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Abstract 
Bac kground: Intr atumor heterogeneity is common in cancers, with different cell subtypes supporting each other to become more 
malignant. Nasopharyngeal carcinoma ( NPC ) , a highly metastatic cancer, shows significant heterogeneity among its cells. This study 
investigates how NPC cell subtypes with varying metastatic potentials influence each other through exosome-transmitted molecules. 
Methods: Exosomes were purified and characterized. Micr oRNA expr ession w as anal yzed via sequencing and qRT-PCR. The effects of 
miR-30a-5p on migration, invasion, and metastasis wer e ev aluated in vitr o and in vi v o. Its impact on desmoglein gl ycopr otein ( DSG2 ) 
was assessed using dual-luciferase assays and Western b lotting. Imm unohistochemistr y ( IHC ) and statistical models linked miR-30a- 
5p/DSG2 levels to patient prognosis. 
Results: Different NPC cell subtypes transmit metastatic potential via exosomes. High-metastatic cells enhance the migration, in- 
vasion, and metastasis of low-metastatic cells through exosome-transmitted miR-30a-5p. Plasma levels of exosomal miR-30a-5p are 
r elia b le indicators of NPC prognosis. miR-30a-5p may promote metastasis by targeting DSG2 and modulating Wnt signaling. Plasma 
exosomal miR-30a-5p inv ersel y corr elates with DSG2 lev els, pr edicting patient outcomes. 
Conclusion: High-metastatic NPC cells can increase the metastatic potential of low-metastatic cells through exosome-transmitted 

miR-30a-5p, which is a v alua b le pr ognostic marker assessa b le via liquid biopsy.
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Introduction 

Nasopharyngeal carcinoma ( NPC ) is an epithelial carcinoma 
arising from the nasopharyngeal mucosal lining, with a distinct 
geogr a phical distribution [ 1 ]. Despite significant pr ogr ess in NPC 

tr eatment, the pr ognosis of NPC r emains poor, particularl y for 
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atients with r ecurr ent or metastatic disease [ 2 ]; and 10% of
atients are diagnosed with distant metastasis at their initial di-
 gnosis [ 1 ]. Adv ances in tumor biology r esearc h hav e highlighted
he critical role of tumor heterogeneity in tumor initiation, pro-
r ession, and ther a py r esistance [ 3 , 4 ]. Single-cell sequencing has
hina School of Medicine & W est China Hospital of Sichuan Uni v ersity. This 
tribution License ( https://cr eati v ecommons.org/licenses/by/4.0/ ) , which 
d the original work is properly cited. 

https://orcid.org/0000-0002-9613-7305
mailto:maihq@sysucc.org.cn
mailto:yangak@sysucc.org.cn
mailto:chenqy@sysucc.org.cn
https://creativecommons.org/licenses/by/4.0/


2 | Xie et al. 

r  

d  

e  

t
 

c  

i  

f  

n  

W  

[  

v  

c  

t  

fi  

s  

i  

k
 

v  

n  

c  

p  

d  

r  

t  

a  

t  

c  

E  

r  

t
 

t  

e  

c  

g  

p  

p  

m  

p  

p  

s  

c  

m  

m  

(  

m  

r  

p  

N  

o  

t  

m

M
P
A  

2  

t  

h  

W  

n  

a  

v  

p  

p  

d  

s  

b  

a
 

t  

e

C
T  

S  

Q  

w  

2  

r  

m  

i  

a  

m

I
T  

t  

5  

o  

w  

o  

e  

l  

t  

t  

r  

h  

p  

t

E
M  

c  

c  

d  

g  

1  

i  

c  

c
 

t  

m  

fi  

g  

l  

d  

r  

A  
 e v ealed significant heter ogeneity within NPC, whic h may e volv e
uring tumor pr ogr ession [ 5 , 6 ]. Ne v ertheless, the biological
ffects and underlying mechanisms of the heterogeneity remain
o be uncov er ed. 

Man y r esearc hes hav e elucidated that heter ogenous cancer
ells can support each other, thereby enhancing malignancy. For
nstance, human lung adenocarcinomas displayed hier arc hical
eatures with two distinct subpopulations: one with high Wnt sig-
alling activity and another forming a niche that provides the
nt ligand; together, these subtypes enhance tumor pr ogr ession

 7 ]. Similarly, small-cell lung cancer generated its own microen-
ironment via activation of Notch signaling in a subset of tumor
ells; although these cells wer e r elativ el y slow growing, they con-
ributed to c hemor esistance and r ela pse after ther a py [ 8 ]. These
ndings indicate that intratumor heterogeneous cells compen-
ate for each other to achieve higher malignant biological behav-
or. Ho w e v er, whether the phenomenon exists in NPC remains un-
nown. 

Heterogeneous cancer cells may communicate with each other
ia various routes, including direct cell–cell contact, soluble sig-
aling molecules, extracellular vesicles ( EVs ) etc. Of note , EVs ,
omprising exosomes and micr ov esicles, hav e been found to
lay a vital role in mediating cell–cell communication in recent
ecades [ 9 ]. EV-mediated intercellular communication has been
 e v ealed to significantl y contribute to pr omoting cancer initia-
ion [ 10 ], pr ogr ession [ 11 ], pr e-metastatic nic he formation [ 12 ],
nd ther a py r esistance [ 13 , 14 ]. We hav e also demonstr ated that
her a py-induced d ying-cell-deri v ed exosomes pr omoted the r e-
overy of damaged cells and tumor repopulation [ 15 ]. The role of
Vs in NPC has also been underscored [ 16–18 ]. Nevertheless, the
ole of EVs in mediating heterogeneous cancer cell communica-
ion and their clinical significance in NPC remain unexplored. 

We hypothesize that high metastatic NPC cells could influence
he metastatic potential of low metastatic NPC cells, possibly via
xosomes. In this study, we r e v ealed that high metastatic NPC
ell subclone-derived conditioned medium could enhance the mi-
r ation and inv asion ca pacity of low metastatic cells. Further ex-
eriments identified the vital role of exosomes in mediating this
henomenon. Exosomal miR-30a-5p significantly enhanced the
etastatic capacity of the NPC cells. Of note, an ele v ated le v el of

lasma exosomal miR-30a-5p in NPC patients was associated with
oor er pr ognosis , including o v er all surviv al ( OS ) , pr ogr ession-fr ee
urviv al ( PFS ) , distant metastasis-fr ee surviv al ( DMFS ) , and lo-
or egional r ecurr ence-fr ee surviv al ( LRFS ) . Mec hanisticall y, high
etastatic cell-derived exosomal miR-30a-5p significantly pro-
oted tumor metastasis via suppressing desmoglein glycoprotein

 DSG2 ) and further influencing Wnt/ β-catenin signaling. Further-
ore, DSG2 in the tumor tissue was statistically significantly cor-

elated with the level of plasma exosomal miR-30a-5p and the
rognosis of NPC patients. Our data revealed that high metastatic
PC cells conferred the aggressive potential to the low-capacity
nes via exosomal miR-30a-5p, which significantly correlated with
he prognosis of NPC patients and could be an ideal prognostic

arker for these patients. 

aterials and methods 

atient selection and grouping 

 total of 130 NPC patients enrolled at our institution between
011 and 2012 were selected as investigation candidates. All pa-
ients had been treated in the nasopharyngeal department of our
ospital. Inclusion criteria were as follows: ( i ) > 18 years old; ( ii ) ;
orld Health Organization case classification of type II or III; ( iii )
o history of distant metastasis; ( iv ) no history of anti-tumor ther-
py. Exclusion criteria were as follows: ( i ) lost to follow-up; ( ii ) pre-
ious or current history of other malignant tumors; ( iii ) incom-
lete case data; ( iv ) current pregnancy or lactation. A total of 119
atients were included in the study after excluding patients who
id not meet the criteria. Plasma samples and pathological tissue
ections of these patients were collected. The study was a ppr ov ed
y the Ethical Committee of Sun Yat-sen University Cancer Center
nd informed consent was obtained from all patients. 

Plasma exosomal RN A w as extracted for qRT-PCR and the pa-
ients were divided into two groups by the median value of plasma
xosomal miR-30a-5p expression level. 

ell lines and culture 

he NPC cell line CNE-2, along with the high metastatic subtype
18 and low metastatic subtype S26, were gifts from Professor
ian [ 19 ]. These cells are cultured with RPMI 1640 supplemented
ith 5% fetal bovine serum ( FBS ) . Human embryonic kidney HEK-
93T cells were purc hased fr om ATCC and maintained in our labo-
 atory. HEK-293T cells wer e cultur ed in Dulbecco’s modified ea gle
edium ( DMEM ) supplemented with 10% FBS. All the cells were

ncubated in a humidified incubator containing 5% CO 2 at 37 ◦C
nd all the cell lines were routinely tested to ensure they were
ycoplasma-free. 

n vivo metastasis assay 

he lung metastasis model was established via tail-vein injec-
ion of cancer cells. In detail, cells that ov er expr essed miR-30a-
p or control sequence, and cells that were pre-treated with ex-
somes derived from miR-30a-5p overexpression or control cells,
ere used. The cells were digested and diluted to a concentration
f 1 ×10 7 /ml, and 200 μl of the cell suspensions was injected into
ach mouse via the tail vein. After 40 da ys , whole blood was col-
ected from the orbit sinus and the mice were sacrificed to collect
he lung tissue. Exosomes were extracted from the plasma for fur-
her analysis . T he weight and nodule numbers of the lungs were
ecorded, and the lungs were then paraffin embedded and further
ematoxylin-eosin ( H&E ) staining was performed. The animal ex-
erimental protocol was approved by the Animal Ethics Commit-
ee of Sun Yat-sen University Cancer Center. 

xosome extraction 

edium containing exosome-depleted FBS was used for cell
ulture. After 48 h, the medium was collected and differential
entrifugation was used to isolate exosomes . T he protocol for
iffer ential centrifugation involv ed the following steps: centrifu-
ation at 300 g at 4 ◦C for 10 min, 2000 g at 4 ◦C for 20 min, and
10 000 g at 4 ◦C for 2 h. The pallet was collected and resuspended
n phosphate-buffered saline ( PBS ) , following by an additional
entrifugation at 110 000 g at 4 ◦C for 2 h. The exosome pallet was
ollected for further experiment or analysis. 

Plasma exosomes were extracted using a Total Exosome Isola-
ion Kit ( from plasma ) ( Thermal Fisher Scientific ) following the

anufactur er’s instructions. Specificall y, 200 μl of plasma was
rst centrifuged at 2000 g at 4 ◦C for 20 min, follo w ed b y centrifu-
ation at 10 000 g at 4 ◦C for 20 min. The supernatant was then di-
uted with 100 μl of PBS, and 5 μl of proteinase K was added for
igestion at 37 ◦C for 10 min. Then, 60 μl of exosome precipitation
 ea gent ( fr om plasma ) was added and incubated at 4 ◦C for 30 min.
fter centrifugation at 10 000 g at 4 ◦C for 5 min, the exosome pal-
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let was resuspended with PBS and further purified by a 100 kDa 
ultr afiltr ation de vice. 

Analysis of exosomes 

For tr ansmission electr on micr oscopy ( TEM ) analysis, exosomes 
were placed on copper grids and stained with phosphotungstic 
acid. After the exosomes dried, ima ges wer e taken at an operating 
voltage of 100 kV. For nanoparticle tr ac king anal ysis ( NTA ) , exo- 
somes were resuspended in PBS and detected by NanoSight NS300 
( Malv ern P anal ytical ) . For the detection of exosomal proteins by 
imm unoblotting, exosomes wer e tr eated similarl y to cells for the 
extraction of proteins. 

When testing the ingestion of exosomes by recipient cells, ex- 
osomes were diluted with Diluent C and then stained with PKH67 
for 4 min. After termination of the staining with PBS containing 
0.5% BSA, the exosomes were washed with PBS four times. Exo- 
somes ( 20 μg/ml ) were added to the recipient cells and incubated 

at 37 ◦C for 8 h. The cells were then fixed with 4% paraformalde- 
hyde, stained with 4’,6-diamidino-2-phenylindole ( DAPI ) , and im- 
aged with a laser confocal scanning microscope. 

Cell migr a tion and in v asion assay 

Corning Matrigel Invasion Chamber ( Corning 354 480 ) inserts were 
used for in vasion assa ys , while Trans well ® inserts ( 8 μm PET 

membrane, Corning 3464 ) without Matrigel matrix coating were 
used for migration assa ys . 

Cells were counted and diluted to a density of ( 2–5 ) × 10 5 /ml 
with serum-free medium. A total of 200 μl of the cell suspen- 
sion was seeded into the upper chamber of each insert. Culture 
medium ( 800 μl ) with 10% FBS was added to the lo w er cham- 
bers . T he cells were cultured for 24 h and then fixed by 4% 

paraformaldehyde. Next, the cells were stained with crystal violet 
for 10 min. Cells on the inside of the Transwell inserts wer e gentl y 
r emov ed using cotton swabs, and cells on the lo w er surface of the 
membr ane wer e observ ed and ima ged under a micr oscope. 

qPCR detection of micro RNA ( miRNA ) expression 

RN A w as extracted from cell or exosome samples by TRIzol 
r ea gent ( Invitr ogen ) following the manufactur er’s instruc- 
tions . T he RN A w as r e v erse tr anscribed with the specific r e- 
v erse tr anscription primer and the PrimeScript™ RT r ea gent 
kit ( Takara ) following the manufacturer’s instructions . T he 
primer sequence used for r e v erse tr anscription was as fol- 
lows: 5 ′ -CTCAA CTGGTGTCGTGGA GTCGGCAATTCA GTTGA GCTT 

CC A-3 ′ for hsa-miR-30a-5p, 5 ′ -CTC AACTGGTGTCGTGGAGT 

CGGC AATTC A GTTGA GCAA GCT-3 ′ for cel-miR-39a-3p , 5 ′ - 
CTCAA CTGGTGTCGTGGA GTCGGCAATTCA GTTGA GAAAAA T A T- 
3 ′ for RUN6-1 ( U6 small nuclear RN A ) . qPCR w as per- 
formed with the TB Green Premix Ex Taq Kit ( Takara ) fol- 
lowing the manufacturer’s instructions. Primers used for 
the qPCR assay were as follows: has-miR-30a-5p forward: 
5 ′ -A CTCA GCTGGTGTAAA CATCCTCGA C-3 ′ ; has-miR-30a-5p 

r e v erse: 5 ′ -TGGTGTCGTGGAGTCG-3 ′ ; cel-miR-39a-3p for- 
w ar d: 5 ′ -A CA CTCCA GCTGGGTCA CCGGGTGT AAA TC-3 ′ ; cel- 
miR-39a-3p r e v erse: 5 ′ - TGGTGTCGTGGAGTCG-3 ′ ; RUN6-1 
forw ar d: 5 ′ -CAA GGATGA CA CGCAAA-3 ′ ; RUN6-1 r e v erse: 5 ′ - 
TC AACTGGTGTCGTGG-3 ′ . T he r elativ e gene expr ession was 
calculated by the 2 −��Ct algorithm. 

Dual luciferase reporter assay 

The Dual-Luciferase ® Reporter ( DLR™) Assay System ( Promega ) 
was applied to verify the target sites of miR-30a-5p in DSG2.
riefly, CNE-2 cells were co-transfected with pmirGLO plasmids 
ontaining either the miR-30a-5p target site or its mutant form,
long with miR-30a-5p mimic or control, using Lipofectamine 
000 according to the manufactur er’s pr otocol. Cells wer e col-
ected 48 h later and analyzed for dual luciferase activities follow-
ng the manufacturer’s protocol. Luciferase activities were calcu- 
ated by the ratio of firefly to renilla luminescence. 

mm unohistoc hemistry staining 

issue sections were subjected to dewaxing with xylene and a se-
ial concentration of ethanol ( 95%, 90%, 80%, 70%, 60%, 0% for 5
in each ) and then blocked with 3% H 2 O 2 for 20 min. Antigen re-

rie v al was ac hie v ed in boiling citr ate antigen r etrie v al solution
 pH = 6.0 ) for 2.5 min under pr essur e. After washing with PBS,
he sections were incubated overnight at 4 ◦C with the primary
ntibody, follo w ed b y incubation with the secondary antibody at
7 ◦C for 20 min. Imm unohistoc hemistry was completed by 3,3’-
iaminobenzidine ( DAB ) staining follo w ed b y hematoxylin stain-

ng, according to the manufactur er’s pr otocol. Ima ges of the sec-
ions were taken and scored. An initial score 0 means negative
or staining, score 1 means weak positiv e, scor e 2 means medium
ositiv e, scor e 3 means str ong positiv e . T he percenta ge of positiv e
ells was also recorded. The final score was calculated by multi-
lying the initial score by the positive rate. 

iRNA sequencing 

igh-throughput sequencing of exosomal miRN As w as performed 

 y RiboBio ( Guangzhou, China ) . Total RN As of exosomes derived
rom S18, S26, and CNE-2 cells were used to pr epar e the miRNA se-
uencing libraries and ∼150 bp PCR amplicons ( corresponding to 
22 nt miRN As ) w ere selected. The libraries were then sequenced
ith Illumina HiSeq sequencer ( Illumina ) follo wing standar d pro-

ocols. 

tatistics 

ll data were analyzed with SPSS 25.0 and Gr a phP ad Prism 7. Nor-
ally distributed data are presented as mean ± standard devi- 

tion ( SD ) . Differences between means were assessed using the
npaired student’s t test. Survival analysis was performed by the
a plan–Meier method. Multiv ariable surviv al anal yses wer e con-
ucted using the Cox proportional hazards model. P < 0.05 was
onsider ed statisticall y significant. Pearson’s correlation coeffi- 
ient ( r value ) was calculated assuming a linear relationship be-
ween variables. 

esults 

igh metastatic NPC cell-deri v ed exosomes 

onfer migr a tion and in v asion ability on lo w 

etastatic cells 

o investigate whether the heterogeneity among NPC cells in- 
uences their metastatic capacity, we employed two subclones 
f NPC cells derived from CNE-2: subclone 18 ( S18, with high
etastatic potential ) and S26 ( with low metastatic potential ) [ 19 ].
sing conditioned medium ( CM ) from these subclones to treat 
NE2 cells, we found that CM from high metastatic S18 dramat-

call y pr omoted the migr ation and inv asion ca pacity of tr eated
ells ( Fig. 1 A and B ) . As numerous studies revealed the vital role of
xosomes in mediating cellular communication, we isolated exo- 
omes from the CM of these cells using gradient ultracentrifuga-
ion. The isolated exosomes were characterized using TEM, NTA,
nd western blotting as pr e viousl y described [ 15 ]. The results sup-
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Figure 1. High metastatic NPC cell-derived exosomes confer migration and invasion ability on low metastatic cells. Images ( A ) and statistical diagrams 
( B ) showing the migration and invasion ability of CNE-2 cells treated with CM from different subtypes of cells. ( C ) Western blot identification of 
exosome markers including ALIX, CD9, and CD63; the cell marker GM130 was used as a negative control. ( D ) Diagram showing the distribution of 
diameter of the exosomes detected by Nanosight NS300. ( E ) TEM images detecting phosphotungstic acid-stained exosomes. ( F ) Fluorescent images of 
the CNE-2 cells treated with exosomes stained with PKH67. Images ( G ) and statistical diagrams ( H ) showing the migration and invasion ability of 
CNE-2 cells treated with the indicated components . ns , p > 0.05; ∗∗∗, p < 0.001. 
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ported that the c har acteristics of isolated exosomes matched the 
definition of exosomes, validating the reliability of our isolation 

methods ( Fig. 1 C–E ) . Further experiments confirmed the uptake 
of exosomes by the recipient cells ( Fig. 1 F ) . Similar to the effect of 
S18 CM, S18 cell-derived exosomes also enhanced the migration 

and invasion of NPC cells. Ho w e v er, CM deriv ed fr om cells treated 

with GW4869, a compound that inhibits exosome secretion [ 20 ],
sho w ed impaired capacity to promote cell migration and invasion 

( Fig. 1 G and H ) . Furthermore, addition of exosomes to GW4869- 
tr eated CM r estor ed the ca pacity to pr omote cell migr ation and in- 
vasion ( Fig. 1 G and H ) . Taken together, these results illustrate that 
high metastatic S18 cell-derived exosomes can confer metastatic 
ability on lo w er metastatic cells. 

miR-30a-5p is significantly upregulated in 

S18-deri v ed exosomes and exosome-treated low 

metastatic cells 

To investigate the underlying mechanisms by which S18-derived 

exosomes potentiate metastasis, we analyzed the contents of 
these exosomes by high-throughput sequencing. Due to the vi- 
tal role of miRNAs in mediating the effects of exosomes [ 21 ], we 
focused on analyzing miRN As. miRN A sequencing r e v ealed that 
26 miRN As w er e upr egulated in S18 cell-deriv ed exosomes com- 
pared with both S26 cells and the parental CNE2 cells ( Fig. 2 A and 

B, supplementary Table 1 , see supplementary online material ) .
Among these, miR-30a-5p was one of the highest upregulated 

miRNAs in S18-derived exosomes, a finding that was confirmed by 
qPCR analysis ( Fig. 2 C ) . In addition, miR-30a-5p was also upregu- 
lated in S18 cells compared with both S26 and the parental CNE-2 
cells ( Fig. 2 D ) . Of note, the expression of miR-30a in S26 and CNE-2 
cells was significantly upregulated following treatment with exo- 
somes deriv ed fr om S18 cells ( Fig. 2 E and F ) . These results indicate 
that the upregulated miR-30a-5p in S18 cells can be transmitted 

to S26 and CNE-2 cells via exosomes . T hus , we selected miR-30a- 
5p for further investigation. 

Lo w er plasma exosomal miR-30a-5p level 
predicts better prognosis of NPC patients 

Given that miR-30a-5p was selected by investigation from the 
in vitro cell models, we investigated its clinical significance in 

NPC patients. Plasma exosomal miRN A w as extracted from 

selected patients as described in the Materials and methods 
section, and the relationship between exosomal miR-30a-5p and 

clinical features of NPC patients was analyzed. A total of 119 
NPC patients was divided into two group based on the expression 

le v el of exosomal miR-30a-5p. The basic information on NPC 

patients is presented in supplementary Table 2 ( see supplemen- 
tary online material ) , which shows no significant differences 
between the high and low exosomal miR-30a-5p groups. After a 
median follow-up of 84.6 months ( range: 3.9–108.7 months ) , 17 
patients encountered local regional relapse, 32 with metastasis, 
46 with disease pr ogr ession, and 23 deaths. We selected OS as the 
primary investigation endpoint, and PFS , DMFS , and LRFS as the 
secondary endpoint. 

The results show that lo w er plasma exosomal miR-30a-5p 

was associated with better 5-year OS of NPC patients; the lower 
plasma exosomal miR-30a-5p group has a 5-year survival rate of 
89.5% [95% confidence interval ( CI ) 81.5%–97.5%], and the higher 
group of 81.0% ( 95% CI 70.9%–91.1% ) , with P value of 0.04 ( Fig. 3 A ) .
Mor eov er, lo w er plasma exosomal miR-30a-5p le v el corr elated 

with better PFS [79.3% ( 95% CI 68.8%–89.8% ) versus 52.2% ( 95% 

CI 39.5%–64.9% ) , P = 0.011] ( Fig. 3 B ) , better DMFS [84.3% ( 95% 
I 74.8%–93.7% ) versus 66.7% ( 95% CI 54.4%–70.0% ) , P = 0.029]
 Fig. 3 C ) , and better LRFS [94.4% ( 95% CI 88.3%-100.0% ) versus
6.6% ( 95% CI 65.0%–88.3% ) , P = 0.037] ( Fig. 3 D ) . In m ultiv ari-
te models adjusted for r ele v ant confounders, higher plasma ex-
somal miR-30a-5p le v el r emained an independent risk factor
or poorer PFS [hazard ratio ( HR ) = 1.976, 95% CI 1.061–3.680,
 = 0.032] and DMFS ( HR = 2.245, 95% CI 1.034–4.872, P = 0.041 ) ,
ut not for poorer OS ( HR = 2.333, 95% CI 0.928–5.865, P = 0.072 )
r LRFS ( HR = 2.569, 95% CI 0.874–7.555, P = 0.086 ) with a P -value
earl y r eac hing statistical significance ( supplementary Table 3, 
ee supplementary online material ) . These r esults str ongl y sup-
ort that plasma exosomal miR-30a-5p is a reliable indicator of
he prognosis of NPC patients, and suggest that exosomal miR-
0a-5p may be vital in regulating tumor biology, such as trans-
itting the metastatic potential of heterogeneous NPC cells. 

xosomal miR-30a-5p enhanced the migr a tion 

nd in v asion ability of NPC cells 

e further analyzed the biological role of miR-30a-5p in regulat-
ng the metastatic potential of NPC cells. Transfection of miR-30a-
p inhibitor in S18 cells significantly inhibited cell migration and
nvasion ( Fig. 4 A; Supplementary Fig. 1 A, see supplementary on-
ine material ) . Conv ersel y, tr ansfection of miR-30a-5p mimic en-
anced the migration and invasion capacities in S26 and CNE-2
ells ( Fig. 4 B and C; supplementary Fig. 1 B and C ) , similar to the
ffect of S18-derived exosomes. 

To further mimic the role of S18 cell-derived exosomal miR-
0a-5p, we constructed an miR-30a-5p stable ov er expr ession cell
ine in CNE-2 cells ( Fig. 4 D ) . The exosomes derived from the miR-
0a-5p ov er expr ession cell line also sho w ed enhanced expression
f miR-30a-5p ( Fig. 4 E ) , similar to exosomes derived from S18 cells.
urthermore, CNE-2 and S26 cells that were treated with exo- 
omes deriv ed fr om the miR-30a-5p ov er expr ession cell line also
ho w ed upregulation of miR-30a-5p ( Fig. 4 F and I ) . Consequently,
NE-2 and S26 cells treated with these exosomes exhibited sig-
ificantl y ele v ated migr ation and inv asion ca pacities, r espectiv el y
 Fig. 4 G, H, J, and K ) . Taken together, these data demonstrate that
xosomal miR-30a-5p is responsible for the enhanced migration 

nd invasion capacities transmitted from high metastatic to low 

etastatic cells. 

xosomal miR-30a-5p enhanced metastasis of 
ells in vivo 

o further explore the effect of miR-30a-5p on potentiating NPC
ell metastasis, we injected CNE-2 miR-30a-5p ov er expr ession
ells and control cells via the tail vein in Balb/c nude mice. Af-
er ∼6 weeks, the mice were euthanized and their lungs were
nal yzed. Lungs fr om mice injected with miR-30a-5p ov er ex-
ression cells sho w ed significantl y mor e metastatic nodules and
&E staining confirmed the significant infiltration of metastatic 

umor cells nodules ( Fig. 5 A and B ) . Mor eov er, the lungs fr om
ice injected with miR-30a-5p ov er expr ession cells were sig-

ificantly heavier than those from the control group ( Fig. 5 C ) .
n addition, qPCR confirmed the ov er expr ession of miR-30a-
p in the metastatic nodules of the miR-30a-5p ov er expr es-
ion group ( Fig. 5 D ) . Taken together, these results indicate that
le v ated miR-30a-5p expr ession in NPC cells enhanced tumor
etastasis. 
Furthermor e, we dir ectl y isolated exosomes from the miR-

0a-5p ov er expr ession and the contr ol cells and used them to
reat CNE2 cells. After that, the treated cells were injected into
ude mice via the tail v ein. The r esults sho w ed that miR-30a-5p

https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae018#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae018#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae018#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae018#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae018#supplementary-data
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Figure 2. miR-30a-5p is significantly upregulated in S18-derived exosomes and the exosome-treated low metastatic cells. ( A ) Heatmap of the 
differ entiation expr essed miRNAs in exosomes deriv ed fr om differ ent subtypes of cells. ( B ) Venn dia gr am showing the ov erla pped miRNAs that ar e 
ele v ated in S26 cells compared with both S18 cells and CNE-2 cells. ( C ) qPCR detection of miR-30a-5p expression in exosomes derived from different 
subtypes of cells. ( D ) Relative expression of miR-30a-5p in different subtypes of cells by qPCR. qPCR detection of miR-30a-5p expression in CNE-2 ( E ) 
and S26 ( F ) cells treated with exosomes derived from S18 cells . ns , p > 0.05; ∗∗, p < 0.01; ∗∗∗, p < 0.001. 
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v er expr ession exosome-tr eated CNE-2 cells exhibited enhanced
etastatic potential ( Fig. 5 E ) . More metastatic nodules were ob-

erved and the lungs were heavier in the miR-30a-5p ov er expr es-
ion exosome-tr eated gr oup ( Fig. 5 F and G ) . These r esults str ongl y
upport that exosomal miR-30a-5p enhanced the metastatic ca-
acity of the recipient cells. 

iR-30a-5p targets DSG2 to enhance the 

etastatic capacity of NPC cells 

iRNAs exert their regulatory function mainly by targeting the
o wnstream mRN As via the 3 ′ -untr anslated r egion ( 3 ′ -UTR ) .
e used se v er al miRNA tar get-pr edicting algorithms, including
iRDB , miRTarBase, miR W alk, and TargetScan. V enn diagram

nal ysis r e v ealed that 53 tar gets wer e pr edicted to be the dir ect
arget of miR-30a-5p by all four algorithms ( Fig. 6 A ) . Among these
otential targets, we identified the desmoglein gl ycopr otein DSG2,
he main component of desmosome, which plays a vital role in cell
onnection and suppressing tumor metastasis [ 22 , 23 ], as a tar-
et of miR-30a-5p. A dual-luciferase reporter assay demonstrated
hat miR-30a-5p inhibited DSG2 via binding to the predicted bind-
ng site ( Fig. 6 B and C ) . 

To further test the function of DSG2 downstream of miR-30a-
p, we transfected DSG2 overexpression plasmids into NPC cells
ncluding high metastatic S26 cells and the parental CNE-2 cells.
n contrast to miR-30a-5p ov er expr ession, DSG2 ov er expr ession
ignificantly inhibited the migration and invasion ability of NPC
ells ( Fig. 6 D and E ) . 
As an important desmosome component, DSG2 inhibition by
xosomal miR-30a-5p may disrupt the formation of desmosomes
etween cells . T his ma y lead to the translocation of desmosomes
o the cytosome/nucleus and alter cell signaling, such as activat-
ng Wnt signaling in head and neck squamous cell carcinoma
 24 ]. We then transfected miR-30a-5p mimic and inhibitor into
PC cells and tested their influence on the expression of DSG2
nd Wnt signaling. The results sho w ed that miR-30a-5p inhibitor
le v ated the expression of DSG2 and downregulated β-catenin
xpression, while miR-30a-5p mimic transfection inhibited the
xpression of DSG2 and elevated β-catenin ( Fig. 6 F ) . These re-
ults indicated that exosomal miR-30a-5p could inhibit DSG2 ex-
r ession, whic h further regulated Wnt signaling to promote cell
etastasis. 

SG2 is in versel y correla ted with miR-30a-5p 

xpression and predicts better prognosis 

e further investigated the relationship between DSG2 and miR-
0a-5p expression in clinical settings . T he expression of DSG2 in
atient samples was detected by imm unohistoc hemistry ( Fig. 7 A ) .
ur prisingl y, the expr ession of DSG2 was significantly inversely
orrelated with the level of plasma exosomal miR-30a-5p ( Fig. 7 B ) .
or eov er, lo w er DSG2 expr ession, whic h is associated with higher

e v els of plasma exosomal miR-30a-5p, was significantly associ-
ted with worse OS for the patients [79.7% ( 95% CI 69.5%–90.0% )
n the lo w er DSG2 gr oup v ersus 91.0% ( 95% CI 83.5%–98.5% ) in the
igher DSG2 group, P = 0.021] ( Fig. 7 C ) . Additionally, lo w er DSG2



Exosomal communication promotes NPC metastasis and poor prognosis | 7 

F igure 3. Lo w er plasma exosomal miR-30a-5p le v el pr edicts better pr ognosis of NPC patients. Ka plan–Meier surviv al curv es showing the association 
between the differential expression of plasma exosomal miR-30a-5p and ( A ) OS, ( B ) PFS, ( C ) DMFS, and ( D ) LRFS. 
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expression was associated with worse 5-year DMFS [68.1% ( 95% 

CI 56.2%–80.0% ) versus 83.5% ( 95% CI 73.6%–93.4% ) , P = 0.027] 
( Fig. 7 D ) . 

Although the differences in 5-year PFS was not statistically 
significant, there was a trend to w ar d correlation [58.8% ( 95% 

CI 46.4%–71.2% ) in the lo w er DSG2 gr oup v ersus 73.2% ( 95% CI 
61.5%–84.8% ) in the higher DSG2 group, P = 0.056] ( Fig. 7 E ) . In 

addition, the 5-year LRFS was similar between the two groups 
[84.7% ( 95% CI 74.9%–94.5% ) versus 86.8% ( 95% CI 77.7%–95.9% ) ,
P = 0.742] ( Fig. 7 F ) . These results revealed DSG2 as a comple- 
mentary marker for predicting the prognosis of NPC patients and 

str ongl y support the crucial role of miR-30a-5p/DSG2 signaling in 

regulating NPC cell metastasis. 

Discussion 

In this manuscript, we r e v ealed that high metastatic NPC cells 
could enhance the metastatic capacity of low metastatic cells via 
exosome-based cell communication. High metastatic cell-derived 

exosomes contain large amounts of miR-30a-5p, which signifi- 
cantl y pr omoted NPC cell metastasis by targeting DSG2 and regu- 
lating Wnt signaling ( Fig. 8 ) . Of note, a higher le v el of plasma exo- 
somal miR-30a-5p was significantly associated with poor survival 
of the patients, and was negativ el y corr elated with the expr ession 

of DSG2 in tumor tissues, which also correlated with patient sur- 
ival. To the best of our knowledge, this is the first study to demon-
trate that communication between heterogeneous NPC cells via 
xosomes promotes cancer metastasis and that this mechanism 

ould be a prognostic marker for NPC patients. Translating these
ndings into ther a peutic interv entions pr esents pr omising av-
nues for improving patient outcomes in NPC; targeting miR-30a- 
p by antisense oligonucleotides or miRNA sponges, modulating 
xosome production and release, and inhibiting wWt signaling are 
ll worth further investigation. 

Tumor cell heterogeneity is universal among cancers, and sin- 
le cell RNA-sequencing has e v en r e v ealed that e v ery cancer cell
ould be different within a single patient [ 25 ]. Pr e vious inv estiga-
ions have revealed that communication between different sub- 
ypes of cancer cells collectiv el y pr omoted cancer pr ogr ession [ 3 ,
 ]. Mor eov er, loss of certain abilities in a cell may be compen-
ated for by an increase in others. For example, cells that are slow-
rowing may be more therapy resistant, a phenomenon that has
een exploited to de v elop ada ptiv e ther a py [ 26 , 27 ]. In this sce-
ario, the low metastatic NPC cells may be more therapy resistant
r more fast growing when their metastatic potential is enhanced
y high metastatic cells, and the cancer may become e v en mor e
alignant. 
As an important comm unicating car go, exosomes hav e been

 e v ealed to mediate the communications between different
ubtypes and promote cancer cell progression. In vivo imaging 
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Figure 4. Exosomal miR-30a-5p enhanced migration and invasion ability of NPC cells . ( A ) T he ability of cell migration ( top ) and invasion ( bottom ) after 
transfection of miR-30a-5p inhibitor in S18 cells. Re presentati ve images are shown on the right. The ability of cell migration ( top ) and invasion 
( bottom ) after transfection of miR-30a-5p mimic in CNE-2 ( B ) and S26 ( C ) cells. Re presentati ve images are shown on the right. ( D ) Relative expression 
of miR-30a-5p in miR-30a-5p ov er expr ession or control cells. ( E ) Relative expression of miR-30a-5p in exosomes derived from miR-30a-5p 
ov er expr ession and control cells. ( F –H ) After treatment with exosomes from miR-30a overexpression and control cells, the expression of miR-30a-5p 
( F ) , migration ( G ) , and invasion ( H ) ability of CNE-2 cells. Re presentati ve images are shown on the right. ( I –K ) After treatment with exosomes from 

miR-30a ov er expr ession and contr ol cells, the expression of miR-30a-5p ( I ) , migration ( J ) , and invasion ( K ) ability of S26 cells. Re presentati ve images are 
shown on the right. ∗, p < 0.05; ∗∗, p < 0.01; ∗∗∗, p < 0.001. 
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Figure 5. Exosomal miR-30a-5p enhanced metastasis of cells in vivo . Re presentati ve images ( A ) and statistics ( B ) of lung metastasis nodules in mice 
intr av enousl y injected with miR-30a-5p ov er expr ession or control cells. ( C ) Lung weight of mice intr av enousl y injected with miR-30a-5p 
ov er expr ession or control cells. ( D ) Relative expression of miR-30a-5p in the metastatic nodules of different experimental groups. Re presentati ve 
images ( E ) and statistics ( F ) of lung metastasis nodules in mice intravenously injected with CNE-2 cells pre-treated with exosomes derived from 

miR-30a-5p ov er expr ession or contr ol cells. ( G ) Lung weight of mice intr av enousl y injected with CNE-2 cells pr e-tr eated with exosomes deriv ed fr om 

miR-30a-5p ov er expr ession or contr ol cells. ∗, p < 0.05; ∗∗, p < 0.01; ∗∗∗, p < 0.001. 
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r e v ealed that EVs released from malignant tumor cells are 
taken up by less malignant tumor cells, and the EV-delie v ed 

mRNAs promoted migration and metastasis of these cells [ 28 ].
Mor eov er, ther a py-r esistant r enal cancer cells could transmit 
their ther a py r esistant potential to sensitiv e cells via exosome- 
deliv er ed long non-coding RN A ( lncRN A ) [ 29 ]. In this article,
we further r e v ealed that high metastatic cancer cells could 

transmit their metastatic potential to low metastatic NPC cells 
via delivering exosomes, which significantly promoted cancer cell 
metastasis. 

miRNAs are short non-coding RNAs that modulate the expres- 
sion of genes to exert their biological function and are a vital 
component of exosomes. Exosomall y-deliv er ed miRNAs can mod- 
ulate various aspects of tumor biology and are a vital messen- 
ger within the tumor micr oenvir onment [ 30 ]. Our collea gues hav e 
also r e v ealed that miR-30a-5p is associated with the malignant 
pr ogr ession of NPC [ 31 ], although the underlying mechanisms re- 
main undiscov er ed. In this study, we r e v ealed that high metastatic 
NPC cell-derived exosomal miR-30a-5p could promote the migra- 
ion, invasion, and metastatic potential of low metastatic cancer 
ells, which could be a significant factor in cancer progression.
he mechanism by which miRNAs exert their biological functions 

nvolves binding to the 3 ′ UTR of mRNAs and inhibiting transla-
ion, thus inhibiting gene expression [ 32 ]. Here, we illustrated that

iR-30a-5p inhibited the expression of DSG2 via binding to the
eed sequence in the 3 ′ UTR. As an important component of the
esmosome, DSG2 inhibition has been found to ele v ate epithelial–
esenc hymal tr ansition gene expr ession, allowing cells to detac h

rom the primary tumor and undergo intravasation [ 22 ]. DSG2 in-
ibition was also r e v ealed to promote cell invasion and migration,
hich is associated with Wnt signaling [ 33 ]. Furthermore, DSG2
as been identified as a prognostic marker in se v er al cancers [ 34 ].
hese pr e vious inv estigations support our findings that miR-30a-
p could promote cancer metastasis via targeting DSG2 and reg-
lating Wnt signaling. 

Liquid biopsy has gained significant attention r ecentl y due to
ts con venience , minimal in v asiv eness, and accur acy in dia gno-
is, especially in cancer diagnosis and prognosis prediction [ 35 ].
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Figure 6. miR-30a-5p targets DSG2 to enhance the metastatic capacity of NPC cells. ( A ) Venn diagram showing the overlap of predicted miR-30a-5p 
target genes by different algorithms. ( B ) Schematic diagram of the potential targeting site of miR-30a-5p in the 3 ′ UTR of DSG2. ( C ) Results of the dual 
luciferase assay reporter system, which show that miR-30a-5p inhibited the translation of DSG2, and the repression effect is abrogated when the 
predicted binding sequence is mutated. Transwell assay showing the migration ( top ) and invasion ( bottom ) of the CNE2 ( D ) and S26 ( E ) cells transfected 
with DSG2 ov er expr ession or control plasmid. Re presentati ve images are shown on the right. ( F ) Western blot detecting the expression of DSG2 and 
β-catenin in S18 cells transfected with miR-30a-5p inhibitor, or in CNE2 and S26 cells transfected with miR-30a-5p mimic. ∗∗, p < 0.01; ∗∗∗, p < 0.001. 
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Figure 7. DSG2 is inv ersel y corr elated with the expr ession of miR-30a-5p and pr edicts better pr ognosis. ( A ) Repr esentativ e ima ges of 
imm unohistoc hemistry staining of NPC tissues . T he upper row shows images with amplification of 100x, while the lower row shows the 400x. The 
images displayed from left to right show negative to strong positive staining of DSG2 in NPC tissues. ( B ) Correlation of plasma exosomal miR-30a-5p 
le v el and tissue DSG2 expression level. ( C –F ) Kaplan–Meier survival curves showing the associations between the differential expression of DSG2 and 
( C ) OS, ( D ) DMFS, ( E ) PFS, and ( F ) LRFS. 
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Among the tested components, exosomes are promising for liq- 
uid biopsy [ 36 ]. Ho w e v er, most identified liquid biopsy markers are 
based on screening for a previously identified molecule whose bi- 
ological functions and mec hanisms ar e not full y understood. In 

this study, based on findings fr om benc h w ork, w e r e v ealed that 
the metastatic promoting exosomal miR-30a-5p could be an im- 
portant pr ognosis pr edicting marker for NPC patients, which was 
associated with the tissue expression of DSG2. The synergy be- 
tween bench and bedside work collectiv el y illustr ates that exoso- 
mal miR-30a-5p is a strong candidate for use as a liquid biopsy 
marker. This a ppr oac h underscor es the potential of integr ating 
aboratory findings with clinical applications to improve cancer 
iagnosis and prognosis. 

While our study provides significant insights into the role of
xosomal miR-30a-5p in NPC metastasis and prognosis, it is im-
ortant to recognize its limitations. One of the limitations of our
tudy is the sample size. We included 119 NPC patients in our
nalysis. While this sample size provided sufficient po w er to de-
ect significant associations between plasma exosomal miR-30a- 
p le v els and patient pr ognosis , it ma y limit the generalizability of
ur findings to the broader NPC patient population. Larger, multi-
enter studies will be necessary to validate our results . Moreo ver,
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Figure 8. Sc hematic dia gr am de picting how high metastatic NPC cell-deri v ed exosomal miR-30a-5p pr omotes the metastatic potential of low 

metastatic cells via suppressing DSG2 and enhancing Wnt signaling. 
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JNA1051654. 
lthough we identified miR-30a-5p as a k e y mediator of metasta-
is via targeting DSG2 and modulating Wnt signaling, the exact
olecular mechanisms and interactions remain to be fully elu-

idated. Additional studies are needed to dissect these pathways
urther and to explore other potential targets of miR-30a-5p that

ay contribute to NPC pr ogr ession. 
In summary, we r e v ealed that a high metastatic subtype of NPC

ells can transmit their metastatic potential to low metastatic
ells via secreting exosomal miR-30a-5p. This miRNA targets
SG2 to regulate Wnt signaling and finally promote metastasis.
lasma exosomal miR-30a-5p is a promising marker for predicting
he prognosis of NPC patients . T his study uncovers the intercellu-
ar communication between different subtypes of NPC cells that
romotes cancer progression and provides a potential biomarker
or predicting metastatic risk. 
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