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Analysis of the DPC4 Gene in Gastric Carcinoma
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Allelic loss on chromosome 18q is involved in the progression of gastric carcinoma. Recently, DPC4
(deleted in pancreatic carcinoma, locus 4), a candidate tumor suppressor gene, has been localized at
18g21.1. This gene is inactivated in nearly one half of pancreatic carcinomas. We tested for DPC4
gene mutations and allelic status at 18q21 in 30 primary gastric carcinomas and 5 gastric carcinoma
cell lines, Polymerase chain reaction single-strand conformation polymorphism and sequencing
analyses revealed no DPC4 mutations in any of the primary tumors or cell lines. Homozygous deletion
of DPC4 was observed in only 1 (MKN-45) of the 5 (20%) cell lines, This suggests that the target gene
for loss on 18q is not DPC4. The true tumor suppressor gene, encoded near DPC4, has yet to he

identified.
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Loss of heterozygosity (LOH) on the long arm of
chromosome 18 (18q) is frequent in gastric carcinoma.'™
The DCC (deleted in colorectal carcinomas) gene, which
is located at 18q21,” has been postulated to be the major
target of the loss on 18q in gastric carcinomas, though its
mutational status in gastric carcinoma is unknown
because of the length and complexity of the gene.” Re-
cently, DPC4 (deleted in pancreatic carcinoma, locus 4)
has been identified at 18g21.1 by positional cloning.?
The frequent inactivation of this gene, with homozygous
deletion or mutations accompanied with LOH in pancre-
atic carcinomas has been reported, suggesting that the
gene may be a tumor suppressor.® In the present study,
we tested for DPC4 gene mutations and allelic losses at
18921 to determine the significance of this gene in gastric
carcinogenesis.

Thirty primary gastric carcinomas (28 differentiated, 2
undifferentiated) obtained surgically from 30 patients,
and 5 gastric carcinoma cell lines (MKN-1, MKN-7,
MKN-45, MKN-74, and HGC-27)} obtained from the
Riken Gene Bank (Tsukuba Science City) were ex-
amined. Mutations in all 11 exons of DPC4 were screened
using polymerase chain reaction single-strand conforma-
tion polymorphism (PCR-SSCP) analysis followed by
direct sequencing. The PCR primers used for the analysis
of DPC4 have been described by Kim et al.” Allelic loss
was examined using 6 polymorphic microsatellite mark-
ers, DI185460, D18S474, D18846, DI18S363, DCC, and
DI8569, cobtained from MapPairs (Research Genetics,
Huntsville, AL), at 18g21. These markers were mapped
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by Hahn et al., Overhauser et al.® and Eppert et al.”
The disparity of DI85363 localization between Hahn ef
al. and Eppert et al.*® has been noted. We ordered the
marker according to the report of Hahn et al.9 as a
critical locus together with DI18546 for allelic loss, be-
cause frequent homozygous deletion in pancreatic carci-
nomas has been reported.’” Homozygous deletions in the
cell lines were defined as the absence of PCR products of
all 11 exons and microsatellite markers from individual
DNA templates with comparative multiplex PCR. The
microsatellite marker, D185474, which was retained in
all cell lines, was selected as an internal control. The
procedures for PCR-SSCP, direct sequencing, and PCR-
microsatellite assays have been described previously. '™ ¥

Three of the 30 primary tumors exhibited mobility
shift bands by SSCP (Fig. 1). DNA sequencing analysis
of the bands with altered mobility revealed the same
nucleotide change in intron 7 in 3 tumors (Fig. 2).
Therefore, this nucleotide change is likely to be a poly-
morphism. A homozygous deletion of all 11 exons was
observed in 1 (MKN-45) of the 5 (209) cell lines. No
structural abnormalitics were found in the remaining 4
cell lines. The expression of full-length DPC4 mRNA. was
detected by RT-PCR in 4 cell lines, while no detectable
expression was observed in the MKN-45 cell line (data
not shown), confirming that the DPC4 gene is inactivated
by homozygous deletion in MKN-45. LOH at any locus
on 18q21 occurred in 10 of 30 (33%) primary tumors
(Fig. 3). No homozygous deletions were found in any
of the 5 cell lines at any microsatellite locus. A deletion
map of the 18q region in the primary tumors is shown
in Fig. 4.
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Fig. 1. SSCP analysis of exon 7 in DPC4. Lane 1, patient
#135; lane 2, #140; lane 3, #143; lane 4, #145; lane 5, #150;
lane 6, #151; lane 7, #153; and lane 8, #154. The bands with a
mobility shift in lanes 2, 6, and 7 are indicated by arrow-
heads.
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Fig. 2. Sequencing histogram of DPC4. A, Wild-type se-
quence of intron 7. B, Sequence of the mobility shift band
from patient #140. A single base nucleotide change (C to T)
is shown.
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Fig. 3.
in primary tumors (A) and cell lines (B). A, Loss of heterozy-
gosity (LOH) is indicated by arrowheads. T, tumor DNA; N,
normal DNA. B, Multiplex PCR of the cell lines. No homo-
zygous deletions were present. Lane 1, MKN-1; lane 2,
MKN-7; lane 3, MKN-45; lane 4, MKN-74; lane 5, HGC-27;
M, size marker.
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Fig. 4. Deletion map of 18q in primary gastric carcinomas (case numbers 193, 184, 124, 135, 138, 151, 160, 134, 145, and 150).
Black symbols indicate LOH. Open symbols indicate those that retained heterozygosity. Gray symbols indicate homozygosity.

Dashed symbols indicate replication error.

Homozygous deletion at 18q21.1, in which the DPC4
gene is located, is frequent in pancreatic carcinoma.'®
Several investigators have analyzed various tumor types
for alterations in the DPC4 gene.®™'*'" They found that
the inactivation of DPC4 is rare in carcinomas other than
pancreatic carcinoma, such as carcinomas of the head
and neck, breast, lung, ovary, prostate, and esophagus,
although LOH at 18q21.1 was observed in over 30% of
these tumors.*™ 'Y Frequent LOH on 18q in gastric
carcinoma has been reported previously, and it may play
a crucial role in gastric carcinogenesis.”™ In our previous
allelotype analysis of gastric carcinoma, we found fre-
quent LOH (36%) at D18569, located about 3 cM away
from DPC4, and telomeric to DCC.>Y Thus, DCC was
postulated to be the target of LOH on 18g21 in gastric
carcinoma. In the present study, we have demonstrated
that LOH at D185474 and DI18546 spanning DPC4 was
more frequent than at DCC and DI18S69 (Table I). From
these results, it appeared likely that the target of loss on
18q is DPC4 rather than DCC. However, no structural
alterations in DPC4 were detected in gastric carcinomas.

Table I. Loss of Heterozygosity (LOH) on 18q in Primary
Gastric Carcinomas
. Frequency of Frequency
Lacus symbol Location informative cases of LOH

D185460 18q21.1 23% (7/30) 29% (2/7)
D138474 18g21.1 50% (15/30) 40% (6/15)
D185S46 18g21.1 60% (18/30) 39% (7/18)
D138S363 18g21.1 63% (19/30) 32% (6/19)
DCC 18q21.1 687% (20/30) 25% (5/20)
D18S69 18q21.2 47% (14/30) 29% (4/14)

Our present data indicate that the inactivation of DPC4
by a conventional two-hit mechanism does not contribute
to gastric carcinogenesis. One (MKN-435) of the five cell
lines exhibited a homozygous deletion of DPC4 without
the loss of any microsatellite markers at 18q21. The
remaining four cell lines did not show homozygous dele-
tion of DPC4, or any microsatellite locus examined. It
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has been reported that the markers DI8S46 and DI18S363
were homozygously deleted in 4 of 31 pancreatic carci-
noma xenografts.'”? These markers did not involve the
DCC region, and are located centromeric to DCC.”

It has been suggested that 18q21 is a locus for multiple
tumor suppressor genes.” DPC4 has sequence similarity
to Drosophila melanogaster mathers against dpp (MAD)
protein, which is implicated in a transforming growth
factor 8 (TGF-8)-like signaling pathway,® and it has
been considered to be one of the MAD-related genes.
Recently, Eppert et al.” have identified another MAD-
related protein, MADR2, and mapped the gene to
18q21.1, close to DPC4. MADR?2 protein is an essential
component in the TGF-8 signaling pathway, and it is
regarded as a candidate tumor suppressor because
MADR?2 is inactivated in sporadic colorectal carcinomas
by a conventional two-hit mechanism.” Therefore, at
Jeast two candidate tumor suppressor genes are encoded
at 18q21.1. This may be similar to the cases of APC
{adenomatous polyposis coli) and MCC (mutated in
colon cancer) on 5q21."” We demonstrated that LOH at
D185460, which was mapped very close to the MADR2
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gene, was less frequent than that at the DPC4 locus. In
addition, mutational analyses with reverse transcriptase-
PCR-SSCP” have revealed no mobility shifts in 5 gastric
carcinoma cell lines (data not shown). Hence, it is un-
likely that DPC4 or MADR2 contributes to gastric carci- -
nogenesis. Although the relationship between DPC# and
MADR?2 remains to be elucidated, Eppert ef al.” have
suggested that MADs may represent a new class of tu-
mor suppressor genes in humans.

In the present study we were unable to detect any
mutations in DPC4 in primary gastric carcinomas or
gastric carcinoma cell lines, despite the frequent LOH in
primary tumors and a homozygous deletion in the MKN-
45 cell line. This suggests that one or more other tumor
suppressor genes are encoded at 18g21.1.
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