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Abstract. Peritoneal dissemination is one of the leading
causes of death in gastric cancer patients. The interaction
between carcinoma cells and the peritoneal lining may play a
key role in tumor peritoneal dissemination. Human peritoneal
mesothelial cells are a monolayer of squamous epithelial
cells covering the peritoneal cavity and forming serosal
membranes. The precise role of mesothelial cells in the
peritoneal dissemination of gastric cancer remains to be
identified. Expression of TGF-ß1, a cytokine known for its
capacity to induce proliferative and transformative changes
in cells, has been correlated with peritoneal metastasis and
TNM stages of gastric cancer. High levels of TGF-ß1 in the
subperitoneal milieu may play a key role in the transition of
normal mesothelial cells to myofibroblasts. Here, we
demonstrate that mesothelial cells activated by TGF-ß1
undergo epithelial-mesenchymal transition (EMT) and that
the transition of mesothelial cells to myofibroblasts is
dependent on Smad2 signaling. EMT of mesothelial cells
was marked by up-regulation of ·-smooth muscle actin and
vimentin expression. Cytokeratin and E-cadherin expression
decreased over time in transformed mesothelial cells.
Knockdown of Smad2 gene by siRNA silencing significantly
suppressed the transition of mesothelial cells to myofibroblasts. We conclude that when exposed to TGF-ß1 mesothelial
cells undergo EMT which involves Smad2 signaling.
Furthermore, mesothelial cells may be the possible source of
myofibroblasts in peritoneal fibrosis and provide a favorable
environment for the dissemination of gastric cancer.
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Introduction
Gastric cancer continues to be associated with high mortality.
The poor outcome of this disease is to a large extent related
to the metastatic spreading of cancer cells within the peritoneal
cavity (1,2). Attachment of malignant cells to the peritoneal
mesothelium is thought to be a critical step in peritoneal
dissemination of the disease. Available data indicate that the
process is mediated by interactions between extracellular
matrix (ECM) components produced by mesothelial cells and
the corresponding adhesion molecules of cancer cells (3-5).
Peritoneal fibrosis may provide a favorable environment for
the dissemination of gastric cancer (6). The myofibroblast is
believed to play a central role in the pathogenesis of peritoneal
fibrosis. However, the origin of the myofibroblast, the primary
effector cell of peritoneal fibrosis, is not clearly established.
Three hypotheses have been proposed regarding the cellular
origin of the myofibroblast. The first, and historically most
prevalent, hypothesis postulates that resident peritoneal
fibroblasts respond to a variety of stimuli during fibrogenic
responses and differentiate into myofibroblasts. The second
hypothesis postulates that myofibroblasts are derived from
bone marrow progenitor cells (7). A novel third possible
source of fibroblasts and/or myofibroblasts in peritoneal
fibrosis has recently been proposed: that human peritoneal
mesothelial cells (HPMCs), through the process of epithelialmesenchymal transition (EMT), play a significant role (8).
EMT of epithelial cells, characterized by loss of epithelial
cell characteristics and gain of ECM-producing myofibroblast
characteristics, is an important mechanism involved in tissue
fibrosis (9,10). During parenchymal inflammation the HPMCs
are exposed to a microenvironment with high levels of
cytokines, chemokines and growth factors, including TGF-ß1
(8). TGF-ß1 is considered to be a master switch for the
induction of fibrosis by a process of EMT in various organs
including the peritoneum (11-13). During stress/injury
HPMCs attain plasticity and lose their polarity and mesothelial
markers. The cellular transition of HPMCs leads to cytoskeletal reorganization acquiring spindle-shape morphology
and expression of mesenchymal markers. ·-smooth muscle
actin (·-SMA) and vimentin are constitutively expressed in
newly formed fibroblasts called myofibroblasts and are
considered specific markers for EMT.
TGF-ß1 mediates EMT by inducing Smad signaling
(14,15). Smads are a group of intracellular proteins that are
critical for transmitting the TGF-ß1 signals from the cell
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surface to the nucleus in order to promote transcription of
target genes (16,17). The role of Smad3 in the development
of dermal fibrosis, subcapsular cataract, and peritoneal
fibrosis has been reported (18,19). However, the potential
role of Smad2 in the development of fibrosis is unclear. In
the present study we demonstrate in vitro that HPMCs undergo
a transition from epithelial to mesenchymal phenotype in the
presence of pro-fibrotic growth factor, TGF-ß1. The TGF-ß1
induced HPMCs phenotypic transition to myofibroblasts is
dependent on Smad2 signaling, thus suggesting the possibility
that HPMCs may be the source of myofibroblasts in peritoneal
fibrosis, and provide a favorable environment for the dissemination of gastric cancer.
Materials and methods
Cell line and culture. HPMCs were isolated from surgical
specimens of human omentum as previously described (20).
Briefly, small pieces of omentum were surgically resected
under sterile conditions and trypsinized at 37˚C for 30 min.
The suspension was then passed through a 200 μm pore
nylon mesh to remove undigested fragments and centrifuged
at 2,000 rpm for 5 min. The collected cells were cultured in
RPMI-1640 supplemented with 10% fetal calf serum (FCS).
In the following experiments, cells were used during the
second or third passage after primary culture. HPMCs were
identified by immunostaining with mouse monoclonal antibodies against cytokeratin (Ck) and vimentin (DACO, Japan).
The donors had no evidence of peritoneal inflammation
and/or malignancy. All patients provided written informed
consent prior to participation in the study. Our study was
approved by the institutional ethics committee.
Phase contrast microscopy. The phenotypic changes of
HPMCs were determined by phase contrast microscopy. The
HPMCs in cultures were treated with recombinant TGF-ß1
(R&D System, Minneapolis, MN) or left untreated (control)
for 24 or 72 h and morphological changes were visualized by
phase contrast microscopy. The images were collected using
a Nikon inverted microscope (Nikon Corp., Japan).
Transmission electron microscopy. After incubation in test
solutions for 24 h, the cells were trypsinized and then fixed
in ice-cold 2.5% electron microscopy grade glutaraldehyde
in PBS (pH 7.3). The specimens were rinsed with PBS,
post-fixed in 1% osmium tetroxide with 0.1% potassium
ferricyanide, dehydrated through a graded series of ethanol
(30-90%), and embedded in Epon. Semithin (300 nm) sections
were cut using a Reichart Ultracut, stained with 0.5%
toluidine blue, and examined under a light microscope.
Ultrathin sections (65 nm) were stained with 2% uranyl
acetate and Reynold's lead citrate, and examined on a
transmission electron microscope (Hitachi H-6001, Japan) at
x5,000 magnification.
Western blot analysis for EMT markers. HPMCs were
cultured on a 6-well tissue culture plate to confluence. The
cells were treated with recombinant human TGF-ß1 once i.e.
at the time of switching to serum-free medium, at a final
concentration of 5 or 10 ng/ml. HPMCs cultured without

TGF-ß1 were considered as control. The cells were harvested
at 24, 48 or 72 h. Total cellular protein was extracted using a
lysis buffer and quantified using protein quantification
reagents from Bio-Rad. Next, 60 μg of the protein were
suspended in 5X reducing sample buffer, boiled for 5 min,
electrophoresed on 10% SDS-PAGE gels and transferred to
polyvinylidene difluoride membrane by electroblotting. The
membrane was blocked in 1% BSA/0.05% Tween/PBS
solution overnight at 4˚C, followed by incubation with the
primary antibody (mouse monoclonal antibodies to either
human · -SMA, vimentin, Ck, E-cadherin, fibronectin,
collagen III, phosphorylated-Smad2, or Smad2) for 24 h. A
horseradish peroxidase-labeled goat anti-mouse IgG was
used as the secondary antibody. The blots were then developed
by incubation in a chemiluminescence substrate and exposed
to X-ray film.
Reverse transcription polymerase chain reaction (RT-PCR).
The cells were grown to subconfluence and then starved for
15 h in serum-free medium to attain quiescence. Afterwards,
the cells were washed twice with PBS and cultured in either
serum-free medium (control) or serum-free plus 5 ng/ml of
TGF-ß1 (experimental) for up to 72 h. Total RNA was isolated
from these cells using the TRIzol reagent according to the
manufacturer's instructions. Total cellular RNA (1 μg) was
then reverse-transcribed into cDNA for PCR amplification
using a kit from Sigma. The primer sequences used for PCR
are listed in Table I. Amplification consisted of an initial 5 min
incubation at 95˚C and then 30 cycles of amplification using
30 sec of denaturation at 95˚C, 30 sec at 56˚C, and 60 sec at
72˚C. The final extension was set for 10 min at 72˚C. All
data were expressed as the relative differences between control
and treated cells after normalization to ß-actin expression.
Immunofluorescence staining. The expression of EMT
markers in HPMCs was analyzed by immunofluorescence
microscopy. In brief, the cells were cultured to confluence on
collagen-coated glass cover slips and then fixed in 4% paraformaldehyde (with 50 mM phosphate buffer) in 50% Tris
wash buffer (TWB). The glass cover slips were rinsed three
times and permeabilized with 1.2% Triton X-100 for 5 min,
rinsed three times, incubated with 1% BSA in 100% TWB
for 1 h, then stained for the expression markers using the
following primary antibodies: mouse anti-E-cadherin (BD
Transduction Laboratories, Franklin Lakes, NJ), mouse anti·-SMA and mouse anti-fibronectin (Sigma) at 1:150 dilution;
and respective secondary IgG antibodies conjugated with
FITC or A546 (Zymax, San Francisco, CA). Cells were costained with TO-PRO 3 (blue) (Molecular Probes, Eugene,
OR) to visualize nuclei, were mounted with mounting medium
and viewed by immunofluorescence microscopy.
Small interfering-RNA (siRNA) treatment. The HPMCs were
grown to a 70% confluence on culture dishes and the
transient transfection was performed with specific stealth
siRNA against Smad2, or control siRNA overnight using
Lipofectamine-2000 (Invitrogen; Carlsbad, CA), according
the manufacturer's instructions. The total of three siRNA
sequences for Smad2 and control-siRNA were designed and
synthesized from Invitrogen using RNAi designer software
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Table I. Primers used for semi-quantitative RT-PCR.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Primer
Sequence
Length (bp)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Collagen III-F
5'-GGACCACCAGGGCCTCGAGGTAAC-3'
471
Collagen III-R
5'-TGTCCACCAGTGTTTCCGTG-3'
Fibronectin-F
5'-TGGACCTTCTACCAGTGCGAC-3'
451
Fibronectin-R
5'-TGTCTTCCCATCATCGTAACAC-3'
ß-actin-F
5'-CCTCGCCTTTGCCGATCC-3'
626
ß-actin-R
5'-GGATCTTCATGAGGTAGTCAGTC-3'
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Phase contrast microscopy (A-C) and electron microscopy (D and E) of HMPCs. HPMCs were cultured in the presence (5 ng/ml) or absence (control)
of TGF-ß1 for 72 h in serum-free medium. The phenotypic changes (transition towards a myofibroblast-like phenotype) was evaluated by phase contrast
microscopy and electron microscopy. (A) Control mesothelial cells without TGF-ß1 treatment exhibited epithelial cell morphology with a characteristic
cobblestone-like growth pattern. (B) Few HPMCs converted to spindle fibroblast-like morphology at 24 h. (C) The TGF-ß1-treated HPMCs showed transition
to the more elongated morphological shape of myofibroblasts at 72 h (x40). (D) A representative electron micrographic montage of normal HPMCs, Mesothelial
cells maintained a typical epithelial monolayer growth with scattered surface microvilli. (E) A representative electron micrographic montage of HPMCs after
treatment with TGF-ß1 (5 ng/ml) for 3 days. HPMCs showed characteristic myofibroblastic morphology with spindle multilayered growth and well-developed
actin bundles decorated with dense bodies running through the cytoplasm (arrows). (x5,000).

program. The concentration of 300 nM was determined to be
the most effective siRNA concentration for Smad2 silencing.
The transfection medium was changed with culture medium
containing 5% FCS for 24 h. TGF-ß1 at a final concentration
of 5 ng/ml was added to the cell cultures in serum-free
medium or the cultures were left untreated (control). The
cells were harvested at 4, 24 and 72 h for further experiments.
Statistical analysis. Data are expressed as mean ± SD.
Statistical comparisons of the data from the various groups
were performed using the Student's t-test. Differences between
groups were considered statistically significant at P<0.05.
Results
Figure 2. Expression of EMT markers in HPMCs in response to TGF-ß1.
HPMCs were incubated in the presence or absence of TGF-ß1 for an indicated
period of time. Whole protein cell lysates were immunoblotted with specific
antibodies. TGF-ß1 treatment increased ·-SMA and vimentin expression
after 72 h and decreased cytokeratin and E-cadherin expression after 48 h.
The blots were re-probed for GAPDH to ensure equal protein loading in
each lane. Results are the representative data of three separate experiments.

TGF-ß1 induces mesenchymal phenotypic transformation in
HPMCs. HPMCs were activated with recombinant TGF-ß1
and morphological changes were observed after 24 and 72 h.
HPMCs cultured in serum-free medium in the absence of
TGF-ß1 (control) showed a typical polygonal and cobblestone
monolayer morphology (Fig. 1). HPMCs activated with
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Figure 3. Immunofluorescence staining for E-cadherin (red) and ·-SMA (green) were evaluated by confocal laser microscopy. (B) There was apparent loss of
cell membrane bound E-cadherin in TGF-ß1-treated HPMCs at 72 h compared to control (A). (D) The TGF-ß1-treated HPMCs exhibited a fibrillar pattern of
·-SMA-specific proteins at 72 h. Also note that TGF-ß1 caused spindle-shaped morphology, which was not observed in the control (C). The DNA dye TOPRO-3 (blue) was used for counterstaining. A546 (red) was used for E-cadherin and FITC (green) for ·-SMA. Scale bar, 30 μM.

TGF-ß1 showed phenotypic changes after 24 h. Remarkable
phenotypic changes were observed at 72 h of TGF-ß1
activation. When compared to control, TGF-ß1 activated
HPMCs showed elongated, spindle-shaped morphology,
characteristic of fibroblasts suggesting that HPMCs are
capable of expansion and differentiation into a different
phenotype. The treatment of HPMCs with TGF-ß1 showed
characteristic myofibroblastic morphology with spindle
multilayered growth and well-developed actin bundles
decorated with dense bodies running through the cytoplasm.
TGF-ß1 induces the expression of EMT markers in HPMCs.
TGF-ß1-induced phenotypic changes in HPMCs were
evaluated by assessing the expression of epithelial and mesenchymal markers. HPMCs were activated with TGF-ß1 for 24,
48 or 72 h or left untreated. We noted the down-regulation of
epithelial markers in TGF-ß1-activated HPMCs. This was
accompanied by up-regulation of mesenchymal markers.
E-cadherin and Ck are epithelial markers and maintain the
cellular integrity. Down-regulation of E-cadherin and Ck
mark the onset of EMT. The expression of E-cadherin and
Ck was significantly decreased in TGF-ß1-treated HPMCs
when compared to control (Fig. 2). To demonstrate the
HPMCs transition into myofibroblast we also examined the
expression of ·-SMA, a phenotypic marker for myofibroblast
cells. An increase in the expression of ·-SMA was noted
after 24 h and persisted at 72 h when compared to control

Figure 4. TGF-ß1 induces Smad2 signaling in HPMCs. HPMCs were
incubated in the presence of TGF-ß1 (5 ng/ml) for an indicated period of
time or left untreated. Whole cell lysates were obtained and analyzed for the
phosphorylated forms of Smad2 (P-Smad2) and for Smad2. An increase in
P-Smad2 was noted up to 30 min and it decreased by 24 h. Expression of
Smad2 remained unchanged in control HPMCs and TGF-ß1-treated HPMCs.
GAPDH was used as a loading control to demonstrate equal protein loading.
Results are the representative of three separate experiments.

HPMCs. The relative protein expression of vimentin, a
specific marker for newly formed myofibroblasts, increased
over time (Fig. 2).
Immunofluorescence staining for E-cadherin and ·-SMA
expression. In addition to Western blotting, the expression of
E-cadherin and ·-SMA were evaluated in resting and TGF-ß1treated HPMCs by immunofluorescence. We noted strong
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Figure 5. Smad2 siRNA suppresses the expression of Smad2 and the morphological changes in TGF-ß1-activated HPMCs. (A) HPMCs were transfected with
siRNA Smad2, activated with TGF-ß1 for 4 h and the transfection efficiency was confirmed. Three specific siRNAs for Smad2 along with a control siRNA
were used. siRNAi-Smad2 #1 showed a highly significant knockdown for Smad2 and phosphorylated Smad2 (P-Smad2) when compared to other two siRNAs
or to the control siRNA. (B) HPMCs were transfected with siRNA-Smad2 or control siRNA and treated with TGF-ß1 for 72 h. Smad2 siRNA transfection
preserves E-cadherin expression and suppresses ·-SMA in TGF-ß1-treated HPMCs. (C) Phase contrast microscopy of HPMCs exposed to TGF-ß1 alone or
transfected with siRNA-Smad2. The phenotypic changes (transition towards a myofibroblast-like phenotype) were clearly evident after 72 h. Smad2 siRNA
but not control siRNA preserved the cobblestone morphology of HPMCs.

expression of E-cadherin in resting HPMCs. However, the
expression of E-cadherin was significantly down-regulated
in TGF-ß1 treated HPMCs. The expression of ·-SMA was
also determined by immunofluorescence staining. Strong
expression of ·-SMA was noted in HPMCs after 48 h of
treatment with TGF-ß1 (Fig. 3).
TGF-ß1 treatment induces Smad2 phosphorylation in
HPMCs undergoing phenotypic transformation. We
examined the expression of Smad2 in HPMCs treated with
TGF-ß1 and in resting HPMCs. TGF-ß1 (5 ng/ml) induced
phosphorylation of Smad2 within 10 min of stimulation, and
the level of Smad2 phosphorylation reached a maximum
between 30-60 min after treatment and remained elevated for
the duration of the experiment without affecting total Smad2
expression (Fig. 4). Taken together, these data indicate that
rapid and sustained phosphorylation of Smad2 is associated
with TGF-ß1-induced EMT events.
Silencing Smad2 signaling blocks TGF-ß1 induced mesenchymal transformation in HPMCs. In order to confirm
whether Smad2 is involved in TGF-ß1 mediated EMT in
HPMCs, siRNAs were used to knock down Smad2 gene in
HPMCs. We first evaluated the expression of E-cadherin and
·-SMA in total cell lysates by Western blot analysis, after
silencing Smad2 by using siRNA-Smad2 or control-siRNA
in HPMCs treated with TGF-ß1. We noted a remarkably
reduced expression of · -SMA, and most importantly a

significant restoration of the junctional protein E-cadherin
suggesting a role for Smad2 signaling in EMT of HPMCs
(Fig. 5B). We also confirmed the effect of siRNA-Smad2 on
HPMCs treated with TGF-ß1 by phase contrast microscopy.
As shown in Fig. 5C, the cellular morphology of TGF-ß1treated HPMCs was reverted from a spindle shape to a more
cuboidal/cobblestone shape, after Smad2 knockdown. This
effect was not observed in the control siRNA-treated HPMCs
in the presence of TGF-ß1. This suggests that the mesenchymal changes induced by TGF-ß1 in HPMCs are regulated
by Smad2 signaling.
TGF-ß1 induces collagen III and fibronectin synthesis in
HPMCs. To further evaluate our hypothesis whether the
phenotypic changes noted after treatment of HPMCs with
TGF-ß1 was due to ECM protein synthesis, we examined the
expression of collagen III and fibronectin at the transcriptional and translational levels in HPMCs activated with
TGF-ß1. A significantly increased synthesis of collagen III
and fibronectin ware noted after TGF-ß1 treatment.
Treatment of HPMCs with siRNA-Smad2 prior to TGF-ß1
stimulation significantly inhibited the expression of collagen
III and fibronectin compared to control. We also examined
the expression of fibronectin by immunofluorescence
staining. Fibronectin fibrils were clearly detected in the
cytoplasmic region of HPMCs treated with TGF-ß1 at 72 h,
but HPMCs transfected with siRNA-Smad2 showed some
fibronectin deposition (Fig. 6).
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Figure 6. Collagen III and fibronectin mRNA and protein levels in HPMCs. (A) The mRNA expression of collagen III and fibronectin was evaluated by RT-PCR.
HPMCs were transfected with siRNA-Smad2 or control siRNA and treated with TGF-ß1 for 72 h. Smad2 siRNA transfection suppresses collagen III and
fibronectin mRNA in TGF-ß1 treated HPMCs. (B) Western blot analysis of collagen III and fibronectin protein levels in HPMCs. HPMCs were transfected
with siRNA-Smad2 or control siRNA and treated with TGF-ß1 for 72 h. Smad2 siRNA transfection suppresses collagen III and fibronectin protein expression
in TGF-ß1-treated HPMCs. (C) Immunofluorescence staining for fibronectin (green) was evaluated by fluorescence microscopy. TGF-ß1-treated HPMCs upregulated fibronectin expression. HPMCs transfected with siRNA-Smad2 showed some fibronectin deposition. Scale bar, 30 μM.

Discussion
In this study we demonstrate that HPMCs respond to TGF-ß1
by transformation into myofibroblasts in vitro indicating that
these cells have the capacity to initiate and modulate the
expression of epithelial markers to mesenchymal markers to
undergo EMT. Because HPMCs can transform into a myofibroblast-like phenotype and secrete ECM compounds in
response to TGF-ß1, it is possible that HPMCs play a role
during peritoneal fibrosis and the peritoneal dissemination of
gastric cancer. A growing body of evidence indicates that
HPMCs undergo EMT during peritoneal dialysis and that
EMT play a key role in the development of peritoneal fibrosis
(8,13,15). Our previous study demonstrated that TGF-ß1
levels in peritoneal lavage fluid are significantly correlated
with peritoneal metastasis and TNM stages of gastric cancer
(21). The basal surface of mesothelial cells is bathed in
epithelial lining fluid which may contain cytokines/
chemokines. It is plausible that local parenchymal inflammation induced by the cytokine milieu may lead to disruption
of peritoneal mesothelial homeostasis. A key feature of
peritoneal dissemination of gastric cancer is the presence of
high levels of TGF-ß1 in ascitic fluid (21). The continuous
exposure of mesothelial cells to high levels of the cytokine
TGF-ß1 causes injury and may promote a mesenchymal
phenotype.
The growth factor TGF-ß1 contributes to the development
of fibroblastic foci in the sub-peritoneal region, and several

studies have focused on the role of TGF-ß1 as the key
promoter of peritoneal fibrosis (19,22). However, the precise
mechanisms responsible for the formation of fibroblastic foci
are unknown and the origin of myofibroblasts, critical
elements in the process of fibrosis is not clearly understood.
It is recognized that injury of the peritoneal mesothelium
precedes the formation of peritoneal fibroblasts and HPMCs
may therefore contribute to their formation, through the
production of key fibrogenic mediators, including TGF-ß1
(23). Our data demonstrate that HPMCs undergo transition
from the epithelial to the mesenchymal phenotype upon
activation with TGF-ß1, with the induction of the transcription
factor Smad2 and a dramatic down-regulation of Ck and of
the junctional protein E-cadherin expression.
Smad-independent and -dependent signaling is involved
in the onset of EMT. Recent findings demonstrated that
Smad3 is involved in TGF-ß1-induced peritoneal fibrosis and
have indicated that Smad3 is essential for EMT (15). In the
present study, we have demonstrated the role of Smad2 in
TGF-ß1 mediated EMT in HPMCs. The significance of the
present study is that HPMCs undergo the process of EMT via
expression of the mesenchymal markers vimentin and ·-SMA,
and siRNA-Smad2 significantly blocked the expression of
· -SMA in HPMCs activated with TGF-ß1 and prevented
EMT in HPMCs.
In order to confirm the effect of EMT on peritoneal
fibrosis, we showed that TGF-ß1 affected the function of
mesothelial cells by stimulating ECM (including fibronectin
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and collagen III) production, but Smad2 siRNA transfection
suppresses collagen III and fibronectin protein expression in
TGF-ß1-treated HPMCs. Meanwhile, immunolocalization
showed that expression of fibronectin protein was induced by
TGF-ß1 in HPMCs, while HPMCs transfected with siRNASmad2 did show some fibronectin deposition. These data
further support the central role theory for EMT in peritoneal
fibrosis and may provide a useful model by which to study
peritoneal metastasis of gastric cancer.
In conclusion, HPMCs could be the potential origin of
myofibroblasts and may in part contribute to peritoneal
fibrosis. Studies on signaling mechanisms, cytokines and
their receptors in HPMCs could shed light on the mechanisms
involved in fibrotic disease and the peritoneal dissemination
of gastric cancer.
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