERIALS AND METHODS

Tissues. Twenty-fiveprimary tumors, 15 lymph node mÃ©tastasesand
30 normal stomach mucosae were obtained from a total of 30 patients
with stomach cancer at surgery. The tumors were histologically classi
fied according to the histolÃ³gica!typing of gastric cancers defined by
the Japanese Research Society for Gastric Cancer (39). The tumors
were staged according to the TNM Classificationof Malignant Tumors
defined by the International Union Against Cancer (40).

DNA Isolation and Southern Blot Analysis. Genomic DNA was
isolated from tumors and normal tissues of the stomach by proteinase
K digestion and phenol/chloroform extraction as described (41). DNA
(10 /ig) was digested to completion with appropriate restriction en
zymes,subjectedto electrophoresis on 0.8% agarose gel, and transferred
to nitrocellulose filters by Southern blotting (42). The filters were
hybridized under stringent conditions with 32P-labcledprobes homolo

gous to the loci on several different chromosomes (41, 42). After
hybridization, filters were washed and exposed to Kodak XAR-5 films.
The same filters were hybridized repeatedly with probes for several
chromosomal loci to exclude the possibility that difference in the
intensities of the bands in different lanes was not due to the difference
in the amounts of DNAs loaded to agarose gels.

Probes. The 25 polymorphic DNA probes used in this study are
listed in Table 1 (43-46). Those probes detect RFLPs at 25 loci on 18
autosomal chromosomes except chromosomes 2, 4, 7, and 21.

RESULTS

Infrequent Loss of Chromosomal Heterozygosity. We surveyed
a total of 25 loci on 18 chromosomes for possible loss of
heterozygosity in 30 stomach cancers. As summarized in Table
1, we were able to determine whether or not loss of heterozy
gosity occurred in tumors at 24 loci on 17 different chromo
somes, because polymorphic DNA markers detected heterozy
gous genotypes in at least one normal tissue DNA. One re
maining locus, TG (gene for thyroglobulin) on chromosome 8q,
did not show heterozygous genotypes in any of the normal
tissue DNA examined, and no information was available at this
locus.

Loss of heterozygosity was found at 10 loci on seven chro
mosomes: chromosomes 1, 11, 12, 13, 14, 16, and 19. The
incidence was two of 12 (17%) on chromosome Ip, one of 12
(8%) on llq, one of 4 (25%) on 12p, three of 27 (11%) on 13q,
one of 16 (6%) on 14 q, one of 10 (10%) on 16q, and one of 16
(6%) on 19p. No loss of heterozygosity was observed at 14 loci
on 11 chromosomes: none of 10 on chromosome 3p, none of
two on 5, none of 13 on 6q, none of eight on 9q, none of two
on lOq, none of 16 on lip, none of 13 on 15, none of 10 on
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Table 1 Loss of heterozygosity at chromosomal loci in human stomach cancer

MarkerlocusLMYCD3S2D3S3DSS2MYBTGASSP3UKHRAS1INSDJ1S24INT2KRAS2D1ÃŒS1D13S2D13S4DÃŒ3S3D14S1DISSIHPDÃŒ7SÃŒD18S5DI9S7D20S4D22S1Table

2Caseno.SCISC2SC3SC4sesSCOÂ»SC7SC8SC9SCIOsenSC12SC13SC14SC15SC16SC

17SC
18SC19SC20SC21SC22SC23SC24SC25SC26SC27Chromosome

No. ofHeterozygosityLossinlocation
Enzyme cases ConstitutionaltumorIp

EcoKl283p
Mspl283p
Mspl295
Mspl296q
EcoRl298q
7o<fl269q
Hindlll23lOq
BamHl22lip
ÃŸamÃ¼i22lip
Taql27llq
fiumlll161

Iq Bam H I2212p
Taql2013q
Mspl2813q
Mspl2513q
Mspl2713q
Mspl27Hindlll

2314q
EcoRl2315q
Mspl2916q
EcoRl2417p
Mspl2918
Taql2519p
Mspl2920
Mv/7l2922q
Taql 2812

210
00
02

013
00
08
02
09
09
02

011
14

110
111
217
218
115
216
113
010
110
013
016
111
017

0Specificity

of loss of heterozygosity at chromosomal loci inhumanstomach
cancerChromosomes

retainingheterozygosityin

tumor1,

13, 14, 18, 19,2012,
13, 15,16,20,221,
3, 13, 14, 15, 17,226,
13, 14, 17,2216,11,

14,15,18,221,11,
13,18,193,

13, 14,203,9,
10, 11, 13, 14, 15, 17,18,223,

11, 13, 16, 17,19,223,
13, 19,2213,186,11,

15,191,5,6,9,11,15,
179,13,18,226,

15, 17,221,3,6,
16, 17, 18,19,20,223,11,

13, 14, 15,17,20,223,6,
11, 13, 14, 16,18,201,6,
11, 14, 16, 17,181,11,

13,14, 15,18,20,2210,
11,131,11,

13,16,223,6,9,
11, 12,145,6,9,
11, 13, 14, 15, 16,18,226,

11, 12,15, 16,18,229,11,13,14,20,22SC

28*NDSC29SC301,6.

11,13, 14,15,20,223,9,11,13,14,15,
16,17,20Chromosomeswith

lossofheterozygosityin

tumorNDÂ°NDNDNDND16NDNDNDNDNDNDNDNDNDNDNDNDNDNDNDND13,

1913NDND11,

11,12,13,
14NDND

* ND, not detected.
* With duplication of alÃeleon chromosome 13q.
'' With duplication of alÃeleon chromosome 19p.

17p, none of 13 on 18, none of 11 on 20, and none of 17 on
22q (Table 1).

Loss of heterozygosity at one or more chromosomal loci was
observed only in five of 30 cases, and not in the other 25 cases
(Table 2). In SC 28, loss of heterozygosity was observed at
several loci on five different chromosomes: chromosomes 1,11,
12, 13, and 14 (Figs. 1 and 2), and in another case (SC 23) it
was observed on two different chromosomes, 13 and 19. In

I 2
T N TN T N kbp

â€¢â€¢-4.3
-3.4

B â€¢Â« - '-15.0
â€¢- 10.5

10.1
â€¢â€¢ 7.4

D â€¢ -3.2

* -0.75

Fig. 1. Loss of heterozygosity at loci on chromosome 13q in human stomach
cancer. DNA was isolated from primary tumors (lanes T) and corresponding
normal tissues (lanes .V) from patients SC 23 (lanes I), SC 24 (lanes 2), and SC
28 (lanes 3). Approximately 10 jig of DNA digested with Mspl (A, B, and C) or
Hindlll (D) was loaded on each lane. Filters were hybridized to the following 'â€¢'!â€¢

labeled DNA probes to detect the loci (in parentheses) on chromosome 13: p7F12
(DJ3S1) (A), p9Dll (D13S2) (B), plE8 (D13S4) (C) and p9A7 (D13S3) (D).
Numbers to the right, molecular size of the two polymorphic alÃelesin kilobases.

three other cases, loss of heterozygosity was observed at only
one locus in each tumor: chromosomes 1, 13, and 16 in one
case each.

Loss of Heterozygosity on Chromosome 13. Since chromo
some 13ql4 is a region commonly deleted in retinoblastoma
(13-16), and we previously observed that the same region was
frequently deleted in small cell carcinoma of the lung (37),
analysis for possible allelic deletion on chromosome 13 was
performed using four different polymorphic DNA markers:
D13S1 (13ql2), D13S2 (13q22), D13S4 (13q22), and D13S3
(13q33) (12, 13). Twenty-seven patients were heterozygous in
their normal tissue for at least one of the four DNA markers.
Loss of heterozygosity at one or more loci on chromosome 13
was found in three of 27 cases (11%): SC 23, SC 24, and SC
28. This loss was detected by marked reduction in the intensity
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Fig. 2. Loss of heterozygosity on chromosomes Ip (A), 12q (fi), and 14q (C)
in human stomach cancer from case SC 28, and on chromosome 16q (0) from
another case, SC 6. DNA was isolated from primary tumors (lanes T), lymph
node metastasis (lane M), and corresponding normal tissues (lanes /V). The filters
were hybridized with probes, L-myc (LMYC) (A), p640 (KRAS2) (B), and
pAWlOl (D14SI) plus Hp2a (HP) (C and D). On the genomic DNA digested
with EcoR\, L-myc identifies two 10.0- and 6.6-kilobase allelic fragments,
/>IK 101 identifies two of more than 15 highly polymorphic alÃeles,ranging from
14 to 29 kilobases, and Hp2a Â¡dentinesone nonvariant band at 8.3 kilobase in
addition to one or two allelic bands at either 11.8- or 10.1-kilobases. On the
genomic DNA digested with Taq\, p640 Â¡dentinestwo 5.7- and 3.3-kilobase allelic
fragments.

of one of two allelic fragments in tumor samples by Southern
blot analysis (Fig. 1). The remaining hybridization signal of the
deleted alÃelein some cases was possibly due to contamination
of normal cells in the tumor or due to heterogeneity of tumor
cells. Thus, loss of heterozygosity on chromosome 13 occurred
in some cases of stomach cancer, but the incidence was much
lower than in retinoblastoma and small cell carcinoma of the
lung.

In SC 24, both the D13S1 (13ql2) and D13S2 (13q22) loci
showed loss of heterozygosity. This result indicated that reti
noblastoma susceptibility (RH) locus (13ql4) was deleted in
this case (Fig. 1, lane 2). It could not be determined whether
the deleted region in two other cases, SC 23 and SC 28, included
RB locus or not, because the D13S1 (13ql2) locus did not show
heterozygous genotype and was not informative (Fig. 1, lanes 1
and 3).

We could not define either histological type or tumor stage
specific to these three cases which had allelic deletion on
chromosome 13q in stomach cancer.

Loss of Heterozygosity on Chromosome 16 in Metastasis. In
10 of 30 cases, we were able to analyze both primary tumors
and the respective metastatic tumors. In SC 6, loss of hetero
zygosity at a locus, HP (gene for haptoglobin) on chromosome
16 was detected not only in the primary tumor but also in a
lymph node metastasis (Fig. 2D). The intensity of the 10.1-
kilobase band, one of two allelic fragments, was reduced both
in the primary tumor and a lymph node metastasis, though that
of the 11.8-kilobase band, another allelic fragment, was the

same as in normal tissue. This strongly suggested that these
deletions occurred prior to the development of metastasis in
the tumor. Loss of heterozygosity was detected neither in the
primary tumors nor mÃ©tastasesin the other nine cases.

Duplication of AlÃeleon Chromosomes 13 and 19. Duplication
of one of two alÃelesat the loci (D13S2 and DI3S4) on chro
mosome 13q was found in one of 27 (4%) informative cases
(SC 6) and at the locus (D19S7) on chromosome 19p in one of
16 (6%) informative cases (SC 28), respectively (Table 2). No
duplication was detected at 22 other loci on chromosomes 1, 3,
5, 6, 9, 10, 11, 12, 14, 15, 16, 17, 18, 20, and 22. Thus,
duplication of alÃeleson chromosomes occurs quite infrequently
in stomach cancer.

DISCUSSION

Heterozygosity at several loci tested in this study is frequently
lost in specific types of tumors. These include chromosome Ip
in endocrine neoplasia (30), 3p in renal cell carcinoma (29) and
small cell carcinoma of the lung (23, 33), 5q in colorectal
carcinoma (32), lip in Wilms' tumor (17-22), breast cancer

(26, 34) and bladder cancer (24), 13q in retinoblastoma (13-
16) and breast cancer (28), 17p in colorectal tumor (35), and
22q in acoustic neuroma and meningioma (25, 31). We have
also shown that loss of heterozygosity on chromosomes 3p,
13q, and 17p occurs in nearly 100% of the small cell carcinomas
of the lung and on chromosome 3p in adenocarcinomas of the
lung (37). Besides these loci, incidence of loss of heterozygosity
at the other loci was relatively high in lung cancer, ranging
from 9% on chromosomes 5 and 14q to 33% on chromosome
12p. In addition, we previously showed that loss of Y chromo
some occurred in three of 21 stomach cancers and in two of 12
lung cancers (38). In the present study, we analyzed the same
loci as previously tested in lung cancer for possible loss of
chromosomal heterozygosity in stomach cancer. Loss of heter
ozygosity was observed in only five of 30 cases and it was
detected on seven of 17 chromosomes with comparatively low
frequency. These results indicate that, in contrast to lung can
cer, loss of heterozygosity at these chromosomal loci is infre
quent in stomach cancer and that there may be no specific locus
commonly deleted in this type of cancer, though the possibility
remains that loss of heterozygosity might occur frequently at
some chromosomal loci other than those tested in this study.

Loss of heterozygosity on chromosomes Ip and 13q was
observed in two of 12 and three of 27 stomach cancers, respec
tively, and these loci were the same respective regions as those
were deleted in endocrine neoplasia and retinoblastoma. It is
possible that some stomach cancers arise from similar genetic
mechanisms as do these two types of tumors. On the other
hand, no loss of heterozygosity was detected at other chromo
somal loci frequently deleted in several types of cancers, such
as chromosomes 3p, 5q, lip, 17p, and 22q. These results
suggest that recessive genetic change at these chromosomal loci
may not be involved in the development of stomach cancer.

There are a few reports on chromosomal abnormality in
stomach cancer by cytogenetic analysis (11, 12). Ochi et al.
reported that excess of chromosome 12 (three of five cases) and
deletion in total or a part of chromosomes 1 (two of 5 cases),
13 (three of five cases) and Y (three of four cases) frequently
occurred in stomach cancer (11). Ferti-Passantonopoulou et al.
also reported several aspects of nonrandom chromosomal ab
normalities in stomach cancer by cytogenetic analysis (12).
Excess of chromosomes 9 (four of five cases), 8 (three of five
cases), and 7 (two of five cases) was detected and deletion of
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10.

chromosomes 1 (two of five cases) and 13 (one of five cases)
was also found.

However, the present results, obtained by RFLP analysis,
showed that excess of chromosomes 12 and 9 was not detected
at all, and that loss of chromosomes 1 and 13 was infrequent
in stomach cancer. There are several possible explanations "

which may account for the difference of the results between 12
cytogenetic analysis and the RFLP analysis: We might have
underestimated the incidence of chromosomal abnormalities in
the tumors accompanied by contamination of nonneoplastic
cells. On the other hand, cytogenetic analysis might have inter
preted chromosomal rearrangement or translocation as dele
tion, or might have detected artificial chromosomal changes
occurring during cultivation in vitro. Furthermore, the total
number of cases studied by cytogenetic analysis is still inade
quate probably due to the technical complexity involved.

To clarify whether certain specific chromosomal loss is really
involved in the development of stomach cancer, further inves
tigations, including RFLP analysis with other polymorphic
DNA markers and structural analysis of genes located in the 17

deleted regions, will be needed.
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