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Abstract Recent advances in cDNA microarray tech-
niques have enabled us to study the expression of many
genes simultaneously. As gastric cancer remains one of
the most common cancers in Japan, we studied gene
expression profiles in gastric cancer by cDNA micro-
array analysis to determine if it would be clinically
useful. We demonstrated two points. First, cDNA
microarray might be useful as a prognostic indicator.
However, there remain several important problems to be
solved and these are discussed. Second, laser microdis-
section plus cDNA microarray might be useful in
determining the specific genes that correlate to cancer
metastasis or histological subtype. We review the pros
and cons for cDNA microarray analysis in the context
of gastric cancer.
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Introduction

In this paper we discuss two topics. The first is the
development of a scoring system using cDNA micro-
array to estimate prognosis in gastric cancer patients
more comprehensively. However, this technique was
found to be associated with several practical problems,
such as sample preparation, which are discussed. The
second topic is the use of laser microdissection and

cDNA microarray analysis to identify genes related to
metastasis and histological differentiation of gastric
cancer.

cDNA microarray as a prognostic indicator

We have previously studied whether cDNA microarray
would be useful as a prognostic indicator [4]. Briefly, we
prepared tumor/normal paired samples obtained from
43 patients with primary gastric cancer. cDNA micro-
array analysis was performed with commercially avail-
able DNA chips purchased from Takara Shuzo
Company, Japan. The DNA chips contained 425 cancer-
associated genes. The 43 patients were classified into two
subgroups (aggressive or nonaggressive disease) with
respect to five conventional prognostic factors: tumor
size, depth of tumor invasion in the wall, histological
growth pattern, lymph node metastasis, and liver
metastasis.

Examination of the most differentially expressed
genes in the shallow invasion vs the deep invasion
tumor groups showed that matrix metalloproteinase 7,
keratin 6B, thrombospondin 2, matrix metallopro-
teinase 10, IGF binding protein 3, and others were
expressed approximately two to four times more fre-
quently in the deep invasion group than in the shallow
invasion group. The most differentially expressed genes
between lymph node metastasis-negative vs lymph
node metastasis-positive groups included three types of
the matrix metalloproteinase family including matrix
metalloproteinase 7 [3], and other genes of interest
such as secreted protein acidic and rich in cystein
(SPARC). SPARC is a small extra matrix-associated
protein. We have previously demonstrated that pro-
duction of SPARC increases during angiogenesis and
enhances matrix metalloproteinase 2 expression [8].
SPARC was associated significantly with lymph node
metastasis and a poorer prognosis in esophageal can-
cer. This was also confirmed for gastric cancer [8].
Expression of these genes was about two to three
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times greater in lymph node metastasis-positive
patients than in patients who were lymph node
metastasis negative.

To establish a prognostic scoring system, the fre-
quency of detection of each gene in relation to the five
conventional prognostic factors was evaluated as a
coefficient. If the gene was associated with all five con-
ventional prognostic factors, its coefficient was evalu-
ated as five. If it was associated with three conventional
prognostic factors, its coefficient was three. If the gene
expression was inversely correlated with the malignant
potential, a minus point was given as shown by integrin
beta 4. Interestingly, 347 of 425 evaluated genes were not
differentially expressed between each of the two sub-
groups of the five conventional prognostic factors, and
the coefficient was therefore zero. To calculate the
prognostic score, the following formula was used:P

XnYn, where X represents the log value of the
expression ratio of the gene and Y represents a coeffi-
cient for the gene.

Figure 1 shows the results of each patient’s prog-
nostic score, stage of disease, and outcome after oper-
ation. Of 17 patients in group A who were alive with
no evidence of recurrence more than 5 years after
operation, 16 scored less than 100 points. On the other
hand, all 20 patients who died of recurrence within
5 years after operation scored more than 100 points.
Interestingly, one patient in this group with stage I
disease died of liver metastasis. The patient was clas-
sified as TNM stage I, and would have been expected
to have a good prognosis, but the actual outcome was
an unexpectedly early death. This suggests that the

prognostic score might be better than the conventional
staging system.

Problems of sample preparations
for cDNA microarray analysis

On the basis of the above results, we tested this system in
samples from eight patients from group A (good prog-
nosis), and ten patients from group B (poor prognosis)
(Fig. 2). Six of the eight group A patients scored less
than 100 points, but two scored more than 100 points.
On the other hand, six of the ten group B patients scored
more than 100 points, but the remaining four scored less
than 100 points. Thus the sensitivity of the system was
60%, and the specificity was 75%. This means that the
scoring system would not be good enough to determine
the prognosis of each patient.

There are considered to be two main reasons to
explain the level of specificity of this prognostic scoring
system. First, whether the sample is prepared from
whole tumor tissue containing both tumor and stromal
cells, or from tumor cells alone obtained by microdis-
section. The second consideration concerns which area
of the tumor is obtained—the surface or advancing area.
The tumor itself shows heterogeneity, so different areas
may show different gene expression patterns.

We reviewed the reports of several representative
studies to see which sample the authors used. Van’t Veer
et al. reported that a gene expression signature strongly
predicted a short time to distant metastases in patients
without tumor cells in the local lymph nodes at diagnosis
[7]. Similarly van de Vijver et al. reported that the gene
expression profile was a powerful predictor of the out-
come of disease in a series of 295 patients [6]. The samples
used in the two studies were bulk tissue containing both

Fig. 1 Prognostic score and prognosis in each stage of the disease.
Group A included those alive and well for more than 5 years after
operation. Group B included those who died of disease within
5 years of operation. All except one stage II patient in group A
scored less than 100 points, while all patients in group B scored
more than 100 points Fig. 2 Prognostic score and prognosis at each disease stage
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cancer and stromal cells. The authors confirmed that the
samples contained a tumor cellularity greater than 50%
by histological examination. Beer et al. demonstrated
that the expression profile of 50 identified genes could
predict patient survival in early-stage lung cancer [1]. The
authors used bulk samples and confirmed that each
sample contained a tumor cellularity greater than 70%.

On the other hand, other recent studies have indi-
cated the importance of preparing only cancer cells by
laser microdissection. Hasegawa et al. studied the pre-
diction of lymph node metastasis in intestinal-type
gastric cancer [2]. From 23,000 genes, the authors
identified 12 genes that related to lymph node metas-
tasis, and finally selected 5 genes that could determine
lymph node metastasis. We must clarify which samples
should be used for practical clinical analysis in the
future.

The second problem concerns which area of the
tumor should be used for the analysis. We compared the
gene expression profiles of biopsy samples vs surface
samples, and biopsy samples vs advancing area samples
(data not shown). Well-differentiated cancers showed a
good correlation between biopsy sample and surface
sample, and between biopsy sample and advancing area
sample. On the other hand, poorly differentiated cancers
showed a poor correlation between biopsy samples and
advancing area samples. The results indicate that well-
differentiated cancers may not change their gene
expression profile during tumor progression. However,
poorly differentiated cancers may change their gene
expression profile during tumor progression. Therefore,
particularly in poorly differentiated cancers, it would be

important to know from which area of the tumor the
samples were extracted.

In summary, cDNA microarray analysis of clinical
samples could open up a new window for cancer diag-
nosis; however, we must pay more attention to the
practical problems such as sample preparation.

Identification of genes related to metastasis
using laser microdissection and cDNA
microarray analysis

To identify metastasis-related genes, we prepared sam-
ples of primary gastric cancer and lymph node metas-
tases. The cancer cells were laser microdissected from the
primary tumor and the metastatic lymph nodes,
respectively (Fig. 3) [5]. From each sample, 10 to 20
frozen sections of 8-lm thickness were prepared. As the
amount of extracted RNA was small, T7 amplification
was performed. Then cDNA microarray was performed
and the data were compared between primary and
metastatic cancer cells.

The genes overexpressed in metastatic cancer cells
compared to primary cancer cells included
cyclin-dependent kinase 4, fibroblast growth factor 2,
epidermal growth factor, cathepsin B, and Rho-asso-
ciated coiled-coil forming protein kinase (ROCK),
which is associated with cell motility. Through a dif-
ferential display study, we confirmed that platelet-de-
rived endothelial cell growth factor (PDECGF) is one
of the abundantly expressed genes in tumor tissue, and
noted an intimate correlation between PDECGF and

Fig. 3 Primary cancer of the
stomach and metastatic cancer
in the lymph node. The lower
panels show laser
microdissected specimens
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ROCK [9]. PDECGF is a known angiogenic factor
that is identical to thymidine phosphorylase. We and
other groups have demonstrated that it is overex-
pressed in several types of malignant tissue, showing
an association with distant metastasis and prognosis.

We established three PDECGF transfectants and
performed cDNA microarray studies in control cells and
the three transfectants to evaluate the genes that corre-
late with PDECGF. ROCK was one of the genes best
correlated with PDECGF. There was a statistically sig-
nificant difference between the mock and transfectant
with respect to the average number of migratory cells.
The PDECGF transfectant with high expression of
ROCK showed the highest migratory ability. The
number of migratory cells counted under several con-
ditions demonstrated that the migratory activity was
increased in the presence of recombinant PDECGF, and
this activity was clearly inhibited by PDECGF neutral-
izing antibody and ROCK inhibitor. Thus it is possible
that PDECGF contributes to high-grade metastasis by
mediating ROCK.

Conclusion

The technique of cDNA microarray has brought about
great advances in cancer research. However, we must be
aware that there remain major problems to be solved
before its practical clinical use. Analysis with laser
microdissection plus cDNA microarray could be appli-
cable to many types of studies, such as the identification
of differentially expressed genes between well and poorly
differentiated adenocarcinomas. This methodology
could contribute to the integrated study of pathology
and molecular biology.
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