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Abstract
Background: Mesenchymal stem cells (MSCs) promote tumor growth by differentiating into carcinoma-associated
fibroblasts (CAFs) and composing the tumor microenvironment. However, the mechanisms responsible for the transition of
MSCs to CAFs are not well understood. Exosomes regulate cellular activities by mediating cell-cell communication. In this
study, we aimed to investigate whether cancer cell-derived exosomes were involved in regulating the differentiation of
human umbilical cord-derived MSCs (hucMSCs) to CAFs.
Methodology/Principal Findings: We first showed that gastric cancer cell-derived exosomes induced the expression of CAF
markers in hucMSCs. We then demonstrated that gastric cancer cell-derived exosomes stimulated the phosphorylation of
Smad-2 in hucMSCs. We further confirmed that TGF-b receptor 1 kinase inhibitor attenuated Smad-2 phosphorylation and
CAF marker expression in hucMSCs after exposure to gastric cancer cell-derived exosomes.
Conclusion/Significance: Our results suggest that gastric cancer cells triggered the differentiation of hucMSCs to CAFs by
exosomes-mediated TGF-b transfer and TGF-b/Smad pathway activation, which may represent a novel mechanism for MSCs
to CAFs transition in cancer.
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SMA) could create a niche for cancer cells and promote their
motility [6,7]. Indeed, CAFs undergo a differentiation process
induced by tumor cells and develop invasive and migratory
abilities [8,9].
Mesenchymal stem cells are multipotent cells that can be
isolated from a wide variety of tissues, including bone marrow,
adipose tissue, synovium, skeletal muscle, liver, cord blood,
placenta, and umbilical cord [10–13]. MSCs could be induced
to differentiate into osteocytes, adipocytes, chondrocytes and
myocytes because of their regenerative ability and multipotent
capacity [14]. MSCs home to and survive at the sites of
inflammation and injury as well as tumors, contributing to the
formation of tumor-associated stroma [15]. Studies have confirmed that MSCs could differentiate into myofibroblasts, carcinoma-associated fibroblasts, fibrocytes or pericytes under the
tumor microenvironment conditions [6,16,17]. In our previous
studies, we have demonstrated that bone marrow MSCs and their

Introduction
Tumor cells start to mold their microenvironment at early phase
of the malignant progression [1]. Extensive reports have demonstrated the widespread interactions between tumor microenvironment and cancer cells, which are critical for tumorigenesis and
tumor progression [2,3]. Tumor microenvironment could elicit
reversible changes in the phenotype of cancer cells and facilitate its
metastatic spread [4], and changes of tumor microenvironment
even dramatically affect the efficacy of cancer therapy. Tumor
microenvironment is composed of diverse types of cells, including
carcinoma-associated fibroblasts (CAFs), infiltrating immune cells,
blood and lymphatic vascular networks, and mesenchymal stem
cells (MSCs) [4,5].
CAFs are key determinants in the malignant progression of
cancer growth, vascularization, and metastasis. CAFs that express
fibroblast activating protein (FAP) and a-smooth muscle actin (a-
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derived exosomes could promote tumor growth [18,19]. However,
the mechanism responsible for this effect remains largely unknown.
Tumor cells interact with tumor microenvironment by cell-cell
interaction and paracrine mechanisms such as producing a variety
of growth factors, chemokines, and matrix-degrading enzymes that
enhance the proliferation and invasion of the tumor [20]. In
addition to the known mechanisms, a novel mechanism that tumor
cells can actively release exosomes is emerging. Exosomes have
a particular composition reecting their origin and can transfer not
only membrane components but also nucleic acid between
different cells [21,22], emphasizing their role in intercellular
communication [23]. Accumulating evidence has shown the
contribution of exosomes to a cellular mode of communication,
leading to intercellular transfer of molecules [24]. Although the
regulatory role of exosomes in the immune system and their
application as vaccine in cancer immunotherapy is promising [25–
28], the outcome following interaction between cancer exosomes
and stromal cells is not well understood.
Malignant cells revert MSCs to CAFs that contribute to
promote tumor progression has encouraged investigation into
the possible mechanisms for its transition. Studies have demonstrated that at least 20% of CAFs originate from bone marrow and
are derived from mesenchymal stem cells in mouse models of
inammation-induced gastric cancer [16]. We hypothesized that
cancer cells communicated with MSCs through release of
exosomes and transfer of proteins, therefore inducing the
differentiation of MSCs to CAFs. In the current study, we
demonstrated that MSCs acquired a CAF phenotype following

exposure to cancer-derived exosomes and the differentiation of
MSCs to CAFs was associated with the activation of TGF-b/Smad
signaling pathway.

Materials and Methods
Cell Culture
Human umbilical cord MSCs were obtained as previously
described [12,29]. Fresh umbilical cords were collected from
informed, consenting mothers and processed within 6 h. The
cords were rinsed twice by phosphate-buffered saline (PBS) in
penicillin and streptomycin and were then removed cord vessels.
The washed cords were cut into pieces of 1–3 mm2-sized and
floated in DMEM containing 10% FBS (Invitrogen, USA), 1%
penicillin and streptomycin. The pieces of cord were subsequently
incubated at 37uC in humid air with 5% CO2 and the medium
was changed every 3 days after the initial plating. When well
developed colonies of fibroblast-like cells reached 80% confluence,
cultures were trypsinized and passaged into new flasks for further
expansion. The characteristics of isolated hucMSCs including
morphologic appearance, surface antigens, differentiation potential and gene expression were investigated as previously described
[12]. All experiment protocols were approved by the Ethics
Committee of Jiangsu University. The hucMSCs from passage 2
were selected for the experiments. Human gastric cancer cells
(SGC7901 and HGC27) were purchased from Cell Bank, Type
Culture Collection Committee (Chinese Academy of Sciences).
Gastric epithelial cells (GES-1) were purchased from Cwbiotech

Figure 1. Exosomes characterization and MSC internalization. A. The morphology of exosomes and exosomal marker expression. (a)
Morphologic analysis of gastric cancer derived exosomes. Scale bar = 100 nm. (b) CD9 and CD81 expression in exosomes. B. Exosomes were uptaken
by hucMSCs. Exosomes labeled with CM-Dil (red) at 37uC for 1 h were added into hucMSCs and incubated for 4 h. Effluent from a filtered suspension
of CM-Dil-labeled exosomes (control) and the CM-Dil-labeled withdrawn exosomes fraction (e-exos) were used as controls. Cells were fixed and
stained for cytoplasm (cy2-actin, green) and nuclei (DAPI, blue). Scale bar = 20 mm.
doi:10.1371/journal.pone.0052465.g001
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Figure 2. Gastric cancer cell derived exosomes induces the expression of CAF markers in hucMSCs. A.Quantitative analyses of the FAP,
IL-6 and a-SMA mRNA expression in hucMSCs. HucMSCs were treated with various concentrations of SGC7901 exosomes or GES-1 exosomes for 36
hours. B. Quantitative analyses of the FAP, IL-6 and N-Cadherin expression in hucMSCs. HucMSCs were treated with various concentrations of
SGC7901 exosomes or GES-1 exosomes for 14 days. C. Western blotting analyses of the FAP, a-SMA, N-Cadherin and Vimentin protein expression in
hucMSCs treated with SGC7901 exosomes (800 mg/ml) for different times. (a–d) Density analysis of Western blotting bands. *P,0.05 and # P,0.01,
compared to the relative control group (n = 3).
doi:10.1371/journal.pone.0052465.g002

Company and maintained in DMEM supplemented with 10%
FBS.

Electron Microscopy
A drop of exosomes (about 20 ml) obtained after differential
ultracentrifugation was pipetted onto formvar carbon-coated grids
and allowed to stand for 1 min at room temperature. After
removing the excess fluid with a piece of filter, the sample was
stained with 2% (w/v) phosphotungstic acid (pH 6.8) for 5 min
and was air-dried under an electric incandescent lamp, and
analyzed with a transmission electron microscope (FEI Tecnai 12,
Philips).

Exosome Isolation and Purification
SGC7901, HGC27 and gastric epithelial cells (GES-1) derived
exosomes were isolated and purified as previously described
[30,31]. Briefly, cells were cultured in DMEM supplemented with
10% exosome-depleted fetal bovine serum. Fetal bovine exosomes
were removed by overnight ultracentrifugation at 100,000 g for
16 h using a type 90 Ti fixed-Angel rotor (Optima L-90K,
Beckman Coulter). Supernatants from confluent cultures (3–5
days) were centrifuged at 2000 g for 20 min to remove cells and
debris. And the clarified supernatant was concentrated by
ultrafiltration through a 100-kDa MWCO hollow fiber membrane
(Millipore) at 1000 g for 30 min. The concentrated supernatant
was loaded into centrifuge tubes (Beckman) and underlayed with
30% sucrose/D2O density cushion (5 ml) forming a visible
interphase and ultracentrifuged at 100,000 g and 4uC for 1 h in
a SW-32Ti swinging-bucket rotor (Optima L-90K, Beckman
Coulter). Then both the exosomes sucrose density cushions
(fraction 3) collected from the ultracentrifuge tubes bottom and
the nonbanded fractions (fraction 6 and 7) which contain
nonmembrane protein complexes collected for use as the
exosomes control (E-control) were pooled and washed three times
through a 100-kDa miniature hollow fiber cartridge (Millipore) at
1000 g for 30 min as described above. The protein content was
measured using the BCA assay kit (Pierce). The exosomes were
sterilized through a 0.22 mm capsule filter (Millipore) and stored at
270uC until use [30].
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Exosomes Labeling and Internalization
SGC7901 cells derived exosomes and the exosomes control
were labeled with CM-Dil (red) according to the manufacturer’s
protocol (Invitrogen). Exosomes from GES-1 cells were used as cell
control. The labeled exosome suspension was filtered with a 100kDa MWCO hollow fiber membrane (Millipore) and the flowthrough was used as the unbound dye control. HucMSCs (16104/
well) were seeded in 12-well plates containing lamellas and
incubated at 37uC with labeled exosomes (800 mg/mL) for 4 h
before harvest.

Immunofluorescent Staining
HucMSCs were fixed in 4% paraformaldehyde for 10 min.
Labeled cells were prepared for fluorescence microscopy by permobilization for 3 min with 0.1% Triton-X100, blocked with 5%
BSA and incubated with rabbit monoclonal anti-b-actin antibody
overnight, followed by incubation with Cy2-labeled anti-rabbit
IgG secondary antibody at 37uC for 45 min (Jackson ImmunoResearch). The nuclei were counterstained with DAPI. Confocal
images were sequentially acquired with TCS SP5 II system (Leica)
[32].
3

December 2012 | Volume 7 | Issue 12 | e52465

Exosome-Mediate Transition of MSCs to CAFs

Figure 3. Gastric cancer cell derived exosomes promote
hucMSCs migration. A. HucMSCs were treated with gastric cancer
cell or normal gastric epithelial cell derived exosomes (800 mg/mL) in
the presence or absence of SD208 (2 mM) for 6 h. Transwell migration
assay was performed to analyze the migratory ability of the cells. B. The
number of migrated cells above was evaluated. These experiments
were repeated for three times. *P,0.05 and # P,0.01, n = 3. Scale
bar = 50 mm.
doi:10.1371/journal.pone.0052465.g003

CAF Differentiation
HucMSCs were seeded in 6-well plates (56103/well). Twelve
hours after seeding, hucMSCs were treated with exosomes
(800 mg/mL) to trigger the CAF differentiation in the presence
or absence of TGF-b receptor 1 kinase inhibitor SD208 (Sigma) or
recombinant human TGF-b (5 ng/ml; Sigma). The medium was
changed every 3 days for 14 days. Cells were then collected and
prepared for Western blotting and quantitative PCR analysis.

Figure 4. Gastric cancer cell derived exosomes induce Smad2/3
and p38 phosphorylation in hucMSCs. A. Western blotting
analyses of TGF-b expression in gastric cancer cell (SGC7901) and
normal gastric epithelial cell (GES-1) derived exosomes. B. HucMSCs
were treated with SGC7901 derived exosomes (800 mg/mL) for different
times as indicated. The levels of p-Smad2/3, t-Smad2/3, p-p38and t-p38
were analyzed by Western blotting. TGF-b served as a positive control.
C. HucMSCs were treated with GES-1 derived exosomes (800 mg/mL) for
different times as indicated. The levels of p-Smad2/3, t-Smad2/3, p-p38
and t-p38 were analyzed by Western blotting.
doi:10.1371/journal.pone.0052465.g004

Western Blotting
Cells were collected and lysed with RIPA buffer (10 mM Tris,
pH 7.4, 150 mM NaCl, 1 mM EGTA, 0.1% SDS, 1 mM NaF,
1 mM Na3VO4, 1 mM PMSF, 1 mg/mL aprotinin, 1 mg/mL
leupeptin). Aliquots containing identical amounts of protein were
fractionated and then transferred to methanol pre-activated PVDF
membranes (Millipore, USA). After sequential incubation with the
primary and secondary antibody, the signal was visualized using
the HRP substrate (Millipore, USA) and analysed by MD Image
Quant Software. Sources and dilution factors of primary
antibodies were: rabbit polyclonal anti-CD9 (1:1000; Bioworld),
anti-CD81 (1:1000; Epitomics), anti-TGF-b (1:1000; Bioworld),
anti-FAP (1:1000, Abcam), mouse monoclonal anti-a-SMA
(1:1000; Santa Cruz), anti-VEGF (1:1000; Santa Cruz) and antiVimentin (1:2000; Santa Cruz), anti-N-cadherin (1:1,000; Bioworld), anti-E-cadherin (1:500; SAB), and mouse monoclonal antiGAPDH (1:5000; Kangcheng).
PLOS ONE | www.plosone.org

Quantitative RT-PCR
Total RNA was extracted with the Trizol reagent (Invitrogen)
and the cDNA was synthesized using a reverse transcription kit
(Toyobo, Japan) according to the manufacturer’s instructions.
Primers were produced by Invitrogen Company (Shanghai,
China). Real-time RT-PCR was performed to detect the change
of FAP, a-SMA, N-cadherin and IL-6 gene expression (RotorGene 6000, Australia). To compensate for variations in input
RNA and the efficiency of reverse transcription, an endogenous
‘housekeeping’ gene (b-actin) was also quantified to normalize the
4
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Figure 5. TGF-b inhibition reverses gastric cancer cell- exosomes induced Smad2 and p38 activation in hucMSCs. A.
HucMSCs were treated with SGC7901 derived exosomes (800 mg/mL) in
the presence or absence of SD208 (2 mM) for 1 hour. The levels of
phosphorylated Smad2 and p38 were examined by Western blotting. B.
Gastric cancer cell (SGC7901) derived exosomes were pre-incubated
with anti-TGF-b antibody (20 mg/mL) for 2 h, and then added to
hucMSCs. Six hours later, the cells were collected and the levels of
phosphorylated Smad2 and p38 proteins were examined by Western
blotting.
doi:10.1371/journal.pone.0052465.g005

results. All samples were run in triplicate, and all reactions were
repeated 3 times independently to ensure the reproducibility.

Migration Assay
HucMSCs (86104 in 200 mL) suspended in serum-free medium
were loaded into the upper compartment and 500 mL serum-free
medium (SFM) containing 800 mg/mL exosomes in the presence
or absence of TGF-b receptor 1 kinase inhibitor SD208 (2 mM)
was added to the bottom of the transwell (Corning). After culture
at 37uC for 6 hours, the cells upper the membrane were wiped
with a cotton swab. The cells that had migrated through the
membrane were fixed with 4% paraformaldehyde and stained
with crystal violet. The cells were observed under microscopy and
at least 10 fields of cells were assayed for each group.

Figure 6. TGF-b inhibition attenuates gastric cancer cell
derived exosomes-induced differentiation of hucMSCs to
CAFs. A. HucMSCs were treated with gastric cancer cell derived
exosomes in the presence or absence of SD208 (2 mM) for 2 weeks. The
expression of FAP, a-SMA, Vimentin and N-cadherin proteins was
determined by Western blotting. (a) SGC7901; (b) HGC27. B. HucMSCs
were treated with gastric cancer cell (SGC7901) derived exosomes in the
presence or absence of TGF-b antibody (20 mg/mL) for 2 weeks. Rabbit
IgG was used as the control. The expression of FAP and a-SMA proteins
was determined by Western blotting.
doi:10.1371/journal.pone.0052465.g006

TGF-b Neutralization
HucMSCs were treated with tumor exosomes (800 mg/mL) to
trigger the CAF differentiation in the presence or absence of TGFb antibody (R&D). Prior to the experiments, anti-TGF-b antibody
(20 mg/mL) was incubated with exosomes at 37uC for 2 hours.

Results
Exosomes Characterization and Internalization
We isolated and identified the exosomes based on their unique
size and density. As shown in Fig. 1A–a, the exosomes had
a characteristic saucer-like shape limited by a lipid bilayer with
a diameter ranged from 40 to 100 nm. We confirmed the
abundant expression of exosomal markers CD9 and CD81 in our
isolated exosomes by Western blotting (Fig. 1A–b). Following our

Statistical Analysis
All data were expressed as means 6 SD. SPSS software was
used to analyze the data. The means of different treatment groups
were compared by two-way ANOVA test or Student’s t-test.
P,0.05 was considered statistically significant.
PLOS ONE | www.plosone.org
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previous studies, human umbilical cord derived MSCs were
prepared and characterized (data not shown). To investigate the
internalization of exosomes by hucMSCs, we labeled the exosomes
with CM-Dil. As shown in Figure 1B, SGC7901 cells derived
exosomes were internalized and accumulated in hucMSCs after
incubation for 4 hours while exosomes control showed minimal
effect. Compared with SGC7901 group, less GES-1 derived
exosomes were taken up by hucMSCs.

TGF-b Pathway Inhibition Blocks Tumor Exosomesinduced Smad2/3 and p38 Activation
To demonstrate whether the activation of Smad2/3 and p38 is
specific to TGF-b signaling triggered by tumor exosomes, we
blocked TGF-b signaling pathway with TGF-b R1inhibitor and
detected the levels of phosphorylated Smad2/3 and p38. As shown
in Fig. 5A, the increased phosphorylation of Smad2/3 and p38
following tumor exosomes treatment was reversed by TGF-b R1
inhibitor, SD208, in a dose-dependent manner. To further
demonstrate TGF-b from tumor exosomes that activates
hucMSCs, we neutralized TGF-b in tumor exosomes using
a anti-TGF-b antibody. Consistent with the results from TGFb R1 inhibitor, the increased phosphorylation of Smad2/3 and
p38 in hucMSCs were also reversed by TGF-b antibody (Fig. 5B).
In summary, these data suggest that TGF-b from tumor exosomes
interacts with TGF-b receptor on hucMSCs, leading to the
sequential activation of Smad2/3 and p38 in hucMSCs.

Tumor-derived Exosomes Promote hucMSCs
Differentiation to CAFs
We hypothesized that tumor-derived exosomes might induce
the differentiation of hucMSCs to CAFs in vitro. CAFs were
defined as the increased expression of FAP and a-SMA proteins.
HucMSCs monolayer was cultured in medium containing
800 mg/mL SGC7901 exosomes and GES-1 exosomes. Quantitative RT-PCR analyses showed that SGC7901 exosomes but not
GES-1-exosomes promoted the expression of CAF markers in
MSCs at 36 h (Fig. 2A) and 14 d (Fig. 2B) after induction,
respectively. Compared to the untreated group, tumor exosomes
treatment resulted in increases in FAP, a-SMA, N-cadherin, and
Vimentin protein levels (Fig. 2C). Collectively, these results
indicate that hucMSCs undergo CAF differentiation in response
to tumor exosomes exposure.

TGF-b Pathway Inhibition Reverses Tumor Exosomesinduced hucMSCs Differentiation to CAFs
To demonstrate TGF-b/TGF-b R1 interaction is responsible
for the differentiation of hucMSCs to CAFs induced by tumor
exosomes, we blocked TGF-b signaling with SD208 and TGFb neutralization antibody followed by tumor exosomes treatment.
As shown in Figure 6A–a, treatment with SD208 (2 mM) for 14
days strongly reversed the tumor exosomes-induced expression of
CAF markers including FAP, a-SMA, N-cadherin and Vimentin
in hucMSCs. We also confirmed this effect by using exosomes
from HGC-27 gastric cancer cells (Fig. 6A–b). In addition,
treatment with anti-TGF-b antibody led to the similar effects to
that observed in TGF-b R1 inhibitor (Fig. 6B). In summary, these data demonstrate that tumor exosomes mediate the differentiation of hucMSCs to CAFs through the activation of TGFb/Smad signaling pathway.

Tumor-derived Exosomes Promote hucMSCs Migration
To analyze whether the migratory ability of hucMSCs was
affected by tumor exosomes, hucMSCs were cultured in the
transwell and induced to migrate by tumor exosomes. As shown in
Figures 3A and 3B, at 6 hours after incubation, tumor exosomes
promoted the migration of hucMSCs more efficiently than normal
cell derived exosomes. We also showed that the increased
migration of hucMSCs by tumor exosomes was blocked by
simultaneous treatment with TGF-b R1 inhibitor, SD208.
Additionally, we examined the effect of SGC7901 exosomes on
the migration of hucMSCs by using scratch assay. The results were
consistent with that of transwell migration assay, showing a reduced gap distance in tumor exosome-treated group (Fig. S1).
Taken together, these results indicate that tumor exosomes can
promote the migration of hucMSCs in vitro.

Discussion
In this study, we have identified a novel mechanism by which
tumor cells induce the differentiation of MSCs to CAFs. Our data
indicate that: (1) gastric cancer cell derived exosomes are
internalized by hucMSCs; (2) gastric cancer cell derived exosomes
trigger hucMSCs differentiation to CAFs and (3) TGF-b/Smad
pathway mediates the transition of hucMSCs to CAFs. Our
findings suggest that TGF-b in tumor exosomes may interact with
the TGF-b R1 on hucMSCs, resulting in the activation of Smad
pathway in hucMSCs and the subsequent differentiation of
hucMSCs to CAFs.
Although it has been reported that tumor exosomes can
improve the metastatic activity of tumor cells [34], the role of
tumor exosomes in MSCs has not been revealed yet. Our findings
demonstrate that tumor cells may regulate the mobility of MSCs,
suggesting that tumor cells could recruit MSCs from bone marrow
or other tissues to the tumor microenvironment by exosomemediated mechanism.
Exposure to tumor exosomes increases the expression of CAF
markers in MSCs, suggesting that tumor exosomes induces the
switch of phenotype from MSCs to CAFs. While this paper was in
preparation, Cho et al. reported that exosomes from breast and
ovarian cancer cells could induce the adipose tissue derived MSCs
to acquire physiological and functional characteristics of tumorsupporting myofibroblasts [35,36]. Our work is in consistent with
their findings and further demonstrates that this process is Smaddependent.

Tumor-derived Exosomes Activate Smad2/3 and p38 in
hucMSCs
TGF-b has been shown to be present on the surface of exosomes
[33] and critical for CAF differentiation. We then investigated whether TGF-b pathway was responsible for the induction of
MSCs transition to CAFs by tumor exosomes. We first demonstrated the presence of TGF-b in tumor exosomes (Fig. 4A).
Compared with tumor exosomes, normal cell derived exosomes
showed lower level of TGF-b expression. To assess whether the
differentiation of hucMSCs to CAFs is associated with TGFb pathway activation, we examined the status of phosphorylated
Smad 2/3 after tumor exosomes treatment. The results showed
that Smad 2/3 phosphorylation was increased by tumor exosomes
at 15 min post-treatment and reached the highest level at 60 min
post-treatment, while the total Smad 2/3 protein levels were not
affected. We also determined the level of phosphorylated p38 and
found that p38 phosphorylation was also increased by tumor
exosomes (Fig. 4B). In contrast, GES-1 derived exosomes could
not activate Smad2/3 and p38 (Fig. 4C). Taken together, these
results indicate that tumor exosomes specifically activate Smad2/
3 and p38 in hucMSCs.

PLOS ONE | www.plosone.org

6

December 2012 | Volume 7 | Issue 12 | e52465

Exosome-Mediate Transition of MSCs to CAFs

In the current study, we present the evidence that tumor
exosomes offer an efficient platform for transfer of specific
messages to MSCs, promoting MSC-CAF transition. Several
previous studies have shown that TGF-b is expressed by cancer
cell-derived exosomes and this form of TGF-b is biologically active
in driving Smad-dependent signaling [33,37]. TGF-b is a key
regulator of stem cell renewal and differentiation [38]. We verified
the presence of TGF-b in gastric cancer cell derived exosomes and
confirmed the TGF-b/TGF-b R1 interaction mediated the
Smad2/3 activation and CAF differentiation in hucMSCs.
It has been demonstrated that MSCs could promote cancer
metastasis [4,39]. We have also reported that human MSC
derived conditioned medium and exosomes enhance vascular
endothelial growth factor (VEGF) expression in tumor cells and
promote tumor growth in vivo [18,19]. Whether the exosomes from
MSCs could play a role in cancer metastasis has not been
addressed. We have observed that MSCs exosomes promote the
epithelial-to-mesenchyme transition (EMT) in gastric cancer cells,
but the underlying mechanisms still needs to be investigated in the
future studies.
In conclusion, we demonstrate in this study that gastric cancer
cell derived exosomes have the capacity to induce the differenti-

ation of MSCs to CAFs and the activation of TGF-b/Smad
pathway by tumor exosomes contributes to the transition of MSCs
to CAFs. Our findings provide a new mechanism by which tumor
cells induce MSCs to differentiate into tumor stromal cells and
participate in the formation of tumor microenvironment.

Supporting Information
Gastric cancer cell derived exosomes promote hucMSCs migration. HucMSCs were treated with
gastric cancer cell (SGC7901) derived exosomes (800 mg/mL).
Scratch array was performed to analyze the migration ability of
the cells. (a–c) Untreated hucMSCs; (d–f) SGC7901-exosomes
treated hucMSCs. Scale bar = 50 mm.
(TIF)
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