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1 | INTRODUCTION

The tumor microenvironment (TME) is closely related to the occur-
rence and development of tumors. Tumor cells cannot only contact
cells directly, but can also secrete soluble cytokines and extracellular
vesicles (EVs) to connect with other cells in the TM E.12 Extracellular
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Increasing evidence indicates that extracellular vesicles (EVs) play an important role
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membrane protein 1 (LMP1), which is closely associated with nasopharyngeal car-
cinoma (NPC) pathogenesis, can trigger multiple cell signaling pathways that affect
cell progression. Several reports have shown that LMP1 promotes EV secretion, and
LMP1 trafficking by EVs can enhances cancer progression and metastasis. However,
the molecular mechanism by which LMP1 promotes EV secretion is not well under-
stood. In the present study, we found that LMP1 promotes EV secretion by upregu-
lated syndecan-2 (SDC2) and synaptotagmin-like-4 (SYTL4) through nuclear factor
(NF)-xB signaling in NPC cells. Further study indicated that SDC2 interacted with
syntenin, which promoted the formation of the EVs, and SYTL4 is associated with the
release of EVs. Moreover, we found that stimulation of EV secretion by LMP1 can en-
hance the proliferation and invasion ability of recipient NPC cells and tumor growth
in vivo. In summary, we found a new mechanism by which LMP1 upregulates SDC2
and SYTL4 through NF-kB signaling to promote EV secretion, and further enhance

cancer progression of NPC.

KEYWORDS

extracellular vesicle, LMP1, nasopharyngeal carcinoma, SDC2, SYTL4

vesicles include vesicles present in extracellular space (both exo-
somes and microvesicles); exosomes are small nanosized vesicles
(endosomal origin, 50-150 nm) and microvesicles vary in their sizes
(plasma membrane origin, 100-2000 nm).®* Extracellular vesicles
contain large numbers of information molecules of their origin cells,

and transmit these molecules to recipient cells, inducing related
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signaling pathways and performing a variety of important biological
functions.””

Nasopharyngeal carcinoma (NPC) is a malignant nasopharyngeal
epithelial tumor that occurs mostly in Southeast Asia and southern
China.® Epstein-Barr virus (EBV) has been confirmed to have a sig-
nificant correlation with the progression of NPC.? The EBV-encoded
latent membrane protein 1 (LMP1) is considered to be a major on-
cogenic protein.’® Intracellular LMP1 activates a variety of signal-
ing pathways, including NF-xB, JNK/SAPK, PI3K, P38/MAPK, ERK/
MAPK, JAK/STAT, and others, in a ligand-independent manner, and
further regulates some cellular proteins that contribute to NPC de-
velopment by affecting cell proliferation, antiapoptosis, cell migra-
tion, angiogenesis, and therapy resistance.!***

Several reports showed that LMP1 can be localized to the Golgi
apparatus and polycystic endosomes and further encapsulated
in the EV endocrine system to the extracellular environment.'*
Furthermore, transmission of LMP1-EVs to recipient cells activates
PI3K/Akt and MAPK/ERK signaling pathways to promote malignant
cell growth, invasion, and metastasis.?>® CD63 is a critical player in
LMP1 exosomal trafficking and LMP1-mediated enhancement of EV
production,*”*? and it has been found that C-terminal farnesylation
of UCH-L1 is also one of the mechanisms by which LMP1 is sorted
to EVs.2° Therefore, LMP1 cannot only be loaded in EVs, but might
also be involved in the regulation of EV secretion. However, the mo-
lecular mechanism by which LMP1 promotes EV secretion is not well
understood.

In the present study, we found that LMP1 promotes EV secre-
tion associated with syndecan-2 (SDC2) and synaptotagmin-like-4
(SYTL4) through NF-xB signaling in NPC cells. Further studies indi-
cated that SDC2 is associated with the formation of EVs, and SYTL4
is associated with the release of EVs. In addition, we found that stim-

ulation of EV secretion can enhance cancer progression of NPC.

2 | MATERIALS AND METHODS
2.1 | Cell culture and transfection

CNE1, HONE1, and HK1 are LMP1-negative NPC cell lines. CNE1-
LMP1 (CM) is an LMP1-transfected CNE1 cell. C666-1 is an NPC

1.2! Cells were

cell line that carries the EBV virus and expresses LMP
supplemented with 10% FBS (Invitrogen) using RPMI-1640 (Gibco
BRL). Cells were transfected using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s instructions. The LMP1-, SDC2-,
SYTL4-, p65-, and control siRNAs were synthesized by Ribo Bio-

Technology, and the sequences of siRNA are described in Table S1.
2.2 | Extracellular vesicle isolation
After 48 hours of cell culture with EV-free FBS medium (SBI), EVs

were isolated used Exoquick-TC reagent (EXOTC10A-1, SBI) accord-

ing to the manufacturer’s protocol. We have submitted all relevant

data of our experiments to the EV-TRACK knowledgebase (EV-
TRACK ID: EV190100).22

2.3 | Transmission electron microscopy analysis

The isolated EVs were dissolved in PBS, 10 plL of the samples were
added to the copper mesh for 1 minute, 10 pL uranyl acetate was
added to the copper mesh for 1 minute, and then the filter paper was
sucked off and floated at room temperature for several minutes. The

results were observed with a transmission electron microscope (FEI).

2.4 | Nanoparticle tracking analysis

The isolated EVs were resuspended and further diluted in PBS to an-
alyze their size distribution and concentration using the NanoSight
NS300 system (Malvern Instruments) according to the manufactur-

er's instructions.

2.5 | Quantification of EV protein

Extracellular vesicles were lysed with IP lysis buffer (Pierce, Thermo
Fisher Scientific) to obtain total protein. A BCA assay was used to
measure the protein concentrations used BCA Assay reagent (Pierce

Chemical) following the manufacturer’s protocol.

2.6 | Animal experiments

Animal work was approved by the Animal Care Committee of
Xiangya Hospital (Changsha, China) in accordance with Institutional
Animal Care and Use Committee guidelines. HK1 cells (1 x 107) mixed
with different concentrations of CM-EVs (0, 100, or 200 pg) were in-
jected in each 6-week-old female athymic nude mouse (BALB/C) to
establish xenografts, and then accordant quantity EVs were injected
every 2 days in the vicinity of the s.c. tumors. Tumor formation was
examined every 3 days. At the indicated time points, animals were
killed, and tissues were collected and fixed with 10% buffered for-

malin for immunohistochemical (IHC) analysis.

2.7 | Statistical analysis

Data were processed by GraphPad Prism5, and the method was
the mean %= SD (ie, X %= S). Student’s t test was used for calculat-
ing the significance between different groups, and the correlations
between IHC-determined protein expression levels were evaluated
by Spearman'’s correlation coefficient analysis. The statistical signifi-
cance was indicated by P < .05.

Other materials and methods such as Abs and reagents, RNA se-

guencing analysis, quantitative RT-PCR, western blot analysis, and
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coimmunoprecipitation (Co-IP) analysis, immunofluorescence assay,
ChlIP, plasmid constructs and luciferase reporter assay, IHC, cell pro-
liferation assay, and Transwell experiment are described in Appendix
S1, and the primers for quantitative RT-PCR, ChIP, and plasmid con-

struction are provided in Table S2.

3 | RESULTS

3.1 | Latent membrane protein 1 promotes EV
secretion in NPC cells

First, we validated the expression of LMP1 in experimental cell lines
at mRNA and protein levels (Figure 1A,B). Cells were then cultured in
EV-depleted FBS medium for 48 hours, EVs were isolated from the
supernatants of cells using Exo-QuickTC reagent, and the EVs were
examined by transmission electron microscopy, nanoparticle tracking
analysis, and western blot analysis for EV protein markers. The data
indicated the presence of 80-100 nm vesicles (Figure 1C), the size dis-
tribution ranged from 30 to 200 nm, and the peak was approximately
100 nm. Approximately 3.0 x 102 particles/cells and 2.9 x 10 particles/
cells were obtained from LMP1-negative CNE1 and HK1 cells, respec-
tively, and approximately 5.7 x 102 particles/cells and 5.2 x 10? parti-
cles/cells were obtained from the LMP1-positve CM and C666-1 cells,
respectively (Figure 1D,E). Furthermore, we characterized the CD63
and heat shock protein (HSP)70 (putative markers for EVs) as well as
calnexin (marker for the endoplasmic reticulum). The data, as seen in
Figure 1F, also indicated that the isolated vesicles were mostly EVs ac-
cording to MISEV 2018.% Next, we detected the protein content of EVs
in the supernatant of different cells using the BCA Protein Assay, as the
total protein of the EVs indirectly reflects the number of EVs.? The
data showed that the number of secreted EVs by LMP1-positive CM
and C666-1 cells was greater than the same number of LMP1-negative
CNE1 and HK1 cells (P < .01) (Figure 1G). After knockdown of LMP1
using target LMP1 siRNA in two LMP1-positive NPC cells, the total
EVs protein content was obviously reduced compared with untreated
and negative control siRNA groups (Figure 1H,l). Furthermore, after
overexpression of LMP1 in the LMP1-negative NPC cell lines HONE1
and HK1, there was a distinct increase of the total EVs protein content
compared with control groups (P < .01) (Figure 1J-L). These data re-

vealed an increase in EV secretion following LMP1 expression.

3.2 | Latent membrane protein 1 upregulates the
expression of SDC2 and SYTL4

To clarify the key signaling molecules of LMP1 promoting EV secre-
tion in NPC cells, the mRNA sequencing was carried out for CNE1
and CM cells and the expression changes of genes related to EV se-
cretion were screened. The results showed that there were 10 genes
whose expression were upregulated in CM cells rather than CNE1
cells,including CD37,RAB7B,RAB25,RAB9B, TBC1D10A, CD28,CD53,
SYTL4, SDC2, and SNAP-25 (Figure 2A). The quantitative RT-PCR
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further indicated 4 increased molecules in CM cells, and SDC2 and
SYTL4 were selected because of obvious differential expression
(P < .001) (Figure 2B). Western blot analysis showed that the pro-
tein expression level of SDC2 and SYTL4 in LMP1-positive CM and
C666-1 cells was higher than that in LMP1-negative CNE1 and HK1
cells (Figure 2C). After knockdown of LMP1 expression with siRNA
in CM and C666-1 cells, it was found that the expression of SDC2
and SYTL4 was distinctly decreased (Figure 2D). Furthermore, after
overexpression of LMP1in HONE1 and HK1 cells, there was an obvi-
ous increase in the expression of SDC2 and SYTL4 compared with
control groups (Figure 2E). These results indicated that LMP1 can
upregulate the expression of SDC2 and SYTL4 in NPC.

3.3 | Latent membrane protein 1 promotes EV
secretion through SDC2 and SYTL4

Using CD63 as a marker of multivesicular bodies (MVBs) to detect
the number of intracellular MVBs by an immunofluorescence exper-
iment as previously described.?® After overexpression of LMP1 in
HONE1 and HK1 cells, there was an obvious increase in the number
of MVBs compared to control groups (P < .01) (Figure 3A). To deter-
mine whether SDC2 and SYTL4 are key molecules for the EV secre-
tion regulated by LMP1, we synthesized siRNA targeting SDC2 and
SYTL4 and found that si-SDC2-2 and si-SYTL4-2 had the best inhibi-
tory effects at both transcriptional and protein levels (Figure 3B,C).
After knockdown of SDC2 or SYTL4 with targeted siRNA, the EVs
in the tumor cell supernatant was isolated, and data showed that EV
secretion was reduced in CM and C666-1 cells (Figure 3D). Studies
have reported that syndecan can mediate the formation of EV.2*
Furthermore, as an effector molecule of RAB27A, SYTL4 mainly pro-
motes the fusion of vesicles with cell membranes to secrete EVs out
of the extracellular environment.?® Results of immunofluorescence
experiments indicated that the number of MVBs in LMP1-positive
CM and C666-1 cells was more than in LMP1-negative CNE1 and
HK1 cells. After knockdown of the expression of SDC2 in CM and
C666-1 cells, the number of MVBs was reduced (P < .05 and P < .01,
respectively), indicating that SDC2 mediates the formation of EVs
following LMP1 expression. Meanwhile, after knockdown of the ex-
pression of SYTL4 in CM and C666-1 cells, the number of MVBs was
obviously increased (P < .05 and P < .01, respectively), suggesting
that MVBs could not be fused with the cell membrane with silenc-
ing of SYTL4, resulting in a large intracellular MVB accumulation
(Figure 3E). These results indicated that SYTL4 mediates the release
of EVs following LMP1 expression.

3.4 | Latent membrane protein 1 upregulates
SDC2 and SYTL4 expression through NF-«B signaling

Studies have shown that LMP1 can activate the transcription fac-
tor NF-xB, and phosphorylated activated NF-xB enters the cellular

nucleus to regulate the expression of multiple target genes.’%'! We
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FIGURE 1 Latent membrane protein 1 (LMP1) promotes extracellular vesicle (EV) secretion in nasopharyngeal carcinoma (NPC) cells. A,
Quantitative RT-PCR was used to detect the mRNA expression of LMP1 in CNE1, CNE1-LMP1 (CM), HK1, and C666-1 cells. B, Western blot
analysis was used to detect the protein expression of LMP1 in CNE1, CM, HK1, and C666-1 cells. C, Representational image of isolated EVs
from NPC cell CM by transmission electron microscopy analysis. D, Nanoparticle tracking analysis showing the particle size of EVs isolated
from CNE1, CM, HK1, and C666-1 cells. E, Comparison of the particle numbers of EVs isolated from CNE1, CM, HK1, and C666-1 EVs. F,
Western blot analysis was used to detect the molecular positive markers CD63, heat shock protein (HSP)70, and negative marker calnexin of
EVs isolated from equal numbers of CNE1, CM, HK1, and C666-1 cells. G, EV protein content of equal numbers of NPC cells was detected
by BCA assay. H, Western blot analysis was used to detect the knockdown effect of LMP1 using siRNA. |, After transfection with siLMP1
for 48 h, the EV protein content of equal numbers of NPC cells was detected by BCA assay. J, Quantitative RT-PCR was used to detect the
mMRNA expression of LMP1 in HONE1 and HK1 cells after transfection of pGV141-LMP1-wt vector. K, Western blot analysis was used to
detect the protein expression of LMP1 in HONE1 and HK1 cells after transfection of pGV141-LMP1-wt vector. L, After transfection with
pGV141-LMP1-wt vector for 48 h, the EV protein content of equal numbers of NPC cells was detected by BCA assay. *P < .05, **P < .01,
***P < .001. con, control empty plasmid; ns, not significant; siNC, negative control siRNA; un, untreated

validated that more p-p65 expression occurred in LMP1-positive expression in NPC cells (Figure 4A). It was also found that p-p65 was
CM and C666-1 cells than in LMP1-negative CNE1 and HK1 cells, increased after overexpression of LMP1 in HONE1 and HK1 cells
and found that p-p6é5 was decreased after knockdown of LMP1 (Figure 4B). Bioinformatics analysis by Genematix Software (https
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FIGURE 2 Latent membrane protein 1 (LMP1) upregulates the expression of syndecan-2 (SDC2) and synaptotagmin-like-4 (SYTL4). A,
Heat map analysis of the expression differences of extracellular vesicle (EV) secretion-related genes in CNE1 and CM cells through mRNA
sequencing. B, Quantitative RT-PCR was used to detect the expression difference of EV secretion-related genes in CNE1 and CM cells. C,
Protein expression levels of SDC2 and SYTL4 in CNE1, CM, HK1, and C666-1 cells by western blot analysis. D, Expression of SDC2 and
SYTL4 in nasopharyngeal carcinoma (NPC) cells by western blot analysis after transfection with siLMP1 for 48 h. E, Expression of SDC2 and
SYTL4 in NPC cells by western blot analysis after transfection with pGV141-LMP1-wt vector for 48 h. **P < .01, ***P < .001 con, control

empty plasmid; siNC, negative control siRNA; un, untreated

://www.genomatix.de/) predicted that NF-xB binding sites would
be found in the SDC2 and SYTL4 promoter regions (Figure 4C).
The ChlIP-PCR analysis showed that more NF-xB p65 bound to the
promoter of SDC2 and SYTL4 in LMP1-positive NPC cells than in
LMP1-negative cells (Figure 4D). Subsequently, the WT and mutated
binding sites of the SDC2 and SYTL4 promoters were respectively
cloned into luciferase reporter vectors, and luciferase reporter as-
says showed that the luciferase activity was obviously higher in the
WT vector group than in the basic control vector group (P < .01 and
P < .05, respectively). However, the mutations decreased the pro-
moter activity (Figure 4E). These results revealed that SDC2 and
STYL4 were direct targets of NF-xB p65 in NPC cells. Furthermore,
after inhibiting NF-xB activity by curcumenol, which inhibits NF-xB
activation by suppressing the NF-kB p65 subunit, and siRNA target-
ing p65, the data showed that the expression of SDC2 and SYTL4
was decreased (Figure 4F,G). Collectively, these results suggest that
LMP1 can activate SDC2 and SYTL4 expression through NF-xB

signaling.

3.5 | Latent membrane protein 1 promotes
interaction of SDC2-syntenin

Studies have confirmed that syndecan can interact with syntenin

2425 syggesting that SDC2 might pro-

to promote EV formation,
mote EV formation through the SDC2-syntenin axis. We used
Co-IP experiments to determine whether LMP1 regulates the
interaction between SDC2 with syntenin in HK1 and C666-1
cells. The results indicated that LMP1 could upregulate SDC2
expression and further promoted the interaction of SDC2 with
syntenin; they also showed that syntenin interacted with SDC2,
but did so independently of LMP1 (Figure 5A). Furthermore, the
colocalization of SDC2 and syntenin in NPC cells was detected by
immunofluorescence assay. The results indicated that the fluo-
rescence intensity of SDC2 in LMP1-positive C666-1 cells was
higher than that in LMP1-negative HK1 cells. In addition, SDC2
and syntenin colocalized in both cells, but the fluorescence inten-

sity of SDC2 colocalized with syntenin was stronger in C666-1
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FIGURE 3 Latent membrane protein 1 (LMP1) promotes extracellular vesicle (EV) secretion through syndecan-2 (SDC2) and
synaptotagmin-like-4 (SYTL4). A, Quantities of multivesicular bodies (MVBs) in HONE1 and HK1 cells were detected by immunofluorescence
assay, after transfection with pGV141-LMP1-wt vector for 48 h. B, mRNA expression levels of SDC2 and SYTL4 after transfection with
SDC2 and SYTL4 siRNA by quantitative RT-PCR analysis in CM and C666-1 cells, respectively. C, Protein expression levels of SDC2 and
SYTL4 after transfection with SDC2 and SYTL4 siRNA by western blot analysis in CM and C666-1 cells, respectively. D, Protein content of
EVs isolated from CM and C666-1 cells was detected by BCA assay, after transfection with siSDC2-2 and siSTYL4-2 for 48 h. E, Quantities
of MVBs in nasopharyngeal carcinoma cells were detected by immunofluorescence assay, after transfection with siSDC2-2 and siSTYL4-2
for 48 h. *P < .05, **P < .01, ***P < .001. con, control empty plasmid; ns, not significant; siNC, negative control siRNA; un, untreated

FIGURE 4 Latent membrane protein 1 (LMP1) upregulates syndecan-2 (SDC2) and synaptotagmin-like-4 (SYTL4) expression through
nuclear factor (NF)-xB signaling. A, NF-kB p65 and p-pé5 protein expression levels of nasopharyngeal carcinoma (NPC) cells was analyzed
by western blotting, after transfection with siLMP1 for 48 h. B, NF-xB p65 and p-p65 protein expression level of HONE1 and HK1 cells after
transfection with pGV141-LMP1-wt vector for 48 h was analyzed by western blotting. C, Wild-type (wt) and mutant (mut) type of binding
sites of NF-kB binding to SDC2 and SYTL4 promoter. D, ChIP analysis was carried out using a p65 Ab, and the enrichment of the SDC2 and
STYL4 promoter sequence was detected by quantitative RT-PCR. E, 293T cells were cotransfected with luciferase plasmids (pGL3 vector,
pGL3-SDC2/STYL4-wt, and pGL3-SDC2/STYL4-mut) and GFP-p65, and dual-luciferase reporter gene assays were carried out. F, Protein
expression of SDC2 and SYTL4 in NPC cells, after inhibiting NF-kB activity by 20 pmol/L curcumenol for 24 h, were detected using western
blotting. G, Protein expression of SDC2 and SYTL4 in NPC cells, after transfection with siRNA targeting p65 for 48 h, were detected using
western blotting. *P < .05, **P < .01. con, control empty plasmid; siNC, negative control siRNA; un, untreated
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FIGURE 5 Latent membrane protein 1 (LMP1) promotes the interaction of syndecan-2 (SDC2) and syntenin. A, Interaction between
SDC2 and syntenin was detected by coimmunoprecipitation. B, Colocalization of SDC2 and syntenin in nasopharyngeal carcinoma cells was

detected by immunofluorescence assay. IP, immunoprecipitant

cells. After knockdown of LMP1 expression in C666-1 cells, the
fluorescence intensity of SDC2 was weakened, and the fluores-
cence intensity of colocalization of SDC2 and syntenin was also
attenuated (Figure 5B). The above results suggested that LMP1

promotes EV secretion through the SDC2-syntenin axis.

3.6 | Latent membrane protein 1 promotes
EV secretion and enhances tumor cell
proliferation and invasion

To investigate the effect of EV secretion on the proliferation of re-
cipient NPC cells, HK1 cells were cocultured with conditional medium
of CNE1 and CM, and HONE1 cells were cocultured with condi-
tional medium of HK1 and C666-1, respectively. The MTS assay re-
sults showed that the tumor cells cultured with conditional medium
of LMP1-positive NPC cells had higher proliferation ability than the
cells cultured with conditional medium of LMP1-negative NPC cells
(P < .05 and P < .01, respectively) (Figure 6A). These effects could
be caused by the different content of the EVs or the quantity of the
EVs, the secretion of which was promoted by LMP1. Therefore, when
HK1 and HONE1 were treated with EVs isolated from CM (100 pg,
approximately 2.59 x 107 particles) and C666-1 cells (100 18, approxi-
mately 2.51 x 10° particles), respectively, at different concentrations,

the results indicated that an increasing quantity (0, 100, and 200 pg)

of EVs could enhance the proliferation of recipient NPC cells (P < .01)
(Figure 6B). Furthermore, HK1 cells were cocultured using conditional
medium of CM cells with LMP1,SDC2, and SYTL4 knockdown, respec-
tively, and HONE1 cells were cocultured using conditional medium of
C666-1 cells with LMP1, SDC2, and SYTL4 knockdown, respectively,
as well. The results showed that, compared with the control group,
the proliferation decrease of HK1 and HONE1 cells were observed
after being cocultured by conditional medium of LMP1-positive cells
with silencing of LMP1, SDC2, and SYTL4 (Figure 6C).

Next, we explored the effects of EV secretion on the invasion
of recipient NPC cells. The Transwell assay results showed that the
tumor cells cultured with conditional medium of LMP1-positive
NPC cells obtained stronger invasion ability than the cells cultured
with conditional medium of LMP1-negative NPC cells (Figure 6D).
Furthermore, increasing the quantity of EVs could promote the
invasion of recipient HK1 and HONE1 cells (Figure 6E). HK1 and
HONET1 cells were cocultured with conditional medium of CM and
C666-1 cells with knockdown of LMP1, SDC2, and SYTL4, respec-
tively. The results showed that, compared with the control group,
the obviously decreased invasion of HK1 and HONE1 cells were
observed after being cocultured with conditional medium of LMP1-
positive cells that knock down LMP1, SDC2, and SYTL4, respec-
tively (Figure 6F). The above results indicate that LMP1 promotes
EV secretion through SDC2 and STYL4 and enhances the prolifera-

tion and invasion of recipient tumor cells.
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FIGURE 6 Latent membrane protein 1 (LMP1) promotes extracellular vesicle (EV) secretion and enhances tumor cell proliferation and
invasion. A, Proliferation of HK1 and HONEZ1 cells cocultured with conditional medium of CNE1, CM, HK1, and C666-1 cells, were detected
by MTS assay. B, Proliferation of HK1 and HONE1 cells cocultured with different concentrations of EVs isolated from CM or C666-1 cells,
respectively, were detected by MTS assay. C, Proliferation of HK1 and HONE1 cells cocultured with conditional medium of CM or C666-1
cells, which were transfected with siLMP1, siSDC2-2, and siSTYL4-2 for 48 h, were detected by MTS assay. D, Invasion of HK1 and HONE1
cells cocultured with conditional medium of CNE1, CM, HK1, and C666-1 cells, were detected by Transwell experiments. E, Invasion of HK1
and HONEZ1 cells cocultured with different concentrations of EVs isolated from CM or C666-1 cells, respectively, were detected by Transwell
experiments. F, Invasion of HK1 and HONEZ1 cells cocultured with conditional medium of CM or C666-1 cells, which were transfected with
siLMP1, siSDC2-2, and siSTYL4-2 for 48 h, were detected by Transwell assay. *P < .05, **P < .01. Magnification, x200

3.7 | Latent membrane protein 1 promotes EV
secretion and enhances tumor growth in vivo

For investigating whether CM cell-derived EVs promote tumor
growth in vivo, and whether the quantity of EVs was responsi-
ble for this effect, the animal experiments were undertaken. As
shown in Figure 7A,B, the results indicated that EVs derived from

CM cells promoted tumor growth compared with control groups

(P < .05). Furthermore, as the quantity of EVs increased from
100 pg to 200 pg, it resulted in significant increased tumor vol-
ume (P < .01). Moreover, in the clinicopathological specimens of
NPC patients, IHC staining showed that the expression of LMP1
was positively correlated with SDC2, STYL4, and CDé63, respec-
tively, and expression of SDC2 and STYL4 were also positively
correlated with CD63 (P < .001) (Figure 7C). These data further
indicated that LMP1 promotes EV secretion and enhances tumor

growth in vivo.
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FIGURE 7 Latent membrane protein 1 (LMP1) promotes extracellular vesicle (EV) secretion and enhances tumor growth in vivo. Female
BALB/c nude mice were s.c. inoculated with 1 x 107 HK1 cells. Xenografts were treated with different concentrations of CM EVs (0, 100,
or 200 pg). A, At the end of the experiment, the mice were killed and the tumors were separated. Tumor mass of each group is shown in the
graph. B, Tumor volume was examined every 3 d and shown in the graph. C, Immunohistochemical stain of the clinicopathologic specimens
of nasopharyngeal carcinoma patients, and the correlation analysis between LMP1 and syndecan-2 (SDC2), synaptotagmin-like-4 (SYTL4),
and CDé63, and the correlation analysis between CD63 and SDC2 and SYTL4. D, Model of LMP1 promotion of EV secretion. Stimulation of
EV secretion enhances the proliferation and invasion of recipient tumor cells

4 | DISCUSSION

Extracellular vesicle secretion involves 2 processes: the formation
process, and the release process.?® Studies have shown that the
RAB GTPase proteins are important regulators of intracellular vesi-
cle transport, regulating vesicle trafficking at different stages, such
as vesicle budding, vesicle and organelle flow, vesicle and accurate
convergence, and fusion of cell membranes.?”?8 Sorting of cargo into
EVsis a key step in the formation of EVs, which is regulated by a series
of molecules, including endosomal sorting complex required for trans-
port (ESCRT), 4 transmembrane protein CD63, and Iiposomes.zg’30 In
recent years, studies have been undertaken to discover the forma-
tion of EVs in the syndecan-dependent pathway.>*? The cytoplas-
mic domain of syndecan can be associated with the PDZ region of
syntenin,®® and the N-terminal domain of syntenin interacts directly
with the accessory protein ALIX of ESCRT. Thus, syndecan forms a
trimeric complex with syntenin and ALIX to regulate EV formation.®*
The release process of EVs is a process in which MVBs fuse with the
cell membrane to release EVs. Rab proteins also play an important
role in the release of EVs, and Rab proteins need to interact with their
effector molecules to execute their function. SYTL4, as an effector of
RAB27A, plays an important role in the precise integration and fusion
of MVBs and cell membranes.>>3¢

Previous studies indicated that CDé63 is a critical player in shut-
tling LMP1 into EVs or exosomes.*” ' However, the molecular mech-
anism by which LMP1 promotes EV secretion is not well understood.
In the present study, we showed that LMP1 upregulates the expres-
sion of SDC2, and the interaction of SDC2 with syntenin, which pro-
motes the formation of EVs in NPC cells. Additionally, LMP1 could
regulate EV release through SYTL4. As LMP1 can activate NF-xB,
and activated NF-xB regulates the expression of multiple target
genes,¥” we found that LMP1 could regulate SDC2 and SYTL4 ex-
pression through NF-xB signaling. These results suggest that SDC2
and STYL4 are the critical players in LMP1-mediated enhancement
of EV production.

Several reports have found that LMP1 is secreted by EVs derived
from LMP1-positive cells and can promote cancer progression and
metastasis. Meckes et al'® discovered LMP1 is secreted within EVs,
and that LMP1-containing EVs can activate MAPK/ERK and PI3K/
Akt signaling pathways within neighboring uninfected cells. More re-
cently, EBV has been shown to dramatically alter the protein content
of EVs released from latently infected B cells with most of the signif-
icant changes correlating with LMP1 expression.?>%%3? Latent mem-
brane protein 1 signaling increases EV-mediated secretion of cellular
proinvasion factors such as fibroblast growth factor-2*° and hy-

poxia-inducible factor-1.} Previous studies have focused on LMP1

loaded in EVs, which can promote tumorigenesis in recipient cells
by transporting LMP1, or identification and analysis of the change
of EV content through the presence of LMP1 in cells, leading to the
biological phenotype of receptor cells. However, LMP1 promotes EV
secretion and its biological function has not been elucidated yet. In
the present study, we found that LMP1 upregulates EV secretion,
and the stimulation of EV secretion enhances cancer progression of
NPC.

In addition, it was reported that intracellular LMP1 is often de-
graded by ubiquitination in a proteasome-dependent manner with a
half-life of 1.5-7 hours, which is much shorter than the cell replica-
tion cycle (20-24 hours), therefore, LMP1 is a short-lived protein.*"42
Thus, the persistence and activation of LMP1 is also the premise of
its biological function execution.*® It can be seen that EV secretion
is not only an important strategy for LMP1 to avoid degradation, but
also an important mechanism for LMP1 to participate in intercellular
signal exchange, and it continues to play a role in promoting tumor
growth. Overall, this study offers new insights into the complex in-
tersection of cellular secretory and degradative mechanisms.

Finally, this study discovered that LMP1 can promote EV secre-
tion through SDC2 and SYTL4, and the stimulation of EV secretion
enhances the proliferation and invasion ability of recipient NPC cells
and tumor growth in vivo (Figure 7D). This innovative discovery will
provide new insights into the tumor-promoting effect of LMP1 by
intervening TME, and the regulation of EV secretion mechanisms.
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