
Abstract. Keratinocyte growth factor (KGF) from gastric
fibroblasts have been reported to stimulate proliferation of
scirrhous gastric cancer cells with K-samII amplification in a
paracrine manner. The aim of this study was to evaluate the
clinical significance of the co-expression of K-sam and KGF
in gastric carcinomas. A total of 136 primary gastric tumors
were investigated by staining with antibodies against K-sam
and KGF. K-sam expression on cancer cells and KGF
expression on fibroblasts was estimated. The relationship
between the K-sam and/or KGF expression and the
clinicopathological characteristics were analyzed. K-sam
expression was positive in 42 (31%) of 136 gastric
carcinomas. K-sam expression was positively correlated with
scirrhous cancer (p<0.001), diffuse type (p=0.031), invasion
depth (p=0.018) and infiltration type (p<0.001). Prognosis of
K-sam positive patients was significantly poorer than that of
K-sam negative patients (p<0.001). The prognosis of patients
with both K-sam and KGF positive tumors was significantly
worse in comparison to either negative tumors (p<0.001). In
94 patients with a curative resection, a multivariate analysis
revealed the co-expression of K-sam and KGF to be an
independent prognostic factor (p=0.029). In conclusion, the
co-expression of K-sam and KGF in gastric cancer might be
a useful prognostic factor.

Introduction

Gastric carcinoma is one of the most frequent causes of cancer
death (1). Scirrhous gastric carcinoma (diffusely infiltrating
carcinoma, or linitis plastica-type carcinoma), which is
characterized by cancer cell infiltration and proliferation with
extensive fibrosis, especially carry a worse prognosis
compared to other types of gastric carcinomas. The K-sam

gene was originally isolated as an amplified gene from a
scirrhous gastric cancer cell line, KATO-III (2,3). The K-sam
gene product was later found to be identical to a keratinocyte
growth factor (KGF) receptor (4,5). Four types of K-sam
transcript isoforms were identified: K-samI, II, III, and IV
(6). The K-samII cDNA is identical to that of the KGF
receptor (KGFR), which shows high-affinity binding to KGF
(7-10). A recent study showed that KGF from orthotopic
gastric fibroblasts stimulated the proliferation of scirrhous
gastric carcinoma cells (11,12) in vitro, thus suggesting that
the interaction between KGF production from surrounding
fibroblasts and KGFR on the cancer cells might play an
important role for the progression of scirrhous gastric
carcinoma. The present study analyzed the relationship
between K-sam and/or KGF expression and the clinicopatho-
logical characteristics to clarify the clinical significance of the
expression of K-samII and KGF in gastric carcinoma.

Materials and methods

Clinical materials. For positive and negative control, xeno-
grafts were established by injecting 107 OCUM-2M (13) and
MKN-74 (14) cell into the flanks of female artymic BALB/c
nude mice. OCUM-2M was derived from scirrhous carcinomas
with K-sam amplification. MKN-74 was derived from well-
differentiated adenocarcinoma without K-sam amplification.
A total of 136 patients who had undergone a resection of the
primary tumor and were confirmed histologically to have
sporadic advanced gastric cancer, were enrolled in this study.
None of the patients had undergone preoperative radiation
or/and chemotherapy. Specimens and xenografts were fixed in
10% formaldehyde solution and embedded in paraffin. Sections
(4-μm thick) were cut and mounted on glass slides. The patho-
logical diagnoses and classifications were made according to
Japanese Classification of Gastric Carcinoma by the Japanese
Gastric Cancer Association (15).

Antibodies and reagents. A rabbit polyclonal antibody which
recognizes K-sam was purchased from Immuno-Biological
Laboratories Co., Ltd. (9G-915, dilution 1:40, Gunma, Japan).
A mouse monoclonal antibody which recognizes KGF was
purchased from R&D Systems, Inc. (MAB2511, dilution
1:200, Minneapolis, MN). Normal goat and rabbit serum,
normal rabbit and mouse immunoglobulin G, biotinylated
goat anti-rabbit and rabbit anti-mouse immunoglobulin G,
streptavidin-peroxidase reagent, and diaminobenzidine were
purchased from Nichirei Corporation (Tokyo, Japan).
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Immunohistochemical techniques. The methods for immuno-
histochemical determination of K-sam and KGF have been
described in the manufacturer's instructions. In brief, the
slides were deparaffinized in xylene and hydrated in decreasing
concentrations of ethyl alcohol. The tissues were heated for
20 min at 105˚C by autoclave in Target retrieval solution
(Dako Co., Carpinteria, CA). Then sections were deparaf-
finized and incubated with 3% hydrogen peroxide in methanol
for 15 min to block endogenous peroxidase activity. The
sections were then washed in phosphate-buffered saline (PBS)
and incubated in 10% normal goat or rabbit serum for 10 min
to reduce non-specific antibody binding. The specimens were
incubated with K-sam antibody (2.5 μg/ml) or KGF antibodies
(2.5 μg/ml) overnight at 4˚C, followed by 3 washes with
PBS. The sections were incubated with biotinylated goat anti-
rabbit immunoglobulin G or normal mouse immunoglobulin
G for 30 min, followed by 3 washes with PBS. The slides
were treated with streptavidin-peroxidase reagent for 15 min
and washed with PBS 3 times. Finally, the slides were
incubated in PBS diaminobenzidine and 1% hydrogen peroxide
v/v for 60 sec or 90 sec, counterstained with Mayer's hema-
toxylin, and mounted.

Immunohistochemical determination of K-sam and KGF.
K-sam expression was observed in the tumors by OCUM-2M
cells but not in tumors by MKN-74 cells. K-sam was mainly

immunolocalized at the membrane and cytoplasm of cancer
cells (Fig. 1A). Both hematoxylin and eosin staining were used
as a reference slide to select cancer areas at the invading front.
The existence of cancer cells was continuously examined from
the serosa to the mucosa under a microscope. The invading
front was determined at the lesion where cancer cells were first
found from serosal side. K-sam antibody weakly stained the
gastric epithelium (Fig. 1C). The tumor cells were judged to be
K-sam positive when the tumor cells at the invading front
>25% were stained more strongly than the normal epithelium
in the same sample (Fig. 1D). In addition, the fibroblasts at
the invading front were judged to be KGF positive when more
than two of the stromal fibroblasts were stained more intensely
than the fundic gland at high magnification (x200). The
slides were evaluated by two investigators (TT and MY)
without any knowledge of the corresponding clinicopatho-
logical data, and when a discordance was found, the cases were
then re-evaluated together and a consensus was reached.

Statistical analysis. The Chi-square test or Mann-Whitney U
test was used to determine the significance of the differences
between the covariates. The survival durations were calculated
using the Kaplan-Meier method and analyzed by the log-rank
test to compare the cumulative survival durations in the patient
groups. In addition, the Cox proportional hazards model was
used to compute multivariate hazards ratios for the study
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Figure 1. Immunohistochemical determination of K-sam and KGF.
Expression of K-sam was recognized at the membrane and cytoplasm of
OCUM-2M cells with K-sam amplification (A), but not MKN-74 cells
without K-sam amplification (B). (C) K-sam antibody weakly stained the
fundic gland in the cytoplasm in the normal stomach wall (x100). (D)
Scirrhous gastric cancer cells were stained by K-sam antibody more
intensely than non-cancerous cells in the cytoplasm and membrane (x400).
(E) Expression of KGF was recognized at the cytoplasm of stromal cells
(arrows).
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parameters. In all the tests, a p<0.05 was defined as
statistically significant. The SPSS software program (SPSS
Japan, Tokyo, Japan) was used for the analyses.

Results

Correlation between clinicopathological features and K-sam
and/or KGF expression. The K-sam expression was positive

in 42 (31%) of 136 gastric carcinomas. The relationship
between K-sam and/or KGF expression and clinicopatho-
logical features of the tumors are shown in Table I. K-sam
expression was significantly present with scirrhous type
(51%, p<0.001), diffuse type (37%, p=0.031), depth of
invasion (p=0.018) and type of cancer infiltration (INFÁ, 45%,
p<0.001). K-sam expression tended (p<0.071) to be associated
with peritoneal dissemination. There was no statistically
significant association between K-sam expression and patient
age, gender, lymph node metastasis, lymphatic invasion and
venous invasion. KGF expression in stromal cells was positive
in 53 (39%) of 136 gastric carcinomas. KGF expression of
stromal cells was significantly high at the depth of invasion
(T2, 57%) vs. T3/4, 34%, p=0.024). The co-expression both
K-sam and KGF was positive in 18 (13%) of 136 gastric
carcinomas. K-sam and KGF co-expression was significantly
correlated with lymphatic invasion (p=0.020) and type of
infiltration (INF·+ß, 7% vs. INFÁ 20%, p=0.031). K-sam and
KGF co-expression tended to be correlated with macroscopic
type (p=0.072) and histological type (p=0.087). In contrast,
there was no statistically significant association between K-sam
and/or KGF and peritoneal dissemination, depth of invasion,
or lymph node metastasis.

Survival. The prognosis for K-sam positive patients was
significantly poorer than that of K-sam negative patients
(p=0.0007, Fig. 2). The 5-year survival of the patients with
K-sam positive tumors was 33% in comparison to 63% for
those patients with negative tumors. Moreover, K-sam and
KGF were combined, in the K-sam positive subgroup, KGF

TOYOKAWA et al:  KGF AND K-sam EXPRESSION IN GASTRIC CARCINOMAS878

Table II. A univariate analysis with respect to the overall survival in 94 gastric cancer patients undergoing a curative resection.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Parameter Risk ratio 95% Confidence interval P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male vs. female 2.083 0.965-4.497 0.062

Co-expression of K-sam and KGF
Positive vs. either negative 4.106 1.628-10.358 0.003

Macroscopic type
Type 1+2+3 vs. type 4 4.661 2.092-10.388 <0.001

Histological type
Diffuse type vs. intestinal type 3.142 1.259-7.837 0.014

Depth of invasion
T2 vs. T3 2.303 0.868-6.144 0.094

Lymph node metastasis
Negative vs. positive 1.384 0.602-3.184 0.444

Lymphatic invasion
Negative vs. positive 1.790 0.719-4.459 0.211

Venous invasion
Negative vs. positive 0.579 0.233-1.443 0.241

Type of infiltration
INF·+ß vs. INFÁ 2.189 1.011-4.740 0.047

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. The overall survival of patients based on K-sam expression. The
survival curve shows the Kaplan-Meier overall survival curves in relation to
the K-sam expression in the gastric carcinomas. A statistically significant
difference in survival was observed between the K-sam-positive and K-sam-
negative groups (log-rank, p=0.0007).
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positive patients had a significantly poorer prognosis than
KGF negative patients (p=0.0326, Fig. 3A). In stages II and IV,
the prognosis of the K-sam and KGF co-expression group
was significantly (p<0.05) poorer than that of any other groups.
At stage III, the prognosis of K-sam and KGF co-expression
group tended (p=0.095) to be poorer than those of any other
groups (Fig. 3B). The prognostic markers in 94 patients of
resection A and B were evaluated. In the 94 patients with a
curative resection, a univariate analysis revealed the macro-
scopic type, histological type, type of infiltration and K-sam
and KGF co-expression to all be significantly correlated with
the patient survival (Table II). In a multivariate analysis, the
macroscopic type and K-sam and KGF co-expression were
significantly (p=0.029) independent prognostic factors
(Table III).

Discussion

In the present study, the K-sam overexpression was signifi-
cantly associated with macroscopically scirrhous type of gastric

carcinoma, histologically invasive and infiltrating growth.
These findings suggested that K-sam overexpression might
be associated with the diffusely infiltrative and invasive
growth, thus resulting in the development of the scirrhous type
of gastric cancer. Previous studies demonstrated that K-sam
expression is associated with distant metastasis in gastric
cancer (3,16) and lung cancer (17). A recent study demon-
strated that the peritoneal dissemination of scirrhous gastric
cancer cells with K-sam amplification is reduced with an
inhibitor of K-sam phosphorylation (18), while our data did
not show any statistically significant association between the
K-sam expression and peritoneal dissemination. It might be
necessary to examine whether K-sam is a useful molecule for
targeting therapy for peritoneal dissemination in the future.

KGF was mainly observed expressed on fibroblasts at the
cancer invasive front in this study. KGF expression of stromal
cells was associated with the depth of invasion. Fibroblasts
are abundantly present in either submucosa or muscularis
propria lesions (19). T2 is defined as tumor invasion of
muscularis propria or subserosa. T3 is defined as tumor pene-
tration of serosa. Stromal fibroblasts have been reported to be
activated partly by factors from gastric cancer cells (20). The
tumor cells at the invading front play an important role for
tumor-microenvironments. Therefore, KGF production might
be highly expressed in the fibroblasts adjacent to the tumor
cells at the invading front in T2, in comparison with those in
T3/4. A previous study reported that KGF secreted by fibro-
blasts stimulated scirrhous gastric cancer cell growth in vitro
(12,13). These findings suggested that KGF at the cancer
invasive front might enhance the proliferation and infiltrative
potential of scirrhous gastric cancer cells.

ONCOLOGY REPORTS  21:  875-880,  2009 879

A

Figure 3. The overall survivals according to the status of K-sam
and/or KGF expression. (A) In patients with a positive expression
of K-sam, KGF positive patients had a significantly poorer
prognosis than KGF negative patients (log-rank, p=0.0326). (B) In
stages II and IV, the prognosis of the K-sam and KGF co-
expression group was significantly (P<0.05) poorer than that of any
other groups. In stage III, the prognosis of the K-sam and KGF co-
expression group tended (p=0.095) to be poorer than that of any
other groups.

B
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The co-expression of KGF and K-sam was associated with
lymphatic invasion and infiltrative growth. In patients with
K-sam positive, KGF expression revealed poorer prognosis
compared to KGF-negative. Although there were no statistical
differences in the survival between the K-sam and KGF
co-expression group and any other groups in stage III, a
significant difference was observed among the patients in
stages II and IV. A small number (n=4) of patients with K-sam
and KGF co-expression might thus be one of the reasons that
no significance was observed in stage III. Regarding overall
survival, a multivariate analysis showed that co-expression of
K-sam and KGF were independent prognostic factors for the
patients with a curative resection. These findings suggested
that KGF from fibroblasts plays an important role for the
progression of K-sam-positive cancer cells. This appears to
be the first study to demonstrate that K-sam and KGF co-
expression is a prognostic indicator in patients with gastric
carcinoma.

In conclusion, the co-expression of K-sam and KGF in
gastric cancer is considered to be associated with the invasive
and infiltrating growth, while it is also an independent
prognostic factor.
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Table III. Multivariate analysis with respect to the overall survival in 94 gastric cancer patients undergoing a curative resection.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Parameter Risk ratio 95% Confidence interval P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Co-expression of K-sam and KGF

Positive vs. either negative 2.949 1.114-7.805 0.029

Macroscopic type
Type 1+2+3 vs. type 4 3.056 1.172-7.968 0.022

Histological type
Diffuse type vs. intestinal type 2.014 0.691-5.873 0.200

Type of infiltration
INF·+ß vs. INFÁ 0.918 0.351-2.400 0.861

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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