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Abstract: Mesenchymal stem cells (MSCs), which are capable of differentiating into multiple cell types, are reported 
to exert multiple effects on tumor development. However, the relationship between MSCs and nasopharyngeal 
carcinoma (NPC) cells remains unclear. Exosomes are small membrane vesicles that can be released by several 
cell types, including MSCs. Exosomes, which can carry membrane and cytoplasmic constituents, have been de-
scribed as participants in a novel mechanism of cell-to-cell communication. In the present study, we investigated 
the mechanisms underlying the interaction between MSCs and NPC cells. The data showed that MSCs secreted 40-
100 nm heterogeneous small vesicles, which were defined as exosomes. Incubation of NPC cells with MSC-derived 
exosomes resulted in the uptake of exosomes by the cells, which promoted their proliferation, migration and tu-
morigenesis. After an extended treatment duration, the tumor cells showed morphological changes and significant 
changes in the expression of epithelial-mesenchymal transition (EMT) markers. Moreover, we found that FGF19 was 
highly expressed in MSC-exosomes and that exosomes stimulated NPC progression by activating the FGF19-FGFR4-
dependent ERK signaling cascade and by modulating the EMT. All of these data indicated that exosomes participate 
in a novel mechanism by which MSCs influence NPC progression.

Keywords: Mesenchymal stem cells (MSCs), nasopharyngeal carcinoma (NPC), exosomes, metastasis, epithelial-
mesenchymal transition (EMT), FGF19/FGFR4 signaling

Introduction

The tumor-associated microenvironment is 
composed of tumor-promoting and tumor-sup-
pressing cells, soluble molecules and extracel-
lular matrix components, which constitute the 
tumor stroma [1]. These factors provide pro-
malignant signals to cancer cells, which not 
only support tumor growth but also facilitate 
the metastatic dissemination of the tumor to 
distant organs [2]. Many studies have focused 
on the inhibition of tumor-stroma crosstalk to 
develop new therapeutic approaches. Recently, 
mesenchymal stem cells (MSCs) have garnered 
much attention, as they are important compo-
nents of tumor stromal cells.

MSCs are multipotent cells that can differenti-
ate into osteoblasts, chondrocytes, adipocytes 
or myoblasts under the appropriate conditions 
[3]. Several studies have shown that MSCs can 
home to primary or metastatic tumor sites and 
can contribute to the formation of the tumor 

microenvironment [4, 5]. However, the impact 
of MSCs on tumor progression is still unclear. 
Some studies have shown that MSCs can sup-
port tumor development, whereas other studies 
have shown that MSCs suppress tumor growth 
[6]. Many scientists have focused on the mech-
anism by which MSCs affect tumor progression. 
Previous studies have shown that MSCs might 
promote cancer development via the epithelial-
mesenchymal transition (EMT), which is charac-
terized as a transition in which cells convert 
from an epithelial phenotype to a mesenchymal 
phenotype. The EMT is a critical process during 
malignant tumor metastasis [7, 8].

As paracrine effectors of MSCs, exosomes have 
become a research focus in recent years. 
Exosomes are small nanometer-sized mem-
brane vesicles that can be released by a variety 
of cell types, they can carry membrane and 
cytoplasmic components of their original cells 
and can mediate interactions with target cells 
[9]. Many studies have reported that exosomes 
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might function during the interaction between 
MSCs and tumor cells [10]. Tao Du et al. found 
that exosomes derived from MSCs can modu-
late the tumor microenvironment and promote 
human renal cancer cell growth and aggres-
siveness [11, 12]. However, whether MSC-
derived exosomes impact nasopharyngeal car-
cinoma (NPC) progression and the mechanisms 
underlying such an effect remain incompletely 
understood.

The fibroblast growth factor (FGF) family is com-
posed of 22 structurally related polypeptides 
that have different biological functions [13]. 
Most FGFs bind to and activate cell surface  
FGF receptors to mediate certain biological  
processes, including cellular functions such  
as cell growth, differentiation, migration and 
angiogenesis [14]. Among the FGF family, FGF- 
19 can be secreted into serum and act in an 
endocrine fashion [15]. Under normal physio-
logical conditions, FGF19 can regulate diverse 
physiological processes, such as energy meta- 
bolism and bile acid homeostasis [16]. How- 
ever, under disease conditions, the expression 
of FGF19 may be associated with poor out-
comes of breast cancer, prostate cancer and 
hepatocellular carcinoma and may serve as  
a therapeutic target in these cancers [10, 17, 
18]. The activity of FGF19 is modulated by the 
binding and activation of FGFR4; this FGF19-
FGFR4 interaction has been proposed to play a 
role in carcinogenesis. These proteins have 
been found to be coexpressed in hepatocellu-
lar carcinomas, lung squamous cell carcinomas 
and colon adenocarcinomas [14].

In the present study, we sought to identify the 
association of MSC-exosomes with NPC cells. 
Exosomes released by MSCs might influence 
the progression of NPC, especially in terms of 
the ability of NPC cells to proliferate, migrate 
and invade. In addition, we identified the role of 
FGF19 in the MSC-exosome-mediated signal-
ing network. This study aimed to investigate  
the impact of MSC-exosomes on NPC de- 
velopment. All of the data implied a novel 
mechanism by which MSCs influence NPC 
progression.

Materials and methods

Cell culture

The nasopharyngeal carcinoma cell lines CNE1, 
CNE2, 5-8F, 6-10B were generously gifted by 

Sun Yat-sen University Cancer Center and 
Xiangya Hospital of Central South University. 
Cells were cultured in RPMI 1640 medium 
(Gibco BRL, Grand Island, NY) supplemented 
with 10% fetal bovine serum (FBS) (Gibco) at 
37°C in 5% CO2. The immortalized normal  
nasopharyngeal epithelial cell line NP69 was 
cultured in Keratinocyte-SFM supplemented 
with epidermal growth factor (EGF) (Invitrogen, 
Carlsbad, USA). Human bone marrow MSCs 
were obtained from three healthy donors and 
cultured in complete DMEM (Gibco) as pre- 
viously described [19]. All donors provided  
consent to participate in the study, which  
was approved by the Ethics Committee of the 
Affiliated Hospital of Nantong University.

Immunofluorescence microscopy

MSCs were seeded onto a 24-well plate and 
fixed with 4% paraformaldehyde. After three 
rinses in PBS, the MSCs were blocked with  
1% normal donkey serum and incubated in  
a primary anti-vimentin antibody (1:500, Ab- 
cam) overnight. Then, the cells were incubat- 
ed in AlexFluor-conjugated secondary antibod-
ies (Invitrogen Life Technologies, 1:1000). The 
nuclei were stained with Hoechst and observed 
under a fluorescence microscope.

Preparation of exosomes from MSCs

After MSCs were cultured to approximately 50% 
confluence, 4 ml of fresh medium was added. 
After 48 h, the supernatant was centrifuged at 
300 g for 5 minutes, 3000 g for 20 minutes 
and 6000 g for 1 hour to remove cell debris. 
The cell-free supernatant was ultracentrifuged 
at 100,000 g in a 90-Ti swing rotor (Opti- 
ma L-100XP ultracentrifuge; Beckman Coulter, 
Fullerton, CA) for 1 h at 4°C, and the result- 
ing pellet was ultracentrifuged a second time. 
The protein concentration in the exosomes  
was estimated using a BCA protein assay kit 
(PIERCE, Rockford, IL, USA). The pellets were 
stored at -80°C.

Transmission electron microscopy

Exosomes were fixed with 2.5% glutaraldehyde 
in PBS, washed, and ultracentrifuged. Then, 
the exosomes were suspended in 100 µl of 
PBS, and one drop was loaded on a formvar/
carbon-coated grid. After staining with 3% 
aqueous phospho-tungstic acid for 1 minute, 
the exosomes were observed via transmission 
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electron microscopy (TEM; JEM-1230, JEOL, 
Tokyo, Japan).

Cellular uptake of MSC-exosomes

Cellular uptake of MSC-exosomes was investi-
gated using the PKH-67 labeling kit [20]. 
Exosomes were resuspended in 500 µl of FBS 
and mixed with 500 µl of PHK67 dye diluted in 
diluent C (1:1 v/v) for 5 min. This mixture was 
diluted with 8 ml of RPMI 1640 medium and 
centrifuged at 100,000 g to pellet the PKH-67 
labeled exosomes. CNE2 cells that had been 
cultured to 50% confluency were incubated in 
the PKH67-labeled exosomes for 3 h. After 
incubation, the CNE2 cells were fixed in 4% 
paraformaldehyde for 40 min at room tempera-
ture. The cell nuclei were stained with Hoe- 
chst. Cellular uptake of MSC-exosomes was 
observed under a TCS SP-5 confocal micro-
scope (Leica Microsystems, Wetzlar, Germany).

Western blotting

Harvested cells and exosomes were used for 
immunoblot analysis. The analysis was per-
formed according to previous studies [21]. The 
primary antibodies used were as follows:  
anti-CD9, anti-CD63 (1:500, Sangon Biotech, 
Shanghai), anti-E-cadherin, anti-N-cadherin, 
anti-vimentin (1:5000, Abcam), anti-FGF19, 
anti-p-ERK (1:500, Santa Cruz Biotechnology), 
and anti-p-FGFR4 (1:500, Abcam). β-actin or 
Flotillin-1 was examined as a loading control.

Transient transfection with siRNAs

We obtained small interfering RNA (siRNA) tar-
geting FGFR4 and silencer negative control 
siRNA (snc-RNA) from Biomics Biotechnologies 
Co., Ltd. (Nantong, China). CNE2 cells were  
plated on a 6-well plate or a 96-well plate  
overnight and cultured to 30-50% confluence. 
The siRNAs were transfected into CNE2 cells  
in vitro using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA) according to the manufacturer’s 
instructions. 

Transwell migration and invasion assay

Transwell chambers obtained from Millipore 
were used for the migration assay. The lower 
chambers were filled with complete RPMI 1640 
medium mixed with exosomes extracted from 
MSCs or with recombinant FGF19 (Sangon 
Biotech, Shanghai). RPMI 1640 medium with-

out exosomes were used as controls. The cells 
(5×104) were added to the upper chamber. 
After incubation for 16 h at 37°C, the medium 
was removed. The reverse side of the upper 
chamber was fixed in 100% methanol for 30 
minutes and stained with crystal violet, fol-
lowed by visualization of the migratory cells 
under a microscope. For the invasion assay, the 
cells were seeded on a transwell chamber coat-
ed with Matrigel (BD Matrigel) for 3 h.

Cell proliferation assay

Cell viability was analyzed using cell counting 
kit-8 (CCK-8 Kit, Beyotime Institute of Bio- 
technology). Cells were seeded at a density of 
1×104 cells per well and cultured overnight. 
Then, the medium was replaced with 100 µl of 
RPMI 1640 medium containing MSC-exosomes 
or different concentrations of recombinant 
FGF19 (10, 25, 50, 100, or 200 ng/ml). At vari-
ous time points, 10 µl of CCK-8 was added to 
each well and incubated for 1.5 hours. Then, 
the absorbance of each well was measured at 
450 nm using a microplate reader. The untreat-
ed cells were used as controls.

CNE2 cells transfected with FGFR4 or control 
siRNA were seeded on 96-well plates. Then, 
the cells were incubated in FGF19 or MSC-
exosomes at the indicated concentration. At 
the specified time points, the cell proliferation 
rate was measured.

Animal studies

Four-week-old female NOD/SCID mice (Labo- 
ratory Animal Center of Nantong University, 
Nantong, China) were housed under specific-
pathogen-free conditions. The mice were sub-
cutaneously inoculated with 1×106 CNE2 cells. 
After three days, the mice were randomly divid-
ed into two groups, which were intratumorally 
injected with 100 µl of either MSC-exosomes or 
PBS every three days. The size of each tumor 
was estimated every four days by measuring 
the longest and shortest tumor diameters. 
Macroscopic tumor formation was examined  
at day 20. The animal studies were approved  
by the Animal Ethics Committee of Nantong 
University, China.

Immunohistochemistry

Tumor specimens were obtained from tumor-
carrying NOD/SCID mice. Then, the specimens 
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were fixed in 4% buffered-for-
malin solution and embed-
ded in paraffin. Immuno- 
histochemistry was perform- 
ed on tissue sections us- 
ing anti-E-cadherin (Abcam 
1:500), anti-vimentin (Abcam 
1:250) and anti-N-cadherin 
antibodies (Abcam 1:500) 
according to previous studies 
[21].

Statistical analysis

All experiments were inde-
pendently repeated 3 times, 
and all data are reported as 
the means ± standard devia-
tion (SD). Statistical analy- 
sis was performed using 
SPSS17.0 software. Signifi-
cant differences between 
data means were determined 
using 2-tailed Student’s t 
tests as appropriate. A p 
value less than 0.05 was  
considered statistically sig- 
nificant.

Results

NPC cells took up MSC-
derived exosomes

Human bone marrow MSCs 
exhibited a characteristic 
morphology of spindle fibro-
blast-like cells (Figure 1A). 
They positively expressed 
vimentin (Figure 1B), which  
is characteristic of MSCs. 
CD9 and CD63, which were 
commonly used as surface 
markers for exosomes, were 
detected in exosome prepa-
rations obtained from MSC-
conditioned medium but were 
absent from the control RPMI 
1640 medium (Figure 1C). 
Via transmission electron 
microscopy, we found that 
the isolated exosomes were 
heterogeneous small vesicles 
ranging from 40 to 100 nm in 
size (Figure 1D).

Figure 1. NPC cells took up MSC-exosomes. A. The cell morphology of human 
bone marrow-derived MSCs was observed under a light microscope. B. The 
expression of vimentin in MSCs was evaluated using immunofluorescence 
microscopy. C. Western blotting analysis of CD9 and CD63 expression in 
lysates from purified MSC-exosomes. D. Exosomes were observed under a 
transmission electron microscope; some of the exosomes are indicated by ar-
rows. Left: scale bar = 500 nm; right: scale bar = 200 nm. E. CNE2 cells were 
incubated for 3 h in MSC-exosomes that were labeled with PKH67 (green). 
The three images at a low magnification presented in the upper portion show 
CNE2 cells incubated in exosomes. The images in the lower portion show a 
high magnification.
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To confirm that MSC-exosomes could transfer 
to tumor cells, we assessed the uptake of  
exosomes by NPC cell line CNE2. Most CNE2 
cells exhibited intracellular fluorescence after 
incubation in MSC-exosomes, and PKH-67-
labeled exosomes were localized in the cyto-
plasm (Figure 1E). This result indicated that 
exosomes could be taken up by NPC cells 

through the plasma membrane due to treat-
ment of NPC cells with exosomes.

MSC-exosomes enhanced the growth and mi-
gration of NPC cells in vitro

Studies have reported that MSCs can migrate 
to injury and tumor sites to incorporate into the 

Figure 2. MSC-exosomes en-
hanced the growth and migra-
tion of NPC cells in vitro. A. NPC 
cells (1×104) were incubated 
in the presence or absence of 
exosomes for 12 h, 24 h, 36 
h or 48 h. The cell prolifera-
tion rates were determined via 
the CCK8 assay. B. Serum-free 
cells (5×104) were added to 
the upper chamber, and con-
ditioned media with or without 
MSC-exosomes were added to 
the lower chamber for a tran-
swell migration assay. After 16 
h, the cells that had migrated 
to the bottom of the membrane 
were stained with crystal violet. 
Representative images were 
captured at the same magni-
fication. C. Absolute quanti-
fication of the cells that had 
migrated through the transwell 
membrane. The data shown are 
representative of at least three 
independent experiments. The 
data were analyzed using Stu-
dent’s t-test. *p<0.05.
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stroma, where MSCs functionally interact with 
tumor cells. As paracrine effectors of MSCs, 
the activities of exosomes on NPC cells are still 
unclear. As shown in Figure 2A, the addition of 
MSC-exosomes accelerated the proliferation 
rate of CNE2, 5-8F and 6-10B cells. However, 
the proliferation rate of CNE1 cells was not sig-
nificantly increased by treatment with MSC-
exosomes. Moreover, we observed the involve-
ment of MSC-exosomes in NPC cell migration 
(Figure 2B, 2C). There was no apparent differ-
ence in the migration of 6-10B cells, as this cell 
line exhibits nonmetastatic properties.

MSC-exosomes promoted CNE2 cell metasta-
sis by stimulating the EMT

We observed effects of MSC-exosomes on NPC 
cells, but how MSC-exosomes exerted their 
effects remained unclear. Therefore, we chose 
CNE2 cells for further studies, as this NPC cell 
line was non-keratinizing, consistent with the 
main pathologic subtype of NPC. The occur-
rence of the EMT, a key step in the process of 

tumor metastasis, may be associated with  
poor clinical outcome in cancer patients [22]. 
We explored whether MSC-exosomes-treated 
tumor cells were more likely to migrate due to 
undergoing EMT. Over time, CNE2 cells show- 
ed morphological changes, including an elon-
gated morphology, and this change was consis-
tent with the features of the EMT (Figure 3A). 
Moreover, after an extended exposure dura-
tion, significant changes in the expression of 
EMT markers in CNE2 cells were observed. We 
found that both N-cadherin and vimentin were 
upregulated but that E-cadherin was downregu-
lated in a time-dependent manner (Figure 3B, 
3C). All of these results suggested that the 
treatment of tumor cells with MSC-exosomes 
might induce the EMT.

MSC-exosomes promoted NPC tumor growth 
in vivo

To confirm the effects of MSC-exosomes on 
NPC tumorigenicity, we conducted xenotrans-
plantation experiments in nude mice. CNE2 

Figure 3. MSC-exosomes promoted the me-
tastasis of CNE2 cells by stimulating the EMT. 
A. Representative images of the morphology 
of CNE2 cells after treatment with MSC-exo-
somes for 0 h, 12 h, 24 h or 36 h. B. West-
ern blot analysis was used to investigate the 
changes in the expression of EMT markers in 
CNE2 cells after treatment with exosomes. 
C. The bar graph demonstrates the expres-
sion ratio of the target protein to β-actin 
based on densitometry. The data shown were 
representative of at least three independent 
experiments. The data were analyzed using 
Student’s t-test. *p<0.05.
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cells were subcutaneously injected into the 
mice, and MSC-exosomes were then intratu-

morally injected every three days. As expected, 
the MSC-exosomes boosted tumor formation 

Figure 4. MSC-exosomes promoted NPC tumor growth in vivo. A. The evaluation of tumor incidence in mice treated 
with MSC-exosomes or with a control solution. B. The tumor volumes were assessed every four days. C. Nude mice 
were inoculated with CNE2 cells. The figure shows tumors obtained from the sacrificed mice at day 20 after subcuta-
neous injection of MSC-exosomes or a control solution every 3 days. D. Western blot analysis of E-cadherin, vimentin 
and N-cadherin expression in the MSC-exosomes-treated and PBS-treated xenograft tumors. E. Immunohistochemi-
cal analysis of E-cadherin, vimentin and N-cadherin expression in tumor sections. *p<0.05.
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Figure 5. Effects of FGF19-FGFR4 signaling on the proliferation, migration and invasiveness of CNE2 cells. A. NPC 
cells were treated with different concentrations of FGF19 for 48 h. The cell proliferation rates were determined via a 
CCK8 assay. B. A transwell migration assay was used to detect cell migration after the cells were incubated in 100 
ng/ml FGF19 for 16 h. C. Absolute quantification of the cells that had migrated through the transwell membrane. D. 
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and growth (Figure 4A, 4B). At day 20, the  
volume of the tumors treated with MSC-
exosomes appeared to be larger than control 
(Figure 4C). Moreover, we performed Western 
blot and immunohistochemistry analyses to 
detect the expression of EMT markers in the 
MSC-exosomes-treated and PBS-treated xeno-
graft tumors. Surprisingly, the expression of 
N-cadherin and vimentin was upregulated in 
tumor sections from exosomes-treated mice, 
and fewer E-cadherin-positive tumor cells were 
detected after treatment with the exosomes 
(Figure 4D, 4E). This result validated that MSC-
exosomes might induce the EMT in NPC cells.

Effects of FGF19-FGFR4 signaling on the pro-
liferation, migration and invasion of CNE2 cells

FGF19 has been found to be highly expressed 
in a subgroup of primary human tumors [17, 23, 
24]. In these tumors, FGF19 activated FGFR 
signaling and promoted cell growth, invasion, 
adhesion and colony formation. To explore the 
role of FGF19 in NPC, we first stimulated NPC 
cells with different concentrations of FGF19. 
The CCK8 assay results showed that recombi-
nant FGF19 significantly promoted cell growth 
in a dose-dependent manner (Figure 5A). We 
then evaluated the effect of FGF19 on cell 
migration. After treatment with 100 ng/mL 
FGF19, more cells migrated across the mem-
brane than after the control treatment (Figure 
5B, 5C). These data showed that FGF19 pro-
moted cell metastasis. As expected, no sig- 
nificant difference in the number of migrat- 
ing 6-10B cells was observed between treat- 
ments.

To explore the molecular mechanism by which 
FGF19 accelerates NPC progression, we used 
Western blots to determine the activation of 
FGFR4, which may be the downstream trans-
ducer of FGF19 signaling. As shown in Figure 
5D, a significant increase in the tyrosine phos-
phorylation of ERK and FGFR4 was observed 
after stimulation with FGF19 for 15 minutes. 

We then evaluated the levels of EMT markers  
in cells treated with FGF19 and found a sub-
stantial decrease in E-cadherin expression and 
an increase in N-cadherin and vimentin ex- 
pression in CNE2 cells (Figure 5E). The above 
results clearly indicated the involvement of 
FGF19 in modulating the EMT in NPC cells.

Disruption of the FGF signaling pathway sup-
pressed NPC progression

Studies have reported that FGF19 is a specific 
FGFR4 activator [14]. To confirm whether the 
FGF signaling pathway contributes to the de- 
velopment of NPC, we analyzed the effect of 
silencing FGFR4 on tumor progression after  
the activation of FGF19. CNE2 cells were trans-
fected with FGFR4 siRNA and treated with  
100 ng/ml FGF19. We found that the FGFR4-
silenced cells exhibited significantly reduced 
cell growth, cell migration and invasion (Figure 
5F, 5G). The results confirmed that the knock-
down of FGFR4 prevented FGF19-activated cell 
proliferation, migration and invasion. In conclu-
sion, the activation of FGF signaling could pro-
mote NPC progression.

Functional role of MSC-exosomes-mediated 
FGF19-FGFR4 signaling

FGF19 has been suggested to act locally in a 
paracrine or autocrine fashion, and as exo-
somes are paracrine effectors, we explored 
whether the effects of MSC-exosomes were 
associated with FGF signaling. Not surprisingly, 
we found a high expression level of FGF19 in 
MSC-exosomes based on Western blot (Figure 
6A). We then examined whether FGF19-FGFR4 
signaling played a role in the MSC-exosomes-
mediated enhancement of NPC cell survival 
and tumorigenesis. The results showed that 
FGFR4 siRNA-treated cells incubated with MSC- 
exosomes did not exhibit exosomes-induced 
cell growth, migration and invasion (Figure 
6B-F). Moreover, we found that ERK and FGFR4 
activation was decreased in association with 

CNE2 cells were stimulated with different concentrations of FGF19 for 15 minutes. Western blots were performed 
to evaluate the levels of phosphorylated ERK and FGFR4 in CNE2 cells. E. CNE2 cells were stimulated with different 
concentrations of FGF19 for 48 h. The Western blots showed the EMT marker levels in the cells. F. FGFR4 was stably 
knocked down using siRNA. A CCK8 assay showed the viability of the cells after transfection with FGFR4 siRNA and 
treatment with 100 ng/ml FGF19. G. The transwell assays showed cell migration and invasion after transfection 
with FGFR4 siRNA and treatment with 100 ng/ml of FGF19. Upper: representative images of cell migration. Lower: 
representative images of cell invasion. The data shown are representative of at least three independent experi-
ments. The data were analyzed using Student’s t-test. *p<0.05.
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Figure 6. Functional role of MSC-exosomes-mediated FGF19-FGFR4 signaling. A. A Western blot showed the expres-
sion of FGF19 in MSC-exosomes. Flotillin-1 was used as a loading control. B. The effect of FGFR4 siRNA transfection 
on MSC-exosomes-induced cell proliferation in CNE2 cells. C. A transwell assay showed the effect of FGFR4 siRNA 
transfection on MSC-exosomes-induced cell migration in CNE2 cells. D. Absolute quantification of the migrating 
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the knockdown of FGFR4. FGFR4 siRNA also 
reversed MSC-exosomes-induced ERK phos-
phorylation and EMT modulation (Figure 6G, 
6H).

Discussion

MSCs have recently gained much attention for 
their application to tumor therapy, as MSCs  
can mobilize from bone marrow or other tis-
sues to the tumor microenvironment [25, 26]. 
Although the effects of MSCs on tumor pro-
gression remain unclear, it is becoming clear 
that MSCs can home to tumor sites and that 
these cells play an indispensable role in tumor 
development. Many studies have shown that 
MSCs can either promote or inhibit tumor pro-
gression in different tumor models [6, 27-29]. 
However, the molecular mechanisms mediating 
this particular phenomenon remain to be thor-
oughly investigated. Studies have reported that 
secreting paracrine factors is a critical function 
of MSCs in the tumor microenvironment [30]. 
Karnoub et al. observed that MSCs integrated 
into the tumor-associated stroma and acted in 
a paracrine manner to promote breast cancer 
cell motility, invasion and metastasis [31]. In 
the present study, we aimed to explore the 
interaction between MSCs and NPC cells. We 
started by isolating BM-derived MSCs, which 
exhibited common MSC features based on the 
expression of their surface markers (Figure 1A, 
1B).

Exosomes have been described as novel medi-
ators of cell-to-cell communication. Exosomes 
can affect target recipient cells by inducing 
intracellular signaling or conferring new materi-
als from the donor cells [32]. The functions of 
exosomes include genetic material exchange, 
immune responses, angiogenesis, tumor meta- 
stasis and pathogen or oncogene distribution 
[33]. As paracrine effectors of MSCs, exosomes 
derived from MSCs might exert effects on tu- 
mor development. For example, exosomes from 
multiple myeloma (MM) patient BM-derived 
MSCs promoted MM tumor growth, and exo-
somes derived from MSCs might promote renal 

cancer cell growth and aggressiveness [12, 
34]. However, exosomes also showed anti-
tumor effects. Bruno S et al. found that exo-
somes from human MSCs inhibited growth and 
survival of different tumor cell types, and the 
same results were observed in SCID mouse 
models [35]. This discrepancy might be associ-
ated with the varying injection time of MSCs  
or exosomes, the different tumor types and  
in vivo tumor models examined, and the hetero-
geneity of MSCs [6]. Whether these isolated 
exosomes derived from MSCs impact NPC pro-
gression remains to be further determined.

In the present study, we isolated exosomes 
from MSC-conditioned medium using ultracen-
trifugation and identified the exosomes based 
on the expression of their surface markers and 
based on TEM (Figure 1C, 1D). We also found 
that exosomes could be taken up by CNE2 cells 
through the plasma membrane after co-incuba-
tion (Figure 1E). Further, we found that MSC-
exosomes might promote malignant cell prolif-
eration and migration (Figure 2). In vivo, the 
injection of CNE2 cells followed by isolated 
MSC-exosomes markedly promoted tumor for-
mation and tumor growth (Figure 4A-C). Our 
results were consistent with the previously 
reported studies of renal cancer and MM 
tumors.

EMT is a process that refers to the loss of  
epithelial characteristics and the gain of a mes-
enchymal phenotype. When cells undergo the 
EMT, they lose cell-cell contacts, exhibit de- 
creased expression of epithelial markers, and 
gain mesenchymal features such as enhanced 
motility and invasiveness [36, 37]. Zhu et al. 
found that treating tumor cells with human 
MSC-conditioned medium (hMSC-CM) induced 
the EMT, which supported tumor progression. 
The effective constituents in CM were demon-
strated to be exosomes derived from MSCs 
[38, 39]. In our study, after co-culturing CNE2 
cells with MSC-exosomes, the morphology of 
the CNE2 cells was altered (Figure 3A). We  
also found that this treatment might decrease 
the expression of the cell adhesion protein 

cells. E. A transwell assay showed the effect of FGFR4 siRNA transfection on MSC-exosomes-induced cell invasion 
in CNE2 cells. F. Absolute quantification of the invading cells. G. The levels of phosphorylated ERK and FGFR4 
were assessed by Western blot after the treatment of FGFR4-silenced cells with MSC-exosomes. H. Western blot 
was used to detect the effects of FGFR4 siRNA on MSC-exosomes-mediated EMT modulation. The data shown are 
representative of at least three independent experiments. The data were analyzed using Student’s t-test. *p<0.05.
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E-cadherin and increase the expression of 
N-cadherin and vimentin in CNE2 cells (Figure 
3B). These results were confirmed in nude 
mice. The expression of EMT markers in tumor 
sections was altered in exosome-treated mice 
(Figure 4D, 4E). All of these results suggested 
that the tumor cells showed a decrease in epi-
thelial characteristics and underwent the EMT.

FGF19, which belongs to the FGF family, plays 
important roles in cell proliferation, differentia-
tion and motility. In this study, we undertook 
experiments to investigate the relationship of 
FGF19 with NPC and found that the application 
of FGF19 promoted NPC cell proliferation and 
migration (Figure 5A-C).

Studies have suggested that FGF19 exclusively 
binds to FGFR4 [40]. Though FGF19-FGFR4 sig-
naling has been demonstrated to be involved in 
many tumor types, the mechanisms underlying 
this effect are still under study. In colorectal 
cancer, inhibition of FGF19 decreased the TAF-
induced phosphorylation of FGFR4; this finding 
suggested that FGF19 plays a role in FGFR4/
Wnt activation [41]. In prostate cancer, FGF19 
was highly expressed in PCa, and FGF19 signal-
ing activated ERK and p38 MAPK [17]. In our 
studies, we found that with increasing concen-
trations of FGF19, ERK and FGFR4 signaling 
was activated, and the tumor cells underwent 
the EMT (Figure 5D, 5E).

Roidl A et al. found that an anti-FGFR4 anti- 
body (10F10) alleviated the FGF19-mediated 
stimulation of the phospho-ERK levels in breast 
cancer cells [42]. In our study, we found that 
knockdown of FGFR4 expression inhibited the 
FGF19-mediated stimulation of cell prolifera-
tion, migration and invasion (Figure 5F, 5G). 
This result might be due to the inhibition of  
the interaction between FGF19 and FGFR4. All 
of these results further validated the effects of 
the FGF19-FGFR4 pathway.

To investigate the mechanisms by which exo-
somes affect NPC progression, we undertook 
further studies. Surprisingly, we found that 
FGF19 was highly expressed in exosomes de- 
rived from MSCs (Figure 6A). To confirm wheth-
er the impact of exosomes on NPC was associ-
ated with FGF19-FGFR4 signaling, we knock- 
ed down the expression of FGFR4 in CNE2 
cells, and this treatment inhibited cell prolife- 
ration, migration and invasion (Figure 6B-F). 

Moreover, MSC-exosomes-activated FGF19-
dependent ERK phosphorylation and EMT 
induction in NPC cells were neutralized.

In conclusion, we demonstrated that MSC-
exosomes accelerate NPC progression in terms 
of cell proliferation, migration and tumorigene-
sis through the FGF19-mediated activation of 
the FGFR4 signaling cascade. Our results sup-
port a relationship between MSCs and NPC 
cells and provide a new understanding of the 
contribution of MSCs to tumor development.
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