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A B S T R A C T

Recent antitumor drug development has included investigation of a wide variety of anti-angiogenesis therapies.
Because cancer cells in tumors require new blood vessels to grow and spread, they stimulate capillary pro-
liferation from existing vessels as well as new vessel formation from endothelial precursor cells. Our previous
findings suggested that drug resistance in mouse endothelial cells supported tumor growth, but the relationship
between endothelial cells (ECs) and nasopharyngeal carcinoma (NPC) cells remained unclear. Exosomes are
small membrane vesicles that are released by several cell types, including human microvascular ECs (HMECs).
Exosomes carrying membrane and cytoplasmic constituents have been described as participants in a novel
mechanism of cell-to-cell communication. In the present study, we investigated the mechanisms underlying the
interactions between HMECs and NPC cells. We found that drug-resistant HMECs secreted small heterogeneous
40–100 nm vesicles, defined as exosomes. Co-incubation of NPC cells with doxorubicin-resistant (R-DOX) HMEC-
derived exosomes resulted in promotion of their proliferation, migration, and chemoresistance, as well as
changes in the expression of epithelial–mesenchymal transition (EMT) markers. These effects were significantly
inhibited by treatment with GW4869 (an exosome inhibitor). We also found that GW4869 inhibited the sti-
mulation of drug-resistant HMECs on NPC progression by modulating EMT in vivo. These data suggest that
exosomes participate in a novel mechanism by which drug-resistant ECs enhance NPC progression.

1. Introduction

Nasopharyngeal cancer (NPC) is characterized by an extremely
skewed geographical distribution [1]. Over 80% of cases worldwide
occur in Asia. Of this total, in 2012, China comprised the largest per-
centage (38%), followed by Indonesia (15%), Vietnam (6%), and India
(4%). NPC is comparatively rare in North America and Europe. In 2014,
NPC affected 7.9 per 100,000 population in Hong Kong, compared
with< 1.0 per 100,000 population in North America and Europe [2].

Despite advances in diagnostic and therapeutic modalities, NPC
remains a highly malignant and lethal disease. The complications of
NPC are compounded by the anatomical proximity of physiological
structures. The therapy of choice has been radiotherapy. Chemotherapy
is used in patients that have advanced loco-regional disease, although a

standard chemotherapeutic regimen for NPC has not as yet been es-
tablished [3]. Drug treatment has been shown to improve overall sur-
vival [4]. Surgery is reserved for palliation of recurrent disease.

Resistance to chemotherapeutic agents is a recurring theme
throughout tumor biology. Efforts to design agents to overcome che-
moresistance (or conversely to enhance chemosensitivity) are ongoing,
and this is true for NPC [3,5].

In recent years, exosomes have become an area of interest in on-
cology for various types of cancer, including NPC [6]. Exosomes have
been associated with the development of chemoresistance in a variety
of cancers [7–11]. Exosomes derived from vascular epithelial cells have
been implicated in the conferral of chemoresistance and metastatic
potential; however, the role of exosomes derived from vascular en-
dothelial cells in progression and chemoresistance in NPC remains
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unknown. Therefore, we investigated the relationship between human
microvascular endothelial cells (HMECs) and NPC, as well as the
question as to whether exosomes derived from HMECs may play a role
in progression and metastasis in NPC.

2. Results

2.1. Establishment of drug-resistant HMECs and characterization of
exosomes

First, we tested whether drug-resistant HMECs expressed chemore-
sistance markers. The genes encoding TrPC5, MRP1, and P-gp were
associated with drug resistance. We therefore measured the mRNA and
protein levels of TrPC5, MRP1, and P-gp in both drug-resistant and non-
drug-resistant HMECs. We found that TrPC5, MRP1, and P-gp were
significantly more highly expressed in drug-resistant HMECs than in
non-drug-resistant cells (Fig. 1A, B). Next, we used transmission elec-
tron microscopy of ultracentrifugation products to evaluate the levels of
exosome production by each cell type and the size distribution of the
isolated particles was measured by nanoparticle tracking analysis
(NTA). We found that an equal number of drug-resistant HMECs pro-
duced substantially greater numbers of exosomes per field than control

cells, that were of the appropriate size (40–100 nm) (Fig. 1C). NTA
indicated that doxorubicin-non-resistant exosomes (N-DOX Exo) and
doxorubicin-resistant exosomes (R-DOX Exo) were predominantly
~100 nm in size, and the concentrations of the 100 nm particles were
calculated to be 1.2×107 particles/ml and 2.3×107 particles/ml,
respectively (Fig. 1D). We then measured the levels of exosome markers
Hsp90 [12] and CD63 in HMEC-derived exosomes from naïve drug-
resistant and non-drug-resistant cells. We found that both Hsp90 and
CD63 expression was substantially greater in drug-resistant-derived
exosomes than in non-drug-resistant-derived exosomes (Fig. 1E). These
data suggested that we had successfully established drug-resistant
HMECs and that these cells produced substantial amounts of exosomes.

2.2. Drug-resistant HMECs promoted the expression of oncogenic
phenotypes in NPC cells

We next determined whether exposure of NPC cells to drug-resistant
HMECs would affect the expression of oncogenic phenotypes in NPC
cells. Using a CCK-8 assay, we found that exposure to drug-resistant
HMECs for 24, 48, 72, and 96 h increased cell viability in both NPC
lines (5-8F and HONE1); non-resistant HMECs and control cells showed
no significant effect (Fig. 2A, B). We next examined the effect of HMEC

Fig. 1. Establishment of drug-resistant HMECs and
characterization of the derived exosomes. (A,B) Real
time PCR and western blot analysis of TrPC5, MRP1,
and P-gp levels in drug-resistant HMECs (R-DOX)
and non-resistant cell lines (N-DOX). The data used
to determine the ratio were obtained from three re-
peated blots. ⁎: P < .05, ⁎⁎: P < .01 in comparison
with the controls. (C,D) Transmission electron mi-
croscopy and NTA of exosomes derived from drug-
resistant and non-resistant HMECs indicated that
more exosomes were secreted from drug-resistant
endothelial cells. The scale bars indicate 200 nm, and
the arrows indicate typical exosomes. (E) Exosomal
positive markers Hsp90 and CD63 were detected in
naive, R-DOX HMEC-derived, and N-DOX HMEC-
derived exosomes by western blotting, whereas the
negative marker calreticulin was not detected.
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exposure on the cell migration and invasion properties of NPC cells.
Using Transwell assays, we found that both the migration and invasion
capabilities of NPC cell lines were significantly greater after exposure to
drug-resistant HMECs than to non-drug-resistant HMECs (Fig. 2C–F).

We next examined whether exposure to resistant HMECs conferred
doxorubicin resistance to NPC cell lines. We found that exposure to
drug-resistant HMECs significantly increased the 50% lethal dose
(LD50) of doxorubicin in both 5-8F and HONE1 cells (Fig. 2G, H).

To examine the effects of exposure to drug-resistant HMECs on NPC
cell cycle distribution and apoptosis rates, we incubated 5-8F and
HONE1 cells with or without resistant and non-resistant HMECs for
48 h. We found that the numbers of apoptotic cells were significantly
greater in NPCs treated with the non-resistant HMECs. Taken together,
these data suggest that co-culture with drug-resistant HMECs promoted
the expression of oncogenic phenotypes in NPC cells.

2.3. Drug-resistant HMECs acted on NPC cells by delivering exosomes

GW4869 is an inhibitor that can block exosome secretion. First, we
determined whether GW4869 could successfully block exosome secre-
tion in drug-resistant HMECs. Vesicles were found to be predominantly
~100 nm in size, and the concentrations of 100-nm vesicles were found
to be 2.2×107 particles/ml and 1.0×107 particles/ml from resistant
(R)-HMECs and R-HMECs+GW4869, respectively, as determined by
NTA (Fig. 3A). Furthermore, GW4869 significantly inhibited the ex-
pression of exosome markers HSP90 and CD63, as determined by
western blot analysis (Fig. 3B). Next, we explored the role of R-DOX
HMEC-derived exosomes in the oncogenic effects of NPC cells. We
performed Transwell migration and invasion assays and found that
exosome inhibitor GW4869 significantly inhibited the migration and
invasion of 5-8F and HONE1 cells that had been exposed to R-DOX
HMEC-derived exosomes (Fig. 3C–H). We then measured the effects of
doxorubicin on the cell cycle distributions and apoptosis rates of NPC
cells that had been treated with exosomes derived from drug-resistant
HMECs, treated with or without GW4869, for 48 h. We found that
GW4869 exposure led to substantially fewer NPC cells in S-phase and
substantially greater numbers of NPC cells undergoing apoptosis
(Fig. 3I). These results demonstrated that R-DOX HMEC-derived exo-
somes suppress G2/M arrest in both 5-8F and HONE1 cells to confer
drug resistance to other cancer cells.

2.4. Nasopharyngeal carcinoma (NPC) cells underwent
epithelial–mesenchymal transition (EMT) mediated by exosomes released
from HMECs

We next looked at the effect of R-DOX HMEC-derived exosomes on
the expression of EMT markers in NPC cells. We incubated NPC cells
with exosomes from drug-resistant or non-drug-resistant HMECs treated
with or without GW4869 and performed immunofluorescence staining
for E-cadherin (an epithelial marker) and vimentin (a mesenchymal
marker). We found that R-DOX HMEC-derived exosomes substantially
decreased staining for E-cadherin and increased staining for vimentin.
Both effects were substantially blunted by pre-treatment with GW4869
(Fig. 4A, B).

We confirmed these results using western blotting. Exposure to R-
DOX HMEC-derived exosomes substantially decreased protein expres-
sion of E-cadherin and increased expression of vimentin by NPC cells in

a manner that was blunted by GW4869 (Fig. 4C–F). Using western
blotting, we found that expression levels of chemoresistance markers
MRP1 and P-gp were greater in NPC cells exposed to R-DOX HMEC-
derived exosomes than in control cells and that this effect was blunted
by GW4869 (Fig. 4C–F). Taken together, these data suggest that co-
incubation with R-DOX HMEC-derived exosomes promoted EMT in NPC
cells.

2.5. Drug-resistant HMECs promoted NPC xenograft growth in nude mice
via exosomes

Finally, we examined the effects of drug-resistant HMECs on NPC
tumor activity using a nude mouse xenograft model. We inoculated
nude mice with 5-8F cells with or without drug-resistant HMECs. The
mice were treated with or without doxorubicin and/or GW4869 for
27 days. We then measured tumor weights and volumes and performed
histochemistry. We found that co-injection of drug-resistant HMECs was
associated with significantly greater tumor weights and volumes.
Doxorubicin injections diminished this effect and co-injection with
GW4869 had an even greater effect on diminishing tumor growth
(Fig. 5A–C).

We also employed the nude mouse model to examine the effects of
drug-resistant HMECs on NPC lung metastasis using a live imaging
analysis. Co-injection of drug-resistant HMECs greatly enhanced the
extent of lung metastasis. Treatment with doxorubicin blunted this ef-
fect, and the combination of doxorubicin and GW4869 reduced me-
tastases to control levels (Fig. 5D, E).

From mice in the tumor-growth model (Fig. 5A–C), we subjected
tumors to immunohistochemical and TUNEL staining. We found that
mice co-injected with drug-resistant HMECs had significantly greater
expression levels of chemoresistance marker MRP1, mesenchymal
marker vimentin, proliferation marker Ki67, and apoptosis marker
TUNEL staining. Doxorubicin treatment significantly inhibited the ef-
fect of drug-resistant HMECs and the addition of GW4869 returned
these expression levels to baseline (Fig. 5F, G). Taken together, these
data suggest that drug-resistant HMECs promote tumor growth and
drug resistance in vivo via an exosome-mediated pathway.

3. Discussion

All cancers are characterized, at least in part, by uncontrolled
growth and division of cancer cells. Indeed, early cancer research ef-
forts and therapeutics focused on the mechanisms of the cell cycle,
particularly cell division, and ways to disrupt this [13]. However, in
recent years, additional features have revealed themselves as im-
portant, and sometimes essential, for cancer cell proliferation and me-
tastasis. These features include, for carcinomas, the process of EMT. For
solid tumors, angiogenesis has become increasingly recognized as an
important feature. Finally, resistance to therapeutic modalities, parti-
cularly chemoresistance, has become an area of intense research.

In the present study, we explored a mechanism that involves all of
these phenomena, uncontrolled proliferation and metastatic behavior,
EMT, and chemoresistance. The common mediator of these actions
appears to be exosomes that are released by vascular endothelial cells.

Exosomes are membrane-bound vesicles with nanometer dimen-
sions. They are released from the plasma membrane of numerous cell
types. Their membranes carry a variety of donor cell proteins, and their

Fig. 2. Drug-resistant HMECs enhance the oncogenic phenotype of NPC cells. 5-8F (A) and HONE1 (B) cells in serum-free media were incubated with the indicated
amounts of drug-resistant and non-resistant HMECs for 24, 48, 72, and 96 h, and cell viability was measured using a CCK-8 assay. (C&D) Cell migration and invasion
properties as determined by a Transwell assay and crystal violet staining. (E&F) Statistical results for (C&D). Inhibitory concentration to produce 50% cell death of 5-
8F (G) and HONE1 (H) cells incubated with drug-resistant HMECs was higher than that of NPCs with non-resistant HMECs. (I) Effects of DOX on 5-8F and HONE1 cell
cycle distribution and the apoptosis rate. Cells were incubated with or without drug-resistant and non-resistant HMECs for 48 h. The data are presented as the
means± SEM of three independent experiments. ⁎ P < .05 ⁎⁎ P < .01. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)
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interiors have also been shown to carry various cytoplasmic contents.
Exosomes have been shown in many systems to mediate intercellular
communication, as appears to be the case in the model used in the
present study [14].

Our findings are in accordance with those of Shi and colleagues [6],
who studied the effects of exosomes generated by mesenchymal stem
cells on NPC cells. The authors found that incubation of NPC cells with
mesenchymal stem cells triggered EMT in the NPC cells, as well as
proliferation and migration.

Cancer cells themselves have been shown to transmit chemoresis-
tance from one cell to another via exosomes. Qin and coworkers [7]
showed that lung cancer cells transferred resistance to cisplatin to other
cancer cells via an exosome-mediated mechanism. The authors did not
determine the precise factors responsible for cisplatin resistance.

Ji and colleagues [8] showed that exosomes derived from me-
senchymal stem cells substantially increased the chemoresistance of
gastric cancer cells both in vivo and in vitro. The mechanism of this
transfer may have involved the CaM-Ks/Raf/MEK/ERK pathway, be-
cause inhibition of this pathway partially restored chemosensitivity.

Wang and colleagues [9] identified two-way exosomal commu-
nication between bone marrow stromal stem cells (BMSCs) and mul-
tiple myeloma (MM) cells. Exosomal transfer from BMSCs to MM cells
enhanced proliferation and migration activities, as in the present study,
as well as conferring resistance to the proteasome inhibitor bortezomib.

Deng and coworkers [15] detailed a complex mechanism in which
lung cancer cells and myeloid-derived suppressor cells exchange exo-
somes that help confer a more aggressive phenotype to the cancer cells,
including augmentation of resistance to doxorubicin. The mechanism
appeared to involve exosomal transfer of microRNAs, that have been
found to participate in exosomal intercellular communication in other
systems, including regulation of inflammatory responses [16], com-
munication between keratinocytes and melanocytes [17], and as ve-
hicles for the delivery of therapies in stroke victims [18].

In the current study, we successfully established drug-resistant
HMECs and demonstrated that these cells produced substantial amounts
of exosomes of the expected size. HMECs conferred oncogenic pheno-
types (proliferation, invasion, EMT, and drug resistance) in NPC cell
lines and did so in an exosome-dependent manner. Finally, in a nude
mouse xenograft model, we showed that drug-resistant HMECs pro-
moted tumor growth, metastatic behavior, and drug resistance, also in
an exosome-dependent manner.

In summary, our data suggest that vascular endothelial cells may
promote the development of metastatic and drug-resistant behavior in
nasopharyngeal cancer cells in an exosome-dependent manner. These
findings add to the growing fund of knowledge regarding the targeting
of exosomes and their contents in cancer therapeutics.

4. Materials and methods

4.1. Cell culture

Drug-resistant HMECs were obtained as described in our previous
publication [19]. Briefly, HMECs were exposed to increasing doses of
doxorubicin (DOX) from 0.001 μg/ml to 0.24 μg/ml over 12 weeks, and
surviving cells were resistant to 0.24mg/l DOX treatment. Human na-
sopharyngeal carcinoma cell lines 5-8F (highly-metastatic subclone)
and HONE1 were purchased from the Shanghai Institute of Cell Biology,

Chinese Academy of Sciences (Shanghai, China). Cells were maintained
in Dulbecco's Modified Eagle's medium (DMEM, 11995065, Thermo
Fisher Scientific, Rockford, IL, USA) medium with 10% heat-inactivated
fetal bovine serum (FBS, 10099141; Invitrogen, Carlsbad, CA, USA)
without exosomes (FBS was centrifuged at 200,000×g for 18 h to de-
plete exosomes) in a humidified chamber with 5% CO2 at 37 °C.

4.2. RNA extraction and real time RT-PCR

Total RNA was extracted from exosomes and cells using Trizol re-
agent (Life Technologies, Carlsbad, CA, USA) and equal amounts of
RNA were used for real time RT-PCR analyses. The cDNAs were syn-
thesized using a reverse transcription kit according to the manufac-
turer's instructions (Vazyme, Nanjing, China). β-actin was used as an
internal control. The sequences of the specific primers used are shown
in Table 1.

4.3. Western blotting

Total protein was extracted from NPC cells using sample buffer
(62.5 mmol/l Tris-HCl, pH 6.8, 2% SDS, 10% glycerol and 5% 2-β-
mercaptoethanol) and protein concentrations were determined using
the Pierce BCA Protein Assay Kit (Thermo Fisher Scientific). Total
protein samples (30 μg) were separated using 9% polyacrylamide SDS
gels and were transferred to polyvinylidene fluoride membranes
(Millipore, Bedford, MA, USA). The membranes were incubated with
rabbit polyclonal anti-TrpC5 antibody (1:1000; Abcam, Cambridge, UK;
ab230216), anti-E-cadherin (1:500, Abcam, ab15148), rabbit mono-
clonal anti-MRP1 antibody (1:1000; Abcam, ab233383), anti-P-gp an-
tibody (1:2000; Abcam, ab170904), anti-vimentin (1:500; Abcam,
ab8978), anti-CD63 (1:1000, Santa Cruz Biotechnology, Santa Cruz,
CA, USA; sc-365604), or anti-HSP90 (1:1000, Santa Cruz
Biotechnology, sc-13119), followed by horseradish peroxidase-con-
jugated secondary antibody. An anti-β-actin antibody (1:1000; Sigma-
Aldrich, St Louis, MO, USA; A2228) was used as a loading control. The
protein bands were visualized with enhanced chemiluminescence (ECL)
reagents and quantified using ImageJ software.

4.4. Exosome isolation and NanoSight tracking analysis

Exosomes were isolated by centrifugation using the ExoQuick-TC EV
isolation kit (System Biosciences, Mountain View, CA, USA) according
to the manufacturer's protocol. Briefly, cell supernatants collected from
drug-resistant HMECs, non-resistant HMECs, and drug-resistant HMECs
+GW4869 cultures in exosome-free conditioned media were con-
centrated using a Centriprep Centrifugal Filter 3 K Device (Millipore
Corporation) and filtered through a 0.22-mm pore filter, followed by
incubation with ExoQuick-TC exosome precipitation solution at 4 °C
overnight. Exosomes were then harvested by centrifugation at 1500×g
for 30min and suspended in phosphate-buffered saline (PBS) or serum-
free medium. The concentration of exosomal proteins was measured
using a BCA protein assay kit (Thermo Fisher Scientific). Exosomes
isolated as described above were characterized for particle size dis-
tribution and quantified on a NanoSight LM10 device (Nanosight,
Amesbury, UK). The data were processed using Nanoparticle Tracking
Analysis (NTA) 2.2 analytical software.

Fig. 3. R-DOX HMECs-derived exosomes promote NPC cell oncogenic phenotypes via derived exosomes. The size distribution of the isolated particles measured by
NTA (A) and the detection of exosomal positive markers Hsp90 and CD63 in R-DOX HMEC-derived and N-DOX HMEC-derived exosomes by western blot analysis (B).
The migration and invasion properties of 5-8F (C) and HONE1 (D) cells as determined by a Transwell assay and crystal violet staining. (E&F) Statistical results for (C&
D). IC50 of 5-8F (G) and HONE1 (H) cells incubated with R-DOX HMEC-derived exosomes treated with or without GW4869 (the exosome inhibitor). (I) Effects of DOX
on the 5-8F and HONE1 cell cycle distribution and the apoptosis rate. The cells were incubated with or without GW4869-treated HMEC-derived exosomes for 48 h.
The data are presented as the means± SEM of three independent experiments. * P < .05. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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4.5. Transmission electron microscopy

The resulting exosome pellets were fixed in 2% paraformaldehyde
and adsorbed for 20min to a Formvar carbon-coated grid. After ad-
sorption, the samples were washed with PBS and transferred to a drop
of 1% glutaraldehyde for 5min. The grids were washed 8 times with
Milli-Q water and negatively stained with 2% uranyl acetate for 5min.
The grids were then dried and visualized on a TECNAI 10 transmission
electron microscope (Philips, Briarcliff Manor, NY, USA) at 80 kV. The
images were captured using iTEM software (Olympus Soft Imaging
Solutions, Center Valley, PA, USA).

4.6. Treatment with GW4869

GW4869 was used to block exosome formation and release. Drug-
resistant HMECs were incubated in culture media with 10% exosome-
free FBS containing 10 μM of GW4869 for 24 h to block exosome re-
lease.

4.7. Cell co-culture assay

Drug-resistant HMECs, non-resistant HMECs, or drug-resistant
HMECs+GW4869 (5× 105/well) were seeded into the upper chamber
of a co-culture system and NPC cells (3× 105/well) were placed in the
lower chamber and incubated for 48 h. Co-cultured cells were separated
using Transwell permeable supports (0.4 μm) in polycarbonate mem-
brane 24-mm insert six-well plates (Costar, Cambridge, MA, USA).

4.8. Cell proliferation assay

The human nasopharyngeal carcinoma cell lines 5-8F or HONE1
(NPC cells) were seeded into 96-well plates at a concentration of 2000
cells/well in complete medium. At 24, 48, 72, and 96 h time points, cell
proliferation assessment was carried out using the Cell Counting Kit-8
(CK04–20; Dojindo, Kumamoto, Japan), according to the manufac-
turer's protocol.

4.9. Cell migration and invasion assays

NPC cells (50,000 per well) were seeded into 24-well Transwell
plates (Sigma-Aldrich) coated with or without Matrigel (BD
Biosciences, San Jose, CA, USA). Cells were grown in DMEM containing
5 ng/ml TGF-β and were allowed to migrate and invade for 24 h.
Photographs of five randomly selected fields of the fixed and crystal
violet-stained cells were captured and cells that passed to the lower
surface were counted. Experiments were repeated three times in-
dependently.

4.10. Immunofluorescence microscopy

Cells seeded onto coverslips in 24-well plates were subjected to
immunochemical staining by incubation with primary anti-E-cadherin
(1:50, Abcam, ab15148), or anti-vimentin antibodies (1:50; Abcam,
ab8978) overnight, followed by AlexaFluor-conjugated secondary an-
tibodies (Life Technologies, 1:1000) and nuclear staining with DAPI.
Cells were observed by fluorescence microscopy.

4.11. Quantitative detection of apoptosis and cell cycle distribution

The cell cycle was analyzed using flow cytometry as previously
described [20,21]. 5-8F and HONE1 cells (5.0× 105 cells/well) were
seeded in 6-well plates and grown until they reached 80% confluence.
Then, the cells were treated with peimisine (15 μg/ml) for 24, 48, and
72 h. The cells were harvested, washed thrice with cold PBS, and fixed
with 1.0ml of 70% ethanol at 4 °C overnight. Then, cells were washed
with PBS and incubated in 1.0 ml of PBS containing 100 μg propidium
iodide and 100 μg RNase A in the dark for 30min at 37 °C, and sorted in
a FACScan flow cytometer using Kaluza 1.1 software (Beckman Coulter
Inc., Fullerton, CA, USA).

4.12. Animal experiments

Male BALB/c nude mice (4–6weeks old) were purchased from the
Chinese Science Academy (Shanghai, China). All animal studies were
conducted according to protocols approved by the Institutional Animal
Care and Use Committee. Briefly, a combination of 2×106 5-8F cells
and 1×106 drug-resistant HMECs were injected subcutaneously into
the right axilla of each nude mouse to create the NPC model. All mice
were intraperitoneally (IP) injected with GW4869 (1.25 mg/kg/day for
5 days before cell injection). When tumors became palpable (approxi-
mately 100mm3), mice were injected IP with GW4869 (1.25mg/kg/
day) and doxorubicin (2mg/kg/day) (n=6 per group) three times a
week until day 27. Xenograft tumor size was monitored every three
days (volume=width2× length× 1/2). Mice were euthanized at the
end of the experiment and the tumors were excised. Tumors were fixed
in 10% formalin, embedded in paraffin, and cut into 4-μm sections.

The lung metastasis model was created as previously described. The
indicated NPCs and drug-resistant HMECs were resuspended in PBS and
intravenously injected through the tail vein. Metastases were detected
using the IVIS@ Lumina II system (Caliper Life Sciences, Hopkinton,
MA, USA).

4.13. Immunohistochemistry

Sections of paraffin-embedded xenograft tissues were depar-
affinized, rehydrated, subjected to microwave antigen retrieval in EDTA
antigen retrieval buffer, incubated with 3% hydrogen peroxide, and
non-specific binding was blocked using bovine serum albumin. The
slides were incubated with anti-MRP1 (1:3000; Abcam, ab233383),
anti-vimentin (1:100; Abcam, ab8978), or anti-Ki67 (1:200; Abcam,
ab16667) primary antibodies, or were subjected to TUNEL staining. The
staining processes were performed as previously described and quan-
tified with Image ProPlus (IPP) software (Media Cybernetics, Rockville,
MD, USA).

4.14. Statistical analysis

SPSS 16.0 software was used for statistical analysis. All results are
presented as means± SEMs. Differences between groups were analyzed
using the two-tailed Student's t-test. P values< .05 were considered
statistically significant.

Author contributions

Conceptualization, Limin Huang and Hui Chen; Data curation,

Fig. 4. EMT promoted in NPC cells by exosomes released from HMECs. Immunofluorescence assay was used to detect EMT-associated proteins in 5-8F (A) and
HONE1 (B) cells incubated with exosomes derived from drug-resistant HMECs/DOX cells or non-drug-resistant HMECs/DOX cells treated with or without GW4869
(an exosome inhibitor). After staining, E-cadherin appears red, vimentin appears green, and nuclei stained with DAPI appear blue. The scale bar represents 50 μm. (C
&D) The indicated cells were analyzed for the expression of EMT-related proteins by western blotting. The bar diagram (E&F) shows the relative expression of
proteins normalized to β-actin. Data are represented as the means± SEM of three independent experiments (n=3, * P < .05; ** P < .01; *** P < .001; NS
indicates not significant, P > .05). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 5. Effect of drug-resistant HMECs on nude mice burdened with NPC xenografts mediated by exosomes. (A–C) Nude mice inoculated subcutaneously with 4× 106

5-8F cells and 2×106 drug-resistant HMECs were treated with DOX (2mg/kg/day), GW4869 (1.25mg/kg/day), or both for 27 days. At the end of the treatment
period, mice were euthanized and tumor specimens were harvested. The tumor volume was determined by measuring the length and width with calipers every 3 days
(volume=width2× length × 1/2). The mean tumor volume for each treatment group is indicated. Results are represented as the means± SEM of six mice per
group (n=6, * P < .05; ** P < .01). (D&E) Live imaging analysis was performed using the optical imaging system IVIS200. Representative images of intrahepatic
metastasis foci are shown. Luciferase signal intensities of mice over time after tail vein injection with 2×106 indicated 5-8F cells and 1×106 HMECs/DOX cells
were determined and the fluorescence signal in (D) was quantified (n=5, ** P < .05; ** P < .01; *** P < .001). (F&G) Tumor specimens were subjected to
immunohistochemical staining for MRP1, Vimentin, and Ki67, and cell apoptosis was examined by TUNEL staining. Images were captured at 400× magnification.
The scale bar represents 50 μm. The mean density of each group (integrated optical density/area) is presented (n= 5, ** P < .05; ** P < .01; *** P < .001; NS
indicates not significant, P > .05).
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