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Introduction

astric cancer remains one of the most common
malignancies worldwide, as well as one of the

leading causes of cancer-related deaths.1  Clinically, we
often encounter tumors showing different histologic types
in intramucosal and submucosal sections of the same
primary tumors in patients with gastric cancer.  The fact
that some differentiated gastric cancers become
undifferentiated cancers during the course of development
has received considerable attention.2,3

It is widely accepted that many malignant tumors
contain heterogeneous subpopulations of cells.  This
heterogeneity is associated with a wide range of genetic,
biochemical, and immunologic characteristics.  A
previous study suggested that specific tumor cells within
larger heterogeneous tumor specimens are the forerunners
of distant metastases.4  Furthermore, interactions of tumor
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Objective: The purpose of this study was to clarify the differences of the gene expression levels
among sites in the primary tumor using formalin-fixed, paraffin-embedded biopsy specimens from
patients with advanced gastric cancer.
Methods: A total of 29 patients with previously untreated Stages II or III advanced gastric cancer gave
consent for their tissues to be used in this retrospective study.  The specimens were dissected from the
normal mucosa, the surface section of the primary tumor from the mucosa, and the deep section of the
primary tumor from the most invasive section deeper in the muscularis propria by laser-captured
microdissection, and analyzed for target gene expression levels using quantitative real-time PCR
(polymerase chain reaction) assays.  Target genes: thymidylate synthase (TS), thymidine phosphorylase
(TP), dihydropyrimidine dehydrogenase (DPD), epidermal growth factor receptor (EGFR), vascular
endothelial growth factor (VEGF), hypoxia inducible factor-1α (HIF-1α).
Results: TP, EGFR, and HIF-1α gene expression levels in the deep section were significantly higher
than those in the surface section.  All target gene expression levels and the dissected sections had
positive correlations.
Conclusions: These results showed that some genes in tumor cells could cause changes in their
expression levels in tumors and could increase in expression levels as the tumor progressed.  However,
as this study was of preliminary data, further studies are warranted to corroborate these results.
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cells with their environment may accentuate differences
among tumor cells.5  Despite the presence of different
histologic types of tumor cells within the same lesion,
few studies have examined whether or not gene expression
levels differ among sites in the same tumor.

In Japan, the standard treatment for advanced gastric
cancer of Stages II−III (except pT1 and pT3 (SS) pN0)
is S-1 (Taiho Parmaceutical Company, Tokyo) as
adjuvant chemotherapy after the standard gastrectomy
with D2 lymph node dissection.6  S-1 is the
fluoropyrimidine 5-fluorouracil (FU) oral anticancer drug.
It is suggested that the expression levels of several
fluoropyrimidine metabolism related genes can become
an accurate predictive marker of the clinical outcome in
patients who received fluoropyrimidine 5-FU based
chemotherapy.7  Furthermore, it has recently been
revealed that epidermal growth factor receptor (EGFR),
vascular endothelial growth factor (VEGF), and hypoxia-
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inducible factor-1α (HIF-1α) are related with tumor
progression, tumor related angiogenesis, and metastasis,
which suggest that these could become predictive markers
of the clinical outcome of gastric cancer.8-10  Therefore,
we chose thymidylate synthase (TS), thymidine
phosphorylase (TP), dihydropyrimidine dehydrogenase
(DPD), EGFR, VEGF, and HIF-1α as target genes for
this study.  This study was performed to clarify the
difference of the gene expression levels in advanced
gastric cancer among sites in particularly the primary
tumor, using formalin-fixed, paraffin-embedded
specimens surgically resected from patients with
previously untreated Stages II−III advanced gastric
cancer.

Materials and Methods

Clinical methods
This retrospective study was approved by the Institutional
Review Board of Kitasato University and was conducted
in accordance with the Declaration of Helsinki as
amended in 1996 at the 48th World Medical Association
General Assembly, Somerest West, Republic of South
Africa.  The study group was comprised of 29 consecutive
patients with Stages II or III advanced gastric cancer
who were enrolled in the Adjuvant Chemotherapy Trial
of S-1 for Gastric Cancer (ACTS-GC),11 a randomized
controlled study.  All 29 patients were enrolled in the
ACTS-GC trial.11  Written informed consent for the use
of tissue specimens was obtained from all the patients in
the Kitasato University East Hospital.  The patients
underwent surgical resection of their primary tumors
(gastrectomy) in the Department of Surgery, Kitasato
University East Hospital, from January 2001 through
March 2004.  All the patients had a histopathological
diagnosis of Stages II (excluding T1 tumors), IIIA, or
IIIB gastric cancer; no evidence of residual tumor (R0),
including specimens obtained by D2 lymph node
dissection; and no evidence of hepatic metastasis or
peritoneal dissemination, with negative results of
cytologic analysis of peritoneal washings.  No patients
received preoperative chemotherapy.  All conditions were
in accordance with the eligibility criteria for the ACTS-
GC trial.11  The following clinicopathological
characteristics were recorded according to the Japanese
Classification of Gastric Carcinoma: age, sex, histologic
type, depth of tumor invasion (T), extent of lymph node
metastasis (N), and disease stage.12

Laboratory methods
1. Laser capture microdissection of primary tumors
Representative formalin-fixed, paraffin-embedded
specimens of each of the patients' primary tumors
surgically resected before adjuvant chemotherapy were
selected by examining the slides stained with
hematoxylin and eosin. Tissue sections (thickness, 10
μm) were stained with nuclear fast red to enable
visualization of histological features for laser capture
microdissection (LCM) (Arcturus XT, Sunnyvale, CA,
USA) and to ensure that only tumor cells were studied.

Specimens were obtained by LCM from: 1. the
normal mucosa; 2. the surface layer of the primary
tumor, the mucosa; and 3. the deepest layer of the
primary tumor, the deepest section of the muscularis
propria, the subserosa or the serosa (Figure 1).  The
specimens were carefully obtained from the designated
sites avoiding contamination with materials other than
tumor cells.

2. RNA extraction and complementary DNA synthesis
Total RNA was isolated from the tissue specimens
obtained by LCM using a NucleoSpin FFPE RNA/
DNA kit (Takara Bio, Otsu) according to the
manufacturer's instructions.  Subsequently, a TURBO
DNA-free Kit (Life Technologies, Carlsbad, CA, USA)
was used according to the instruction manual to
completely remove all gDNA (genomic DNA)
contamination.  Complementary DNA (cDNA) was
synthesized with random primers and reverse
transcriptase with the use of a High Capacity cDNA
Reverse Transcription Kit (Life Technologies
Corporation) following the manufacturer's instructions.

Figure 1.  Specimen collection sites
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3. Multiplex preamplification of cDNA targets
To increase the sensitivity for quantification of relative
gene  express ion  leve ls ,  a  mul t ip lex  PCR
preamplification of the 6 target gene cDNAs and β-
actin cDNA was performed using a TaqMan PreAmp
Master Mix Kit (Life Technologies) following the
manufacturer's instructions.  The pooled assay mix
was 7 primers together in a final concentration of 0.2
μM.  Subsequently, 12.5μl of the pooled assay mix
(0.2μM) was combined with each cDNA sample and
25μl of TaqMan PreAmp Master Mix (2×) in a final
volume of 50μl.  Thermal cycling conditions were:
initial hold at 95℃ for 10 minutes, and 10
preamplification cycles of 15 seconds at 95℃, and 4
minutes at 60℃.  Primer sequences for the following
target gene cDNAs and β-actin cDNA are shown in
Table 1.

4. Real-time PCR
Real-time PCRs were carried out using LightCycler
Software 2.0 (Roche Diagnostics, Indianapolis, IN,
USA).  Probe and primer sequences for the following

target gene cDNAs and β-actin cDNA are shown in
Table 1.  PCR was carried out in a final volume of 20
μl with LightCycler TaqMan Master Mix (Roche
Diagnostics), using 5.0μl of preamplified cDNA, 10
μmol/l of each primer, and 10μmol/l of probe for
each target gene cDNA.  Cycling conditions were 95℃
for 10 minutes followed by 45 cycles at 95℃ for 10
seconds, 60℃ for 20 seconds, and 72℃ for 1 second.

5. Quantification of target gene mRNA levels
Relative gene expression levels were determined by
the standard curve method.  Standard curves for target
gene cDNAs and β-actin cDNA were generated using
a 5-fold serially diluted solution of preamplified cDNA
from Stratagene QPCR Human Reference Total RNA
(#750500, Stratagene, Orange County, CA, USA).  The
target gene expression level was calculated from the
standard curve, and quantitative normalization of
cDNA in each sample was performed using the
expression of the β-actin gene as an internal control.
Finally, target gene cDNA levels were expressed as
ratios relative to the β-actin cDNA level.

Table 1. Primer and probe sequences

Gene Primer and probe Sequence

β-actin Forward primer 5'-GAGCGCGGCTACAGCTT-3'
Reverse primer 5'-TCCTTAATGTCACGCACGATTT-3'
Probe 5'-(FAM)ACCACCACGGCCGAGCGG(TAM)-3'

TS Forward primer 5'-GCCTCGGTGTGCCTTTCA-3'
Reverse primer 5'-CCCGTGATGTGCGCAAT-3'
Probe 5'-(FAM)TCGCCAGCTACGCCCTGCTCA(TAM)-3'

TP Forward primer 5'-CCTGCGGACGGAATCCT-3'
Reverse primer 5'-GCTGTGATGAGTGGCAGGCT-3'
Probe 5'-(FAM)CAGCCAGAGATGTGACAGCCACCGT(TAM)-3'

DPD Forward primer 5'-AGGACGCAAGGAGGGTTTG -3'
Reverse primer 5'-GTCCGCCGAGTCCTTACTGA-3'
Probe 5'-(FAM)CAGTGCCTACAGTCTCGAGTCTGCCAGTG(TAM)-3'

EGFR Forward primer 5'-TGCGTCTCTTGCCGGAAT-3'
Reverse primer 5'-GGCTCACCCTCCAGAAGCTT-3'
Probe 5'-(FAM)ACGCATTCCCTGCCTCGGCTG(TAM)-3'

VEGF Forward primer 5'-AGTGGTCCCAGGCTGCAC-3'
Reverse primer 5'-TCCATGAACTTCACCACTTCGT-3'
Probe 5'-(FAM)ATGGCAGAAGGAGGAGGGCAGAATCA(TAM)-3'

HIF-1α Forward primer 5'-CGCTGGAGACACAATCATATC-3'
Reverse primer 5'-TCCTCAAGTTGCTGGTCATC-3'
Probe 5'-(FAM)TTTGGCAGCAACGACACAGAAACT(TAM)-3'

TS, thymidylate synthase; TP, thymidine phosphorylase; DPD, dihydropyrimidine dehydrogenase; EGFR,
epidermal growth factor receptor; VEGF, vascular endothelial growth factor; HIF-1α, hypoxia-inducible
factor-1α
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Table 4

Surface Middle Deep Lymph node
Patient

section section section metastasis

No. 1 Dif. Dif. Undif. None
No. 2 Dif. Undif. Undif. None
No. 3 Dif. Dif. Undif. Undif.
No. 4 Dif. Dif. Undif. Undif.
No. 5 Dif. Dif. Dif. Undif.
No. 6 Dif Dif. Dif. Undif.

Dif., differentiated adenocarcinoma; Undif., undifferentiated
adenocarcinoma

Statistical analysis
All statistical analyses were carried out using SPSS,
version 17.0 (SPSS Japan, Tokyo).  The Mann-Whitney
test was used to evaluate the expression level of each
target gene in each section studied.  Spearman's rank
correlation coefficient was used to evaluate correlations
between the target genes and the sites.  P values of less
than 0.05 were considered to indicate statistical
significance.

Results

Clinicopathological characteristics
The study group was comprised of 29 patients (18 male
and 11 female) with a mean age of 60.0 years.  The
histologic type of surface sections was differentiated
adenocarcinoma in 9 patients and undifferentiated

adenocarcinoma in 20 patients.  The macroscopic type of
the primary tumors was type IIc-like advanced type in 2
patients, type 1 in 1, type 2 in 6, type 3 in 12, type 4 in 2,
and type 5 in 6 patients.  The depth of wall invasion by
the primary tumor (T) was T2 in 9 patients, T3 in 19, and
T4 in 1 patient.  Lymph node metastasis (N) was N0 in 4
patients, N1 in 16, and N2 in 9 patients.  Disease stage
was Stage II in 11 patients, Stage IIIA in 12, and Stage
IIIB in 6.  The patients' characteristics are summarized in
Table 2.

In 4 patients, the histologic type within the primary
tumor changed depending on depth.  In all 4 patients, the
surface layer of the primary tumor was differentiated
adenocarcinoma, which changed to undifferentiated
adenocarcinoma as the depth of the tumor progression
(Table 3).  The histologic type of the surface layer of the
primary tumor differed from that of synchronous lymph

Table 2. Patients' characteristics

Characteristic (N = 29)

Age (years)
Mean ± SD (range) 60.0 ± 8.8 (41-75)

Sex
Male 18
Female 11

Surface histologic type
Differentiated   9
Undifferentiated 20

Macroscopic type
IIc- like advanced   2
Type 1   1
Type 2   6
Type 3 12
Type 4   2
Type 5   6

T
2   9
3 19
4   1

N
0   4
1 16
2   9

Stage
II 11
IIIA 12
IIIB   6

T, depth of tumor invasion; N, extent of lymph node
metastasis

Table 3. Histologic heterogeneity

Surface histologic type: Differentiated adenocarcinoma n = 9

Histologic heterogeneity of primary tumor (%) 4 (44.4)

Histologic heterogeneity between surface section and
4 (44.4)

lymph node metastasis (%)

Naruke, et al.
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node metastases in 4 patients.  In all 4 patients, the
histologic type of the surface layer of the primary tumor
was differentiated adenocarcinoma, whereas that of the
lymph node metastases had become undifferentiated
adenocarcinoma (Table 4).  Figure 2 shows a typical
case of the histological changes in the tumor sites.

Target gene expression levels
Expression levels (relative cDNA levels) of the target
genes were presented as ratios of the gene of interest to
the internal reference gene (β-actin), which provided a
normalization factor for the amount of cDNA.  Table 5
showed the expression levels of each target gene.  When
tumor tissues were compared with normal mu cosa, gene
expression levels of TS, TP, and VEGF in surface sections
were significantly higher than those in normal mucosa,
and all target gene expression levels in deep sections

were significantly higher than those in normal mucosa.
The target gene expression levels among the different

sites in the primary tumors are shown in Figure 3.  There
was no significant difference between the surface section
and the deep section in the primary tumor there was a
positive correlation between the TS gene expression levels
and the dissected sections (r = 0.309, P = 0.007) (A).  The
TP gene expression level in the deep section was
significantly higher than that in the surface section (P =
0.041) and there was a positive correlation between the
TP gene expression levels and the dissected sections (r =
0.464, P < 0.001) (B).  There was no significant difference
between the surface section and the deep section in the
primary tumor but there was a positive correlation
between the DPD gene expression levels and the dissected
sections (r = 0.313, P = 0.007) (C).  The EGFR gene
expression level in the deep section was significantly

Figure 2.  A typical case with the histologic changes among the sites in the primary tumor (H&E,
Hematoxylin and Eosin staining)

A. Original magnification ×1; B . Differentiated adenocarcinoma in the surface layer;
C. Undifferentiated adenocarcinoma in the deepest layer (B, C. Magnification ×200).

Depth-specific gene expression levels



130

higher than that in the surface section (P = 0.043) and
there was a positive correlation between the EGFR gene
expression levels and the dissected sections (r = 0.306, P
= 0.008) (D).  There was no significant difference between
the surface section and the deep section in the primary
tumor but there was a positive correlation between the
VEGF gene expression levels and the dissected sections
(r = 0.316, P = 0.006) (E).  The HIF-1α gene expression
level in the deep section was significantly higher than
that in the surface section (P = 0.005) and there was a
positive correlation between the HIF-1α gene expression
levels and the dissected sections (r = 0.426, P < 0.001)
(F).  TS, DPD, and VEGF gene expression levels had no
significant differences among the dissected sites in the
tumor (A, C, E, respectively).  In the primary tumor, TP,

EGFR, and HIF-1α gene expression levels in deep
sections were significantly higher than those in surface
sections (P = 0.041, P = 0.043, P = 0.005) (B, D, F,
respectively).  All 6 target genes showed positive
correlations between gene expression levels and dissected
sections (TS: r = 0.309, P = 0.007; TP: r = 0.464, P <
0.001; DPD: r = 0.313, P = 0.007; EGFR: r = 0.306, P =
0.008; VEGF: r = 0.316, P = 0.006; HIF-1α: r = 0.426, P
< 0.001).

Discussion

In gastric cancer, tumor progression and lymph node
metastasis are sometimes associated with the
dedifferentiation of differentiated adenocarcinoma to

Table 4. Target gene expression

Mean ± SD (range)

Normal Mucosa Surface section Deep section

TS 0.20 ± 0.45 0.32 ± 0.35 0.45 ± 0.54
(0.00-1.54) (0.00- 1.22) (0.00-1.71)

P = 0.010
P = 0.004

TP 0.73 ± 1.59 1.94 ± 2.11 5.37 ± 5.67
(0.00-4.72) (0.00-7.42) (0.00-23.34)

P = 0.004
P < 0.001

DPD 1.45 ± 2.56 2.17 ± 3.45 3.21 ± 3.41
(0.00-7.63) (0.00-13.44) (0.00-10.36)

P = 0.140
P = 0.011

EGFR 0.02 ± 0.05 0.02 ± 0.03 0.06 ± 0.14
(0.00-0.15) (0.00-0.11) (0.00-0.69)

P = 0.503
P = 0.022

VEGF 0.21 ± 0.38 0.49 ± 0.47 0.58 ± 0.59
(0.00-1.13)  (0.00-1.66) (0.00-2.76)

P = 0.041
P = 0.005

HIF-1α 0.04 ± 0.11 0.05 ± 0.13 0.14 ± 0.15
(0.00-0.38) (0.00-0.60) (0.00-0.59)

P = 0.179
P = 0.002

TS, thymidylate synthase; TP, thymidine phosphorylase; DPD,
dihydropyrimidine dehydrogenase; EGFR, epidermal growth factor
receptor; VEGF, vascular endothelial growth factor; HI-1α, hypoxia-
inducible factor 1α

Naruke, et al.
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Figure 3.  Target genes and correlations among expression levels

A. A positive correlation was observed between the thymidylate synthase (TS) gene expression levels and the dissected sections.  B. The
thymidine phosphorylase (TP) level in the deep section was significantly higher than that in the surface section with a positive correlation
between the TP gene expression levels and the dissected sections.  C. A positive correlation was noted between the dihydropyrimidine
dehydrogenase (DPD) gene expression levels and the dissected sections.  D. The epidermal growth factor receptor (EGFR) gene
expression level in the deep section was significantly higher than that in the surface section.  E. Positive correlation between the vascular
endothelial growth factor (VEGF) gene expression levels and the dissected sections was also noted.  F. There was also a positive
correlation between the hypoxia-inducible factor-1α (HIF-1α) gene expression levels and the dissected sections.

Depth-specific gene expression levels
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undifferentiated adenocarcinoma.2,3,13  In our study, in 4
patients, the surface layer of the primary tumor was
differentiated adenocarcinoma, which changed to
undifferentiated adenocarcinoma with the depth of the
tumor progression.  This phenomenon was found in 44.4%
of patients in whom the histologic type of the surface
layer was differentiated adenocarcinoma.  In  4 other
patients, the histologic type of the surface layer of the
primary tumor was differentiated adenocarcinoma,
whereas that of the lymph node metastases had become
undifferentiated adenocarcinoma.  This phenomenon was
found in 44.4% of the patients in whom the histologic
type of the surface sections was differentiated
adenocarcinoma.

Submucosal transformation to poorly differentiated
adenocarcinoma is also thought to increase malignant
potential and promote lymphatic vessel invasion and
lymph node metastasis.14  Genetic changes most likely
precede histopathological changes.

The present study showed that expression levels of
the TP, EGFR, and HIF-1α genes were higher in the
deep section than in the surface section of the primary
tumor; and gene expression levels and dissected sections
had positive correlations in all target genes.  And the
gene expression levels became higher as the tumors
progressed.  Concentration ratio of EGFR and HIF-1α
were low, but these gene expression levels in the deep
sections became higher to approximately as much as
threefold of those in the surface sections.

The finding that the TP and HIF-1α genes were
simultaneously expressed at high levels is consistent with
angiogenesis pathways proposed by other researchers.15

However, many aspects of the relations among different
genes remain unclear; therefore, further elucidation must
also await the results of future studies.  TP has been
shown to convey resistance to hypoxia-induced
apoptosis16 and may also participate in tumor invasion
and metastasis in gastric cancer.17-19

The HIF-1α gene is expressed at high levels under
hypoxic conditions and finally binds to hypoxia
responsive elements, thereby inducing transcription of
various growth factors, such as VEGF and glucose
transporter type 1, which is involved in the active transport
of glucose.20-22  In gastric cancer, HIF-1α also participates
in angiogenesis, tumor invasion, and metastasis.23

However, it has recently been suggested that the HIF-1α
gene expression may receive the control at the
transcription level by some other kind of factors as well
as hypoxia.24

TP expression is high at the invasive edge of tumors.25

Histopathologically, TP expression is higher in

undifferentiated cancer than in differentiated cancer.26

HIF-1α expression is also increased in undifferentiated
cancer.27  These findings together with our results, suggest
that tumor cells undergo genetic changes to adapt to their
environment either before or simultaneously with
dedifferentiation-induced structural changes in response
to various conditions including hypoxia.

The existence of a pathway that can explain these
laboratory findings was not proved; therefore, further
studies are necessary to clarify the association between
angiogenesis and the change of gene expression level.
However, the present study demonstrated that some genes
in tumor cells could cause changes in their expression
level even within the same tumor in response to
environmental factors.  Because the tumor invades, this
suggests that the malignant activity increases.  This is a
pilot study, therefore, further studies with a larger number
of cases and data are warranted.
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