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Abstract: Gastric cancer is classified as the poorly dif-
ferentiated and the well differentiated type, depending
on its histological, biological, and genetic character-
istics. Bone metastasis is more frequently detected in
the poorly differentiated type than in the well differen-
tiated type. The prognosis of patients with diffuse
osteoplastic bone metastasis of gastric cancer is ex-
tremely poor. In this study, we examined the mRNA
expression of bone morphogenic proteins (BMPs) in
seven gastric cancer cell lines: OKAJIMA, TMKI1,
MKN45, and KATO-III derived from the poorly dif-
ferentiated type; and MKN7, MKN28, and MKN74,
derived from the well differentiated type. BMP-2 was
expressed only in TMK1. BMP-4 mRNA was over-
expressed in OKAJIMA, MKN45 and KATO-III,
weakly expressed in MKN7, MKN28, and MKN74,
but was not expressed in TMK1. Although the biolo-
gical roles of BMP-2 and BMP-4 expression in gastric
cancer remain to be elucidated, these results indicate
that BMP-4 mRNA is preferentially overexpressed in
the poorly differentiated type of gastric cancer.
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Introduction

Gastric cancer is one of the most common maligrancies
worldwide.! Better control of the primary tumor and
improved patient prognosis have led to the increased
importarce of distant metastasis for patient manage-
ment. Bone metastasis of gastric cancer is detected in
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0.99%-2.1% of patients who have been surgically
operated, and in 7.9%-20.0% of autopsied cases.”™*
Bone metastasis is more frequently detected in the

- poorly differentiated type of gastric cancer than in the

well differentiated type.> Some patients with gastric
cancer of the poorly differentiated type show an
extremely poor clinical course because of diffuse
osteoplastic bone metastasis associated with diffuse
intravascular coagulation.*

The bone morphogenic proteins (BMPs) BMP-
2/BMP-2A, BMP-3, BMP-4/BMP-2B,” BMP-5, BMP-
6, and BMP-7,° which belong to the transforming
growth factor B (TGF-B) superfamily, are implicated
not only in the induction of bone but also in the
morphogenesis of several organs other than bone,
including brain, kidney, heart, and skin.”® BMPs are
classified into three subgroups: BMP-2 and BMP-4
(subgroup 1); BMP-3 (subgroup 2); and BMP-5,
BMP-6, and BMP-7 (subgroup 3). BMP-2 and BMP-4
show the most potent bone-inducing activity.®

BMPs are expressed in several tumor cell lines,
including the osteosarcoma cell line, U-2 OS, and the
salivary gland adenocarcinoma cell line, HSG-S8.° In
this study, we examined the mRNA expression of
BMP-2 and BMP-4 in seven gastric cancer cell lines,
and found that BMP-4 is preferentially overexpressed
in the poorly differentiated type of gastric cancer.

Materials and methods

Cell lines

The human gastric cancer cell lines, OKAJIMA (poorly
differentiated adenocarcinoma; por), TMK! (por),
MEKN7 (tubular adenocarcinoma; tub), MKN28 (tub),
MKN45 (por), MKN74 (tub), and KTAO-IIT (signet-
ring cell carcinoma) were cultured in RPMI-1640 sup-
plemented with 10% fetal calf serum, as described
previously.*’
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Poly(A) " RNA extraction and cDNA-polymerase
chain reaction (cDNA-PCR)

Poly(A)" RNA was extracted from the gastric cancer
cell lines by the Fast Track Kit (Invitrogen, San Diego,
Calif.). The first strand of cDNA was synthesized from
200ng of poly(A)" RNA by reverse transcriptase
(Amersham Amersham, UK) with oligo-dT primer,
and was used as the template for cDNA-PCR."
Primers PA1 and PA2 corresponded to the published
nucleotide sequence of BMP-2, and primers PB1 and
PB2 corresponded to BMP-4.°

The nucleotide sequences of the primers were:
primer PA1 (sense), 5'-ACACTGAGACGCTGTTCC
CA-3'; primer PA2 (antisense), 5'-CGATACAGGTC
TAGCATGTA-3'; primer PB1 (sense), 5'-CAGGG
ACCTATGGAGCCATT-3"; and primer PB2 (anti-
sense), 5'-CGGTAAAGATCCCGCATGTA-3".

Northern blot analysis

Two pg of poly(A)* RNAs were separted on 1.0%
agarose gels containing 17.9% formaldehyde, trans-
ferred to nitrocellulose filters, and then hybridized
with *?P-labeled probes under highly stringent
conditions. '*

Results and discussion

cDNA-PCR with primers PA1 and PA2 amplified 448-
bp bands from the poly(A)™ RNAs of TMK1 cells,
but not from those of MKN45 cells. The purified PCR
product corresponded to the 5'-noncoding region and
a part of the open reading frame of BMP-2 (nucleotides
127-574 of BMP-2), and was renamed BMP-2 specific
probe, BMP-2N. Southern blot hybridization with the
BMP-2N probe did not reveal gene amplification of
BMP-2 in the gastric cancer cell lines examined (data
not shown). Northern blot hybridization with the
BMP-2N probe revealed that 3.8-kb BMP-2 mRNA
was expressed only in TMK1 cells (Fig. 1A). The
quality and quantity of RNAs on the filters were
confirmed by hybridization with a B-actin probe (Fig.
1C).

The BMP-4 specific probe, BMP-4N, corresponding
to the 5'-noncoding region and part of the open reading
frame of BMP-4 (nucleotides 250-657 of BMP-4), was
amplified by ¢cDNA-PCR with primers PB1 and PB2
from the poly (A)* RNA of MKN45 cells. BMP-4
gene amplification was not detected in the gastric
cancer cell lines examined (data not shown). Northern
blot analysis showed that 2.2-kb BMP-4 mRNA was
overexpressed in OKAJIMA, MKN45, and KATO-1I
cells, and weakly expressed in MKN7, MKN2§, and
MKN74; but was not expressed in TMK1 (Fig. 1B).
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Fig. 1A-C. Northern blot analysis of bone morphogenic
protein (BMP)-2 and BMP-4 mRNA expression in gastric
cancer. Poly(A)* RNA from the seven gasiric cancer cell
lines (2ug per lane) was fractionated in agarose gel, trans-
ferred onto nitrocellulose filters, and then probed with A
32p-labeled BMP-2N, B BMP-4N, or C p-actin

As stated above, gastric cancer is classified, as the
poorly differentiated type (or diffuse type) and the well
differentiated type (or intestinal type), depending on
its histological, biological, and genetic characteristics.
Bone metastasis is more frequently detected in the
poorly differentiated type of gastric cancer, while liver
metastasis is more frequently detected in the well dif-
ferentiated type. The K-sam gene and the c-erbB2
gene, respectively, are amplified in the poorly differ-
entiated type and in the well differentiated type."”
OKAIJIMA, TMKI1, MKN45, and KATO-III are
derived from the poorly differentiated type, while
MKN7, MKN28, and MKN74 are derived from the
well differentiated type. Our results indicate the pre-
ferential overexpression of BMP-4 mRNA in the poorly
differentiated type of gastric cancer.

The process of bone metastasis consists of a series of
steps, including invasion of the surrounding normal
stroma, detachment from the primary lesion, migration
to the bone, attachment to the bone, and growth in
the bone. Although the outcome of hone metastasis
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depends mainly on the blood flow, as well as on the
lymphatic flow, there may be other factors involved in
the formation of bone metastasis, such as the interac-
tion of gastric cancer cells with the microenvironment
in the bone.™

The molecular basis of the intrinsic capacity of the
poorly differentiated type of gastric cancer cells to
colonize the bone is now under intense investigation.
Our results suggest an association between BMP over-
expression and the increased bone metastatic potential
of the poorly differentiated type of gastric cancer.
Gastric cancer cells overexpressing BMPs could migrate
to the bone and stimulate osteogenesis, which, in turn,
could provide a more desirable environment for gastric
cancer cells to proliferate in the bone. Further analysis
of the expression of BMPs in the primary lesion, as
well as in the bone-metastatic lesions of gastric cancer,
may elucidate the relationship between BMP over-
expression and increased bone-metastatic potential.
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