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ABSTRACT

Recently, loss or inactivation of genes at specific chromosomal loci
has been considered to be one of the important mechanisms during the
development of human tumors. In order to identify tumor suppressor
genes for gastric carcinoma, we performed restriction fragment length
polymorphism analysis on 48 human gastric carcinomas. AlÃelelosses
were investigated for 14 specific loci on chromosomes 1, 5, 6, 7, 10, 11,
12, and 17. Loss of heterozygosity on chromosome 17pl3.1 (p53 locus)
was detected in 13 (68%) of 19 informative cases. Well-differentiated
adenocarcinoma showed high frequencies of alÃelelosses on chromosomes
5q (60%) and 17p (67%) in early cancers and on chromosomes Iq (67%),
5q (36%), 7p (33%), 7q (39%), and 17p (73%) in advanced cancers. In
poorly differentiated adenocarcinomas, loss of heterozygosity was de
tected on chromosomes Ip (38%), 12q (31%), and 17p (60%). AlÃele
losses on chromosomes Iq, 5q, and 7p were not detected in poorly
differentiated adenocarcinoma, their frequencies being significantly dif
ferent between the two histolÃ³gica!types.

These results suggest that alÃeleloss on chromosome 17p is a common
event in gastric carcinoma, regardless of histolÃ³gica!type, and that alÃele
loss on chromosome 5q may play a role in the carcinogenesis of well-
differentiated adenocarcinoma. Additionally, alÃelelosses on chromo
somes Iq and 7p may be involved in the progression of well-differentiated
adenocarcinoma.

INTRODUCTION

Gastric carcinoma shows marked heterogeneity of both mor
phology and function. In addition, the difference in alterations
of oncogenes has been demonstrated between well-differen
tiated adenocarcinoma and poorly differentiated adenocarci
noma (1). For example, amplification of the ERBB2 gene is
frequently detected in primary tumors of well-differentiated
adenocarcinoma (2), while the SAM gene is amplified only in
poorly differentiated adenocarcinoma or scirrhous carcinoma
of the stomach (3, 4). Moreover, direct spread and spread by
way of the lymphatics are also different between the two histo
lÃ³gica!types of gastric carcinoma. These findings suggest that
the two types of gastric carcinoma have different genetic path
ways for developing tumors.

Current interest is concentrated on tumor suppressor genes
in malignant tumors such as retinoblastoma, Wilms' tumor,

and small cell lung carcinoma (5-8). In colorectal carcinomas,
many genetic changes including point mutation in the RAS
oncogene and LOHs1 on chromosomes 5q, 17p, and 18q have

been demonstrated (9-12).
These studies indicate that the accumulation of alterations in
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oncogenes and tumor suppressor genes is necessary for the
development of malignant tumors. However, little is known
about frequent loss or inactivation of tumor suppressor genes
that may contribute to development/progression of gastric car
cinoma (13, 14). In order to identify the difference of LOH in
the two types of gastric carcinomas, we analyzed 48 human
gastric carcinomas for LOH with 14 restriction fragment length
polymorphism probes including VNTR markers which are
highly informative (15, 16).

MATERIALS AND METHODS

Samples. A total of 48 gastric carcinoma tissues and their corre
sponding nonneoplastic mucosas were subjected to this study. Forty-
three of them were surgically resected specimens, and 5 cases were
obtained by autopsy. A small piece of each tissue was immediately
frozen in liquid nitrogen as soon as the tissue was removed and then
stored at -80Â°C until isolation of DNA samples. The diagnosis was

confirmed microscopically on the sections just adjacent to the sample
for DNA extraction. However, gastric tumors contain variable numbers
of nonneoplastic cells as do all other solid tumors. As the possibility
that nonneoplastic cells might mask alÃelelosses could not be com
pletely excluded, cases in which the tumor cells occupied more than
50% of tumor tissue were selected. Three cases of gastric adenoma,
which were resected endoscopically, were also examined. HistolÃ³gica!
classification was performed according to the criteria of the Japanese
Research Society for Gastric Cancer (1985). "Early" gastric cancer is

defined as follows: a carcinoma confined to the mucosa or to the
mucosa and submucosa (not extending into the muscularis externa),
regardless of the status of the regional lymph nodes (17).

DNA Analysis. High-molecular-weight DNA samples were prepared
using the phenol-chloroform method after treatment with sodium do-
decyl sulfate and proteinase K. DNA samples were digested to comple
tion with the appropriate restriction endonuclease. Ten ug of DNA
were electrophoresed on 0.8% agarose gel and transferred to nitrocel
lulose or nylon filters by Southern blotting (18). The filters were
hybridized with "P-labeled probes using the random hexomer priming

method (19). After hybridization, filters were washed under stringent
conditions and exposed for autoradiography to Kodak XAR films with
intensifier screens at -80Â°C.

DNA Probes and Determination of AlÃeleLoss. The 14 polymorphic
DNA probes used and the appropriate restriction enzymes are listed in
Table 1. The detailed information concerning these probes is described
in the Human Gene Mapping 10 (20). If two alÃelesappeared in the
resultant autoradiograph of the normal tissue DNA, the patient was
considered an "informative" case for the particular marker. Loss of one

of the alÃelesin the tumor indicated an alÃeledeletion. Signal intensity
of fragments was determined by densitometry. Although the tumor
sample used contained more than 50% tumor cells, it is possible that
certain numbers of nonneoplastic cells might be present. Therefore,
alÃeleloss was determined if the intensity in the tumor was less than
50% of that in its corresponding normal tissue. When VNTR probes
are used, a higher molecular weight alÃelegives a stronger intensity of
signal on the blot than does a smaller alÃele,reflecting a larger copy
number of repeating sequences (16). The cases with extra bands for a
certain probe were confirmed using other restriction enzymes.
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Table 1 Chromosomal locations of polymorphic DNA probes used to study LOH
and restriction enzymes

RESULTS

The results of LOH obtained in each tumor are shown in
Table 2. Thirty cases of well-differentiated adenocarcinoma
(papillary and tubular adenocarcinoma, including 9 early can
cers) and 18 cases of poorly differentiated adenocarcinoma
(including signet ring cell carcinoma and mucinous carcinoma)
were examined in this study.

AlÃelelosses at one or more loci were detected in 26 (87%)
of 30 well-differentiated adenocarcinomas and in 10 (56%) of
18 poorly differentiated adenocarcinomas. In the three gastric
adenomas examined, LOH was not observed on any loss of
constitutional heterozygosity.

Representative autoradiograms are shown in Fig. 1. Case 7,
which had KRAS point mutation (data not shown), showed
LOHs on chromosomes 5q and 17p (Fig. lA). This case was
carcinoma in adenoma, and over 80% of the tumor consisted
of carcinoma tissue. Case 13, which had coamplification of
ERBB2 and ERBA genes (21 ), lost heterozygosity on chromo
somes Ip, 5q, 7q, 12q, and 17p and had an extra band for probe
A/531 (Fig. IB). Case 41, which showed amplification of
ERBB2, had LOHs on chromosomes Ip, 7q, 12q, and 17p (Fig.
1C).

LOH on Chromosome 5q. Loss of an alÃeleon chromosome
5q was detected in 5 (36%) of 14 well-differentiated advanced
cancers, whereas it was not in poorly differentiated adenocar
cinomas (Table 3; Fig. 2), the incidence being significantly
different (P < 0.05, Fisher's exact test). Moreover, of 5 early

cancers of the well-differentiated type, LOH on chromosome
5q occurred in 3 cancers, one of which was carcinoma in
adenoma located intramucosally.

LOH on Chromosome 17p. AlÃeleloss at YNZ22 was observed
in 16 (50%) of 32 gastric carcinomas, and its incidence did not
differ remarkably by stage and histological type (Table 3).
Moreover, alÃeleloss at the p53 gene was detected in 10 (71%)
of 14 well-differentiated adenocarcinomas and in 3 (60%) of 5
poorly differentiated adenocarcinomas, respectively. Interest
ingly, 10 cases (Cases 3, 7, 10, 13, 25, 29, 30, 36, 47, and 48)
of that lost alÃeleat YNZ22 had alÃeleloss at the p53 gene
synchronously. Although we examined the interrelation be
tween the LOH on chromosomes 5q and 17p in well-differen
tiated adenocarcinoma as Vogelstein et al. (10) determined in
colorectal cancer, LOH on chromosome 5q was not linked to
LOH on chromosome 17p (by Fisher's exact test).

LOH at Other Chromosomal Loci. AlÃeleloss on chromo
somes l p (A/51 ) and 12q (A/543) was detected in approximately
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" Histological classification and tumor staging were performed according to

the criteria of the Japanese Research Society for Gastric Cancer (1985). Early,
early cancer defined as a carcinoma confined to the mucosa or to the mucosa and
submucosa (not extending into the muscularis externa), regardless of the status
of the regional lymph nodes; advanced, advanced cancer; well, well-differentiated
adenocarcinoma including papillary and tubular adenocarcinoma; poor, poorly
differentiated adenocarcinoma including signet ring cell carcinoma and mucinous
carcinoma.

* Case with LOH at p53 locus.
c Case which was historically diagnosed as carcinoma in adenoma.
d Case with extra band in tumor DNA. Extra bands detected for certain probes

in these cases were confirmed using other restriction enzymes (Pvull and Psll for
A/Ã•/C10,Pstl for MSS. BamH\ for A/531 ).

f Case with mitotic recombination or chromosomal loss with subsequent

reduplication.
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Fig. 1. AlÃeleloss on chromosome in gastric carcinoma. Case 7 (carcinoma in
adenoma) showed loss of one constitutional alÃelein the tumor tissue at A/58,
YNZ22, and p53 gene (A). Case 13 (well-differentiated adenocarcinoma) showed
LOH at MSI, A/58, gÃ¬,A/543, YNZ22, and p53 gene. This case also had a
mutant alÃeleat A/531 and intensity gain at gÃ¬,YNZ22, and p53 in tumor tissue
(B). Case 41 (poorly differentiated adenocarcinoma) showed LOH at A/51, gÃ¬.
A/543, and YNZ22 and had intensity gain at #3 and A/543 (C). T, DNA from
tumor tissue: N, DNA from normal gastric tissue. An arrowhead indicates the
allelic fragment lost in the tumor DNA sample in each panel. The probes and
restriction enzymes used are indicated under each panel. Markers at the left of
each autoradiograph show positions and size (kilobases) ut ///mil 11fragments of
phage DNA.

30%, respectively, regardless of stage and histological type.
AlÃeleloss on chromosome Iq (A/Ã•/C10)was detected only in
4 (67%) of 6 advanced cancers of well-differentiated adenocar
cinoma, whereas it was not detected in early cancer or poorly
differentiated adenocarcinoma. AlÃeleloss on chromosome 7p
(A/531) was also observed only in 5 (33%) of 15 of well-
differentiated advanced cancers. If limited to advanced cancers,
in spite of the small informative cases for A/Ã•7C10,we could
draw significant conclusions for LOHs on chromosomes Iq
and 7p between the two histological types (P< 0.05, by Fisher's

exact test; Table 3). AlÃeleloss on chromosome 7q (#3) was
detected in about 20 to 40% of advanced cancers regardless of
histological type. Although Lee et al. (22) have reported the
high incidence of alÃeleloss at the estrogen receptor gene locus
in ovarian carcinoma, LOH at this locus on chromosome 6q
was not detected in 16 informative cases. AlÃelelosses at
EFD10.2 (19 informative cases) on chromosome lOq, INT2 (20
informative cases) on chromosome 1Iq, and 7T///59 (7 inform
ative cases) on chromosome 17q were not observed. AlÃeleloss
at YNH\ 5, which locates on chromosome 12q, was not detected
except for Case 23 (one of 20 informative cases), and alÃeleloss
at HRAS\ on chromosome lip was not detected except for
Case 20 (one of 29) (Table 2).

In well-differentiated adenocarcinomas, early cancers showed
high frequencies of LOH on chromosomes 5q (60%) and 17p
(67%), and advanced cancers exhibited the cumulative number
of LOH on chromosomes Iq (67%), 5q (36%), 7p (33%), 7q
(39%), and 17p (73%). However, poorly differentiated adeno
carcinomas showed high frequencies of LOH on chromosomes
Ip (38%), 12q (31%), and 17p (60%). The frequency of LOH
on chromosomes Iq, 5q, and 7p was significantly different
between the two histological types of gastric carcinoma, respec
tively (Table 3). On the contrary, highly frequent LOH on 17p
was detected regardless of histological type and stage of gastric
carcinoma.

Mutant Alleies in Tumors. Five cases showed extra bands
with probe A/t/ClO, A/58, or A/531 (Table 2). For example, in
Case 13, an extra band was detected with probe A/531 (Fig.
IB). As contamination of DNA samples was excluded by re-
probing filters with other VNTR markers, this extra band might
account for alteration in the number of minisatellite repeat
units. However, in this case which had no substantial decrease
in the intensity of one of the constitutional alÃeles,it was not
possible to definitely identify a progenitor alÃele(23).

Intensity Gain in Tumor Tissue. Although it was difficult to
determine the mutation mechanism of LOH by densitometry
of the remaining alÃele(due to contamination of normal cells,
for example), we semiquantitatively analyzed the alÃeledosage
using several probes for control loci on other chromosomes
according to described procedures (24, 25). Four cases (Cases
13, 28, 29, and 41) revealed the possibility of a mitotic recom
bination or chromosomal loss with subsequent reduplication of
certain chromosomes (Fig. l, B and C). We could not detect
such mitotic events in 9 early cancers (Table 2).

DISCUSSION

We demonstrated that LOH for loci on the short arm of
chromosome 17 occurred in about 70% of gastric carcinomas,
regardless of the two histological types. AlÃeleloss on chro
mosome 17p has been observed also in small cell lung carci
noma (8), colorectal carcinoma, breast cancer (26), astrocytoma
(24, 27), osteosarcoma (28), bladder cancer (29), and ovarian
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Table 3 Frequency of alÃelelosses in two histolÃ³gica!types of human gastric carcinoma

No. of cases showing LOH/total no. of informative cases

Histology"Well

PoorStage"Early

AdvancedAdvancedIP2/9

(22)*

6/20(30)6/16(38)lq0/34/6(67)cl0/7

J5q3/5

(60)5/14(36)c~|0/15

J7p0/6

5/15(33)cl0/15

J7q0/7

7/18(39)3/16(19)12q

A/5432/6

(33)
5/17(29)4/13(31)17pYNZ224/6

(67)
7/13(54)5/13(38)p532/3

(67)
8/11(73)3/5

(60)
Â°HistolÃ³gica! classification and tumor staging were performed according to the criteria of the Japanese Research Society for Gastric Cancer (1985). Early, early

cancer defined as a carcinoma confined to the mucosa or to the mucosa and submucosa (not extending into the muscularis externa), regardless of the status of the
regional lymph nodes; advanced, advanced cancer; well, well-differentiated adenocarcinoma including papillary and tubular adenocarcinoma; poor, poorly differentiated
adenocarcinoma including signet ring cell carcinoma and mucinous carcinoma.

* Numbers in parentheses, percentage.
' Significantly different (P < 0.05, by Fisher's exact test).

A. Well

Early
(n=9)

B. Poor

1p 1q 5q 7p 12q 17p

Hislological Type
and Slagc

Chromosome

Fig. 2. HistolÃ³gica! type and frequencies of LOHs on 7 chromosomes in
human gastric carcinoma. The frequencies of LOH on chromosomes Ip (MS\),
lq (A/Ã•/C10),5q (A/58), 7p (A/531), 7q (gÃ¬),and 12q (A/543) were defined as
the number of cases that showed alÃeleloss divided by the number of informative
cases. For chromosome 17p, the frequency of LOH was defined as the number of
cases with LOH at the one or two loci (YNZ22 and/or p53) divided by the
number of informative cases. HistolÃ³gica! classification and tumor staging were
performed according to the criteria of the Japanese Research Society for Gastric
Cancer ( 1985). Early, early cancer defined as a carcinoma confined to the mucosa
or to the mucosa and submucosa (not extending into the muscularis externa),
regardless of the status of the regional lymph nodes; advanced, advanced cancer;
well, well-differentiated adenocarcinoma including papillary and tubular adeno
carcinoma; poor, poorly differentiated adenocarcinoma including signet ring cell
carcinoma and mucinous carcinoma.

carcinoma (22). This loss is most frequently associated with
progression from the benign to the malignant state in colorectal
tumors (10). Similarly, we found that intramucosal carcinoma
in adenoma had lost heterozygosity on chromosome 17p. These
results indicate that LOH on chromosome 17p is a common
event of gastric carcinoma and takes place from an earlier stage.
The p53 gene may be considered one of the candidate targets
for chromosome 17p deletions in gastric carcinomas as well as

other neoplastic tumors. Additionally, recent evidence indicates
that most tumors with alÃeleloss at the p53 gene contain point
mutations in the remaining (nondeleted) p53 gene (30). It
should be examined whether gastric carcinomas with such alÃele
loss have p53 point mutations.

Moreover, the present study showed that involvement of the
constitutional alÃeleloss on chromosome 5q was relatively
common in the well-differentiated stomach cancer, whereas it
was not observed in the poorly differentiated type. Vogelstein
et al. (10) have also reported that LOH on chromosome 5q is
frequently associated with colorectal adenomas and adenocar-
cinomas, most of which are of the well-differentiated adenocar-
cinomas. It is possible that the well-differentiated stomach
cancers might develop by genetic changes similar to those of
colorectal carcinomas. The results suggest that LOH on chro
mosome 5q may participate in carcinogenesis of well-differen
tiated adenocarcinoma and that well-differentiated adenocarci
noma may have genetic pathways different from poorly differ
entiated adenocarcinoma. In addition, the familial polyposis
locus (5q22) is located on chromosome 5q (31, 32). Study
should be also made to determine whether loss of the familial
polyposis locus is involved in the development of adenoma or
well-differentiated adenocarcinoma of the stomach.

In our study, alÃeleloss at A/Ã•/C10was observed in 4 of 6
advanced cases which were of the well-differentiated type,
whereas in early cancer and poorly differentiated adenocarci
noma, we could not detect it. AlÃeleloss on chromosome lq
has been reported in other human neoplasms, e.g., breast cancer
(33). Recently, Fey et al. (34) have reported that in gastric
carcinomas LOH frequently occurs at A/Ã•/C10on chromosome
lq (5 of 10 informative cases) and at MS43 on chromosome
12q (6 of 11 informative cases). In light of these findings, the
LOH on chromosome lq may be important in the progression
of well-differentiated stomach cancer. However, curiously, the
gastric carcinomas that showed alÃeleloss of chromosome 5q
did not demonstrate concurrently LOH of chromosome lq.
Although more cases should be examined for LOHs on chro
mosomes 5q and lq, we propose the hypothesis that different
genetic pathways may exist between well-differentiated stomach
cancer with LOH on chromosome 5q and that with LOH on
chromosome lq.

In addition, from our data, the LOH on chromosome 7p
might be concerned also with tumor progression in well-differ
entiated adenocarcinoma (Table 3). LOH on chromosomes Ip,
7q, and 12q was observed in about 20 to 30%, respectively, of
gastric carcinomas, and the karyotypic abnormalities of these
chromosomes were previously reported (35-37). AlÃelelosses
on these chromosomes might also have led to the development
of a small portion of gastric carcinomas.
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Overall, the alÃeleloss of chromosome 17p is more frequently
associated with the development of stomach cancer as well as
other tumors, and LOH on chromosome 5q might be involved
in the pathogenesis of well-differentiated stomach cancers. Fur
ther studies are required to determine not only the locus of the
tumor suppressor gene on chromosomes Iq, 5q, and 7p in the
well-differentiated type but also the locus of the tumor suppres
sor gene in the poorly differentiated type of gastric cancer.
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