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Exosomes from breast cancer cells can convert adipose tissue-
derived mesenchymal stem cells into myofibroblast-like cells

JUNG AH CHO", HO PARK*, EUN HYE LIM and KYO WON LEE

Adult Stem Cell Research Institute, Department of Obstetrics and Gynecology, Kangbuk

Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea

Received June 22, 2011; Accepted August 11, 2011

DOI: 10.3892/ij0.2011.1193

Abstract. Exosomes are small membrane vesicles secreted
into the extracellular environment by various types of cells,
including tumor cells. Exosomes are enriched with a discrete
set of cellular proteins, and therefore expected to exert diverse
biological functions according to cell origin. Mesenchymal stem
cells (MSCs) possess the potential for differentiation into multi-
lineages and can also function as precursors for tumor stroma
including myofibroblast that provides a favorable environment
for tumor progression. Although a close relationship between
tumor cells and MSCs in a neoplastic tumor microenvironment
has already been revealed, how this communication works is
poorly understood. In this study, we investigated the influence of
tumor cell-derived exosomes on MSCs by treating adipose tissue-
derived MSCs (ADSCs) with breast cancer-derived exosomes.
The exosome-treated ADSCs exhibited the phenotypes of
tumor-associated myofibroblasts with increased expression of
o-SMA. Exosome treatment also induced increased expression
of tumor-promoting factors SDF-1, VEGF, CCL5 and TGF.
This phenomenon was correlated with increased expression
of TGFp receptor I and II. Analysis of SMAD2, a key player
in the TGFp receptor-mediated SMAD pathway, revealed that
its phosphorylation was increased by exosome treatment and
was inhibited by treatment with SB431542, an inhibitor of the
SMAD-mediated pathway, resulting in decreased expression of
o-SMA. Taken together, our results show that tumor-derived
exosomes induced the myofibroblastic phenotype and function-
ality in ADSCs via the SMAD-mediated signaling pathway. In
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conclusion, this study suggests that tumor-derived exosomes
can contribute to progression and malignancy of tumor cells by
converting MSCs within tumor stroma into tumor-associated
myofibroblasts in the tumor microenvironment.

Introduction

Most tumor tissue is composed of two principal structures (1):
the parenchyma, or tumor cells, and the stroma, a supportive
tissue including connective tissue and vessels. Many studies
have shown that all tumors have and require stroma for nutri-
tional support and for the removal of waste products (2-5).
Tumor-associated stroma are commonly observed components
in all neoplastic tissues and play a fundamental role in tumor
growth, invasion, and dissemination by interacting with carci-
noma cells. Accordingly, tumor growth and metastasis can be
controlled by tumor-associated stromal cells (2-5). One type
of tumor-associated stromal cell, myofibroblasts, develops in
the neoplastic environment as tumor cells grow and progress
(6,7). Tumor-associated myofibroblasts play an essential role in
tumor cell metastasis by stimulating angiogenesis via secretion
of SDF-1 and by controlling the formation of the extracellular
matrix via secretion of matrix metalloprotease (6,7).

A potential origin of stromal cells is mesenchymal stem cells
(MSCs). MSCs are multipotent adult stem cells that can self-
renew and have the capability of differentiating into a variety
of cell types including osteoblasts, chondrocytes, myocytes, and
adipocytes, as well as several different types of stromal cells
including muscle, cartilage, marrow stroma, and fibroblasts (8,9).
Although MSCs were initially found in the marrow stroma, they
have also been obtained from several different tissues including
umbilical cord blood, amniotic fluid, and adipose tissue as well
as bone marrow (10-13).

In addition to their properties of self renewal and their
multilineage potential, MSCs have been reported to have another
unique characteristic of ‘tropism migration’, which can migrate
to damaged tissue sites such as sites with inflammation or
wounds, and sites with cancer cells (14,15). There is accumu-
lating evidence that MSCs are potential precursors for tumor
stroma and could be targeted delivery vehicles for anticancer
agents (16,17). An important study published by Karnoub et al
demonstrated that MSCs within the tumor stroma promoted
breast tumor metastasis (18), clearly suggesting an interac-
tion between MSCs and cancer cells in tumor progression and
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malignancy. In addition, MSCs may be associated with tumor
propagation or dissemination by preventing recognition of the
tumor cells from the immune system as well as promoting tumor
cell invasiveness (19,20). Therefore, prior reports have indicated
a close relationship between MSCs and cancer cells.

Molecules secreted by tumor cells might be key players
in such interactions. A study by McAllister et al revealed that
a molecule secreted by breast cancer cells instigated indolent
tumor outgrowth by inducing activation and mobilization of
stromal precursor cells (21). Another study has shown that a
cancer-derived molecule stimulated MSCs to differentiate into
myofibroblast-like cells (22). In this regard, exosomes are good
candidates for this activity.

Exosomes are small membrane vesicles (40-90 nm in
diameter) originating from one of intracellular compartments,
called multivesicular bodies (MVBs), that release their internal
vesicles into the extracellular space by direct fusion with plasma
membranes (23). These vesicles are produced by various cell
types including reticulocytes, intestinal epithelial cells, and
hematopoietic cells, as well as tumor cells (24). Proteomic
analyses have determined that exosomes contain a selective
enrichment of a discrete set of cellular proteins associated with
antigen presentation, signal transduction, and migration/adhesion
including major histocompatibility complex (MHC) molecules,
heat shock proteins (HSPs), MFG-ES, and tetraspanins (25,26).
In addition, exosomes also contain cellular RNAs such as
mRNAs and microRNAs, which can be delivered to other cells
and can be functional in new locations (27).

A variety of tumor cells constitutively release exosomes, and
exosomes are present in large amounts in different types of cancer
patient as well as cancer cell supernatants (28). Nevertheless, the
function of these tumor-derived exosomes is not well defined yet.
Since tumor-derived exosomes were revealed to contain tumor-
specific antigens and tumor peptide/MHC class I complexes that
can be recognized by tumor-specific CTLs, a role as a cell-free
antigen source for anticancer vaccines has been suggested (29).
However, it has also been shown that tumor-derived exosomes
can promote tumor growth rather than inhibit it, possibly due
to negative effects of tumor-derived exosomes on IL-2-induced
CTL responses via TGF-3, which enhances regulatory T cell
induction (30,31). Moreover, accumulating evidence indicates
that tumor-derived exosomes exert a broad array of detrimental
effects on the immune system, ranging from apoptosis in activated
anti-tumor T cells to impairment of monocyte differentiation
into dendritic cells and induction of myeloid suppressive cells
(32). In addition, tumor-derived exosomes are predicted to play a
role in chemoresistance-related pharmacological modulation of
tumor cells, and are considered potential players in intercellular
communications (32).

In this study, we examined the potential role and related
molecular mechanisms of tumor-derived exosomes in commu-
nication between tumor cells and MSCs in the neoplastic tumor
microenvironment using exosomes from two different breast
cancer cell lines and adipose tissue-derived MSCs (ADSCs),
which are abundantly resident in breast tissue.

Materials and methods

Isolation and culture of mesenchymal stem cells from adipose
tissue (ADSCs). Adipose tissue obtained from lipoaspirates was

washed with sterile phosphate-buffered saline (PBS) to remove
contaminating debris and red blood cells (33,34). The washed
aspirates were treated with 0.075% collagenase (type I; Sigma-
Aldrich, St. Louis, MO, USA) in PBS for 60 min at 37°C with
gentle agitation, followed by inactivation with an equal volume
of DMEM/10% fetal bovine serum (FBS). After centrifugation
for 10 min at low speed, the cellular pellet was resuspended in
DMEM/10% FBS and filtered through a 100-ym mesh filter
to remove debris. The filtrate was centrifuged as before and
plated onto conventional tissue culture plates in control medium
(DMEM, 10% FBS, 1% antibiotic/antimycotic solution) and
maintained at 37°C in a CO, incubator. The ADSCs were used
after 3-5 passages throughout this study. Each donor provided
fully informed consent at the Kangbuk Samsung Hospital. The
study protocols have been approved by the institutional review
board (IRB) of Kangbuk Samsung Hospital.

Exosome isolation and purification. MCF-7 or MDA-MB231
breast adenocarcinoma cell lines were cultured in media
supplemented with 10% FBS that was previously centrifuged
at 100,000 x g overnight to eliminate bovine-derived exosomes.
The method used to isolate exosomes was described previously
(35). Cell culture supernatant was collected to isolate exosomes
by successive centrifugation (300 x g for 5 min, 1,200 x g for
20 min, and 10,000 x g for 30 min) and then pelleted by ultra-
centrifugation at 100,000 x g for 1 h. Finally, the exosomal pellet
was washed in a large volume of PBS and then resuspended in
PBS. For further purification, exosomes were resuspended in
2.5 M sucrose in 20 mM Hepes buffer (pH 7.4) and subsequently
loaded into the bottom of a SW41 tube. Hepes buffer (20 mM)
with 2 M sucrose was carefully loaded on top of the exosomes
followed by Hepes buffer (20 mM) with 0.25 M sucrose to
produce a discontinuous 2-0.25 M sucrose gradient. After spin-
ning overnight at 100,000 x g in an SW41 swing rotor, 1 ml of each
fraction was collected and centrifuged at 100,000 x g for 1 h. After
aspirating the supernatant, the pellet was resuspended in PBS.

Exosome treatment and sample preparation. The quantity of
exosomal protein was determined using the bicinchoninic acid
(BCA) method (Pierce Biotechnology, Rockford, IL). Exosomes
(0, 4, or 20 pg) were added to ADSCs that had been plated in
6-well plates and adapted to serum-free medium. For inhibitor
treatment, cells were treated with 10 xM SB431542 (Sigma-
Aldrich) for 30 min before the addition of exosomes. The treated
cells were subjected to the following experiments.

Immunocytochemistry. ADSCs were grown on a Lab-tek
chamber slide (177429, NUNC, Naperville, IL, USA) overnight.
The exosome-treated ADSCs were fixed at room temperature
(RT) for 10 min, and then washed four times with filtered PBS,
followed by blocking with 3% FBS in 1% bovine serum albumin
(BSA)/PBS for 30 min at RT. After washing three times with
filtered PBS, the cells were incubated overnight at 4°C with
primary antibody against a-SMA (o smooth muscle actin, Dako,
CA, USA) and subsequently incubated with Alexa 488-conju-
gated secondary antibody for 30 min at RT, followed by staining
with 1 ml 10 zg/ml DAPI solution (Molecular Probes, CA, USA)
for 10 min. After washing with PBS, images were obtained at
200x fold magnification using a fluorescence microscope (Carl
Zeiss, Germany).
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Figure 1. Analysis of the expression of a myofibroblastic marker in ADSCs treated with exosomes from MCF-7 and MDA-MB-231 cells. ADSCs were incubated
with 0, 4 or 20 ug of exosomes isolated from two different breast adenocarcinoma cell lines, MCF7 and MDA-MB-231. (A) Immunocytochemistry was performed
using the exosome-treated MSCs by incubating with a primary antibody against a-SMA and Alexa 488-conjugated secondary antibody (green). The images were
obtained at 200x magnification by fluorescence microscopy after counterstaining with the nuclear-staining dye DAPI (blue). (B) Total cell proteins were extracted
from the exosome-treated ADSCs and assessed by Western blotting using primary antibodies against o-SMA as a myofibroblast marker or a-tubulin as a protein
loading control, and horse radish peroxidase (HRP)-tagged secondary antibody. The image was obtained using an ECL chemiluminescence system, and the band
intensity was analyzed using ImageJ software, shown as a graph on the bottom panel.

RT-PCR. Total RNA was extracted using the TRIzol method
(Invitrogen, CA, USA). Briefly, cells were lysed in TRIzol, and
subsequently mixed with chloroform. After centrifugation,
the clear top phase was collected and mixed with isopropanol,
followed by centrifugation. The pellet was washed with 75%
ethanol solution and harvested by centrifugation as before. The
final pellet was air-dried for 10 min and resuspended in DEPC-
treated water. After quantification, 3 ug of RNA was used for
the synthesis of complementary DNA (cDNA) with 5X reaction
buffer, RNasin Ribonuclease inhihitor (Promega, USA), 50 uM
oligo-dT (Invitrogen), 2.5 mM dNTP (Takara, Japan), and
M-MLV reverse transcriptase (Promega). One microgram of the
cDNA was used as a template for subsequent PCR amplification
using Taq polymerase premix [1.25 units Tag™, 1.6 mM dNTP,
20 mM Tris-HCI (pH 8.3), 100 mM KClI, and 3 mM MgCl,,
Takara] plus 20 pM of each primer which were reacted in a
Thermocycler (Biometra, Germany) for 35 cycles of 1 min at
90°C, 1 min at 55°C, and 1 min at 72°C. The PCR products were
visualized in a 1.5% agarose-containing gel by staining with
ethidium bromide (EtBr).

Western blot analysis. Cells were lysed in RIPA buffer (50 mM
Tris-HCI, 150 mM NacCl, 1% NP-40, 0.25% Na-deoxycholate,
1 mM EDTA, 1 mM PMSF, 1 ug/ml aprotinin/leupeptin/

pepstain, 1 mM Na;VO,, 1 mM NaF) for 10 min on ice and
then centrifuged at 10,000 x g at 4°C to remove cell debris. The
protein in the supernatant was quantified using the BCA method
(Pierce), resolved by SDS-PAGE, and transferred to a PVDF
membrane (Millipore, Billerica, MA, USA) that was pretreated
with methanol. The membrane was blocked with 5% BSA in
TTBS (10 mM Tris, 150 mM NaCl, 0.1% Tween 20) for 1 h at
RT and subsequently incubated with primary antibodies over-
night at 4°C. After vigorous washing in TTBS, the blots were
incubated with horseradish peroxidase (HRP)-tagged secondary
antibodies for 30 min. The labeled proteins of interest were
visualized by exposing the blots to X-ray film in a dark room
using an enhanced chemiluminescence (ECL) kit (Amersham
Biosciences, Buckinghamshire, England).

Results

Tumor-derived exosomes can induce expression of a myofi-
broblast marker in MSCs. To examine whether tumor-derived
exosomes play a role in the generation of tumor-associated
myofibroblasts from MSCs, we treated adipose tissue-derived
MSCs (ADSCs) with exosomes from two different breast
adenocarcinoma cell lines, MCF-7 and MDA-MB-231. First,
we investigated whether the tumor-derived exosomes could
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Figure 2. Analysis of several tumor-promoting factors in ADSCs treated with exosomes from MCF-7 and MDA-MB-231 cells. ADSCs were incubated with 0, 4,
or 20 ug of exosomes isolated from two different breast adenocarcinoma cell lines, MCF7 and MDA-MB-231. Total RNA was extracted from the exosome-treated
ADSCs and analyzed by RT-PCR with specific primer pairs for SDF-1, CCL5, VEGF and TGFf, which promote angiogenesis and metastasis of tumors. 3-actin was
used as an internal control. The PCR products were separated by electrophoresis and visualized using a gel documentation system with EtBr staining (A), and the
band intensity was analyzed using ImageJ software, shown as a graph (B).
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Figure 3. Analysis of surface receptor expression in ADSCs treated with exosomes from MCF-7 and MDA-MB-231 cells. ADSCs were incubated with 0,4, or 20 ug
of exosomes isolated from two different breast adenocarcinoma cell lines, MCF7 and MDA-MB-231. Total RNA was extracted from the exosome-treated ADSCs
and analyzed by RT-PCR with specific primer pairs for two isoforms of the TGFp receptor, TGFf receptor I (TGF R I) and II (TGFf R II). $-actin was used as an
internal control. The PCR products were separated by electrophoresis and visualized using a gel documentation system with EtBr staining (A). The band intensity
was analyzed using ImageJ software, shown as a graph (B).
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Figure 4. Analysis of signaling pathways activated in ADSCs by treatment with exosomes from MCF-7 and MDA-MB-231 cells. ADSCs were incubated with 0, 4,
or 20 pg of exosomes isolated from two different breast adenocarcinoma cell lines, MCF7 and MDA-MB-231. Total cell proteins were extracted from the exosome-
treated ADSCs and assessed by Western blotting using antibodies against SMAD2 and the phosphorylated form of SMAD2 (phospho-SMAD?2) for the SMAD
pathway (A), or ERK and the phosphorylated form of ERK (phospho-ERK) for the ERK pathway (B). After subsequent incubation with HRP-tagged secondary
antibodies, the image was obtained using the ECL chemiluminescence system, and the band intensity was analyzed using ImagelJ software, shown as a graph on the

bottom panel.

induce the MSCs to have a phenotypic characteristic of tumor-
associated myofibroblasts. As tumor-associated myofibroblasts
express a-smooth muscle actin (a-SMA) (36), we performed
immunocytochemistry and Western blot analysis using
ADSCs that were treated with exosomes from the two breast
cancer cell lines (Fig. 1). As shown in Fig. 1A, the results of
immunocytochemical staining against a-SMA demonstrated
that a-SMA expression was markedly elevated in the ADSCs
by treatment with both types of exosomes. Consistent with this
finding, Western blot analysis showed that the expression of
a-SMA protein was noticeably increased in a dose-dependent
manner by treatment with both exosomes (Fig. 1B). These
results demonstrated that the breast cancer-derived exosomes
induced expression of a myofibroblastic marker in the ADSCs,

suggesting that tumor-derived exosomes can cause MSCs to
have a myofibroblastic phenotype.

Tumor-derived exosomes can induce the production of myo-
fibroblast-associated functional factors in MSCs. As tumor-
associated myofibroblasts can promote tumor malignancy by
secretion of tumor-promoting factors (6,7), we next investigated
whether ADSCs with the myofibroblastic phenotype can produce
functional factors that support and promote tumor growth. As
shown in Fig. 2, the results of RT-PCR revealed that the expres-
sion of several tumor-supportive cytokines such as SDF-1, VEGF,
CCLS5, and TGFp was induced or greatly increased in the ADSCs
by both exosome treatments, indicating that tumor-derived
exosomes can induce the production of myofibroblast-associated



CHO et al: MYOFIBROBLASTIC MSCs BY TUMOR EXOSOMES

A. pSMAD2

135

MCF-7 MDA-MB-231
Exo(ng)y| © 4 20 0 20 0 4 20 0 4 20
+ - - . - - -

SB431542 (10 uM):| - - - +

-~
PSMAD2 |"' -

|| - - |

SMAD2 |_L_ _4i||r- — —-—|

B. a-SMA
MCF-7 MDA-MB-231
Exo(pgk| © 4 20 20 0 4 20 0 4 20
SB431542 (10 pM): | - - - + + = . - + + +
a-SMA - S .. - '—\ﬁﬁ — — —
a -tubulin -— e e e e e "‘—AFF\

Figure 5. Confirmation of the signaling pathway activated in ADSCs by treatment with exosomes from MCF-7 and MDA-MB-231 cells. ADSCs were incu-
bated with 0, 4, or 20 ug of exosomes from MCF-7 and MDA-MB-231 cells. For inhibitor treatment, cells were incubated with 10 M SB431542 for 30 min
before the addition of exosomes. Total cell proteins were extracted from the treated ADSCs and assessed by Western blotting using antibodies against
SMAD?2 and the phosphorylated form of SMAD2 (pSMAD?2) (A), or a-SMA and a-tubulin (B). After subsequent incubation with HRP-tagged secon-
dary antibodies, the image was obtained using the ECL chemiluminescence system.

functional cytokines from MSCs. Together with the above
results, these data suggest that tumor exosomes can induce
MSCs to acquire the physical and functional characteristics of
tumor-supporting myofibroblasts.

Tumor-derived exosomes activate the TGF[ receptor-mediated
signaling pathway in MSCs to have the physical and functional
characteristics of myofibroblasts . Next, we investigated which
molecules were involved in the acquisition of myofibroblastic
characteristics of the ADSCs. Since exosomes must pass
through the cell surface to enter the cell, we predicted that a
surface receptor would be activated during this process. As a
primary candidate, we investigated the expression of TGFp
receptors because tumor-derived exosomes are known to
function in immune suppression via TGFf (30,31). The results
shown in Fig. 3 demonstrated that the expression of two TGFf
receptor isotypes, TGFf R I and II, was prominently increased
by the exosome treatment, showing the same pattern as the
previously presented data in Figs. 1 and 2. These results indi-
cated that exosomes from tumor cells might cause MSCs to
have the physical and functional characteristics of myofibro-
blasts possibly through activation of TGFp receptor-mediated
signaling pathways in the cells.

Tumor-derived exosomes can stimulate the SMAD2-mediated
signaling pathway in MSCs with physical and functional
characteristics of myofibroblasts. To define the molecular
mechanism involved in the differentiation process of ADSCs
to myofibroblasts, we evaluated two representative signaling
pathways among the downstream pathways of TGF[ receptor-
mediated signaling, which are either SMAD-dependent or
SMAD-independent pathways. To evaluate the activation
levels of these pathways following exosome treatment, we
performed Western blot analysis against the phosphorylated

form of SMAD?2 for the SMAD-dependent pathway or the
phosphorylated form of ERK for the ERK pathway, a repre-
sentative SMAD-independent pathway. As shown in Fig. 4,
exosomes from MCF-7 and MDA-MB-231 cells both induced
an increase in the phosphorylated form of SMAD?2 (Fig. 4A),
while exosomes from MCF-7 cells simultaneously induced
an increase in the phosphorylated form of ERK (Fig. 4B).
This result demonstrated that the SMAD2-mediated SMAD-
dependent pathway was principally activated in the ADSCs by
the exosome treatments.

To confirm the activation of SMAD2 by the tumor-derived
exosomes, we treated the ADSCs with SB431542, a specific
inhibitor of the SMAD-dependent pathway. As shown in Fig. 5,
the increase in the phosphorylated form of SMAD2 induced by
the tumor-derived exosomes was clearly blocked by inhibitor
treatment (Fig. 5A), and consistent with this result, the increase
in a-SMA expression induced by the tumor-derived exosomes
was also inhibited by SB431542 (Fig. 5B). This result demon-
strated that SMAD?2 activation was involved in the increased
expression of a-SMA induced in the ADSCs by the breast
cancer-derived exosomes, suggesting that the ADSCs acquired
the characteristics of myofibroblasts by exosomes from breast
cancer cells principally via activation of the SMAD-dependent
signaling pathway. Collectively, these data indicate that tumor-
derived exosomes can convert MSCs into tumor-associated
myofibroblasts by activating a SMAD2-mediated intracellular
signaling pathway.

Discussion

Most cells, including tumor cells, release exosomes that harbor
a discrete set of proteins from their originating cells, implying
the potential of unique activities and functions (24). A growing
body of evidence provides clues about the functions of exosomes
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from tumor cells, which can play an active role in several bio-
logical behaviors of tumor cells including immune modulation,
pharmacological modulation, and their relationship with the
host environment (32). Although tumor-derived exosomes can
be used as a powerful anti-cancer vaccines through genetic
or non-genetic modulation to increase their anti-tumor effects
(37,38), it is more likely that tumor-derived exosomes possess an
in vivo function that reflects the tumor cell properties because
they are revealed to accumulate in the body fluids of cancer
patients. Considering that tumor-derived exosomes may exert
a range of different effects at once because they contain not a
single macromolecule (protein or gene) but a complex of such
macromolecules, much remains to be understood about the
biological functions of tumor-derived exosomes.

Mesenchymal stem cells (MSCs) exhibit ‘tropism migra-
tion’ toward wounds, injury, and inflammation that results from
various paracrine and endocrine signals. MSCs can also migrate
to tumor sites that are considered to be ‘never-healing wounds’
and compose tumor stroma (39). Because of such properties,
MSCs are considered to be potential efficient vehicles for cancer
therapeutic genes (40). The tumor stroma plays a supporting
role in the propagation or dissemination of tumors by producing
pro-tumorigenic cytokines (41). A prior study demonstrated
that exposure to tumor cell-conditioned medium promoted
migration of MSCs with an increase in production of stromal
cell-derived factor (SDF)-1 protein (42). More importantly,
a study was carried out showing that MSCs within the tumor
stroma promote breast cancer metastasis by CCL5 signaling
through the chemokine receptor CCRS5 expressed in the tumors
(18). Our previous studies demonstrated that cytokines secreted
by MSCs can influence tumor cell growth (43,44). Therefore,
manipulation of the interaction between MSCs within the tumor
stroma and tumor cells might improve conventional cancer
therapy. The results presented in this study reveal the effects
of tumor-derived exosomes in the interaction with MSCs in the
tumor microenvironment where stromal cells and cancer cells
communicate.

Myofibroblasts, or tumor-associated fibroblasts, are key
components of tumor stroma because they secrete various
paracrine factors that support rapid tumor growth and metas-
tasis, and thereby contribute to tumor aggressiveness and poor
prognostic outcomes (45). Although it is known that these cells
can be specifically detected by their a-SMA expression (36),
there are few studies on how the myofibroblasts differentiate
and develop in the tumor stroma. As shown in Fig. 1, treatment
of ADSCs with exosomes from both of the breast cancer cell
lines resulted in increased expression of a-SMA, implying that
myofibroblastic cells can be generated from MSCs within the
tumor stroma in the tumor microenvironment in response to
tumor-derived exosomes.

In addition, the tumor-derived exosomes caused induc-
tion or increased expression of the tumor-promoting factors
SDF-1, VEGF1, CCLS5, and TGFf in the ADSCs that exhib-
ited a-SMA expression, as shown in Fig. 2. SDF-1 and VEGF
are the representative angiogenic factors for neo-vasculariza-
tion (46), and CCLS5 is the main player in the role of MSCs
in breast cancer metastasis, as mentioned above (18). TGFp
is known to promote tumor cell growth via its immunosup-
pressive role, which can induce a defective signaling cascade
in immune cells including T or NK cells and the genera-
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tion of myeloid suppressor cells or regulatory T cells (32).
Accordingly, we can predict that tumor-derived exosomes
are involved in angiogenesis and metastasis of tumor
cells, as well as the immune cell suppression that contri-
butes to tumor cell progression and malignancy.

Consistent with the results of a previous study demonstrating
the effect of a tumor-derived factor in the differentiation of
MSCs to myofibroblast-like cells (22), our study shows that
exosomes secreted from tumor cells are candidates for the
differentiation process possibly through activation of TGFf
receptor-mediated signalng pathway. Because tumor-derived
exosomes are known to contain functional TGFf (30,31), we
considered a possibility for changes in expression of TGFf
receptors of ADSCs by exosomes. As expected, exosome
treatment resulted in increased expression of both TGFf and
TGFp receptors (Figs. 2 and 3). Although it is not yet clear
whether the increased expression of TGFf receptors was
due to the exosomal TGFp (31) or to the autocrine effect of
TGFp generated in the ADSCs by the exosome treatment,
as in Fig. 3, the results of our study show that expression of
the TGFp receptors was increased and that the subsequent
downstream SMAD2-mediated signaling pathway was acti-
vated in the ADSCs by exosomes from two different breast
cancer cell lines (Fig. 4). All of the results obtained in this
study clearly indicate that tumor-derived exosomes can
induce the myofibroblastic phenotype and functionality in
MSCs by activating the SMAD-mediated signaling pathway
as a principal mechanism, which implies the importance of
tumor-derived exosomes in interactions between tumor cells
and adjacent tissue-resident stem cells. Furthermore, we
assume that, although MSCs can be attracted to tumor sites
via tropism migration as mentioned above, their property of
promoting tumor cell metastasis might be acquired within
the tumor microenvironment by interaction with tumor-
derived molecules including exosomes.

As shown in Fig. 4, the exosomes from the two breast
cancer cell lines showed different effects in the activation of
intracellular signaling pathways; exosomes from MCF-7 cells,
but not MDA-MB-231 cells, activated the ERK-mediated
signaling pathway as well as the SMAD-mediated pathway.
This result implies that exosomes can stimulate other
signaling pathways in addition to the SMAD-mediated
pathway. We hypothesize that this effect is due to the unique
contents that each type of exosomes may differently harbor
since their originating cells, MCF-7 and MDA-MB-231, have
their own characteristics with respect to various biological
behaviors, including genetic and physiological aspects (47,48).
Accordingly, exosomes from different tumor cells may specifi-
cally exert their own biological effects in addition to common
effects according to their context.

Human diseases caused by tumors cannot be fully cured
without destruction of the tumor stroma, which may support
relapse of tumor cells if present (49). In this study, we identi-
fied a new potential role of tumor-derived exosomes in the
interaction of tumor cells with MSCs in the tumor micro-
environment, demonstrating that tumor-derived exosomes
may contribute to the progression and malignancy of tumor
cells by the biogenesis of tumor-associated myofibroblastic
cells from MSCs in tumor stroma. The results of this study
demonstrate for the first time the importance of tumor-
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derived exosomes in the generation of tumor stroma, providing
a foundation for new target discovery focusing on blockade or
inhibition of molecules or activities related to tumor-derived
exosomes, such as exosome biogenesis, secretion, or uptake, as
a novel promising approach for cancer therapy.
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