
Abstract. Background: The aim of the present study was to
examine the immunohistochemical distribution of the 47-kDa
heat shock protein (HSP47) to enhance the understanding of
the mechanisms involved in stromal fibrosis, which
accompanies cancer infiltration in scirrhous carcinoma of the
stomach. Materials and Methods: In vitro gastric cancer
models were prepared by collagen gel cultures using three
different human gastric cancer cell lines (KATO-III, MKN-74,
MKN-45) and a human fibroblast cell line (TIG-101). Tumor
tissues were obtained from ten patients with early gastric cancer
(5 scirrhous carcinoma; 5 non-scirrhous carcinoma) and three
patients with advanced scirrhous gastric cancer. The gels and
the tissues were immunostained by a monoclonal antibody
against human HSP47 and then examined by light and
electron microscopy. Results: The staining intensity of the
fibroblasts was stronger than that of cancer cells in both the
culture models and patient tissues. Moreover, the number of
fibroblasts in scirrhous gastric cancer was significantly greater
than that in non-scirrhous gastric cancer (p=0.0004). In
addition, the discharge of HSP47 was observed in the
extracellular matrix as granular deposits of staining.
Conclusion: These findings indicate that fibroblasts
predominantly produce stromal collagen and may play an
important role in the development of stromal change in
scirrhous gastric cancer. Further studies are required to
elucidate the significance of HSP47 in the development of new
clinical approaches for treating scirrhous gastric cancer. 

Scirrhous carcinoma of the stomach is characterized by diffuse
cancer infiltration with abundant stromal collagen
accumulation, not only in the primary lesion but also
metastatic organs, resulting in an unfavorable prognosis for
patients with this carcinoma due to lethal organ fibrosis (1, 2).
This condition may be, partly, similar to that of other benign
fibrotic diseases, i.e. liver cirrhosis, even though the change
occurs secondarily due to cancer infiltration. The pathogenesis
and biological nature of stromal fibrosis have been studied
previously (3-10). However, the mechanisms of the particular
changes that occur upon cancer infiltration, and cell-matrix
interactions are poorly understood in scirrhous carcinoma of
the stomach. 

The 47-kDa heat shock protein (HSP47), which binds
procollagen to correctly stabilize the triple helix formation,
is a collagen-specific molecular chaperone found in the
endoplasmic reticulum (ER), which assists in the maturation
of collagen molecules (3, 4). Expression of HSP47 is known
to be up-regulated in lesions of fibrotic diseases such as
idiopathic pulmonary fibrosis, systemic sclerosis, renal
scaring and keloids (5-8). Thus, HSP47 may play an
important role in the establishment of organ fibrosis.
However, HSP47 has not been used to study the stromal
fibrosis that can occur upon carcinoma infiltration in
scirrhous carcinoma of the stomach. The aim of the present
study was to examine the immunohistochemical distribution
of HSP47 in order to better understand the biological
nature of scirrhous carcinoma of the stomach. 

Materials and Methods

Collagen gel culture (in vivo models of gastric cancer). A normal
human dermal fibroblast cell line (TIG-101) and three human cancer
cell lines derived from carcinoma of the stomach, namely KATO-III
(scirrhous type, signet-ring cell carcinoma), MKN-74 (non-scirrhous
type, well-differentiated adenocarcinoma) and MKN-45 (non-
scirrhous type, poorly-differentiated adenocarcinoma) (9), were
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obtained from the Japanese Cancer Research Resource Bank.
Collagen gel cultures were grown according to previously reported
procedures (10), with minor modifications. Briefly, co-culture of
2.5x105 cancer cells (KATO-III, MKN-74 or MKN-45) with 2.5x105

fibroblasts (TIG-101) was set up at 4ÆC in 2 ml RPMI medium
containing 10% fetal calf serum (FCS) and 0.025% type I collagen
(Koken Co., Japan), in a 3-cm plastic petri dish (Falcon Co., USA).
The cells were cultured three-dimensionally and the collagen
solution was gelated at 36ÆC. The models were maintained according
to standard procedures and cultivated for 14 days. 

Preparation of materials from patients with gastric cancer. For light-
microscopic examination, specimens of tumor tissues were obtained
from ten patients who underwent resection for early gastric cancer
at Kitasato East Hospital, Japan. All tumors were selected
according to the following criteria: i) tumors invading the
submucosal layer, because submucosal tumor regions are considered
to be less heterogenous than advanced tumors, and ii) tumors
without ulceration. Of these, five tumors were classified
histologically as scirrhous (abundant stroma), and the other five as
non-scirrhous carcinoma (scanty stroma), according ÙÔ the Japanese
Classification of Gastric Carcinoma (11). The regions of submucosal
invasion were used for histological examination and the cell number
of fibroblasts and cancer cells was also determined after
immunostaining for HSP47. For counting cell numbers, three visual
fields were examined for each tumor at original magnification x400
under light microscopy, and the cell number was calculated. 

For immuno-electron microscopic examination, fresh tumor
tissues were prepared from three patients with type IV advanced
scirrhous gastric cancer. The materials were obtained intra-
operatively  and small blocks of specimens were fixed in Zanboni’s
fixative immediately after surgical resection.

Immunohistochemical study. For light microscopic examination,
these gels and tumors were fixed in Zanboni’s fixative (4%
paraformaldhyde, 0.2% picric acid, in 0.1 M phosphate-buffered
saline [PBS]). Specimens of the material were sliced 6 Ìm thick
after embedding in paraffin, and then incubated with a mouse
monoclonal antibody to HSP47 (diluted at 1:250) (Stress Gen Co.,
USA). The avidin-biotin-peroxidase complex (ABC) method was
used for immunostaining with the ABC kit (Nichirei Co., Japan).

The immunostaining for electron microscopy was performed
using pre-embedding methods (12). Briefly, specimens fixed in
Zanboni’s fixative were embedded in OCT compound (Tissue Tec,
Elkhart, IN, USA). Frozen sections (6 Ìm thick) were prepared
and placed on glass microscope slides. The immunostaining was
performed using similar procedures as for the light microscopic
examination. The sections were post-fixed with 1% OSO4 (Merck,
Darmstadt, Germany) for an hour, embedded in epoxy resin
(Nissin EM Co., Japan), and cut into 70 to 80-nm-thick sections
and examined under an electron microscope. 

Statistics. Statistical analysis was carried out using the Student’s 
t-test, assuming a significance level of <5%. 

Results

The immunohistochemical stainings for HSP47 in in vitro
gastric cancer models are presented in Figure 1. In all the
models, the cancer cells showed nuclear atypia and

pleomorphism, while fibroblasts possessed small and oval
nuclei and prominent cell processes that formed the bipolar
shape. Cisterae of endoplasmic reticulum (ERs) were stained
in both fibroblasts and cancer cells. However, the staining
intensity of the fibroblasts was stronger than that of the
cancer cells. ERs were distributed widely in cell cytoplasms,
and were also observed even at the distal end of the
prominent cell process of fibroblasts. In addition, staining was
observed in the extracellular matrix (ECM), although HSP47
is a molecular chaperone that exists only in ER. 

The immunostaining for HSP47 in gastric cancer tissues
is presented in Figure 2. Staining was found not only in
fibroblasts, but also in cancer cells (Figure 2-A, B), as seen
in the in vitro models. However, the staining was not
observed in normal epithelial cells (Figure 2-C). The
intensity of fibroblast staining was stronger than that of
cancer cells, and this property was not dependent on
differences in the histological classification of gastric cancer. 

The number of fibroblasts and cancer cells counted under
light microscopic examination is presented in Table I. The
number of fibroblasts in scirrhous gastric cancer (average
64.3 cells/one visual field at x400) was significantly higher
than that in non-scirrhous gastric cancer (average 25.6 cells/one
visual field at x400) (p=0.0004). However, the number of
cancer cells in scirrhous gastric cancer (average 40.1 cells/one
visual field at x400) was significantly lower than that in non-
scirrhous gastric cancer (average 198.1 cells/one visual field
at x400) (p=0.0004). 

Immuno-electron microscopic examination for HSP47 in
gastric cancer tissues is presented in Figure 3. The staining
was observed not only in ERs, but also in the ECM.
Cytoplasmic remnants stained for HSP47 were found in the
ECM, whereas membrane structures were not observed. 

Discussion

Previous studies have shown that an excessive amount of
collagen is accumulated through three different processes
and their combination in scirrhous gastric carcinoma: i)
primary production by tumor cells, that is, so-called
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Table I. Cell numbers obtained by light microscopic examination of
gastric cancer tissues.

Non-scirrhous* Scirrhous* P

No. of fibroblasts** 25.6 (14.7- 47.6) 64.3 (46- 76.3) 0.0004

No. of cancer cells** 198.6 (141.7- 251.6) 40.1 (31- 54) <0.0001

*n=5, average (range).
**Cells were counted in one visual field at original magnification x400.
Three visual fields were examined for each tumor. 
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collagen-producing carcinoma (13-15, 21), ii) consequential
production by fibroblasts associated with cancer infiltration
(16-18, 21), and iii) disproportional amounts of collagenase
and its inhibitor (19, 20). However, a definitive conclusion
has not been drawn regarding excess collagen. The present
study showed the following new information with respect
to collagen production in scirrhous cancer tissues. First,
although both fibroblasts and cancer cells can produce
collagen as reported previously, the intensity of fibroblast
staining for HSP47 was much greater than that of cancer
cells, not only in in vitro models but also in tumor tissues.
Second, the number of cancer cells in scirrhous gastric
cancer was significantly lower than that in non-scirrhous
gastric cancer, but the number of fibroblasts was
significantly higher than that in non-scirrhous cancer
tissues. These findings suggest that fibroblasts are the
predominant producers of stromal collagen and may play
an important role in the development of particular stromal
changes in scirrhous gastric cancer.

On the other hand, it remains unclear why HSP47 should
be discharged to the ECM from the ER. HSP47 binds
procollagen to form a folding triple helix formation. HSP47
is part of the quality control system for procollagen, and
prevents the secretion of procollagen in an abnormal
conformation (4). So, HSP47 exists primarily in the cisternae
ER. However, it has been reported that expression of HSP47
and its antigen were found in the sera of patients with
collagen diseases (22). It is known that a part of the cell
process detaches from the cytoplasm during cell migration
and forms cytoplasmic remnants containing ERs. The
intracellular organelles are then discharged from the cell to
the ECM by way of auto lysis of the cytoplasmic remnants.
Here, specific staining of HSP47 was found even at the distal
end of prominent cell processes in fibroblasts, and HSP47
was observed in the ECM, indicating that the discharge of
HSP47 may be caused mainly by destruction of cytoplasmic
remnants during the process of cell migration. These findings
suggest that serum HSP47 may be used as a possible target
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Figure 1. Immunohistochemical staining of HSP47 in three-dimensional co-cultures (C: cancer cell, F: fibroblast). Staining of endoplasmic reticulum
for HSP47 was observed in cancer cells (KATO-III; 1-A, MKN-74; 1-B, MKN-45; 1-C) and fibroblasts (TIG-101). Endoplasmic reticula were stained
in both fibroblasts and cancer cells. However, the staining intensity of fibroblasts was stronger than that of cancer cells(original magnification x400).
Staining was also found in the extracellular matrix (arrows).
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for tumor identification in patients with scirrhous gastric
cancer, although further studies are necessary to clarify the
significance of the serum HSP47 level in this cancer.

Previous reports have shown that HSP47 is related to
other benign diseases, which form extensive stromal fibrosis
(7-9, 22-25). Recent reports have also demonstrated that
some fibrotic diseases, including kelloid, rheumatoid
arthritis and peritoneal fibrosis, were improved in response
to HSP47 inhibition in animal models (23-25). Collagen is
not only a constitutional ingredient of the ECM, but it also
plays a major role in carcinomic invasion (26, 27), indicating
that growth of scirrhous gastric cancer may occur by the
interaction of cancer cells, fibroblasts and the ECM. Thus,
the down-regulation of HSP47, which regulates collagen
synthesis, may be a key protein for the development of new
therapeutic approaches for treatment of patients with
scirrhous gastric cancer. 

In conclusion, the findings of the present study indicated
that fibroblasts are the predominant producers of stromal
collagen and may play an important role in the development

of particular stromal changes in scirrhous gastric cancer.
Further studies are required to elucidate the clinical
significance of HSP47 in the development of new diagnostic
and therapeutic approaches to the treatment of scirrhous
gastric cancer.
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