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Abstract Peritoneal metastases are one reason for the poor

prognosis of scirrhous gastric cancer (SGC), and myofibro-

blast provides a favorable environment for the peritoneal

dissemination of gastric cancer. The aim of this study was to

determine whether myofibroblast originates from peritoneal

mesothelial cells under the influence of the tumor microen-

vironment. Immunohistochemical studies of peritoneal

biopsy specimens from patients with peritoneal lavage

cytological (?) status demonstrate the expression of the

epithelial markers cytokeratin in fibroblast-like cells

entrapped in the stroma, suggesting that these cells stemmed

from local conversion of mesothelial cells. To confirm this

hypothesis in vitro, we co-incubated mesothelial cells with

SGC or non-SGC to investigate morphology and function

changes. As we expected, mesothelial cells undergo a

transition from an epithelial phenotype to a mesenchymal

phenotype with loss of epithelial morphology and decrease

in the expression of cytokeratin and E-cadherin when exposed

to conditioned medium from HSC-39, and the induction of

mesothelial cells can be abolished using a neutralizing anti-

body to transforming growth factor-beta1 (TGF-b1) as well as

by pre-treatment with SB431542. Moreover, we found that

these mesothelial cells-derived cells exhibit functional prop-

erties of myofibroblasts, including the ability to increase

adhesion and invasion of SGC. In summary, our current data

demonstrated that mesothelial cells are a source of myofi-

broblasts under the SGC microenvironment which provide a

favorable environment for the dissemination of gastric cancer;

TGF-b1 produced by autocrine/paracrine in peritoneal cavity

may play a central role in this pathogenesis.
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Abbreviations

HPMCs Human peritoneal mesothelial cells

SGC Scirrhous gastric cancer

TGF-b1 Transforming growth factor-beta1

SF-CM Serum-free conditional media

EMT Epithelial–mesenchymal transition

DMEM Dulbecco’s modified Eagle’s medium

FCS Fetal calf serum

PLC Peritoneal lavage cytological

Introduction

Scirrhous gastric carcinoma (SGC), which corresponds to

diffusely infiltrating carcinoma, linitis plastica-type gastric
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carcinoma, or Borrmann’s type IV carcinoma of the

stomach, is characterized by vast fibrous stroma with rapid,

extensive growth and malignancy [1]. Peritoneal metasta-

ses are the most frequent type of metastasis in patients with

SGC. They frequently occur at the later stages of gastric

carcinoma, especially after surgery, which refers to the

peritoneal metastatic cascade of gastric cancer and signif-

icantly contributes to gastric cancer-related mortality [2].

To date, the mechanisms by which gastric carcinoma

undergoes peritoneal carcinomatosis has not yet been

specified.

Stephen Paget’s ‘‘seed and soil’’ theory stated that the

sites where metastasis occurs are defined not only by the

tumor cells (seed) but also by the local microenvironment

of the metastatic site (soil) [3]. In other words, the specific

site of cancer cell metastasis is not simply due to anatomic

location of the primary tumor or proximity to secondary

sites but rather, it involves interactions between tumor cells

and the local microenvironment at the secondary site [4].

Therefore, peritoneal carcinomatosis may occur as the

peritoneal stroma environment promotes tumor cells to

attach to the peritoneal mesothelium by providing various

growth factors and chemokines that promote tumor

metastasis. This process is established by the interactions

between extracellular matrix (ECM)-associated proteins

and signals produced by myofibroblasts cells and the cor-

responding adhesion molecules from tumor cells [5, 6]. Our

previous study demonstrated that peritoneal fibrosis pro-

vides a favorable environment for the dissemination of

gastric cancer [7]. However, the origin of the myofibro-

blast, 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 [8]. 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 epithelial-mesenchymal

transition (EMT), play a significant role [9].

EMT of epithelial cells, characterized by loss of epithelial

cell characteristics and gain of ECM-producing myofibro-

blast characteristics, is an important mechanism involved in

tissue fibrosis [10, 11]. During parenchymal inflammation

the HPMCs are exposed to a microenvironment with high

levels of cytokines, chemokines, and growth factors,

including transforming growth factor-beta1 (TGF-b1) [12].

TGF-b1 is considered to be a master switch for the induction

of fibrosis by a process of EMT in various organs including

the peritoneum [13, 14]. Our previous study demonstrated

that the TGF-b1 level in peritoneal lavage fluid is signifi-

cantly correlated with peritoneal metastasis and TNM stages

of gastric cancer [15]. 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. a-smooth muscle actin

(a-SMA) and vimentin are constitutively expressed in newly

formed fibroblasts called myofibroblasts and are considered

specific markers for EMT.

Here, we demonstrate for the first time that HPMCs

differentiate toward fibroblasts-like cells under the influ-

ence of the SGC microenvironment, and that the differ-

entiation can be abolished by inhibition of the TGF-b1

signaling pathway in HPMCs. Furthermore, we found that

these fibroblast-like mesothelial cells increase the adhesion

and invasive ability of SGC in vitro.

Materials and methods

Reagents

Total Smad2, phosphorylated Smad2, a-SMA, vimentin,

cytokeratin, and E-cadherin antibodies, as well as secondary

antibodies, were purchased from Santa Cruz Biotechnology,

Inc (USA). Human TGF-b1 ELISA kit (R&D, Minneapolis,

MN, USA). Human TGF-b1 was obtained from Sigma (USA).

Dulbecco’s modified Eagle’s medium (DMEM) and fetal calf

serum (FCS) were purchased from Gibco-BRL (USA). Other

laboratory reagents were obtained from Sigma (USA).

Patients and cell lines

Human peritoneum tissue samples were obtained from 20

scirrhous cancer patients and six benign disease patients

who underwent surgery in the First Affiliated Hospital of

China Medical University between March 2011 and June

2012. These tissue specimens were taken from the lower

anterior abdominal wall. No patients had received any form

of radiation or chemotherapy before surgery. The perito-

neal tissues were directly obtained from the surgical suite

and immediately fixed in 10 % buffered formalin and then

embedded in paraffin. Sections (5 lm) were prepared for

immunohistochemical analysis.

HPMCs were isolated from surgical specimens of

human peritoneum as previously described [13]. SGC cell

line HSC-39 was derived from the ascites of a signet ring

cell gastric carcinoma, which was obtained from the

Department of Medicine, Kyushu University, Japan. Non-

SGC cell line BGC-823 (differentiated human gastric car-

cinoma cell line) was obtained from the Cancer Research

Institute of Beijing, China. These cell lines were cultivated
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in T75 tissue culture flasks in DMEM supplemented with

10 % FCS, 100 IU/ml penicillin, 100 lg/ml streptomycin,

2 mM L-glutamine, and 20 mM hydroxyethyl piperazine

ethanesulfonic acid. Cultures were grown at 37 �C in a

humidified 5 % CO2 and 95 % air incubator. Written

informed consent was obtained from all people before

participating in the study. The study was approved by the

Research Ethics Committee of China Medical University.

Preoperative peritoneal wash examination

The peritoneal lavage fluid was also collected from each

patient. Briefly, during laparotomy, 100 ml physiologic

saline was injected into the right upper quadrant or the

douglas pouch and approximately 60 ml were retrieved.

The peritoneal lavage sample was immediately centrifuged

at 2,000 rpm for 10 min and used for cytopathological

examination after conventional Papanicolaou staining by

three expert pathologists.

Preparation of serum-free conditioned media (SF-CM)

and test solutions

SF-CM was prepared from gastric cancer cells as Yashiro

reported previously [16]. HPMCs were cultured to sub-

confluence in a 50-cm2 dish with 10 % FCS containing

DMEM and then starved for 15 h in serum-free medium to

attain quiescence. Afterward, the cells were washed twice

with PBS and exposed to SF-CM and the SF-CM was

changed everyday for the entire culturing period. For

inhibition of the TGF-b Type 1 receptor-like kinase, cells

were preincubated with SB431542 (10 lM) as a vehicle for

30 min. To neutralize TGF-b1, cells were cultured in the

presence of anti-TGF-b1-neutralizing antibody (0.2 lg/ml).

Enzyme-linked immunoassay (ELISA)

The levels of TGF-b1 in the SF-CM of tumor cells and

mesothelial cells were measured using ELISA kit accord-

ing to the manufacturer’s instructions. To evaluate the

effect of co-culture of both gastric cancer and mesothelial

cells on TGF-b1 secretion, 8 9 104 mesothelial cells/well

were first cultured in flat-bottomed 96-well plates to sub-

confluence. Then, 4 9 104 tumor cells were washed twice,

added to the mesothelial cells, and co-cultured for addi-

tional 72 h. The supernatant was collected for ELISA test.

Western blotting

Total cellular protein was extracted using analysis buffer

and quantified using protein quantification reagents

from Bio-Rad. Next, 60 lg of the protein were suspended

in 59 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 a-SMA, vimentin, cytokeratin, E-cadherin,

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.

Immunofluorescence staining

In brief, the cells were cultured on collagen-coated glass

cover slips up to confluency and then fixed in 4 % para-

formaldehyde in 20 mM HEPES (pH 7.4) and 150 mM

NaCl for 20 min. The glass cover slips were rinsed three

times and permeabilized with 1.2 % Triton X-100 for

5 min, rinsed three times again, and then incubated with

1 % BSA/0.05 % Tween/PBS for 1 h. Staining for

expression of vimentin was carried out with a primary

murine antibody antivimentin (1:200) overnight, followed

by incubation with a 1:100 dilution of goat anti-murine

TRICT-conjugated IgG for 2 h in the dark. Nuclei were

visualized with Hochest33258 counterstain and examined

using a fluorescence microscope.

Tumor cell adhesion assay

The adhesion ability of gastric cancer cells to mesothelial

cells was determined as described previously by Alkhamesi

et al. [17]. Briefly, HPMCs were grown in monolayer in

96-well plates overnight and treated with SF-CM from gas-

tric cancer and (or) anti-TGF-b1-neutralizing antibody up to

72 h. Cancer cells were stained with 15 lM of calcein AM

for 30 min at 37 �C and 5 % CO2. Afterward, these cells

were added to the 96-well plates that contained peritoneal

mesothelial cells and incubation occurred for 3 h at 37 �C.

The plates were then washed three times with 200 ll of

growth medium to remove the non-adherent tumor cells. The

total fluorescence in each well was recorded by a spectro-

fluorimeter using 485-nm and 535-nm wavelengths for

excitation and emission, respectively. Another plate was

seeded with labeled tumor cells for 3 h as positive control

and its fluorescence intensity was considered as 100 %. The

adhesion percentage was calculated as follows:

% binding ¼ 100 % � fluorescence intensityð
of the experimental group=positive controlÞ:

Prior to the experiments, the kinetics of binding of

cancer cells was investigated. The peak adhesion of these
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cancer cells was observed after 3 h. For each group, the

assay was performed in triplicate.

Invasion assays

The invasion potential of gastric cancer cells was evalu-

ated using a Boyden chamber with filter inserts (pore size,

8 lm) coated with Matrigel in 24-well dishes. Gastric

cancer cells (4 9 104 cells/well) were seeded alone or in

co-culture with HPMCs (8 9 104/well) prior posed to SF-

CM for 72 h or normal HPMCs in 600 ll of serum-free

medium in the upper chamber. The lower chamber con-

tained DMEM 10 % FBS. For invasion assays, the

chambers were incubated for 48 h at 37 �C in 5 % CO2.

The cells remaining on the top surface of the membrane

were completely removed with a cotton swab, and the

membrane was removed from the chamber and mounted

on a glass slide. The number of infiltrating cancer cells

were counted in five regions selected at random, and the

extent of invading cancer cells was determined by the

mean count.

Statistical analysis

Data are expressed as mean ± SD. Statistical comparisons

of the data from the various groups were performed by

Student’s t test. Differences between groups were consid-

ered statistically significant at p \ 0.05.

Results

Evidence of epithelial-to-mesenchymal transition

of mesothelial cells in peritoneal tissue of SGC patients

The normal peritoneum consisted of a monolayer of

polygonal and cobblestone-like mesothelial cells. A few

mesothelial cells converted to spindle fibroblast-like mor-

phology in the peritoneum from the patients with PLC(-)

status (arrow). Peritoneum from the patients with PLC(?)

status showed loss of epithelial morphologic features on

the monolayer of mesothelial cells (arrow), which were

separated from each other and appearance of naked areas.

Most importantly, elongated mesothelial cells positive for

cytokeratin and vimentin were found embedded in the

fibrotic tissue (arrow). When compared to control, meso-

thelial cells were isolated from SGC patients with PLC(?)

had markedly varied morphologic features, ranging from a

cobblestone appearance to fibroblast-like cells, and

expression cytokeratins, as typical epithelial markers

(Fig. 1).

Mesothelial cells differentiate into fibroblast-like cells

under the SGC microenvironment in vitro

HPMCs cultured in serum-free medium showed a typical

polygonal and cobblestone monolayer morphology; and

cells treated with SF-CM from BGC-823, only a few

HPMCs converted to spindle fibroblast-like morphology.

Fig. 1 Histological assessment the morphology of mesothelial cells

from SGC patients. A Images show immunohistochemical analysis of

peritoneal-tissue samples stained with anticytokeratin (a, b, and c) or

with antivimentin antibodies (d). a Represents control peritoneal

tissue from a patient undergoing unrelated abdominal surgery

(n = 6). b Peritoneum from the patients who have been undergoing

radical surgery for linitis plastica with PLC(-) status (n = 8).

c Peritoneum from the patients with PLC ? status (n = 12). d Shows

the staining with vimentin of the biopsy specimen shown in

c. B Morphologic changes of mesothelial cells from the SGC

patients. Mesothelial cells were isolated from control patient (a) or

SGC patients with PLC(?) status (b). C The expression of cytokeratin

and vimentin in control or fibroblast-like mesothelial cells was

analyzed by western blotting. All photos were obtained at

40 9 magnification
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Remarkable phenotypic changes were observed of TGF-b1

or SF-CM from HSC-39 activation. Compared to control,

TGF-b1 or SF-CM from HSC-39 activated HPMCs showed

elongated spindle-shaped morphology, and the expression

of E-cadherin and cytokeratin was significantly decreased,

whereas expression of a-SMA and vimentin, phenotypic

marker for myofibroblast cells was increased at the same

time. However, no induction was found in the levels of the

markers expression in mesothelial cells when exposed to

SF-CM from BGC-823, which was established from

patients with non-SGC (Fig. 2).

Detection of TGF-b1 levels before and after tumor-

mesothelial co-culture

As shown in Fig. 3, the level of TGF-b1 in SF-CM from

HSC-39 or BGC-823 was 687.72 ± 43.48, 270.15 ±

27.58 pg/ml. Interestingly, we observed a reasonable level

of TGF-b1 from mesothelial cells (147.15 ± 8.46 pg/ml).

In addition, we also investigated the role of TGF-b1 in the

reciprocal interaction between gastric cancer cells and

HPMCs. We co-cultured both HSC-39 or BGC-823 and

HPMCs for 72 h and found that TGF-b1 expression was

greatly increased in the co-culture system compared to

individual culture condition (975.84 ± 47.51; 471.24 ±

33.52 pg/ml). The TGF-b1 level in co-culture was four

times higher when compared to HPMCs culture alone.

TGF-b1 regulated Smad2 and EMT markers expression

in HPMCs

HPMCs expressed higher protein levels of Smad2 phos-

phorylation after exposure to SF-CM from HSC-39 over

3 days, but the total Smad2 expression unchanged. Fur-

thermore, TGF-b receptor kinase inhibition with SB431542

as well as anti-TGF-b1 treatment with a neutralizing anti-

body markedly reduced the phosphorylation of Smad2 in

HPMCs. More importantly, we noted SB431542 or the

Fig. 2 The morphological and EMT markers changes in HPMCs

under the influence of the tumor microenvironment. Mesothelial cells

were treated with serum free DMEM (a), SF-CM from BGC-823 (b),

SF-CM from HSC-39 (c), or TGF-b1 (1 ng/ml) (d) for 72 h,

respectively. A The morphological changes of HPMCs observed by

phase contrast microscopy. B Confocal immunofluorescence of

vimentin expression in mesothelial cells. C The expression of a-

SMA, vimentin, cytokeratin, and E-cadherin in mesothelial cells was

analyzed by western blotting. The blots were re-probed for GAPDH

to insure equal protein loading in each lane. All photos were obtained

at 40 9 magnification
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neutralizing antibody of TGF-b1 downregulation of mes-

enchymal markers and upregulation of epithelial markers

in SF-CM from HSC-39-activated HPMCs (Fig. 4).

Fibroblast-like mesothelial cells increase adhesion

ability of scirrhous gastric cancer cells

Through fluorescently examining the level of tumor cells

adhering to mesothelial cells in response to SF-CM from

gastric cancer treatment, we found that fibroblast-like

mesothelial cells appeared to be able to promote adhesion

ability of SGC (HSC-39) compared to the control

(p \ 0.05), anti-TGF-b1-neutralizing antibody decreased

the number of cancer cells to adhere to the mesothelial

cells under SF-CM from HSC-39 stimulation (p \ 0.05).

However, mesothelial cells treated by SF-CM from

BGC-823 did not affect adhesion ability of cancer cells

(p [ 0.05) (Fig. 5).

Fibroblast-like mesothelial cells increase invasive

ability of scirrhous gastric cancer cells

When counting the cancer cells that invaded into the ma-

trigel after 48 h, we found that significantly more cancer

cells (67.1 ± 11.5 cells/view field) invaded the coated

membrane when co-seeded with HPMCs previously treated

with SF-CM from HSC-39 as compared to the mono-cul-

ture control group (36.8 ± 8.9 cells/view field) (p \ 0.05).

Furthermore, the invasive capacity of cancer cells when co-

seeded with HPMCs previously treated with SF-CM from

HSC-39 and anti-TGF-b1-neutralizing antibody was sig-

nificantly reduced when compared to co-seeded with

fibroblasts-like mesothelial cells (p \ 0.05). Mesothelial

cells treated by SF-CM from BGC-823 did not affect

invasive ability of cancer cells (p [ 0.05) (Fig. 6).

Discussion

According to the ‘‘seed and soil’’ theory, metastases only

occur when tumor cells encounter a favorable microenvi-

ronment where they can survive and proliferate rapidly. We

have previously demonstrated that peritoneal stroma pro-

vide such a environment for the dissemination of gastric

cancer [7]. In the current study, we found that mesothelial

cells undergo an epithelial-to-mesenchymal transition in

peritoneal tissue of SGC patients, which suggest that

mesothelial cells may be the potential origin of myofibro-

blasts and contribute to peritoneal fibrosis. To confirm this

hypothesis in vitro, we co-incubated HPMCs with SGC or

Fig. 3 The level of TGF-b1 expression before and after tumor-

mesothelial co-culture. Mesothelial cells were incubated in flat-

bottomed 96-well plates and cultured to subconfluence. HSC-39,

BGC-823 cells were added to the mesothelial cells and then

co-incubated for 72 h, respectively. TGF-b1 level was then measured

by ELISA. The image shows the level of TGF-b1 expression

in supernatants. Bars represent mean ± SD of three independent

experiments

Fig. 4 The Smad2 and EMT markers expression in HPMCs. HPMCs

were exposed to serum-free medium, SF-CM from gastric cancer

(HSC-39, BGC-823) with or without SB431542, anti-TGF-b1-

neutralizing antibody for 72 h. The levels of Smad2, phosphorylated

Smad2, a-SMA, E-cadherin, and cytokeratin were determined by

western blotting. The blots were re-probed for GAPDH to insure

equal protein loading in each lane
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non-SGC to investigate the morphology and function

changes.

Our previous study showed that TGF-b1 expression in

gastric cancer tissues was closely associated with the depth

of gastric cancer cell infiltration and peritoneal metastasis

of gastric cancer [7]. But, it was unclear where TGF-b1

derived. Our current study indicated a significant level of

TGF-b1 expression in HSC-39 and BGC-823 gastric can-

cer cell lines. We also observed a decent level of TGF-b1

in mesothelial cells, which indicates that TGF-b1 pathway

and its related pathways may be involved in normal

HPMCs biologic functions. We observed a dramatic

increase of TGF-b1 from HPMCs when HPMCs were co-

cultured with gastric tumor cells than the individual mes-

othelial cell culture alone. This indicated that TGF-b1

pathway may play a role in the reciprocal communication

of gastric cancer and mesothelial cells and it potentially

contributes to tumor invasion and metastasis.

Myofibroblast provides a favorable environment for

the peritoneal dissemination of gastric cancer. However,

the origin of the myofibroblast is not clearly established

[16, 17]. Fortunately, a novel possible source of fibroblasts

and/or myofibroblasts in peritoneal fibrosis has recently

been proposed: peritoneal mesothelial cells through the

process of EMT play a significant role [13, 18]. TGF-b1 is

considered to have a central role in inducing the myofib-

roblastic phenotype because it is capable of upregulating

fibroblast a-SMA and collagen both in vitro and in vivo

[19]. In many types of cancers, TGF-b1 is overexpressed in

carcinoma cells, including gastric cancer [20]. Moreover,

our previous study demonstrated mesothelial cells trans-

formation into myofibroblasts, including increased pro-

duction of a-SMA and vimentin in response to TGF-b1

[13]. Our data demonstrated that HPMCs undergo transi-

tion from the epithelial to the mesenchymal phenotype only

under the influence of the SGC, but not non-SGC envi-

ronment. These findings suggest the importance of direct

interaction between SGC and mesothelial cells for the

construction of a niche that is capable of promoting peri-

toneal fibrosis and increasing the malignant behavior of

cancer cells.

It is known that after TGF-b1 ligand binding with TGF-

b receptors on the cell membrane, the receptor kinase is

activated and then leads to receptor Smads (both smad 2

and smad 3) phosphorylation. The p-smad 2/3 will then be

translocated into nucleus where they form heteromeric

complex with smad4, and functions as transcription factors

to regulate various downstream genes expression [21, 22].

The TGF/Smad pathway can regulate multiple cellular

functions including inhibition and stimulation of cell

growth, cell death or apoptosis, and cellular differentiation.

In this study, we found that the p-Smad2 levels in HPMCs

are significantly elevated, while the total level of Smad2

remains similar after co-culture with HSC-39. Moreover,

addition of either a TGF-b1-neutralizing antibody or

pre-treatment with a TGF-b receptor kinase inhibitor can

partially inhibit the phenotypic switch of HPMCs toward

a-SMA expressing phenotype. These results indicate that

elevated TGF-b1 can promote a mesenchymal phenotype

in HPMCs.

Studies have shown the importance of tumor cell

interaction with extracellular matrix to establish a favor-

able microenvironment for tumor cell growth, invasion,

and metastasis [16, 23]. The key feature of cancer-associ-

ated myofibroblasts is their ability to promote the invasion

of cancer cells [24]. Under the EMT process, mesothelial

cells lose epithelial features, such as reduction of E-cad-

herin, and gain mesenchymal properties. Attachment of

malignant cells to the peritoneal mesothelium was medi-

ated by interaction between extracellular matrix and the

corresponding adhesion molecules from gastric cancer

cells. Moreover, the extracellular matrix may serve to

anchor the cancer cells [7, 16]. Our data from the current

study confirmed such an interaction in that TGF-b1

Fig. 5 Effect of fibroblast-like mesothelial cells on the adhesive

properties of gastric cancer. HPMCs were previously treated with

serum-free medium, SF-CM from gastric cancer (HSC-39, BGC-823)

or SF-CM from gastric cancer, and anti-TGF-b1-neutralizing anti-

body for 72 h. Afterward, calcein AM-stained gastric cancer cells

HSC-39(a), BGC-823(b) were added to mesothelial cells and

incubation occurred for 3 h accordingly. After washing three times

to remove the non-adherent tumor cells, the total fluorescence in each

well was recorded using a spectrofluorimeter. *p \ 0.05 as compared

with control

Mol Cell Biochem (2013) 377:177–185 183

123

RETRACTED A
RTIC

LE



secreted by SGC was able to induce mesothelial cells dif-

ferentiated into myofibroblasts and in turn increased

adhesion and invasion ability of scirrhous gastric cancer

cells. The interaction of SGC with mesothelial cells could

provide the theoretic ‘‘seed’’ and ‘‘soil’’ to promote gastric

cancer metastasis to the peritoneum.

In summary, our current data demonstrated that meso-

thelial cells are a source of myofibroblasts under the SGC

microenvironment which provide a favorable environment

for the dissemination of gastric cancer; TGF-b1 produced

by autocrine/paracrine in peritoneal cavity may play a

central role in this pathogenesis.
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