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Nasopharyngeal cancer (NPC) is an endemic type of head and neck cancer with a
high rate of cervical lymph node metastasis. Metastasis is the major cause of
death in NPC patients. Increasing evidence indicates that exosomes play a pivotal
role in promoting cancer metastasis by enhancing angiogenesis and ECM degra-
dation. Matrix metalloproteinase 13 is an important kind of matrix proteinase
that is often overexpressed in various tumors and increases the risk of metasta-
sis. However, little is known about the potential role of MMP13-containing exo-
somes in NPC. In this study, we found that MMP13 was overexpressed in NPC
cells and exosomes purified from conditioned medium (CM) as well as NPC
patients’ plasma. Transwell analysis revealed that MMP13-containing exosomes
facilitated the metastasis of NPC cells. Furthermore, siRNA inhibited the effect of
MMP13-containing exosomes on tumor cells metastasis as well as angiogenesis.
The current findings provided novel insight into the vital role of MMP13-contain-
ing exosomes in NPC progression which might offer unique insights for potential
therapeutic strategies for NPC progressions.
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N asopharyngeal cancer (NPC) is an endemic type of head
and neck cancer. Most patients are diagnosed at an
advanced stage and 70-90% of patients present with cervical
lymph node metastasis."’ Nasopharyngeal cancer patients with
metastasis have a higher rate of treatment failure and mortal-
ity.® Therefore, it is crucial to explore the mechanisms of
tumor metastasis and discover valuable factors for early diag-
nosis and novel therapeutic strategies for metastasis.

As noted, exosomes play an important role in promoting
progression of NPC by increasing its invasive potential." Exo-
somes are nano-sized (50-100 nm in diameter) membrane-
bound vesicles released by a variety of cell types,” especially
abundantly by tumor cells.”” Exosomes can also be found in
human body fluids including blood, urine, and breast milk,“4®
Exosomes can remove proteins from one cell to another and
act as potential carriers of protumorigenic factors in intercellu-
lar communication.”*

Tumor exosomes originating from mammary, lung, colon,
prostate, and ovarian cancers have been proved to promote the
establishment and metastatic spread of the primary tumor.”'
Exosomes appear to be derived to form the premetastatic niche,
and facilitate the growth and invasiveness of tumor cells."'®
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It has been documented that tumor exosome-containing pro-
tein, mRNA, and miRNA may participate in tumor progres-
sion.’’’. A growing number of MMPs have been detected in
exosomes, which can modulate the tumor microenvironment
by degradation of the ECM and basal membranes as an essen-
tial process for tumor metastasis.””

Matrix metalloproteinases are a group of zinc-dependent pro-
teolytic enzymes. They stimulate tumor an 1ogenesis and estab-
lish metastatic foci at secondary sites.">"'® Numerous reports
have documented the overexpression of MMPs in several kinds
of advancmg tumors that are associated with poor progno-
sis. "7 Matrix metalloproteinase 13 is an important kind of
MMP that is often overexpressed in various tumors'*?? and
has been documented to increase the risk of metastasis of breast
carcinomas, squamous cell carcinomas of the head and neck,
and melanomas."'®2%*Y Matrix metalloproteinase 13 has the
capacity to degrade several ECM components,”? promote
angiogenesis in the chorioallantoic membrane,'® as well as act
as a stromal mediator in the maintenance of the angiogenic
response of developing skin carcinomas.'®

However, the expression of MMP13 in NPC and tumor-
derived exosomes, as well as the importance of their interactions

Cancer Sci | December 2015 | vol. 106 | no. 12 | 1669-1677


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Original Article
MMP13-containing exo promote NPC metastasis

with the stromal microenvironment during metastasis, was not
clear. Our study aimed to investigate the effect of MMP13-con-
taining exosomes on NPC progression. We found MMP13 over-
expressed in tumor-derived exosomes. Moreover, in exosomal
cell—cell transmission of MMP13, exosomes can also facilitate
cross-talk between tumor cells and stromal cells, which support
the metastatic cascade and promote angiogenesis.

Materials and Methods

Cell lines and clinical specimens. Nasopharyngeal cancer cell
lines CNE1, CNE2, 5-8F, 6-10B and immortalized normal
nasopharynx epithelial NP69 cells were received as a kind
gift from the Sun Yat-Sen University (Guangzhou, China)
and the Xiang-Ya School of Medicine, Central South
University (Changsha, China). The NPC cell lines were cul-
tured in RPMI-1640 medium supplemented with 10% FBS
(Gibco BRL, Grand Island, NY, USA) that had been ultra-
filtered through a membrane of 0.22 pum pore size (Milli-
pore, Billerica, Massachusetts) to exclude bovine exosomes.
NP69 cells were cultured in defined keratinocyte serum-free
medium (Invitrogen, Carlsbad, CA, USA). Human skin
fibroblast (HSF) cells were cultured in DMEM (Invitrogen);
HUVECs were cultured in DMEM low glucose (HyClone,
Logan, UT, USA). All cell lines were incubated at 37°C
containing 5% CO,.

Blood samples were obtained from newly diagnosed NPC
patients and healthy donor at the Affiliated Hospital of Nan-
tong University (Nantong, China). Samples were taken in the
morning when patients were in the fasting state.

This study was approved by the Institute Research Ethics
Committee of Nantong University. The experiments were
undertaken with the understanding and written consent of each
patient.

Exosome isolation and purification. Exosomes were isolated
from CM and plasma as previously described.®** The isolation
method included a penultimate centrifugation step to remove
small cell debris and then ultracentrifugation at 100 000 g for
1 h to generate an exosome pellet (Type 90 Ti rotor; Beckman
Coulter, Fullerton, CA). The pellets were then washed once with
PBS.

Electron microscopy. Purified exosome pellets were fixed
with 2.5% glutaraldehyde and then centrifuged at 100 000 g to
remove the glutaraldehyde. The pellets were then negatively
stained by 3% aqueous phosphotungstic acid and fixed on cop-
per mesh Formvar grids. Samples were observed using the
JEOL Transmission Electron Microscope (JEM-1230; JEOL,
Tokyo, Japan).

Western blot assay. Equal amounts of proteins were sepa-
rated on SDS-PAGE gel and transferred to PVDF membranes
and blocked with 5% non-fat milk. The membranes were incu-
bated with primary antibody against MMPI13, B-actin, CD63
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), CD9
(Abcam, MA, USA), Vimentin, E-cadherin, N-cadherin (Cell
Signaling Technology, Danvers, MA, USA). The membranes
were then incubated with secondary antibody (Santa Cruz
Biotechnology). Protein bands were visualized using ECL
reagents.

In vitro metastasis assays. For the invasion assay, the Tran-
swell system (24 wells, 8-um pore size; Millipore) and Matri-
gel were used according to the manufacturer’s protocols.
Aliquots of 3 x 10° cells were seeded into the upper chambers
precoated with Matrigel. After incubation for the indicated
times, the cells at the bottom of the insert were fixed, stained,
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and counted in five random 100x fields per well under a
microscope (Olympus, Tokyo, Japan).

For the migration assay, 5 x 10* cells were seeded into the
upper chambers without a Matrigel coating. Other processes
were followed as for invasion assays.

Quantitative real-time PCR. Total RNA was extracted using
TRIzol reagent (Invitrogen) from NPC cells and NP69 cells.
The quantitative PCR was carried out according to the instruc-
tions for Power SYBR Green PCR Master Mix (Applied Biosys-
tems, Foster City, USA). The amplification program included an
initial denaturation step at 95°C for 10 min followed by 40
cycles at 95°C for 15 s, one cycle at 60°C for 10 s, and elonga-
tion at 72°C for 10 s. The sequences of the MMP13 primers
were: forward, GCAGTCTTTCTTCGGCTTAG; and reverse,
AGGGTCCTTGGAGTGGTC; GAPDH served as control. The
experiment was carried out in triplicate. Relative quantification
of mRNA levels was carried out by the comparative Ct method
using GAPDH as the reference gene and the formula 224",

Immunocytochemical analysis of MMP13. Cells cultured on
glass coverslips were fixed with 4% paraformaldehyde. Cells
were incubated with antibody overnight, washed with PBS,
and incubated with FITC-labeled secondary antibodies
(EarthOx, USA, 1:1000) and the nuclei (blue) were labeled
with Hoechst (Invitrogen Life Technologies;1:1000). The cover
slips were then observed under an Olympus camera.

In vitro tube formation assay. The HUVECs were seeded at
1.5 x 10" cells/well of 96-well plates precoated with Matrigel
and cocultured with exosomes for indicated times. Images of
the capillary-like tube networks were obtained using an
inverted microscope.

siRNA transfection. The sequence of the most effective
MMP13-targeted siRNA (sense, 5'-GGAGAUAUGAUGAUA-
CUAAATAT-3’;  antisense, 5-UUAGUAUCAUCAUAU-
CUCCATdT-3') was chosen from four individual siRNAs. We
used a scrambled-sequence siRNA duplex as a negative siRNA
control. All siRNAs were designed and synthesized by Bio-
mics Biotechnologies (Nantong, Jiangsu Province, China).

Transmission electron microscopy. According to the manufac-
turer’s instructions, PKH67 (Sigma-Aldrich Co., St. Louis,
MO, USA)-labeled exosomes were added to HUVECs and
CNE2 cells. The cells were fixed and then processed as intro-
duced immunocytochemical analysis. Images were collected
with a TCS SP-5 confocal microscope (Leica Microsystems,
Wetzlar, Germany), captured under 400 Hz with an image res-
olution of 512 x 512 pixels, and then analyzed by Leica
Application Suite 2.02.

Cell viability assay. Cells were seeded into 96-well plates and
assessed by CCK8 assay (Beyotime Institute of Biotechnology,
Haimen, People’s Republic of China). The absorbance of each
well was read on a microplate reader (F-2500 Fluorescence
Spectrophotometer; Hitachi) at 450 nm.

Statistical analysis. Each experiment was carried out at least
three times; data were presented as mean = SEM, where dif-
ferences were evaluated using Student’s f-test. A value of
P < 0.05 was considered statistically significant.

Results

High level of MMP13 in exosomes enhanced metastasis. Based
on several reports indicating that exosomes were present in
different biological fluids from both tumor patients and healthy
subjects,”” we purified exosomes from the plasma of NPC
patients (NPC exo) and healthy donors (normal exo). Electron
microscopy confirmed the presence of exosomes in size
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Matrix metalloproteinase 13 (MMP13) is highly expressed in nasopharyngeal cancer (NPC) patient-derived exosomes and stimulates

migration of NPC cells. (a) Representative electron microscopy images of exosomes purified from plasma (scale bar = 200 nm). (b) Western blot
analysis of exosomal markers CD63 and CD9. (c) Exosomes from the plasma of NPC patients (NPC exo) facilitated CNE1, CNE2, and 5-8F cell migra-
tion. Images of cells adhered to the lower surface of the filter insert from a representative experiment are shown. The numbers of migratory
cells were quantified using Image J software. Cells in five randomly selected areas were counted and statistical analyzed. (d) MMP13 protein
level in exosomes purified from plasma samples from NPC patients and healthy donors. All experiments were carried out in triplicate and pre-

sented as mean =+ standard. *P < 0.05.

(Fig. 1a) and Western blot analysis showed the known exoso-
mal markers tetraspanins CD63 and CD9 were highly enriched
(Fig. 1b). Interestingly, we found NPC exo increased migration
of CNE1, CNE2, and 5-8F cells compared to normal exo, but
not 6-10B (low tumorigenesis and metastasis) cells (Fig. 1c).

As the production of MMPs has been shown to be critical in
the process of tumor metastasis, we then investigated whether
these exosomes purified from NPC patients were enriched in
MMP13. We found that in all cases, MMP13 was enriched in
NPC exo compared to healthy donors (Fig. 1d).

Taken together, these findings suggested that exosomes from
NPC patients’ blood enhanced NPC metastasis and MMP13
might play an important role in the exosome-mediated trans-
formation.

Circulating exosomes interacted with stromal cells to mediate
tumor microenvironment. Emerging evidence suggests that
most tumor cells have the ability to produce various proteases
involved in the remodeling of the ECM, either by themselves
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or through tumor—stromal cell interactions. Our findings on the
exosome-associated molecules motivated further studies on the
functional role of exosomes in cross-talk between malignant
cells and cells of the tumor stroma.

After preconditioning with NPC exo but not normal control,
we found a time-dependent upregulation of MMP13 in HSF
(Fig. 2a). To mimic the tumor microenvironment, we used the
CM of HSF cocultured with exosomes to find whether
MMP13-bearing exosomes can be potent phenotypic modifiers
of their microenvironment. The number of invasive cells in
Transwell invasion assays was higher in CM of NPC exo-trea-
ted HSF cells than control (Fig. 2b).

The results above suggested exosomes from NPC patients
had unique inherent properties that allowed tumor cells to
invade through interaction with stromal cells such as HSF cells.

We obtained similar results in HUVECs, that MMP13-bear-
ing exosomes increased MMP13 levels in HUVECs (Fig. 2c)
and promoted their proliferation (Fig. 2d). As shown in
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Fig. 2. Circulating exosomes from nasopharyngeal cancer (NPC) patients interact with stromal cells to mediate tumor microenvironment. (a,c)

Human skin fibroblast (HSF) cells (a) and HUVECs (c) cocultured with exosomes from the plasma of NPC patients (NPC exo) induce MMP13 protein
upregulated with time-dependency. (b) Conditioned medium from HSF cells cultured with NPC exo enhances invasion of CNE2 cells. Data repre-
sented as mean number of invasive cells per HPF. Compared with the parental control. (d) Effects of NPC exo on HUVEC proliferation. (e) Confo-
cal microscopy analysis of PKH67-labeled (green) NPC exo uptake by HUVECs after coculture for 3 h. Top images show high magnification;
bottom images show low magnification. (f) HUVECs cultured for 24 h in the absence (Ctrl) or presence of normal and NPC exo and then grown
on Matrigel. Shown are representative photomicrographs of tubes from the different treatment groups. All experiments were carried out in trip-

licate and presented as mean =+ standard. *P < 0.05.

Figure 2(e), incubation of fluorescent NPC exo (green) with
HUVEGCs resulted in a time-dependent transfer of fluorescence
to HUVECs. Exosomes from the plasma of NPC patients were
significantly more potent in stimulating tube-forming capacity
of HUVECs (Fig. 2f).

Taken together, we found MMPI13-containing exosomes
facilitate NPC progression and the cross-talk between tumor
and stromal cell in the microenvironment.

Nasopharyngeal cancer cells released exosomes to increase
tumor cell metastatic properties that contained high levels of

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

MMP13. To determine the role of MMP13 in cancer cells and
to confirm the effect of MMP13 in NPC progression, we inves-
tigated the MMP13 level in NPC cells. As shown in Fig-
ure 3(a), NPC cells, especially CNE2 cells, contained high
levels of MMP13 compared to NP69 cells. Quantitative RT-
PCR (Fig. 3b) and immunofluorescence (Fig. 3c) experiments
confirmed the results.

Previous studies showed the molecular composition of exo-
somes mirrors the specialized functions of the original paren-
tal cells, therefore, we next examined whether exosomes
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scopic and (e) Western blot analysis confirmed the presence of exosomes purified from conditioned medium (CM) of cells. (f) MMP13 levels in
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Fig. 4. Matrix metalloproteinase 13 (MMP13) mediates CNE2 cell metastatic properties through epithelial-mesenchymal transition (EMT). Cells
transfected with MMP13 siRNA and knockdown efficiency detected by Western blot. Following treatment with MMP13 siRNA1, the level of
MMP13 in both CNE2 (a) and exosomes purified from CNE2 (CNE2 exo) (b) were downregulated. (c) MMP13 knockdown inhibited the migration
of CNE2 cells. (d) Exosomes from MMP13 siRNA-treated CNE2 cells suppressed the invasiveness of CNE2 cells. (e) Confocal microscopy analysis of
PKH67-labeled (green) CNE2 exo uptake by E-cadherin-labeled (red) CNE2 cells after coculture for 3 h. (f) CNE2 cells cocultured with CNE2 exo
for 6-24 h induced MMP13 protein upregulated with time-dependency. (g) Western blot analysis showed MMP13 siRNA exo downregulated the
MMP13 level in cocultured CNE2 cells. (H,I) Expression of EMT markers was determined by Western blot in CNE2 cells cocultured with CNE2 exo
and MMP13 siRNA exo. (j) Western blot analysis of pAKT and pERK1/2 levels in CNE2 cells cocultured with exosomes. All experiments were car-

ried out in triplicate and presented as mean =+ standard. *P < 0.05.

purified from CM contain MMP13. Electron microscopy and
immunoblot analysis confirmed the presence of exosomes puri-
fied from both cell lines (Fig. 3d,e). Significant increase in
MMP13 was detected in CNE2 and 5-8F exosomes (Fig. 3f).
We further investigated whether MMP13 overexpressing exo-
somes could motivate further metastatic potentiality of recipi-
ent cells. We found exosomes purified from CNE2 (CNE2
exo) facilitated more CNEI cells (well-differentiated NPC
cells) migrated compared to 5-8F cells. However, neither
CNE2 exo nor 5-8F exosomes had an effect on 6-10B cells
(Fig. 3g). The data above suggested exosomes purified from
the well-characterized CNE2 cells might participate in NPC
progression. As shown in Figure 3(h), CNE2 exo could also
significantly facilitate CNE2 cell migration and invasion. We
further explored whether the effects of CNE2 exo were medi-
ated by MMP13 or other MMPs. As showed in Figure 3(i),
MMP2 and MMP9 were overexpressed in CNE2 cells com-
pared to normal NP69 cells. However, there was no meaning-
ful evidence in exosomes. The results might indicate that
exosomes carried selected proteins such as MMP13.

These results suggested an inherent difference in the basal
levels of exosome-associated MMP13, which might play a
vital role in increasing NPC metastatic properties.

Matrix metalloproteinase 13 mediated metastatic properties of
CNE2 cells through epithelial-mesenchymal transition. Our find-
ings that MMPI13 is sorted into exosomes motivated further
evaluation of the functional impact of CNE2 exo on progres-
sion of NPC and to independently verify whether it’s effect on
the metastatic properties of CNE2 cells could be attributed to
the high level of MMPI13. Compared to three other kinds of
siRNA, MMP13 siRNAT resulted in a significant reduction of
MMP13 protein expression in CNE2 cells (Fig. 4a), as well as
in exosomes purified from CM of MMP13 siRNA-transfected
CNE2 cells (Fig. 4b).

As shown in Figure 4(c), the depletion of MMP13 slightly
reduced the migration of CNE2 cells. Similarly, exosomes from
MMP13 siRNA-treated CNE2 cells (siRNA exo) suppressed the
invasiveness of CNE2 cells (Fig. 4d), suggesting that MMP13
in exosomes was required for metastatic properties.

To further explore the effect of MMPI13-containing exo-
somes, we cocultured CNE2 exo with CNE2 cells. As showed
in Figure 4(e), after coculture, large numbers of PKH-67-
labeled exosomes could be found in CNE2 cells, and the
MMP13 levels were upregulated gradually after 6 h with a
time tendency (Fig. 4f). However, the MMP13-targeted siRNA
revised the effect above (Fig. 4g).
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presented as mean + standard. *P < 0.05.
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Emerging evidence sufg%ests cancer cells induced to express
mesenchymal phenotype™ by releasing exosome-like extracel-
lular vesicles carrying tissue factor to facilitate tumor progres-
sion. As shown in Figure 4(h), the level of E-cadherin
decreased, whereas the expression of N-cadherin and vimentin
increased markedly. The results suggested incubating CNE2
cells with CNE2 exo could induce EMT with a dose-dependent
tendency. The MMP13 siRNA-suppressed CNE2 cells released
exosomes with lower levels of MMPI13, which reversed the
effect of CNE2 exo-induced EMT (Fig. 4i). Hence, molecular
changes confirmed MMP13 contributed to promote the meta-
static properties of CNE2 cells by inducing EMT.

We then examined the activation status of AKT and ERK1
/2, which are known as downstream mediators of MMP13. As
shown in Figure 4(j), treatment with CNE2 exo led to the
upregulation of the phosphorylation levels of AKT and ERK1
/2, however, if the same cells were challenged with exosomes
purified from MMP13 siRNA-suppressed CNE2, the activation
status was almost completely abrogated. Therefore, our data
suggested that intracellular downstream pathways of MMP13
could be activated by exosomes released by NPC cells.

CNE2 exo containing MMP13 play an important role in interac-
tion with stromal cells. Given the observations that exosomes
from NPC patients’ plasma could mediate the tumor microen-
vironment by interaction with stromal cells, it was of interest
to ascertain the role of MMP13 secreted in exosomes in medi-
ating the tumor microenvironment. In accordance with the
findings of NPC exo, CNE2 exo could upregulate MMP13 in
HSF cells (Fig. 5a) as well as HUVECs (Fig. 5c). As previ-
ously mentioned, NPC exo increased NPC cell invasion,
migration, and angiogenesis capacity, and we obtained similar
results with CNE2 exo (Fig. 5c—f). Furthermore, to investigate
whether MMP13 played a vital role in the cross-talk between
cancer and stromal cells, we used MMP13 siRNA CNE2 exo
cocultured with HSF cells and HUVECs. As shown in Fig-
ure 5(c—f), we found significant degradation compared with the
invasive, migration, and angiogenesis ability observed in
CNE2 exo. Together, these results strongly indicated that
MMP13 secreted in exosomes facilitate the progression of
NPC.

On the basis of all of these findings, a model is proposed for
the function of the exosome—MMP13 axis in NPC progres-
sion. We present evidence for a previously unknown tumor—-
stroma communication involving exosome-mediated signaling,
increased stromal MMP13 secretion, and enhanced tumor cell
metastasis and angiogenesis: the tumor-derived exosome—
MMP13 axis.

Discussion

Metastasis is the main factor associated with cancer-promoted
death.'” Research has documented that both the regulation of
ECM degradation and the interaction of tumor cells with struc-
tural and cellular components of surrounding tissues are essen-
tial processes during tumor progression.'" As the result of a
combination of environmental, viral, and genetic factors, NPC
is one of the leading causes of cancer-related death and metas-
tasis may be the leading cause of death in NPC patients.”
Therefore, the identification of a useful biomarker of NPC
may be promising for improved clinical management.
Numerous reports had documented the expression of MMPs
in several kinds of advancing tumors that were associated with
poor prognosis."? Matrix metalloproteinase 13 is induced dur-
ing metastasis of various cancers including squamous cell car-
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cinomas of the head and neck®®?'?? and is associated with a

poor clinical outcome. Thus, MMP13 may serve as a prognos-
tic marker for tumor invasiveness.”

This article focuses on the role of exosomes in cell—cell and
cell-stroma interactions in facilitating the metastasis of NPC
cells. As the molecular composition of exosomes closely
reflects the specialized functions of the parental cells of ori-
gin,(13) we found MMP13 overexpressed in NPC exo (Fig. 1d)
as well as in NPC cells and exosomes purified from CM
(Fig. 3a,d). Furthermore, NPC exo increased tumor cell meta-
static properties (Fig. 2d).

Stromal cells within tumor play a vital role in malignant
transformation progression of solid tumors"'® which respond
to tumor cells by the induction of MMPs.®? Furthermore, exo-
somes can also interact with stromal cells in the cancer
microenvironment, thus 1mpact on tumor cell proliferation,
metastasis, and anglogenesm( 31-34)

Our data further suggested that MMP13-carrying exosomes
promote tumor progression through regulating stromal cells.
HSF cells that can persistently release MMPs to the microen-
vironment of tumor were chosen to evaluate the interaction
between NPC exo and stromal cells. After preconditioning
with NPC exo or CNE2 exo, a time-dependent upregulation of
MMP13 in HSF cells was found (Figs 2a and 5a), which
might suggest that HSF release more MMPs, including
MMP13, to the microenvironment to promote CNE2 cell
invasion.

As MMPs also appeared to be essential in angiogenesis,
we tested the role of NPC exo in facilitating angiogenesis.

As in HSF cells, the level of MMP13 in HUVECs was grad-
ually upregulated after coculture with NPC and CNE2 exo
(Figs 2c and 5c). Cancer exosomes stimulated proliferation
(Figs 2d, 5d) and tube-forming capacity of HUVECs (Figs 2f,
Se). As HUVECs did not express MMP13 initially, we hypoth-
esized that exosomes might be internalized by HUVECs and
act as cargos for MMPI13 transportation from cancer cells to
recipient cells. We found that, 3 h after coculture, the PKH67
labeled NPC exo were efficiently internalized by HUVECs
(Fig. 2e) and CNE2 cells (Fig. 4e). Uptake of NPC exo by
HUVECs and CNE2 cells may play a significant part in tumor
progression.

To further prove that MMP13 regulated the metastatic and
angiogenesis abilities of CNE2 cells, we treated CNE2 cells
with MMP13 siRNA with the reduction of MMP13 protein
expression in CNE2 cells and exosomes (Fig. 4a,b), which
reversed the effect of CNE2 exo-induced (Fig. 5). Further-
more, CNE2 exo could be taken up by CNE2 cells, which also
upregulated the level of MMP13 in it with a time tendency
(Fig. 4e—g).

The role of exosomes in EMT promotion has been described
recently.!” In our study, the MMPI13 siRNA-suppressed
CNE2 cells released exosomes with lower levels of MMP13
which reversed the effect of CNE2 exo-induced EMT
(Fig. 4h—i) as well as the upregulation of the phosphorylation
levels of AKT and ERK1/2 (Fig. 4j). It indicated that MMP13
might be a new target for NPC therapy.

In summary, this work proved that MMP13-containing exo-
somes from NPC could mediate the tumor microenvironment,
such as facilitating tumor cell migration and invasion by inter-
action with stromal HSF cells and HUVECs. Our findings pro-
vide important and unique insights into the pathogenesis of
NPC and underscore the need to explore alternative therapeutic
approaches to impair MMP-driven mechanisms of tumor inva-
sion and metastasis.

(15)

Cancer Sci | December 2015 | vol. 106 | no. 12 | 1676



www.wileyonlinelibrary.com/journal/cas

Acknowledgments

This study was supported by grants from the Chinese National Natural
Science Foundation (Grant Nos. 81172841, 81202368, and 81471603),
the China Postdoctoral Science Foundation (Grant No. 2013M541708),
the Natural Science Foundation of Jiangsu Province (Grant No.
SBK2015022581), the “333 Natural Science Foundation” of Jiangsu
(Grant No. BRA2013286), the “Top Six Types of Talents” Financial
Assistance of Jiangsu Province (Grant No. 6), Jiangsu Provincial

References

1 Aga M, Bentz GL, Raffa S et al. Exosomal HIFlalpha supports invasive
potential of nasopharyngeal carcinoma-associated LMP1-positive exosomes.
Oncogene 2014; 33: 4613-22.

2 Cheng DY, Kong H, Li YH. Prognostic value of interleukin-8 and MMP-
9 in nasopharyngeal carcinoma. Eur Arch Otorhinolaryngol 2014; 271:
503-9.

3 Romancino DP, Paterniti G, Campos Y et al. Identification and characteriza-
tion of the nano-sized vesicles released by muscle cells. FEBS Lett 2013;
587: 1379-84.

4 Mu W, Rana S, Zoller M. Host matrix modulation by tumor exosomes pro-
motes motility and invasiveness. Neoplasia 2013; 5: 875-87.

5 Taylor DD, Gercel-Taylor C. MicroRNA signatures of tumor-derived exo-
somes as diagnostic biomarkers of ovarian cancer. Gynecol Oncol 2010; 116
(1): 13-21.

6 Pisitkun T, Shen RF, Knepper MA. Identification and proteomicprofiling of
exosomes in human urine. Proc Natl Acad Sci USA 2004; 101: 13368-73.

7 Li M, Zeringer E, Barta T, Schageman J, Cheng AG, Vlassov AV. Analysis

of the RNA content of the exosomes derived from blood serum and urine

and its potential as biomarkers. Philos Trans R Soc B-Biol Sci 2014; 369:

1652-9.

Li XB, Zhang ZR, Beiter T, Schluesener HJ. Nanovesicular vaccines: exo-

somes. Arch Immunol Ther Exp (Warsz) 2005; 53: 329-35.

9 Zhang HG, Grizzlet WE. Exosomes a novel pathway of local and distant
intercellular communication that facilitates the growth and metastasis of neo-
plastic lesions. Am J Pathol 2014; 184(1): 28-41.

10 Ye SB, Li ZL, Luo DH et al. Tumor-derived exosomes promote tumor pro-
gression and T-cell dysfunction through the regulation of enriched exosomal
microRNAs in human nasopharyngeal carcinoma. Oncotarget 2014; 5:
5439-52.

11 Xiang X, Poliakov A, Liu C et al. Induction of myeloid-derived suppressor
cells by tumor exosomes. Int J Cancer 2009; 124: 2621-33.

12 Cai Z, Yang F, Yu L et al. Activated T cell exosomes promote tumor inva-
sion via Fas signaling pathway. J Immunol 2012; 188: 5954-61.

13 Xie Y, Zhang X, Zhao T, Li W, Xiang J. Natural CD8(+)25(+) regulatory T
cell-secreted exosomes capable of suppressing cytotoxic T lymphocyte-medi-
ated immunity against B16 melanoma. Biochem Biophys Res Commun 2013;
438(1): 152-5.

14 Jeppesen DK, Nawrocki A, Jensen SG et al. Quantitative proteomics of frac-
tionated membrane and lumen exosome proteins from isogenic metastatic
and nonmetastatic bladder cancer cells reveal differential expression of EMT
factors. Proteomics 2014; 14: 699-712.

15 Nelson AR, Fingleton B, Rothenberg ML, Matrisian LM. Matrix metallopro-
teinases: biologic activity and clinical implications. J Clin Oncol 2000; 18:
1135-49.

16 Stetler-Stevenson WG, Yu AE. Proteases in invasion: matrix metallopro-
teinases. Semin Cancer Biol 2001; 11: 143-52.

17 Aparna M, Rao L, Kunhikatta V, Radhakrishnan R. The role of MMP-2 and
MMP-9 as prognostic markers in the early stagesof tongue squamous cell
carcinoma. J Oral Pathol Med 2015; 44: 345-52.

oo

Cancer Sci | December 2015 | vol. 106 | no. 12 | 1677

Original Article
You et al.

Health Department (Grant No. Z201005), the innovative project of
Nantong University postgraduate students (Grant No. 13025043), and
Jiangsu Province’s Outstanding Medical Academic Leader Program
(Grant No. LJ201136).

Disclosure Statement

The authors have no conflict of interest.

18 Lederle W, Hartenstein B, Meides A er al. MMP13 as a stromal mediator in
controlling persistent angiogenesis in skin carcinoma. Carcinogenesis 2010;
31: 1175-84.

19 Elnemr A, Yonemura Y, Bandou E et al. Expression of collagenase-3 (ma-
trix metalloproteinase-13) in human gastric cancer. Gastric Cancer 2003; 6
(1): 30-8.

20 Nielsen BS, Rank F, Lopez JM et al. Collagenase-3 expression in breast
myofibroblasts as a molecular marker of transition of ductal carcinoma in situ
lesions to invasive ductal carcinomas. Cancer Res 2001; 61: 7091-100.

21 Luukkaa M, Vihinen P, Kronqvist P et al. Association between high collage-
nase-3 expression levels and poor prognosis in patients with head and neck
cancer. Head Neck 2006; 28: 225-34.

22 Lecomte J, Louis K, Detry B et al. Bone marrow-derived mesenchymal cells
and MMP13 contribute to experimental choroidal neovascularization. Cell
Mol Life Sci 2011; 68: 677-86.

23 Lotvall J, Valadi H. Cell to cell signalling via exosomes through esRNA.
Cell Adh Migr 2007; 1: 156-8.

24 Andre F, Schartz NE, Movassagh M et al. Malignant effusions and immuno-
genic tumour-derived exosomes. Lancet 2002; 360: 295-305.

25 Chung IC, Chen LC, Chung AK et al. Matrix metalloproteinase 12 is
induced by heterogeneous nuclear ribonucleoprotein K and promotes migra-
tion and invasion in nasopharyngeal carcinoma. BMC Cancer 2014; 14: 348.

26 Gomes LR, Terra LF, Wailemann RAM, Labriola L, Sogayar MC. TGF-beta
1 modulates the homeostasis between MMPs and MMP inhibitors through
p38 MAPK and ERK1/2 in highly invasive breast cancer cells. BMC Cancer
2012; 12: 26-40.

27 Billottet C, Jouanneau J. Tumor—stroma interactions. Bull Cancer 2008; 95
(1): 51-6.

28 Ye Y, Zhou X, Li X, Tang Y, Sun Y, Fang J. Inhibition of epidermal growth
factor receptor signaling prohibits metastasis of gastric cancer via downregu-
lation of MMP7 and MMP13. Tumour Biol 2014; 35: 10891-6.

29 Pendas AM, Uria JA, Jimenez MG, Balbin M, Freije JP, Lopez-Otin C. An
overview of collagenase-3 expression in malignant tumors and analysis of its
potential value as a target in antitumor therapies. Clin Chim Acta 2000; 291:
137-55.

30 Zlatarova ZI, Softova EB, Dokova KG, Messmer EM. Expression of matrix
metalloproteinase-1, -9, -13, and tissue inhibitor of metalloproteinases-1 in
basal cell carcinomas of the eyelid. Graefes Arch Clin Exp Ophthalmol
2012; 250: 425-31.

31 Meierjohann S, Hufnagel A, Wende E et al. MMP13 mediates cell cycle
progression in melanocytes and melanoma cells: in vitro studies of migration
and proliferation. Mol Cancer 2010; 9: 201.

32 Chaudhary AK, Pandya S, Ghosh K, Nadkarni A. Matrix metalloproteinase
and its drug targets therapy in solid and hematological malignancies: an
overview. Mutat Res 2013; 753(1): 7-23.

33 Luga V, Wrana JL. Tumor-Stroma interaction revealing fibroblast-secreted
exosomes as potent regulators of Wnt-planar cell polarity signaling in cancer
metastasis. Cancer Res 2013; 73: 6843-7.

34 Janowska-Wieczorek A, Wysoczynski M, Kijowski J et al. Microvesicles
derived from activated platelets induce metastasis and angiogenesis in lung
cancer. Int J Cancer 2005; 113: 752-60.

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.



