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Abstract

Cancer-associated fibroblasts (CAFs) are the key stromal cells in solid tumor microenvironment and are crucial
for facilitating tumor metastasis. However, the detailed mechanism of how CAFs induce metastasis in human gastric
cancer remains to be elucidated. In this study, using the CAFs isolated from human gastric tumor tissues, we have
demonstrated that co-culturing of the CAFs with gastric cancer cells could activate the epithelial-mesenchymal
transition (EMT) program, leading to enhanced cancer cell migration and invasion. In the CAF cells, Thy-1 expression
was significantly increased, compared to the normal fibroblasts. Mechanistic studies revealed that depletion of Thy-
1 by siRNA in CAF cells attenuated the CAFs-induced EMT and aggressiveness in gastric cancer cells. Taken
together, our studies indicate a significant role of Thy-1 in CAFs-induced gastric cancer progression. Targeting Thy-1
could be a potential therapeutic strategy for gastric cancer treatment.

Keywords: Cancer-associated fibroblast; Gastric cancer; Metastasis;
Epithelial-mesenchymal transition; Thy-1

Introduction

Despite standardizations and breakthroughs in comprehensive
therapy, gastric cancer is one of the major causes of cancer-related
mortality, especially in East Asia [1-3]. Thus, more efforts have been
made to understand the mechanisms underlying the gastric cancer
progression, among which the tumor microenvironment is one of
the priorities of research [4-6]. As one of the key stromal cells in solid
tumor microenvironment, cancer-associated fibroblasts (CAFs) can
be identified from other stromal cells by examining their phenotypic
characteristics such as the typical spindle shape, and the molecular
biomarkers including fibroblast-specific protein 1 (FSP-1), a-smooth
muscle actin (a-SMA), vimentin, desmin, type I collagen, platelet-
derived growth factor receptor-B (PDGFRP) and fibroblast-activated
protein (FAP) [7-9]. CAFs have been reported to play a crucial role in
metastasis of human solid tumors originated from stomach [10-13],
colon [14-17], breast [18-21], prostate [22,23], pancreas [24,25] and
so on. However, the underlying mechanisms of the CAFs-induced
metastasis in human solid tumors are still unclear and need to be
investigated.

Unlike a basic physiological phenomenon in human embryonic
development, the theory of epithelial-mesenchymal transition
(EMT) in tumor progression has been regarded as one of the classic
mechanisms of tumor migration, invasion and metastasis [26].
During the EMT process, tumor epithelial cells acquire the typical
mesenchymal traits: for instance, the fibroblast-like phenotype,
destruction of cell-cell tight junction, attenuation of cell adhesion
and activation of cell moveability [27-29]. Accordingly, the EMT in
tumor progression has been characterized by the alterations of several
biomarkers including reduction of epithelial marker E-cadherin and
increase of mesenchymal markers including N-cadherin, vimentin
and fibronectin [27]. Moreover, several key molecules such as Snail,
Slug, matrix metallo proteinases (MMPs) have also been involved in
the EMT process in solid tumor progression [30-32]. Recent studies

have demonstrated the function of CAFs in modulating the EMT-
associated metastasis in solid tumors [33-35]. As an example, the
expression of E-cadherin was decreased in tongue cancer cells after co-
cultured with CAFs in vitro and in vivo [34]. Mechanistically, the CAFs
can activate the EMT by regulating the TNF-a-enhanced NF-kB/Akt
signaling pathway [36] or by elevating secretion of MMPs to accelerate
degradation of extracellular matrix (ECM) [37,38].

Thy-1, also known as CD90, is a glycoprotein with a high homology
to the immunoglobulin-like superfamily of cell adhesion molecules
[39,40]. It has been reported that Thy-1 plays important roles in
axon development, neuron regeneration, cell adhesion, apoptosis,
inflammation and more importantly, tumor metastasis [41-43].
In pulmonary fibroblast cells, Thy-1 was reported to promote cell
proliferation by affecting cytokines [44]. Thy-1 knockout resulted in
drug-induced severe pulmonary fibrosis in Thy-1 deficient mice [45].
In contrast, Thy-1 was found to inhibit tumor proliferation by inducing
apoptosis in ovarian cancer cells [46]. However, the expression of Thy-
1 in CAFs and its role in CAFs-induced cancer cell EMT have not been
well elucidated.

The present study was undertaken to establish the role of Thy-1
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expressed in CAFs in the CAFs-induced EMT and gastric cancer
progression. We showed that the CAFs isolated from gastric tumors
induce EMT and cancer cell aggressiveness, and the enhanced Thy-
1 expression in CAFs is a key effector. Our studies demonstrate a
significant role and a novel mechanism of CAFs in promoting EMT-
induced metastasis in human gastric cancer.

Materials and Methods
Patients enrollment and ethic statements

Patients (54 in total) who underwent surgical treatment for gastric
cancer were enrolled from December 2010 until April 2012 in Shanghai
Minimally Invasive Surgery Center, Ruijin Hospital, Shanghai Jiao
Tong University School of Medicine. All experiments were conducted
in accordance with the guidelines of the National Institutes of Health
for the Care. The study protocol was also approved through the Ethical
Committee on the Use of Human Tissues in Teaching and Research,
Ruijin Hospital, Shanghai Jiao Tong University School of Medicine and
the written informed consents were obtained from all patients involved
prior to this study. None of the patients enrolled had been accepted
preoperative radiotherapy or chemotherapy. All patients enrolled
were diagnosed with gastric cancer after postoperative pathologic
examination. Exclusion criteria were: in situ disease or malignant
disease in the past 5 years (except superficial squamous or basal cell
carcinoma of the skin or in situ cervical cancer).

Cell lines and cell culture

The primary cultures of CAF and paired normal fibroblast (NF)
were obtained as described previously [35,47]. Briefly, the primary
tumor was excised and minced under aseptic conditions. The tumor
pieces were cultivated in RPMI 1640 (Invitrogen, Grand Island, NY)
with 10% heat-inactivated fetal calf serum (FCS; Hyclone, Logan, UT),
100 pg/ml penicillin/ streptomycin (Invitrogen), and 0.5mM sodium
pyruvate (Invitrogen), and incubated in humidified incubators at
37°C with 5% CO2. After ~2 weeks of incubation, the fibroblasts were
collected and transferred to another culture dish. Serial passages were
then carried out for every 4-7 days. The fibroblasts were used 3-12th
generations in culture. Paired NF was prepared from the normal gastric
tissues excised at the resection margin of each case (at least >5 cm away
from the cancer tissue and pathologically confirmed as normal gastric
tissue) following the same procedure. Human gastric cancer cell line
MKN28 was obtained from the American Type Culture Collection
(Manassas, VA) and were grown under established conditions.

Transwell cell migration and invasion assay

The transwell migration and invasion assay was performed using
the CytoSelect 24-Well Cell Migration and Invasion Assay kit (Cell
Biolabs, San Diego, CA) as described previously [27,29]. For co-culture
investigations, the CAF cells or the paired NF cells were counted and
implanted into the 24-well plate with a density of 4x104/well. The
MKN 28 gastric cancer cells with a density of 1x105/well were placed
into the upper chamber. After 48 hours of incubation at 37°C/5% CO2,
the migratory/ invasive cells passed through basement membrane
(matrix protein layer and/or polycarbonate membrane) and clung to
the bottom of the insert. Upon removal of cells within inserts with
cotton swabs, migratory/invasive cells were stained and quantified at
550 nm, according to the provided protocol.

Thy-1 silencing by small interfering RNA

Knockdown of Thy-1 expression by small interfering RNA (siRNA)
was performed according to the manufacturer’s instructions. Briefly,

the CAF cells at ~60%-70% confluence were transfected with either
Thy-1 siRNA (si-Thy-1, Genepharma, Shanghai, China) or the control
siRNA (si-Control) at 10 nM for 24 hours, using transfection reagent
Lipofectamine 2000 (Invitrogen). The efficiency of Thy-1 knockdown
was examined by Western blot.

Real-time PCR

Total RNA was extracted from cells and tissues using Trizol
(Invitrogen) according to the manufacturer’s protocol. Total RNA (0.5
ug) from each sample was used for first-strand cDNA synthesis using
a Plexor® Two-Step qRT-PCR System (Promega, WI). The quantitative
real-time (qRT)-PCR was carried out using the cDNA as a template
and Universal PCR Master Mix (Applied Biosystems, Carlsbad, CA)
on a7900HT sequence detection system (Applied Biosystems). Primers
used for qRT-PCR analysis were as follows: a-SMA , CAGGG CTGTT
TTCCC ATCC AT (forward) and GCCAT GTTCT ATCGG GTACT
TC (reverse); Thy-1,5-TCAGG AAATG GCTTT TCCCA-3’ (forward)
and 5’-TCCTC AATGA GATGC CATAA GCT-3’ (reverse); GAPDH,
5-CCTCA ACGAC CACTT TGTCA-3 (forward) and 5-TTACT
CCTTG GAGGC CATGT-3’ (reverse). GAPDH was used as a loading
control. Data were expressed as a relative amount of mRNA normalized
to GAPDH.

Protein extraction and immunoblotting

Preparation of cell lysates and immunoblot analysis were performed
as previously described [27,29]. Primary antibodies used include:
E-cadherin (# 5296), Vimentin (# 3390), MMP-9 (# 13667), Snail (#
3879) and Slug (# 9585) from Cell Signaling Technology (Beverly, MA);
Thy-1 (ab92574) from Abcam (Cambridge, MA); GAPDH (sc-32233)
from Santa Cruz Biotechnology (Santa Cruz, CA). The secondary
antibodies including horseradish peroxidase-conjugated anti-rabbit
(A6154) or anti-mouse (A4416) antibodies were supplied from Sigma-
Aldrich (St. Louise, MA). The chemiluminescent signals were detected
using SuperSignal West Pico Chemiluminescent Substrate (Pierce,
Thermo Fisher Scientific, Rockford, IL).

Immunohistochemistry (IHC)

Tumor tissues and the paired non-tumor tissues at the resection
margins were collected, fixed with formaldehyde and embedded
with paraffin as per standard protocol. IHC staining was performed
as previously described [48]. In brief, after permeabilization and
antigen-retrieval, the sections were incubated with anti-Thy-1 antibody
(ab92574, Abcam) at 40°C overnight, followed by incubation for 1 h/
RT with the horseradish peroxidase-conjugated secondary antibody
(A6154, Sigma-Aldrich). For the negative controls, the blocking
peptide was applied to the section prior to probing with primary
antibody. The sections were then washed with TBS and treated with
the 2-Solution DAB Kit (Invitrogen, Camarillo, CA) according to
the manufacturer’s procedure. The tissues were counterstained with
Mayer’s hematoxylin. All the IHC sections were examined and scored
under a light microscope (Olympus, Tokyo, Japan) by a pathologist
and the principal researchers. Cases with discrepant scores were
rescored by the same or additional scorers to obtain a consensus score.
Thy-1 scoring was done according to the widely-used German semi-
quantitative scoring system, taking into account the staining intensity
and the percentage of stained tumor cells. Staining levels were scored
as 0 (no staining), 1 (weak staining), 2 (moderate staining) and 3
(strong staining), based on the staining intensity in the tumor cells. The
percentage of stained tumor cells in each section was counted and the
sections were scored accordingly (<10%=0, 10-25%=1, 26-50%=2, 51-
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75%=3, 76-100%=4). The final immunostainning score of each tumor
tissue section was determined by multiplying the intensity scores with
the scores of positively stained tumor cells, with the minimum score
of 0 and a maximum score of 12. Tumor sections with score 1-4 were
considered as negative, whereas tumor sections with score 5-12 were
considered as positive.

Statistical analysis

Data were expressed as mean + standard deviation (SD) from at
least 3 independent experiments. One-way ANOVA or the Student’s
t test was used for statistically analysis. Results were considered as
significant when p<0.05.

Results

Identification and characterization of CAF and paired NF in
gastric cancer

CAFs have been demonstrated to play critical roles in the
remodeling of ECM in solid tumor and this tissue structural change
promotes invasion and metastasis [49-51]. Compared to the NFs, the
CAFs in the tumor microenvironment potentially develop functional
changes to cooperate with the tumor cells or other stromal cells

[35], and therefore, is considered as activated fibroblasts [19,21,37].
In particular, a-SMA is highly expressed in the CAFs and used as a
marker for the identification and characterization of CAFs [52-54]. In
this study, we isolated the CAF cells and the matched NF cells from
5 pairs of gastric tumor and non-tumor tissues and the expression of
a-SMA was examined.

Morphological analysis showed that the CAF cells isolated from
gastric tumors are quite similar to the paired NF cells (Figure 1A). The
CAF cells are mainly spindle, with a few cells showing triangle and/or
polygon phenotype. When re-implanted in a new dish, the CAF cells
are characterized as pseudopodia with short mitotic cycle. Most of the
CAF cells are stretched and polarized with a flat long fusiform shape.
The CAF cells can interlace into a reticular structure in low cell density
and fuse into bundles at full confluence.

The expression of a-SMA mRNA, a biomarker of CAF cells, was
analyzed by real-time PCR in the CAF cells and the paired NF cells.
As indicated in Figure 1B, the CAF cells from the 5 tumors showed
a significantly increased expression of a-SMA mRNA comparing to
the paired NF cells (p<0.001). Therefore, the isolated fibroblast cells
from the gastric tumor tissues are typical CAF cells based on the cell
morphology and the abnormal high expression of a-SMA mRNA.
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Figure 1: Gastric cancer-associated fibroblasts (CAFs) and paired normal fibroblasts (NFs). (A) Representative morphology of the CAF cells (a: CAF02) and
paired NF cells (b: NFO2). The morphology of CAF cells in gastric cancer is quite similar to the paired NF cells, i.e., polarized spindle shape, clear boundary, good
stereoscopic effects and high refractive index, with a few cells showing triangle and/or polygon in shape. Scale bars: 100 pm. (B) Real-time PCR analysis for a-SMA
mRNA expression in the isolated CAF cells and paired NF cells from 5 specimens. The results indicated that in all 5 gastric tumors, the CAF cells showed 1.7- to

3.0-fold increase of a-SMA mRNA expression comparing to the paired NF cells. ***, p<0.001, relative to the paired NF cells.
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Cafsinduce EMT and EMT-associated migration and invasion
in co-cultured gastric cancer cells

To further investigate the effects of CAFs on gastric cancer, the
5 CAFs clones and paired NF clones were, respectively, co-cultured
with MKN28 gastric cancer cells and the migration and invasion of
the co-cultured MKN28 cells were assessed using the transwell assay.
As indicated in Figure 2A, MKN28 cells co-cultured with CAF cells
showed a significant increase of both migratory (p<0.001) and invasive
capacities (p<0.001) compared with the cells co-cultured with NF
cells (Figure 2A). These results suggest that CAFs markedly promote
migration and invasion of gastric cancer cells.

Epithelial-mesenchymal transition (EMT) is now regarded as the
key process to induce cancer cell migration, invasion and metastasis.
We then investigate whether the CAFs-enhanced cancer cell migration
and invasion is associated with EMT. To this end, the expression of
the EMT markers including E-cadherin and vimentin, and the EMT-
associated key molecules such as Snail, Slug and MMP-9, were evaluated
in MKN28 cells co-cultured with CAFs or NFs. In comparison with the
NFs, co-culturing with the CAFs significantly inhibited the expression
of E-cadherin (p<0.001) in MKN28 cells (Figure 2B). In contrast, the
CAFs markedly elevated the expression of vimentin, Snail, Slug and

MMP-9 in MKN28 cells, relative to the NFs (p<0.05-0.001) (Figure
2B). These data indicate that the CAFs are able to drive EMT in gastric
cancer cells.

Thy-1 expression is elevated in gastric CAFs

Accumulating evidences support that CAFs have functions
in both tumor progression and carcinogenesis [41,46]. Thy-1 is a
glycosylphosphatidylinositol (GPI)-anchored protein (25-37 kDa)
involved in T cell activation, neuron growth, apoptosis, tumor
progression, wound healing, and fibrosis [46]. These diverse effects
attribute to its participation in multiple signaling cascades [55]. Its
functions in cancer progression have not been well understood. Recent
studies have demonstrated that carcinomas, regardless of Gleason
grade, showed alayer of Thy-1 positive stromal fibroblastic cells, ~5 to 10
cells deep in tumor glands, as assessed by immunohistochemistry [56].
However, few studies have been reported regarding to the mechanism
of Thy-1 in gastric cancer progression and metastasis. Because the
CAFs have functions in both tumor progression and carcinogenesis
and our studies further proved the role of CAFs in facilitating gastric
cancer cell aggressiveness (Figure 2), we aimed to understand if Thy-1
plays a critical role in the CAFs-driven gastric cancer metastasis.

In human gastric tumors, Thy-1 expression examined by IHC
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Figure 2: CAFs Promotes EMT and EMT-associated Migration and Invasion in Co-cultured MKN28 Gastric Cancer Cells. (A) Transwell migration and invasion of
MKN28 gastric cancer cells co-cultured with CAF or NF cells. These figures showed the representative results from CAF02 and the paired NF02 cells. When co-
cultured with the CAF cells, the MKN28 gastric cancer cells showed a significant increase of migratory and invasive capacities compared with the cells co-cultured
with the NF cells. Scale bar: 200 ym. ***, p<0.001, relative to the MKN28 cells co-cultured with the paired NF cells. (B) Expressions of EMT markers in MKN28
cells after co-cultivation. In MKN28 gastric cancer cells, the expression of E-cadherin was significantly increased by >4-folds when co-cultured with the CAF cells,
compared to the cells co-cultured with the NF cells. On the contrary, relative to the NF cells, co-culturing with the CAF cells resulted in significantly decreases of
the expression of vimentin, Snail, Slug and MMP-9 (by ~28%, ~78%, ~71% and ~46%, respectively) in MKN28 cells. *, p<0.05; ***, p<0.001, relative to the cells co-
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was predominantly presented in the cytoplasm and membrane of the
spindle-shaped cells among the nests of gastric carcinoma, i.e. gastric
CAF cells (Figure 3A). Of the 54 gastric tumor specimens, Thy-1
expression was positive in 50 cases (92.6%). However, in the paired
normal tissues, only 12 cases (22.2%) showed positive expression of
Thy-1 and 42 cases (77.8%) of negative expression. This indicates that
Thy-1 expression in the CAFs may facilitate tumorigenesis in human
stomach.

The increased expression of Thy-1 was further substantiated by
immunoblot in the isolated CAF clones from 5 primary tumors and
the paired NF clones (Figure 3B). Comparing to the paired NF clones,
4 CAF clones showed a significant increase of Thy-1 (p<0.001). Only 1
CAF clone (CAF03) expressed a similar level of Thy-1 to that observed
in the paired NF clone (NF03). The elevated expression of Thy-1 in the
CAFs was also analyzed by Real-time PCR. As indicated in Figure 3C,
all the CAF clones excepting CAF03 expressed a significant elevation of
Thy-1 mRNA (p<0.001) compared to the paired NF clones. As such, we
demonstrated that Thy-1 was over-expressed in the gastric CAF cells.

The elevated Thy-1 in CAFs regulates EMT and EMT-associated
aggressiveness in Gastric Cancer

We next investigated whether the elevated Thy-1 in the CAFs
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the CAFs (e.g., CAF02 and CAF04) by treating with the Thy-1-specific
siRNA. The CAF cells treated with scramble control siRNA were used
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to evaluate the effect of Thy-1 depletion on cancer cell migration/
invasion. We showed that treatment of Thy-1 siRNA efficiently
reduced Thy-1 expression in these CAFs clones (p<0.001, (Figure 4A).
Depletion of Thy-1 in these CAFs resulted in a significant reduction of
both migratory and invasive capacities in MKN28 cells comparing to
the CAF cells treated with control siRNA (p<0.001) (Figure 4B). These
findings suggest that Thy-1 expression in CAFs is a critical factor in
promoting aggressive behavior of gastric cancer cells.
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cells after co-cultured with the CAF cells treated with Thy-1 siRNA
or control siRNA (Figure 4C). The results showed that the expression
of the epithelial marker E-cadherin was markedly increased (3- to
6-fold, p<0.001), while the expression of the mesenchymal markers,
in particular, vimentin, was significantly reduced (42-95%, p<0.001)
in MKN28 cells co-cultured with Thy-1-knowckdown CAF cells
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Figure 3: Thy-1 is Highly Expressed in Human Gastric Cancer-associated Fibroblast (CAF). (A) Representatlve immunohistochemistry staining of Thy-1 expression in
gastric cancer samples. a. Thy-1 was predominantly presented in the cytoplasm and membrane of the spindle-shaped cells among the nests of gastric carcinoma, i.e.
gastric CAF cells as indicated by arrows (ADD ARROWS IN THE FIGURE). b. Normal gastric tissue has low expression of Thy-1. Scale bar: 100 pm. Magnification:
100x (BETTER TO INSERT A IMAGE WITH HIGH MAGNIFICATION). (B) Thy-1 expression in CAF clones and paired NF clones isolated from 5 gastric specimens.
Note that in these 5 CAF clones, 4 CAF clones (CAF01, CAF02, CAF04 and CAF05) showed significant increase of Thy-1 protein expression relative to the paired
NF clones, as indicated by densitometry analysis. Only 1 CAF clone (CAF03) expressed a similar level of Thy-1 to that observed in the paired NF clone (NF03).
p<0.001, relative to paired NF clones. (C) Real-time PCR analysis for Thy-1 mRNA expression. Similar to the results from the Western blot analysis, Thy-1 mRNA
level was significantly up-regulated in 4 CAF clones (CAF01, CAF02, CAF04 and CAF05) compared to the paired NF clones Only the CAF03 clone expressed a
similar level of Thy-1 to that observed in the paired NFO3 clone. ***, p<0.001, relative to paired NF clones.
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Figure 4: Thy-1 in CAFs regulates the CAF-induced EMT and EMT-associated aggressive behavior in MKN28 cancer cells. (A) Treatment with Thy-1-specific
siRNA (si-Thy-1) significantly reduced Thy-1 expression in both two primary CAF clones (CAF02 and CAF04). ***, p<0.001, relative to control siRNA (si-Control).
(B) Transwell migration and invasion of MKN28 cells co-cultured with the CAF cells treated with si-Thy-1 or si-Control. Cell migration and invasion were performed
as described in the “Materials and Methods”. Note that both the migratory and invasive capacities were markedly reduced in the MKN28 cells co-cultured with the
CAF cells treated with si-Thy-1, compared to the cells co-cultured with the CAF cells treated with si-Control. Scale bar: 200 pm. ***, p<0.001, relative to the CAF
cells treated with si-Control. (C) Expressions of EMT markers in MKN28 cells co-cultured with the CAF cells treated with si-Thy-1 or si-Control. The results showed
that expression of the epithelial marker E-cadherin was significantly increased by 3- to 6-folds in MKN28 cells after co-cultured with Thy-1 knockdown CAF cells,
compared to the cells co-cultured with si-Control-treated CAF cells. In addition, after co-cultured with Thy-1 knockdown CAF cells, MKN28 cells showed a marked
reduction of the expression of the mesenchymal markers, vimentin and Slug, by ~42-95% and 89-90%, respectively. Thy-1 knockdown in CAFs did not significantly
affect the expression of Snail and MMP-9 in MKN28 cells, indicating a targeted regulation of Thy-1 for the E-cadherin transcription repressors in the CAF-induced

Thy-1-knowckdown CAF cells caused a 89-90% reduction of Slug, a
key regulator of EMT, in MKN?28 cells. Interestingly, repression of Thy-
1 in the CAFs had no effect on the expression of Snail and MMP-9
in the MKN28 cells. This implicates that the E-cadherin transcription
repressor, slug, is a potential target of Thy-1 in modulating EMT in
gastric cancer cells.

Discussion

Solid tumor cells usually invade the adjacent organs and metastasize

through remodeling of the ECM [57]. In the tumor microenvironment,
the CAFs are one of the major components which regulate tumor cell
function by secreting growth factors, chemokines and ECM [58,59].
Therefore, CAFs play important roles in modulating solid tumor
invasion and metastasis. Comparing to NFs, the CAFs underwent
certain phenotypic and functional changes such as promoting cancer
proliferation and chemo-sensitivity [60-62]. In addition, CAFs have also
been proved to enhance cancer angiogenesis, immune cell infiltration,
colony forming ability and more importantly, metastasis [62-64]. In
this study, we isolated and characterized the CAF cells and the paired
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NF cells from the gastric tumor and non-tumor tissues. Our studies
showed that the CAFs drive EMT and facilitate cell aggressiveness in
MKN28 gastric cancer cells and the increased Thy-1 in the CAFs plays
a critical role in this process.

Recently, it was reported that CAF could induce EMT in solid tumor
[65-67]. As one of the important pathophysiological phenomenon, the
EMT helps cancer cells to obtain the migratory and invasive abilities
during metastasis in human solid tumor [65-67]. When cancer cells
undergo EMT, these cells lose their epithelial characteristics such as
epithelial morphology, cell polarity, cell-cell adhesiveness and gain
mesenchymal properties such as fibroblastic morphology, increased
migration and invasion capacities and improved metastatic activity
[66,67]. The EMT is also characterized by the molecular changes such
as loss or reduction of the epithelial surface marker E-cadherin and
acquisition of the mesenchymal markers including vimentin, Snail,
Slug and/or MMPs [27]. Accumulating evidence has demonstrated that
when the tumor cells (e.g., colorectal, breast and lung tumors) were
co-cultured with CAFs, these tumor cells acquired aggressive traits via
EMT and underwent metastasis, acclaiming the prometastatic effects
of CAFs [16,17,19,38]. In supporting of this, we also showed that the
CAFs drive EMT and facilitate cell aggressiveness in MKN28 gastric
cancer cells. It is thus considered that the CAFs function as “promoter”
of EMT in solid tumors.

We demonstrated a significant role of Thy-1 in the CAF-regulated
EMT in gastric cancer cells. As one of the glycosylphosphatidylinositol
(GPI)-anchored membrane proteins, Thy-1 is now regarded as a
marker for metastasis cancer stemness in human prostate cancer,
glioma, hepatocarcinoma, endometrial cancer and lung cancer [41-
44,46,68-71]. In prostate and lung cancers, Thy-1 is up-regulated
and regarded as one of the potential biomarkers for cancer treatment
[56,71]. Thy-1 is also identified as a potential stem cell marker and is
regulated by the Wnt/B-catenin signaling pathway in liver cancer [72].
However, only a few studies have been reported on the expression
and function of Thy-1 in CAF cells [56,69,73,74]. Our data indicated
that Thy-1 was highly expressed not only in the human gastric cancer
samples but also in the isolated CAF cells. These findings implicate a
potential role of Thy-1 expressed in CAFs in the process of EMT in
gastric cancer cells. Indeed, depletion of Thy-1 in CAFs decreased
the capacity of migration/invasion and prevented EMT in tumor
cells co-cultured with CAFs. Mechanistic studies revealed that Thy-
1 knockdown in CAFs markedly inhibited the expression of Slug, a
transcription repressor of E-cadherin, in cancer cells. Therefore, the
CAFs may promote EMT of the co-cultured gastric cancer cells by, at
least, Thy-1-mediated pathway.

In summary, our studies demonstrate that gastric CAFs are able
to promote EMT and migration/invasion of gastric cancer cells. The
enhanced Thy-1 expression in gastric CAFs is a key molecule in the
CAFs-mediated EMT process in gastric cancer metastasis. While
more studies are needed to elucidate the potential signaling pathways
regulated by Thy-1, targeting Thy-1 in CAFs might be a new therapeutic
strategy to prevent gastric cancer metastasis.
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