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Background: Cancer-associated fibroblasts (CAFs) are functionally and structurally essential for tumor progression. There
are 3 main origins of CAFs: mesenchymal stem cells (MSCs), epithelial-to-mesenchymal (EMT) transition cells,
and tissue-resident cells. Pericytes retain characteristics of progenitor cells and can differentiate into other cells
under normal physiological conditions and into myofibroblasts under pathological conditions. Exosomes play
an important role in intercellular communication by transferring membrane components and nucleic acids be-
tween different cells. In this study, we evaluated whether cancer cell-derived exosomes are involved in regu-
lating the transition of pericytes to CAFs.

Material/Methods: Exosomes from GES-1 and SGC7901 cells were isolated by serial centrifugation and purified from the super-
natant by the 30% sucrose/D,0 cushion method. A transmission electron microscope was used to observe
exosome morphologies, and nanoparticle tracking analysis was used to analyze size distribution of exosomes.
Western blot analysis, immunofluorescent staining, and qPCR were employed to detect CAFs marker expres-
sion and signaling pathways involved in CAFs transition.

Results: Gastric cancer cell-derived exosomes enhanced pericytes proliferation and migration and induced the expres-
sion of CAFs marker in pericytes. We then demonstrated that the PI3K/AKT and MEK/ERK pathways were ac-
tivated by tumor-derived exosomes, and BMP pathway inhibition reverses cancer exosomes-induced CAFs
transition.

Conclusions: Our results suggest that gastric cancer cells induce the transition of pericytes to CAFs by exosomes-mediated
BMP transfer and PI3K/AKT and MEK/ERK pathway activation, and suggest that pericytes may be an impor-
tant source of CAFs.
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Background

Gastric cancer (GC) is one of the most common cancers and is
the second leading cause of cancer death worldwide [1]. The
incidence of GC varies widely across different countries. More
than 70% of GC cases occur in Asia, and half of them occur
in China [2]. Although the incidence of GC has decreased in
most parts of the world due to improvement in surgical tech-
niques, GC morbidity remains high in Asia.

Multiple cellular components make up the tumor microenvi-
ronment, such as malignant cells, inflammatory cells, stromal
fibroblasts, various progenitor cells, endothelial cells, and peri-
vascular cells [3-5]. Among them, cancer-associated fibroblasts
(CAFs) are important components of tumors like gastric cancer
(GC) [6]. CAFs regulate multiple cellular functions, including ex-
tracellular matrix deposition, angiogenesis, metabolism repro-
gramming, and chemoresistance [7,8], thus playing key roles in
determination of malignant progression of cancer growth, vas-
cularization, and metastasis [9]. Fibroblast-activating protein
(FAP) and a-smooth muscle actin (a-SMA) secreted by CAFs
can create a niche for cancer cells and promote their motili-
ty [10]. Indeed, tumor cells can induce CAFs to undergo a dif-
ferentiation process and develop invasive and migratory abili-
ties. However, the mechanism of the interaction between CAFs
and gastric cancer cells is still not clear. CAFs are blast-like,
spindle-shaped cells that have been reported to originate from
different cells through a variety of mechanisms, and the main
sources of CAFs are mesenchymal stem cells (MSCs) [11,12],
epithelial-mesenchymal transition (EMT) [11], and resident tis-
sue fibroblasts [13]. Pericytes are known as mural cells that
are associated with healthy or pathological vasculatures [14],
and are believed to play a possible role in preventing tumor
cell invasion and metastasis via inhibition of excessive sprout-
ing, stabilization of the nascent vasculature, protection of the
capillaries from regression and rarefaction, and remodeling of
the primitive vasculatures to mature ones [15]. A number of
studies showed that pericytes have characteristics of progen-
itor cells and possess the potential to differentiate into os-
teoblasts, adipocytes, chondrocytes, vascular smooth muscle
cells, and skeletal muscle cells [14,16-18]. In addition, peri-
cytes can also differentiate into myofibroblasts under patho-
logical conditions, which contributes to renal fibrosis, hepat-
ic fibrosis, and chronic lung diseases [19-21].

Exosomes are pleomorphic vesicles-like bodies, secreted by
various cell types and originated from the late endosomes (or
multivesicular endosomes) of the cellular endocytic system,
with diameters mostly between 30 and 150 nm. Under an elec-
tron microscope, exosomes are flat, spherical, or goblet bodies
wrapped by phospholipid bilayers. In the body fluid, exosomes
are mainly spherical, and can be collected by sucrose density
gradient solutions in the density range of 1.13-1.19 g/ml. The
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origin of exosomes can be reflected by their particular compo-
sitions, and they play an important role in intercellular com-
munication by transferring membrane components and nu-
cleic acids between different cells. The exosomes released by
tumor cells contain large amounts of oncogenic molecules, in-
cluding proteins and microRNA, which play an important role
in tumor progression and metastasis. Studies have shown
that exosomes play a pivotal role in tumor cells, mesenchy-
mal stem cells (MSCs), and the transduction and recruitment
of mesenchymal stem cells into tumor cells. Moreover, it has
been reported that the exosomes secreted by prostate cancer
cells can induce the transduction of adipose stem cells derived
from tumor cells. Breast cancer- and ovarian cancer-derived
exosomes can also induce adipose tissues to be transformed
into mesenchymal stem cells in order to obtain physical and
functional expressions of CAFs. In addition, tumor cells can ex-
hibit the mesenchymal-like phenotype by releasing exosomes
that contain mesenchymal tissue factors during epithelial mes-
enchymal transition (epithelial-mesenchymal transition, EMT).
These exosomes possess the procoagulant activity of endo-
thelial cells; thus, they can affect the vascular properties of tu-
mors. It was reported that the exosomes originated from bone
marrow mesenchymal stem cells can promote the colony for-
mation of myelomas. The fact that tumor progression can be
promoted by the reversion of stromal cells to CAFs mediat-
ed by malignant cells has encouraged the exploration of the
mechanisms underlying this transition.

The roles of CAFs in tumor invasion and metastasis have at-
tracted considerable attention in recent years; however, little
attention has been paid to the pericytes-CAFs transition. The
aim of the present study was to explore the role of GC-derived
exosomes on pericytes-to-CAFs trans-differentiation and the
signaling pathway involved in this process.

Material and Methods

Culture of gastric cancer cells

Human gastric epithelial cells (GES-1) and gastric cancer
cells SGC7901 were purchased from Cell Bank, Type Culture
Collection Committee (Chinese Academy of Sciences) and cul-
tured in DMEM medium supplemented with 10% FBS.

Exosome isolation and purification

Exomes derived from SGC7901 and GES-1 were isolated and
purified as described previously [2]. Briefly, the exosomes in
fetal bovine were removed by centrifuging at 4°C for 16 h
at 100 000 g and filtration through 0.2-um syringe-fitted fil-
ters (Millipore). Then, the exosome-depleted fetal bovine se-
rum was used for cell culture (DMEM supplemented with 10%
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exome-depleted fetal bovine serum). After cells grew to conflu-
ence, the culture medium was collected and centrifuged twice
at 2000 g for 20 min to remove the cells and debris. The su-
pernatants were then concentrated by ultrafiltration through
100-kDa MWCO hollow-fiber membranes (Millipore) at 1000 g
for 30 min, and loaded into centrifuge tubes (Beckman) with
the underlayer of 30% sucrose/D20 density cushion (5 ml) to
form a visible interphase. The SW-32Ti swinging-bucket rotor
(Optima L-90K, Beckman Coulter) was used to ultracentrifuge
the tubes at 100 000 g and 4°C for 1 h. Then, the sucrose den-
sity cushions at the bottom of these tubes that contain exo-
somes were collected, while the non-banded fractions that
contain nonmembrane protein complexes were also collect-
ed as the exosomes control (E-control). After washing 3 times
through 100-kDa miniature hollow-fiber cartridges (Millipore)
at 1000 g for 30 min, as described above, the exosomes and
the nonmembrane proteins (E-control) were obtained. The exo-
somes were sterilized by 0.22-pm capsule filters (Millipore) and
stored at =70°C. The BCA assay kit (Pierce) was used to mea-
sure protein concentrations.

Transmission electron microscope observation of exosome
morphologies

We uniformly placed 20 pL of the purified exosomes solution
on the copper mesh sample carrier with a diameter of 2 nm.
After incubation for 1 min at room temperature, the exosomes
solution was gently drawn away from the edge of the copper
mesh with filter papers. We applied 3% (w/V) phosphotungstic
acid solution (pH 6.8) to the copper mesh for negative staining
for 5 min at room temperature. The copper mesh was dried
under an incandescent light and placed in the sample cham-
ber of the transmission electron microscope. The morphology
of exosomes was observed and photographed. Twenty exo-
somes were randomly selected and their diameters were re-
corded using the scale ruler.

Exosome size and approximate concentration analysis by
nanoparticle tracking analysis

The purified exosomes solution was diluted with ddH,0, and
l-ml syringes were used to inject the samples into the test tank
(being careful not to leave bubbles). We adjusted the dilution
according to the number of particles recorded in NanoSight
NS300 (Malvern, UK) so that 30—40 particles were observed in
the visual field of the view screen. We waited for the machine
to read automatically, then recorded and generated the reports.

Purification and cultivation of pericytes
The pericytes derived from human adipose tissues were iso-

lated as previously described [22]. Briefly, about 10 mL of li-
posuction aspirates were centrifuged at low speed (1000 rmp

Ning X. et al.:
The relationship of exosomes and gastric cancer-associated fibroblasts
© Med Sci Monit, 2018; 24: 2350-2359

for 3 min), and the upper yellow lipid section was separated
and washed repeatedly with PBS. The blood vessels and white
connective tissues were removed and the remaining lipid por-
tion was sheared with scissors and washed repeatedly again
with PBS. Then, 1 mg/mL of collagenase type Il (Sigma-Aldrich)
was used to digest the lipid tissues at 37°C for 30-40 min in a
shaker at 250 rpm with the ratio of 1: 3 (tissue weight: colla-
genase volume), which was diluted in DMEM-F12 with 20% fe-
tal bovine serum (FBS), 1% non-essential amino acids (GIBCO),
and 1% of antibiotics/antimycotics (GIBCO). The derived cell
suspensions were filtered through a 70-um strainer and in-
cubated in blood lysis solution for 5-10 min, and then PBS
was added at the ratio of 2: 1 before the cells were filtered
again through a 40-pm strainer. The cells were then incubat-
ed with conjugated antibodies against CD-34 (Percp-Cy5.5),
CD-45 (FITC), CD-56 (APC), and CD146 (PE) (BD Biosciences)
and DAPI was added just prior to the analysis. All the DAPI-
positive cells were excluded and the pericyte populations were
confirmed to have at least 75% purity by FACS sorting. The
CD146%/CD347/CD457/CD56™ cells were sorted into a 24-well
plate at the density of 20 000 cells/cm? and cultured in EBM-
2 complete medium (Lonza) until the first passage, and then
further cultivated in DMEM F-12 medium with 20% FBS, 1%
NEAA, and 1% antibiotics/antimycotics.

Exosomes labeling and internalization

SGC7901-derived exosomes and the E-control were labeled with
CM-Dil according to the manufacturer’s protocol (Invitrogen),
and the exosomes from GES-1 cells were used as the cell con-
trol. Briefly, CM-Dil was diluted to the working fluid concen-
tration (1.5 g/ml) and added into the exosomes at the final
concentration of 1.5 pg/ml. After incubation at 37°C for 1 h,
the 100-kDa MWCO ultrafiltration centrifuge tubes were used
to collect the exosomes at 1000 g for 30 min. Pericytes were
seeded into the 12-well plates (including pre-processed climb-
ing tablets) at the density of [x10*/well and incubated for 4 h
at 37°C before collection.

Western blotting

Exosomes and cells were lysed with RIPA buffer (Millipore)
supplemented with a complete protease inhibitor cocktail
(Roche) and phosphatase inhibitor cocktails 2 and 3 (Sigma-
Aldrich). The protein concentrations were determined us-
ing the BCA assay kit. The appropriate amount of protein ly-
sates was loaded and separated by SDS-PAGE, transferred to
0.2-pm PVDF membranes, and incubated with primary anti-
bodies of CD9, CD81, CD63, FAP (Abcam), mouse monoclonal
anti-o-SMA (Santa Cruz), FSP, TSP-1 (DAKO), and Tn-C (1: 200
dilution; Abcam, Cambridge, MA), respectively. After incuba-
tion with the secondary anti-mouse and anti-rabbit antibod-
ies (Cell Signaling), the protein bands were visualized using an
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enhanced chemiluminescence system (Amersham Biosciences,
Buckinghamshire, UK).

Immunofluorescent staining

Cells were seeded onto glass coverslips in 6-well plates or
p-slides (Ibidi, Germany). After they grew to the appropriate
density, cells were washed 3 times with PBS and fixed in 4%
paraformaldehyde for 20 min followed by permeabilization in
0.4% Triton X-100 and blocking in 5% BSA for 30 min. Primary
antibodies were added and incubated for 1 h. Cells were then
washed 5 times before incubation with secondary fluores-
cence coupled-antibody for 3 h. After multiple washes, DAPI
was added at 1 pg/mL to counterstain the nuclei. Finally, imag-
es were acquired using a confocal laser scanning microscope.

Cell proliferation assay

Pericytes were seeded at a low density in 6-well plates and
grew for 24 h. The culture medium was discarded and cells
were washed 3 times with PBS before switching to serum-free
medium. SGC7901-derived exosomes (GC Exos), E-control, and
GES-1-derived exosomes were added at 50 pg/mL for differ-
ent periods of time. Cell proliferation rates were determined
by tetrazolium-based assay (CCK-8, Dojindo).

Wound-healing assay

To assess the cell migration, pericytes were cultured in 12-well
plates with complete medium until 100% confluence. Then,
the medium was switched to serum-free medium for 24 h af-
ter a wound was created by scratching the center of the wells.
Cells were then washed 3 times with PBS and cultured in se-
rum-free medium supplemented with or without exosomes.
After 18 h, the wounds were observed under a microscope and
images were taken. The migration scores were determined
by the following criteria: 0 (no migration), 1 (migration initi-
ated along the border but cells do not span the gap/void), 2
(migrating cells are spanning the gap/void but not complete-
ly populating the gap/void), and 3 (migrating cells have com-
pletely repopulated the gap/void). The average scores of rep-
licates/groups were calculated and analyzed.

Transwell assay

Pericytes (8x10* cells in 200 pL) were suspended in serum-
free medium and loaded into the upper chamber, while 500 pL
of serum-free medium containing 800 mg/mL exosomes was
loaded into the lower chamber of the Transwell plate (Corning).
After culturing at 37°C for 6 h, the cells that grew on the up-
per membrane were wiped with a cotton swab while the cells
that had migrated through the membrane and grew on the
lower membrane were fixed with 4% paraformaldehyde and
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stained with crystal violet. The stained cells on the lower mem-
brane were observed under a microscope and at least 10 vi-
sual fields were analyzed for each group.

Quantitative real-time PCR analysis

TRIzol (Invitrogen, Carlsbad, CA) was used to extract total
RNA. A spectrophotometer was used to measure the purity
and quantity of RNA. Reverse transcription was performed to
produce cDNA, and the reverse transcription reagent kit was
from Promega (Madison, W1). The reverse transcription system
consisted of 2 pg total RNA, 0.5 pg oligo-dT primer, 1 pl dNTP
mixture, 2 pl RNase inhibitor, and 4 units of reverse transcrip-
tase. The reverse transcription procedure was heating at 42°C
for 60 min and inactivating reverse transcriptase at 95°C for 5
min followed by 4°C for 5 min. The real-time PCR system was
1 pL cDNA, 10 pl SYBR Green | (Roche Applied Science), (20
pmol/L) 0.5 pl forward primer, (20 pmol/L) 0.5 pl reverse prim-
er, and 8 pl water-DEPC treatment. All RT-PCR amplification
systems were the same. Amplification conditions were initial
denaturation at 94°C for 2 min, template denaturation at 94°C
for 30 s, annealing at 57°C for 30 s, and extension at 72°C for
30 s. GAPDH mRNA was regarded as the internal reference. The
following expression formula was used: the expression level
of the target gene=2-AACt. The primers are listed in Table 1.

Statistical analysis

All data are presented as mean +SEM. SPSS 13.0 software
was used for statistical analysis. Means of the 2 groups were
compared using the t test. The means of multiple groups
were analyzed by one-way ANOVA. P<0.05 indicates signifi-
cant difference.

Results

Exosomes identification and internalization

In this study, 3 different techniques (transmission electron mi-
croscopy, nanoparticles tracking analysis, and Western blot anal-
ysis) were used to identify exosomes. As shown in Figure 1A,
exosomes developed a cup-shaped appearance with diam-
eters ranging from 40 to 100 nm under transmission elec-
tron microscopy. For NTA, the size distribution was assessed,
showing that the isolated exosomes had a predominant size
of 70-200 nm (Figure 1B). Western blot analysis showed that
tumor-derived exosomes had clearly higher levels of CD81,
CD63, and CD9 compared to normal gastric epithelial cell-de-
rived exosomes (Figure 1C).

To investigate the internalization of exosomes by pericytes,
exosomes were labeled with CM-Dil. As shown in Figure 1D,

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Ning X. et al.:

LA B/I N V I T RO R E S EA RC H The relationship of exosomes and gastric cancer-associated fibroblasts

© Med Sci Monit, 2018; 24: 2350-2359

B 10

8

6

4 Average size: 137 nm

2

0

0 100 200 300 400 500 600 GES-Tcell  GES-TExos  SGC7901  SGC7901
D Particle size (nm) cekll Exos
0h 0.5h 1h 2h
| - -
Control SGC7901 Exos GES-1 Exos

Figure 1. GC cells secrete exosomes, which were rapidly internalized by pericytes in vitro. (A) The morphology of exosomes under
TEM. Scale bar=100 nm. (B) Size distribution and concentration of exosomes analyzed by NTA. (C) Western blot analysis
of exosomes-specific marker. (D) GC exosomes were internalized by pericytes; E-control served as control, bar=50 pm.

(E) Pericytes were incubated with 50 mg/mL CM-Dil-labeled GC exosomes for the indicated times and were photographed
using fluorescence confocal microscopy, bar=50 pm.

SGC7901 cell-derived exosomes internalized and accumulated with GES-1-derived exosomes and control. Transwell assay was
in pericytes 1 h after application, and exosomes accumulated in used to further confirm the pro-migratory effect of tumor-de-
pericytes over time. Compared with SGC7901 group, less GES- rived exosomes on pericytes (Figure 2C).
1-derived exosomes were taken up by pericytes (Figure 1E).

GC exosome promote pericytes transition to CAFs
GC exosomes enhance pericytes proliferation

We next identified the phenotypic changes induced by GC exo-
To investigate whether tumor-derived exosomes affect pericyte somes. Pericytes expressed low levels of a-SMA, but did not
cell progression, pericytes were treated by SGC7901-derived express FAP, FSP, TSP-1, or Tn-C. CAFs were defined as the evi-
exosomes at 50 ug/mL for 12 h, 24 h, and 48 h. Exosomes ef- dent expression of FAP, FSP, TSP-1, Tn-C, and o-SMA. As shown

fectively induced proliferation in pericytes in a time-depen- in Figure 3A, immunofluorescence data showed that GC exo-
dent manner (Figure 2A). somes but not GES-1-exosomes induced FAP and FSP expres-

sion and increased a-SMA expression. Western blot analysis
GC exosomes promote pericytes migration also indicated that, compared to the GES-1 Exos group, GC

exosomes treatment induced expression of FAP, FSP, TSP-1,
To determine if the migratory ability of pericytes was af- and Tn-C protein levels (Figure 3B). This was verified at the

fected by tumor exosomes, a wound-healing assay was per- protein level by quantitative RT-PCR (Figure 3C). Collectively,
formed (Figure 2B). The migration score was quantified as de- these results indicate that pericytes undergo CAFs transition
scribed in Materials and Methods. Pericyte migratory ability in response to tumor exosomes.

was greatly enhanced by tumor-derived exosomes compared
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Figure 2. Exosomes promote pericytes transition into CAFs with enhanced proliferation and migration in vitro. (A) Proliferation of

pericytes induced by exosomes. Pericytes were treated with exosomes for 12, 24, and 48 h; E-control served as control.
CCK-8 assays were performed in triplicate for each value. After 48 h, the number of pericytes represented by OD value

was significantly higher than in those treated with control and GES-1 Exos, p<0.05. (B) Representative images of pericytes
cultured in the wound-healing assay at 0 and 18 h exposed to GC exosomes compared to E-control (Control). (C) Migration
scores were determined in pericytes exposed to exosomes. E-control served as control. Data represent mean +SEM. ** P<0.01

vs. control group.

PI3K/AKT and MEK/ERK pathways were activated by
tumor-derived exosomes

The TGFB superfamily has been proved to be critical for CAFs
transition [23], within which bone morphogenetic proteins
(BMPs) can induce differentiation, growth arrest, apoptosis, and
many other distinct responses [24]. We investigated whether
the BMP pathway was responsible for pericytes-to-CAFs tran-
sition induced by GC exosomes. We first demonstrated the
mRNA level of BMP2 in GC exosomes (Figure 4A). Compared
with normal cell-derived exosomes (GES-1 Exos), GC-derived
exosomes showed higher levels of BMP2 expression. To in-
vestigate whether transition of pericytes to CAFs is associat-
ed with the BMP signaling pathway, we examined signaling
pathways involved in CAFs transition.

There was an increase in the phosphorylation of RAC-alpha
serine/threonine protein kinase (AKT) as well as the extracel-
lular signal-regulated kinase (ERK) 1/2 in the pericytes by 1
h after exosome treatment (Figure 4B, 4C). To verify that the

increased phosphorylation of AKT and ERK specifically resulted
from BMP signaling triggered by GC exosomes, the BMPs an-
tagonist (Noggin) was used to block the BMP signaling path-
way before the levels of phosphorylated AKT and ERK were
detected. As shown in Figure 4B and 4C, Noggin reversed the
increased phosphorylation of AKT and ERK following tumor
exosomes treatment. Moreover, short-term treatment (5 min)
with exosomes in the presence of AKT/ERK pathway inhibitors
showed that the phosphorylation of kinases was the result of
the induction of protein phosphorylation rather than the trans-
formation of phosphorylated proteins (Figure 4D). Taken to-
gether, these results indicate that tumor exosomes specifical-
ly activate the AKT and ERK signaling pathways in pericytes.

BMP pathway inhibition reverses tumor exosomes-induced
CAFs transition

To determine whether the BMP signaling pathway is respon-
sible for the pericytes-to-CAFs transition triggered by tu-
mor exosomes, we blocked the BMP pathway with BMPs
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Figure 3. Gastric cancer cell-derived exosomes induce pericytes-to-CAFs transition in vitro. Pericytes were treated with exosomes
before immunofluorescence staining for a-SMA, FAP, and FSP, bar=50 pm (A), Western blotting for a-SMA, FAP, FSP, TSP-1,
and Tn-C (B) and qPCR (C). GAPDH served as internal reference in B and C. Data represent mean +SEM. ** P<0.01 vs. control

group.

antagonists Noggin, followed by exosomes treatment. As
shown in Figure 5A, treatment with Noggin (1 pg/ml) strong-
ly reversed the tumor exosomes-induced pericyte-fibroblast
transition and decreased the expression of CAF markers, in-
cluding FAP, FSP, TSP-1, Tn-C, and a-SMA in pericytes, which
was verified at the mRNA level (Figure 5B).

Discussion

CAFs play an important role in the process of tumor growth, in-
vasion, and metastasis. In the tumor matrix, CAFs are very im-
portant cells that act as the primary cells producing ECM and
determining the tumor kinetics [25]. The molecular and func-
tional phenotypes of NAFs differ from those of CAFs, which are
characterized by the expression of FAP, FSP, and alpha-SMA. In
many tumor matrices, CAFs appear to possess the characteris-
tic of promoting fibroblast proliferation. CAFs also produce a
series of growth factors and proteolytic enzymes that promote
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Figure 4. GC-derived exosomes induce AKT and ERK phosphorylation in pericytes. (A) gPCR analyses of BMP2 expression in SGC7901-
and GES-1 derived exosomes. (B) Pericytes were pretreated with Noggin (1 pg/ml) for 30 min followed by treating SGC7901-
derived exosomes (50 pg/mL) for different periods of time as indicated. The levels of p-AKT, t-AKT, p-ERK, and t-ERK were
analyzed by Western blotting. BMP2 served as a positive control. (C) Indicated relative intensity of Western blot data of B.
(D) Pericytes were preincubated for 30 min in the absence (=) or presence (+) of PI3K inhibitor wortmannin (Wort, 100 nM)
or MEK inhibitor U0126 (10 mM) before culturing for 5 min in the absence (-) or presence (+) of 50 pg/mL GC exosomes.
Expression of AKT and ERK1/2 and their active forms (p-AKT and p-ERK1/2) were analyzed by Western blot. GAPDH was used
as internal reference. Data represent mean +SEM. ** P<0.01 vs. control group.

tumor growth and invasion. The protective and supporting ef-
fects of CAFs on tumor cells have become the targets of an-
ti-tumor therapies. CAFs originate from cells via many differ-
ent mechanisms. While the typical source of CAFs is the local
mesenchyme, bone marrow is believed to be another potential
source of CAFs because it has been observed that CAFs orig-
inate from mesenchymal stem cells and hematopoietic stem
cells. In addition, it was also reported that CAFs can originate
from endothelial cells [26], pericytes [27], and fat cells [28]. In
the present study, we focused on an important subject related
to the origin of CAFs in the tumor microenvironment. We iden-
tified a novel mechanism by which pericytes serve as a reser-
voir for tumor stromal fibroblasts and the pericyte-fibroblast
transition is controlled by tumor-derived exosomes. We found
that: (1) GC-derived exosomes rapidly entered into pericytes;
and (2) in response to their interaction with GC exosomes,

pericytes acquire a CAFs phenotype with enhances prolifera-
tive and migratory properties and evident expression of FAP,
FSP, TSP-1, Tn-C, and a-SMA in vitro, suggesting that GC exo-
somes induce the phenotypic conversion from pericytes to CAFs.

Kinase activation in signaling pathways is very important for
tumors to promote the activation of CAFs, which includes
PDGF receptors as well as TGFp and downstream signaling.
Webber et al. found that exosomes deliver TGF and promote
the differentiation of fibroblasts into myofibroblasts, which
indicates that tumor exosomes can mediate stromal cell dif-
ferentiations [29]. Some previous studies have confirmed that
tumor cell-derived exosomes express TGFp, which possess the
biological activity of activating the Smad-dependent signal
pathways, which is also an important condition for stem cell
self-renewal and differentiation.
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Figure 5. BMP inhibition attenuates GC derived exosomes-induced transition of pericytes to CAFs. Pericytes were treated with GC
exosomes (50 pg/mL) in the presence or absence of Noggin (1 pg/ml) for 1 h. The levels of p-AKT and p-ERK were examined
by Western blotting (A) and qPCR (B). Data represent mean +SEM. ** P<0.01 vs. control group, # P<0.01 vs. SGC7901 Exos

group.

This dynamic of TGF in tumor progression has led us to in-
vestigate BMP roles, which also belongs to TGFf} and plays vi-
tal roles in tumor progression. Recently, it was found that fi-
broblasts derived from mouse prostate tumors stimulated by
BMPs can increase angiogenesis via the upregulation of the
chemokine SDF1a/CXCL12, and BMP not only played a role
in cancer cells, but also affected CAFs [30]. One of the effects
was that over-expression of Noggin in CAFs decreased CAF
cell proliferation [31]. Once uptake of GC exosomes occurs,
cell signaling pathways are activated, and gene expression is
altered in target cells. Our data showed that BMP2 was ex-
pressed by GC-derived exosomes, and this BMP activated the
PI3K/AKT and MEK/ERK signaling pathway and induced CAFs
transition, and the BMP signaling pathway inhibitor Noggin
blocked the phosphorylation of AKT and ERK, thereby inhib-
iting the PI3K/AKT and MAPK signaling pathway and revers-
ing the tumor exosomes-induced pericyte-fibroblast transition
and decreasing the expression of CAF markers.
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Conclusions

Our results suggest that gastric cancer cells induced the tran-
sition of pericytes to CAFs by exosomes-mediated BMP trans-
fer and PI3K/AKT and MEK/ERK pathway activation. Pericytes
may be an important source of CAFs. Our findings elucidate a
new mechanism by which tumor cells induce pericytes to dif-
ferentiate into tumor-associated fibroblasts, and the exosomes
are important mediators in this process. Further studies should
focus on the interactions between exosomes and pericytes,
which may optimize the current therapeutic strategies for GC.
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