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Abstract
Background: Aberrant	expression	of	exosomal	miRNAs	has	emerged	as	a	 research	
hotspot.	However,	no	studies	have	been	conducted	on	the	dysregulation	of	exosomal	
miRNAs	derived	from	cancer-	associated	fibroblasts	 (CAFs)	 in	supraglottic	 laryngeal	
squamous	cell	carcinoma	(SLSCC).
Methods: Cancer-	associated	 fibroblasts	 and	 paired	 normal	 fibroblasts	 (NFs)	 from	
SLSCC	patients	were	cultured,	and	exosomes	in	the	culture	supernatants	were	col-
lected	 and	 identified.	 Exosomal	 miRNA	 expression	 was	 compared	 in	 each	 pair	 of	
CAFs	and	NFs	by	next-	generation	sequencing,	and	expression	of	selected	exosomal	
miRNAs	was	validated	by	reverse	transcription-quantitative	PCR.	Four	online	bioin-
formatic	algorithms	predicted	the	potential	target	genes	of	aberrantly	expressed	miR-
NAs,	while	gene	ontology	and	Kyoto	Encyclopaedia	of	Genes	and	Genomes	(KEGG)	
pathway	enrichment	and	network	analysis	 identified	downstream	target	genes	and	
their interactions.
Results: Three	pairs	of	CAFs	and	NFs	were	successfully	cultured	and	purified.	CAF-	
derived	 exosomal	 miRNAs	 were	 mostly	 downregulated	 and	 included	miR-	656-	3p,	
miR-	337-	5p,	miR-	29a-	3p and miR-	655-	3p;	however,	some,	including	miR-	184-	3p,	miR-	
92a-	1-	5p,	miR-	212-	3p and miR-	3135b,	were	upregulated.	Bioinformatics	analysis	 re-
vealed	 involvement	 of	 these	 miRNAs	 in	 biological	 processes,	 cellular	 components	
and	molecular	functions.	KEGG	analysis	revealed	the	top	30	pathways	involvement	in	
cancer	initiation	and	progression	and	in	cell	cycle	regulation.	An	interaction	network	
showed miR-	16-	5p,	miR-	29a-	3p,	miR-	34c-	5p,	miR-	32-	5p and miR-	490-	5p as the top five 
miRNAs	and	CCND1,	CDKN1B,	CDK6,	PTEN and FOS as the top five target genes.
Conclusions: SLSCC	patients	showed	aberrant	expression	of	CAF-	derived	exosomal	
miRNAs.	The	top	five	miRNAs	and	their	target	genes	may	jointly	constitute	a	carcino-
genic	tumour	microenvironment	and	act	as	biomarkers	for	SLSCC	intervention.
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1  |  INTRODUC TION

Supraglottic	laryngeal	squamous	cell	carcinoma	(SLSCC)	is	a	special	
type of laryngeal cancer that is prone to lymph node metastasis 
and	 post-	therapeutic	 relapse.1 Tumour relapse is mainly caused 
by	a	disordered	tumour	microenvironment	(TME),2 caused in part 
by	the	pro-	tumourigenic	capacity	of	cancer-	associated	fibroblasts	
(CAFs).3	CAFs	produce	extensive	exosomes	that	regulate	the	TME	
and direct the growth and progression of cancer cells.4	Exosomes	
carry	 a	 variety	 of	 bioactive	 molecules,	 including	 miRNAs,	 signal	
peptides,	lipids	and	DNA.5	Of	these	molecules,	the	exosomal	miR-
NAs	play	an	important	role	in	the	modulation	of	the	TME,	and	the	
aberrant	 expression	 of	 the	 exosome-	derived	miRNAs	 in	 CAFs	 is	
recognised as important contributors to cancer progression and 
metastasis.6

There	 is	 already	 ample	 literature	 on	 the	 subject	 of	 CAF-	
derived	 exosomal	 miRNAs	 in	 many	 solid	 tumours,7,8 and also 
miRNAs9,10	 and	 serum	 exosomal	 miRNAs11,12 have been inten-
sively	 investigated	 in	 LSCC.	We	 previously	 reported	 that	 CAFs	
and	conditioned	medium	(CM)	from	CAFs	derived	from	LSCC	pa-
tients	 could	 significantly	 enhance	 the	 capacity	 of	 proliferation,	
migration	and	tumourigenicity	of	LSCC	cells.13,14 We speculated 
that	CAF-	derived	 exosomal	miRNAs	may	 play	 a	 key	 role	 in	 this	
tumour-	promoting	 effect.	 In	 addition,	 we	 investigated	 the	 exo-
somal	miRNAs	expression	profile	 derived	 from	LSCC	cell	 line.15 
However,	to	date,	no	studies	have	been	conducted	to	explore	the	
aberrant	expression	profiles	of	CAF-	derived	exosomal	miRNAs	in	
patients	with	LSCC.

In	the	present	study,	the	aberrant	expression	profiles	of	exo-
somal	 miRNAs	 from	 the	 three	 pairs	 of	 CAFs	 and	 normal	 fibro-
blasts	 (NFs)	 from	different	SLSCC	patients	were	 identified	using	
next-	generation	sequencing.	Most	of	 the	dysregulated	exosomal	
miRNAs	were	downregulated,	 including	miR-	656-	3p,	miR-	337-	5p,	
miR-	29a-	3p,	 miR-	655-	3p,	 miR-	16-	5p,	 miR-	34c-	5p,	 miR-	32-	5p and 
miR-	490-	5p.	A	few	dysregulated	exosomal	miRNAs	were	upregu-
lated,	including	miR-	184-	3p,	miR-	92a-	1-	5p,	miR-	212-	3p,	miR-	3135b,	
miR-	1306-	3p,	 miR-	7704 and miR-	1306-	3p. The potential down-
stream target genes and their interactions with these selected 
exosomal	 miRNAs	were	 explored	 by	 online	 bioinformatics	 anal-
ysis.	 Taken	 together,	 our	 findings	 indicate	 that	 SLSCC	 patients	
manifest	aberrant	expression	of	CAF-	derived	exosomal	miRNAs.	
These	dysregulated	miRNAs	and	their	target	genes	are	mainly	re-
lated	to	cell	cycle	regulation	and	may	play	critical	roles	in	SLSCC	
initiation	 and	 progression,	 providing	 new	 insights	 for	 the	 treat-
ment	of	SLSCC.

2  |  MATERIAL S AND METHODS

2.1  |  Patient information

Ten	tumour	specimens	from	10	male	patients	with	SLSCC	diagnosed	
by biopsy and pathology were collected immediately after surgical 
tumour	 resection.	All	 10	 specimens	were	 classified	 as	moderately	
differentiated	 epiglottic	 LSCC.	 Paired	 adjacent	 normal	 connective	
tissues were obtained simultaneously from each patient. Data in-
cluding	laryngoscopic	photos,	contrast-	enhanced	computed	tomog-
raphy	(CT)	scans	and	pathological	photos	were	also	collected.

2.2  |  Primary culture of tumour specimens and 
paired adjacent connective tissues

Each	SLSCC	specimen	collected	 from	 fresh	 resected	 tumours	was	
immersed	immediately	in	cold	RPMI	1640	medium	(Invitrogen).	The	
specimen	was	 then	 immersed	 in	 povidone-	iodine	 solution	 (saline-	
diluted,	 1:10,	 5	 min),	 followed	 by	 gentamycin	 sulphate	 solution	
(saline-	diluted,	1:8,	5	min)	and	finally	 lincomycin	hydrochloride	so-
lution	 (saline-	diluted,	 1:8,	 5	min).	 The	 specimen	was	 then	washed	
with	phosphate-	buffered	saline	(PBS)	and	scissored	into	fragments	
(1–	2	mm3).	The	fragments	were	trypsinised	 in	RPMI	1640	medium	
containing	type	IV	collagenase	(200	U/ml,	Sigma)	for	12	h	at	37°C.	
The digested fragments were suspended in bronchial epithelial cell 
growth	medium	(BEGM;	Catalogue	#CC-	3170;	Lonza)	supplemented	
with	1%	penicillin/streptomycin	and	10%	foetal	bovine	serum	(FBS;	
Gibco,	 Life	Technologies	Corporation).	 The	 suspension	was	plated	
in	6-	cm	Petri	dishes	 (Corning	Inc.)	and	 incubated	for	3–	7	days	 in	a	
humidified	incubator	in	5%	CO2	at	37°C.	The	dishes	were	then	ex-
amined	under	a	phase-	contrast	microscope,	and	any	contaminated	
dishes	 were	 discarded.	 The	 CAFs	 that	 grew	 successfully	 without	
contamination were collected and subcultured.

The paired adjacent connective tissue from the same patient was 
cultured using this same procedure and served as a control. Primary 
CAF	and	NF	cultures	were	successfully	generated	from	tissues	from	
three of the 10 patients.

2.3  |  Morphological examination and 
immunocytochemical staining of CAFs and NFs

Cancer-	associated	 fibroblasts	 and	 NFs	 were	 separated	 and	 pu-
rified	 by	 brief	 exposure	 to	 0.25%	 trypsin-	EDTA	 (Invitrogen).	

K E Y W O R D S
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Representative	images	were	recorded	using	a	phase-	contrast	mi-
croscope.	Immunocytochemistry	was	used	to	verify	the	identities	
of	 CAFs	 and	NFs.	 The	 CAFs	 and	NFs	 cells	 suspended	 in	 BEGM	
were plated on glass coverslips. The cells were then incubated at 
37°C	 for	 24	 h	 and	 immersed	 in	 4%	 paraformaldehyde	 (PFA)	 for	
15	min,	washed	with	PBS	and	incubated	in	10%	normal	goat	serum	
(Boster)	for	40	min	to	block	nonspecific	interactions,	in	the	pres-
ence	 or	 absence	 of	 0.3%	Triton	X-	100	 to	 permeabilise	 the	 cells.	
The coverslips were immersed in solutions containing primary 
antibodies	 (rabbit	 antihuman)	 for	 pan-	cytokeratin	 (CK;	 1:400;	
Abcam),	vimentin	(1:200;	Abcam),	α-	smooth	muscle	actin	(α-	SMA;	
1:200;	 Abcam)	 and	 fibroblast	 activation	 protein	 (FAP;	 1:250;	
Abcam)	 and	 incubated	 at	 4°C	 overnight.	 The	 cells	 were	 then	
treated	 with	 secondary	 antibodies	 (Jackson	 ImmunoResearch),	
either	 fluorescein	 isothiocyanate	 (FITC)-	conjugated	 goat	 anti-	
rabbit	 IgG	 (H	 +	 L;	 1:100)	 or	 Cy™3-	conjugated	 goat	 anti-	rabbit	
IgG	 (1:100)	 for	 1	 h	 at	 37°C.	 The	 cell	 nuclei	 were	 stained	 with	
4′,6-	diamidino-	2-	phenylindole	(DAPI;	Boster).

2.4  |  Collection of culture supernatant and 
isolation of exosomes

Purified	 CAFs	 and	 NFs	 were	 cultured	 in	 BEGM	 medium	 (con-
taining	 10%	 exosome-	depleted	 FBS)	 for	 72	 h.	 When	 each	 cell	
monolayer	was	near	confluence,	the	culture	supernatant	was	col-
lected	and	centrifuged	 (1500	g,	10	min),	 followed	by	centrifuga-
tion	(10,000	g,	30	min)	at	4°C.	The	resulting	exosome	supernatant	
was	then	filtered	(0.22	μm	filter)	to	eliminate	cellular	debris,	fol-
lowed	by	 centrifugal	 ultrafiltration	 (Amicon®	Ultra-15	100	KDa;	
Merck	KGaA)	to	prevent	potential	contamination.	Exosomes	were	
isolated	 from	 the	ultrafiltered	supernatant	with	Ribo™	Exosome	
Isolation	 Reagent	 (RiboBio	 Co.,	 Ltd.),	 as	 previously	 described.15 
Briefly,	the	collected	conditioned	medium	was	mixed	with	Ribo™	
Exosome	 Isolation	 Reagent	 (ratio	 3:1),	 followed	 by	 an	 incuba-
tion	at	4°C	overnight.	The	medium	was	then	centrifuged	(1500	g,	
30	 min),	 and	 the	 resulting	 exosome	 pellets	 were	 suspended	 in	
phosphate-buffered	 saline	 (PBS;	 HyClone;	 GE	 Healthcare	 Life	
Sciences)	and	analysed	 immediately	or	 stored	at	−80°C	 for	 sub-
sequent research.

2.5  |  Transmission electron microscopy (TEM) and 
nanoparticle tracking analysis (NTA)

TEM	 was	 used	 to	 identify	 the	 morphological	 characteristics	
of	 exosome	 pellets,	 as	 described	 previously.15	 About	 20	 μl of 
exosome-	PBS	solution	was	added	to	carbon-	coated	copper	grids	
for	1	min,	and	then	the	excess	solution	was	removed	by	blotting	
with	 filter	 paper.	 The	 exosome	 pellets	 were	 then	 stained	 with	
20 μl	 uranyl	 acetate	 dihydrate	 (2%)	 for	 about	 1	min.	 The	 sam-
ple was finally dried for 10 min under a lamp before observation 

with	 an	 FEI	 Tecnai	 G2	 Spirit	 transmission	 electron	microscope	
(FEI	Company)	operated	at	80	kV.	The	particle	size	distribution	
was	 determined	 by	 NTA	 using	 a	 NanoSight	 NS300	 instrument	
(Malvern	 Instruments,	 Inc.),	 in	 accordance	 with	 the	 operating	
instructions.

2.6  |  Western blotting

Cell	 pellets	 and	 exosomes	 were	 lysed	 in	 RIPA	 lysis	 buffer.	 The	
protein	 concentration	 was	 determined,	 and	 protein	 samples	
from	 exosomes	 and	 control	 cells	 were	 separated	 by	 SDS	 po-
lyacrylamide	 gel	 electrophoresis,	 followed	 by	 transfer	 to	 PVDF	
membranes	 (Millipore).	 The	 membranes	 were	 initially	 blocked	
with	 5%	 nonfat	 milk	 and	 probed	 overnight	 with	 rabbit	 primary	
anti-	CD63	 (1:1000,	 Abcam),	 anti-	TSG101	 (1:2000,	 Abcam)	 and	
anti-	Calnexin	 (1:2000,	 Abcam),	 followed	 by	 detection	 using	
horseradish	 peroxidase-	conjugated	 goat	 anti-	mouse/rabbit/rat	
IgG	 (1:2000;	 Jackson).	 Immunoreactive	 bands	 were	 detected	
using	 BeyoECL	 Plus	 (Beyotime	 Biotech).	 Beta-	actin	 antibody	
(1:5,000;	HuaAn	Biotech)	was	used	 to	normalise	 the	 amount	of	
sample loaded.

2.7  |  Extraction of total RNA

TRIzol	 reagent	 (Invitrogen;	 Thermo	 Fisher	 Scientific,	 Inc.)	 was	
used	 to	 extract	 high-	quality	 total	 RNA	 from	 the	 exosomes	 ob-
tained	 from	 each	 specimen.	 A	NanoDrop	 2000	 spectrophotom-
eter	(NanoDrop	Technologies;	Thermo	Fisher	Scientific,	Inc.)	was	
used	to	analyse	the	concentration	and	quality	of	RNA.	An	Agilent	
2200	Bioanalyser	(Agilent	Technologies,	 Inc.)	was	used	to	assess	
the	RNA	content.

2.8  |  Small RNA (sRNA) sequencing and differential 
expression analysis

The	 sRNA	 next-	generation	 sequencing	 technology	 was	 used	 to	
investigate	differences	in	the	miRNA	profiles	between	exosomes	
from	the	three	pairs	of	CAFs	and	NFs.	The	sRNA	library	prepara-
tion and sample sequencing were performed with the assistance 
of	RiboBio	Co.,	Ltd.	using	an	Illumina	HiSeq™	2500	device,	as	de-
scribed previously.15	Briefly,	total	RNA	from	the	three	pairs	of	CAF	
and	NF	exosomes	was	concatenated	with	5'-		and	3'-	adaptors,	fol-
lowed	by	cDNA	synthesis	and	PCR	amplification.	The	cDNA	library	
(18–	40	nt)	was	then	obtained	by	acrylamide	gel	purification,	and	
single-	end	 (SE)	 sequencing	was	 conducted	 (1	×	 50	 bp).	 The	 dif-
ferential	expression	analysis	of	paired	tests	was	performed	using	
edger	 software	 with	 appropriate	 correction	 (|	 log2(foldchange)	
| >1,	p <	0.05)	for	multiple	testing.	The	results	are	also	shown	in	
scatter,	volcano	and	heat	maps.
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2.9  |  RT‑qPCR validation of selected miRNAs

We	 validated	 the	 sequencing	 results	 of	 the	 top	 10	miRNAs	 (miR-	
16-	5p,	 miR-	29a-	3p,	 miR-	34c-	5p,	 miR-	32-	5p,	 miR-	490-	5p,	 miR-	
193b-	3p,	 miR-	10a-	3p,	 miR-	656-	3p,	 miR-	19b-	3p	 and	 miR-	424-	5p)	
in	 CAF-	derived	 exosomes	 from	 all	 the	 three	 SLSCC	 patients	 by	
RT-qPCR.	Total	RNA	was	reversed-transcribed	using	RevertAid	First	
Strand	cDNA	Synthesis	Kit	(Thermo	Scientific,	#K1622).	The	expres-
sion	level	of	miRNA	was	measured	using	FastStart	Universal	SYBR	
Green	Master(Rox)	(Roche,	#4913914001).	All	the	procedures	were	
performed	 following	 the	manufacturer's	 instructions.	 The	 optimal	
PCR	amplification	procedures	were	as	follows:	pre-	denaturation	at	
95°C	 for	30	s,	 cycling	 stage:	95°C	 for	15	s,	55– 65°C	 for	10	s	and	
72°C	for	30	s,	40	cycles;	melt	curve	stage:	65– 105°C.	U6	snRNA	was	
used as an internal control. The 2−ΔΔCT method was used to quantify 
the	relative	expression	levels	of	selected	miRNAs.	The	primers	used	
are listed in Table 1.

2.10  |  Identification of candidate exosomal 
miRNAs and target genes

The	miRNAs	that	showed	significant	differences	(p <	0.05)	between	
CAFs	 and	 NFs	 were	 selected	 as	 candidate	 exosomal	 miRNAs	 for	

further	analysis.	The	genes	targeted	by	selective	exosomal	miRNAs	
were	predicted	by	four	online	bioinformatic	algorithms:	TargetScan	
(http://www.targe	tscan.org/vert_72/),	 miRDB	 (http://mirdb.org),	
miRTarBase	(http://mirta	rbase.mbc.nctu.edu.tw/php/index.php)	and	
miRWalk	 (http://mirwa	lk.umm.uni-	heide	lberg.de).	 We	 selected	 an	
intersection among the four databases as a filtering condition to im-
prove	the	accuracy	of	gene	prediction.	Only	genes	predicted	simul-
taneously	by	 specific	 exosomal	miRNAs	within	 the	 four	databases	
were	selected	as	target	genes	of	the	candidate	exosomal	miRNAs.

2.11  |  Gene Ontology (GO) and Kyoto 
Encyclopaedia of Genes and Genomes 
(KEGG) analysis

The	GO	analysis	(http://www.geneo	ntolo	gy.org/)	was	used	to	pre-
dict	the	potential	functions	of	the	target	genes	of	selected	miRNAs,	
while	the	KEGG	(http://www.genome.jp/)	pathway	enrichment	anal-
ysis was performed to identify the predominant pathways based on 
the	DAVID	6.7	online	software	(http://david.abcc.ncifc	rf.gov/home.
jsp).	All	GO	terms	and	KEGG	pathway	enrichment	analysis	were	ana-
lysed	using	kobas3.0	software	 (hypergeometric	test/Fisher's	exact	
test)	with	a	p <	0.05	threshold	of	significance,	and	the	FDR	correc-
tion	method	was	Benjamini	and	Hochberg	(Appendix	S4).

TA B L E  1 Sequences	of	primers	used	for	quantitative	real-	time	PCR

miRNA name Primer sequence (5′→3′)

miR-	16-	5p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCGCCAATA

miR-	16-	5p-	S ACACTCCAGCTGGGTAGCAGCACGTAAATA

miR-	29a-	3p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTAACCGAT

miR-	29a-	3p-	S ACACTCCAGCTGGGTAGCACCATCTGAAAT

miR-	34c-	5p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGCAATCAG

miR-	34c-	5p-	S ACACTCCAGCTGGGAGGCAGTGTAGTTAGCT

miR-	32-	5p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGCAACTT

miR-	32-	5p-	S ACACTCCAGCTGGGTATTGCACATTACTAA

miR-	490-	5p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACCCACCT

miR-	490-	5p-	S ACACTCCAGCTGGGCCATGGATCTCCAG

miR-	193b-	3p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGCGGGAC

miR-	193b-	3p-	S ACACTCCAGCTGGGAACTGGCCCTCAAAGT

miR-	10a-	3p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTATTCCCC

miR-	10a-	3p-	S ACACTCCAGCTGGGCAAATTCGTATCTAGG

miR-	656-	3p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGAGGTTG

miR-	656-	3p-	S ACACTCCAGCTGGGAATATTATACAGTCA

miR-	19b-	3p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCAGTTTT

miR-	19b-	3p-	S ACACTCCAGCTGGGTGTGCAAATCCATGCAA

miR-	424-	5p-	R CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTTCAAAAC

miR-	424-	5p-	S ACACTCCAGCTGGGCAGCAGCAATTCATGT

URP TGGTGTCGTGGAGTCG

U6-	S CTCGCTTCGGCAGCACA

U6-	A AACGCTTCACGAATTTGCGT

http://www.targetscan.org/vert_72/
http://mirdb.org
http://mirtarbase.mbc.nctu.edu.tw/php/index.php
http://mirwalk.umm.uni-heidelberg.de
http://www.geneontology.org/
http://www.genome.jp/
http://david.abcc.ncifcrf.gov/home.jsp
http://david.abcc.ncifcrf.gov/home.jsp
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2.12  |  Statistical analysis

Data were presented as the mean ±	 standard	deviation	 (SD)	of	at	
least	three	independent	assays	and	analysed	by	Student's	t test or 
Fisher's	exact	test.

All	analyses	were	performed	with	the	GraphPad	Prism	software	
version	6.00	for	Windows	(GraphPad	Software).	Values	of	p < 0.05 
were considered to indicate statistical significance.

3  |  RESULTS

3.1  |  Laryngoscopy, contrast‑ enhanced CT and 
pathology

Laryngoscopy	revealed	that	all	the	three	SLSCC	tumours	originated	
from the epiglottis and showed obvious enhancement in CT scans. 
Pathological	examination	showed	that	all	tumours	were	moderately	
differentiated	squamous	cell	carcinomas	(Figure	1A–	I).

3.2  |  Primary culture, purification and 
morphology of CAFs and NFs

Although	10	pairs	of	CAFs	and	NFs	from	10	SLSCC	patients	were	ini-
tially	subjected	to	primary	culture,	only	three	pairs	were	successfully	
cultured and purified due to contamination or poor propagation of the 
NFs	 in	vitro.	Two	days	after	seeding,	 the	CAFs,	cancer	cells	and	NFs	
grew	out	from	the	fragments.	The	CAFs	and	NFs	were	purified	by	dif-
ferential	 trypsinization	at	passages	3–	4.	Purified	CAFs	and	NFs	were	
stored	in	liquid	nitrogen.	The	morphology	of	the	NFs	showed	small	dif-
ferences	when	compared	with	the	CAFs.	For	example,	fewer	cell	promi-
nences	were	formed	by	the	NFs	than	by	the	CAFs	(Figure	2A–	H).	During	
subculture,	the	proliferation	capacity	of	CAFs	and	NFs	did	not	decrease	
significantly	within	seven	consecutive	passages.	Therefore,	CAFs	and	
NFs	between	passages	3	and	6	were	used	for	subsequent	assays.

3.3  |  Purity and identification of CAFs and NFs by 
immunofluorescence

Negative	staining	for	pan-	CK	and	positive	staining	for	vimentin	were	
detected	in	CAFs	and	NFs,	confirming	their	fibroblast	origin.	The	pu-
rity	of	CAFs	and	NFs	revealed	by	vimentin	staining	was	100%,	as	val-
idated	by	examining	10	randomly	selected	microscopic	fields	(×200).	
In	comparison	with	the	NFs,	CAFs	also	showed	positive	staining	for	
FAP	and	α-	SMA,	two	CAF	biomarkers	(Figure	2I–	R).

3.4  |  Isolation and identification of exosomes 
derived from CAFs and NFs

Exosomes	 were	 verified	 by	 TEM,	 western	 blotting	 and	 NTA.	
TEM	 images	 showed	 the	 typical	 size	 range	 and	 morphology	 of	

membrane-bound	 exosome	 particles,	 which	 were	 homogeneous	
in	appearance	(Figure	2S).	Western	blotting	revealed	positive	ex-
pression	 of	CD63	 and	TSG101,	 two	 of	 the	well-	established	 sur-
face	markers	for	exosomes,	and	negative	expression	of	calnexin,	
commonly	used	as	a	negative	control	for	extracellular	vesicles16,17 
(Figure	2T).	 In	 addition,	NTA	analysis	 showed	 a	 size	 distribution	
(mean	diameter	at	109.1	±	44.1	nm)	for	the	exosome	particles	that	
was	 consistent	 with	 the	 reported	 size	 range	 of	 exosomes	 (30–	
150	nm)18	(Figure	2U).

3.5  |  Different small RNA signatures of the 
exosome compartments derived from CAFs and NFs

Most	 of	 the	 exosomal	 clean	 reads	 could	 be	 mapped	 to	 known	
RNAs	 of	 the	 human	 genome,	 as	 illustrated	 in	 the	 circos	 plots	
(Figure	 S1).	 Analysis	 of	 the	 chromosomal	 location	 of	 all	 the	
mapped	 small	 RNAs	 indicated	 that	 they	mainly	 originated	 from	
chromosomes	3,	5,	6,	7,	13	and	14.	No	significant	differences	were	
noted	between	CAFs	and	NFs	for	the	distribution	of	the	exosomal	
small	 RNA	 location	 in	 the	 genome	 (Figure	 S1A).	 Approximately,	
12.3%	of	the	miRNAs	were	common	between	CAFs-	derived	and	
NFs-	derived	 exosomes	 (Figure	 S1B).	 The	 small	 RNA	 reads	were	
functionally categorised based on a >90%	 identity	 to	exonic	 re-
gions	of	the	genome	and	annotated	ncRNAs.	Briefly,	the	miRNAs	
were	the	most	abundant	among	the	known	sequences,	 followed	
by	 tRNAs,	 rRNA,	 snRNAs,	 snoRNA,	 Y	 RNAs,	 piRNAs	 and	 other	
RNAs	 that	 could	 not	 be	 categorised.	 Of	 all	 the	 small	 RNAs	 se-
quenced,	an	average	of	67.61%	of	the	miRNAs	were	detected	 in	
CAF-	derived	exosomes,	compared	with	an	average	of	62.50%	of	
the	miRNAs	 in	NF-	derived	 exosomes	 (Figure	 S1C).	 Small	 RNAs,	
sized	between	17	nt	 and	45	nt,	were	 analysed.	Most	 of	 the	 se-
quenced	small	RNAs	were	approximately	20	nt	and	31	nt	 in	size	
(clean	reads)	(Figure	S1D).	These	characteristic	sizes	were	consist-
ent	with	small	RNA	populations.

3.6  |  Aberrant expression profiles of exosomal 
miRNAs between CAFs and NFs

Patient	YYX	had	668	dysregulated	miRNAs;	however,	only	45	miR-
NAs	showed	significant	differences	in	expression.	Of	those,	3	were	
upregulated	and	42	were	downregulated	(p <	0.05,	Table	S1).	Patient	
XHG	had	576	dysregulated	miRNAs,	but	only	45	miRNAs	showed	
significant	differences	in	expression.	Of	those,	9	were	upregulated	
and	36	were	downregulated	 (p <	0.05,	Table	S2).	Patient	YSX	had	
476	dysregulated	miRNAs,	but	only	33	miRNAs	showed	significant	
differences	in	expression.	Of	those,	8	were	upregulated	and	25	were	
downregulated	 (p <	0.05,	Table	S3).	The	 results	are	also	shown	 in	
scatter,	 volcano	 and	 heat	 maps	 (Figures	 3A-	F	 and	 4A-	C).	 Eleven	
miRNAs	were	downregulated	simultaneously	 in	 two	patients.	Two	
miRNAs	were	upregulated	simultaneously	in	two	patients.	Four	miR-
NAs	were	 downregulated	 simultaneously	 in	 all	 the	 three	 patients	
(Figure	6A,	pie	chart).
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3.7  |  RT‑qPCR validation of top 10 miRNAs

In	 patient	 YYX,	 five	 of	 the	 top	 10	 CAF-	derived	 exosomal	 miR-
NAs	 (miR-	16-	5p,	miR-	29a-	3p,	miR-	34c-	5p,	miR-	490-	5p	 and	miR-	
656-	3p)	 were	 detected	 significantly	 downregulated	 by	 small	
RNA	 sequencing.	 Similarly,	 in	 patient	XHG,	 seven	of	 the	 top	10	
CAF-	derived	 exosomal	 miRNAs	 (miR-	16-	5p,	 miR-	29a-	3p,	 miR-	
32-	5p,	 miR-	10a-	3p,	 miR-	656-	3p,	 miR-	19b-	3p	 and	 miR-	424-	5p)	
were	 significantly	 downregulated,	 and	 in	 patient	 YSX,	 six	 of	

the	 top	 10	 miRNAs	 (miR-	29a-	3p,	 miR-	34c-	5p,	 miR-	32-	5p,	 miR-	
193b-	3p,	miR-	656-	3p	and	miR-	424-	5p)	were	significantly	down-
regulated	(Figure	4A-	C,	Tables	S1–	S3).	As	anticipated,	the	results	
of	 RT-qPCR	 detection	 revealed	 that	 the	 expression	 levels	 of	
these	 selected	CAF-	derived	 exosomal	miRNAs	were	 downregu-
lated	 significantly	 (p <	 0.05,	 |log2(foldchange)	 |	 >1)	 compared	
with	 the	 NF-	derived	 exosomal	 miRNAs	 (Figure	 5A-	C).	 These	
findings	 indicated	 that	 the	 results	 of	 the	 small	RNA	 sequencing	
were credible.

F I G U R E  1 Laryngoscopy,	contrast-	enhanced	CT	and	pathology	of	tumours	from	patients	with	SLSCC.	Typical	laryngoscopic	photos	of	
tumours	from	patients	(A)	YYX,	(B)	XHG	and	(C)	YSX.	All	the	tumours	in	three	patients	originated	from	the	epiglottis.	Typical	CT	images	of	
tumours	from	patients	(D)	YYX,	(E)	XHG	and	(F)	YSX.	An	obvious	metastatic	lymph	node	(MLN)	with	liquefactive	necrosis	was	observed	in	
the	left	neck	near	the	submandibular	gland	in	patient	YSX.	Typical	pathological	images	of	tumours	from	patients	(G)	YYX,	(H)	XHG	and	(I)	
YSX.	All	three	tumours	were	moderately	differentiated	squamous	cell	carcinomas
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3.8  |  Prediction of miRNAs target genes and 
GO and KEGG pathway enrichment analysis

The	GO	approach	used	to	explore	potential	gene	functions	revealed	
that	all	 the	GO	terms	were	 involved	 in	three	categories:	biological	

process,	cellular	component	and	molecular	function.	The	top	three	
biological	processes	 (the	 lowest	p-	value,	p <	0.05)	were	related	to	
regulation	 of	 transcription	 from	 the	RNA	polymerase	 II	 promoter,	
transcription	 from	 the	 RNA	 polymerase	 II	 promoter	 and	 posi-
tive	regulation	of	RNA	metabolic	processes.	The	top	three	cellular	

F I G U R E  2 Morphology	and	immunofluorescence	of	CAFs	and	NFs	and	identification	of	exosomes.	(A)	Primary	CAFs	co-	existed	with	cancer	
cells.	(B–	D)	Purified	CAFs	at	passage	5	from	3	patients.	(E)	Primary	NFs	grew	out	from	the	collagenase-	digested	fragments.	(F–	H)	Purified	
paired	NFs	at	passage	5;	the	NFs	showed	fewer	cell	prominences	compared	with	the	CAFs.	(I)	Morphology	of	LSCC	epithelia.	(J–	M)	CAFs	
showed	negative	staining	for	pan-	CK	and	positive	staining	for	vimentin,	FAP	and	α-	SMA.	(N)	Positive	control	of	pan-	CK.	(O–	R)	NFs	showed	
negative	staining	for	pan-	CK,	FAP	and	α-	SMA	and	positive	staining	for	vimentin.	(S–	U)	TEM	images,	western	blots	and	NTA	data	for	exosomes
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components	(the	lowest	p-	value,	p <	0.05)	were	related	to	the	RISC-	
loading	complex,	the	micro-	ribonucleoprotein	complex	and	the	RNAi	
effector	complex.	The	top	three	molecular	functions	(the	lowest	p-	
value,	p <	0.05)	were	related	to	core	promoter	binding,	regulatory	
region nucleic acid binding transcription factor activity and tran-
scription	regulatory	region	DNA	binding	(Figures	6B–	D	and	7A).	The	
KEGG	pathway	enrichment	analysis	was	performed	to	characterise	
the	predominant	pathways.	The	specific	miRNA	targets	were	com-
pared	to	the	whole	reference	gene	background,	and	p < 0.05 was 
chosen	as	the	cut-	off	criterion.	Thirty	signalling	pathways	with	the	
most	statistical	differences	were	selected	and	analysed	(Figure	7B).

3.9  |  Interaction networks of exosomal 
miRNAs and target genes

One	miRNA	can	 regulate	hundreds	of	 target	genes,	 and	one	gene	
can	be	regulated	by	multiple	miRNAs.	An	interaction	network	of	se-
lected	exosomal	miRNAs	and	genes	was	constructed.	In	all,	12	ab-
errantly	 expressed	 exosomal	miRNAs	were	 identified	 that	 formed	
a wide range of connections with the corresponding target genes. 
The top five were miR-	16-	5p,	miR-	29a-	3p,	miR-	34c-	5p,	miR-	32-	5p and 
miR-	490-	5p	 (Figure	8A).	The	 top	 five	most	common	overlay	genes	
were identified as CCND1	(gene	count	10),	CDKN1B	(gene	count	7),	
CDK6	 (gene	count	6),	PTEN	 (gene	count	5)	and	FOS	 (gene	count	5)	
(Figure	8B,	Table	2).

4  |  DISCUSSION

Exosomal	miRNAs	may	be	derived	from	cancer	cells	themselves	or	
from	stromal	cells	like	CAFs.	To	date,	most	studies	have	focused	on	
exosomal	miRNAs	derived	from	cancer	cells.19	CAF-	derived	exoso-
mal	miRNAs	are	now	receiving	increasing	attention,	but	no	studies	
have	yet	been	conducted	to	explore	the	aberrant	expression	profiles	
of	exosomal	miRNAs	derived	from	CAFs	in	patients	with	SLSCC.

The present study is the first to describe dysregulation of the 
expression	profile	of	miRNAs	encapsulated	in	the	CAF-	derived	exo-
somes	in	different	patients	with	SLSCC.	Three	pairs	of	CAFs	and	NFs	
were successfully cultured and used for subsequent investigations. 
Laryngoscopy,	CT	scans	and	pathological	examination	showed	that	
they were all moderately differentiated squamous cell carcinomas 
originated	from	the	epiglottis	(Figure	1A–	I).

Both	 the	 CAFs	 and	 NFs	 showed	 long,	 fusiform	 morphology,	
with	several	cell	prominences.	However,	the	cell	prominences	were	
fewer	on	the	NFs	than	on	the	CAFs,	which	probably	reflected	the	
fact	that	they	were	in	a	relatively	inactive	state	(Figure	2A–	H).	After	
purification,	the	CAFs	were	distinguished	from	the	NFs	by	positive	

immunofluorescence	 staining	 for	 FAP	 and	 α-	SMA,	 two	 CAFs	 bio-
markers	(Figure	2I–	R).

The	collected	exosomes	were	verified	as	such	by	TEM,	western	
blotting	and	NTA	(Figure	2S–	U).	Previous	studies	have	reported	that	
exosomes	are	generally	enriched	with	certain	specific	marker	pro-
teins,	such	as	CD9,	CD63,	CD81,	TSG101	and	HSP70,20 with lower 
expression	of	 some	cellular	proteins,	 such	as	cis-	Golgi	matrix	pro-
tein	GM13021	 and	endoplasmic	 reticulum	 (ER)	 calnexin.16,17	 In	 the	
present	study,	the	western	blotting	revealed	the	presence	of	CD63	
and	TSG101and	 the	 absence	of	 calnexin,	 consistent	with	 the	pre-
viously	reported	exosomes	markers.	The	NTA	analysis	showed	the	
exosome	particles	to	have	a	size	of	109	±	44.1	nm,	consistent	with	
the	 reported	 size	 range	of	 exosomes	 (30–	150	nm).22	Our	 findings	
confirmed	that	these	isolated	particles	qualified	as	exosomes.

The	 aberrant	 expression	 profiles	 of	 exosomal	 miRNAs	 de-
rived	from	the	three	pairs	of	purified	CAFs	and	NFs	from	patients	
with	 SLSCC	 were	 then	 analysed	 by	 next-	generation	 sequencing	
(Table	 S1– S3,	 Figures	3A-	F	 and	4A-	C).	Most	 of	 the	 aberrantly	 ex-
pressed	miRNAs	were	downregulated,	but	a	few	were	upregulated.	
Eleven	 miRNAs	 (miR-	452-	5p,	 miR-	651-	5p,	 miR-	16-	5p,	 miR-	424-	5p,	
miR-	378d,	miR-	32-	5p,	 let-	7i-	3p,	miR-	16–	2-	3p,	miR-	136-	3p,	miR-	221-	
5p and miR-	34c-	5p)	were	downregulated	simultaneously	in	two	pa-
tients.	Two	miRNAs	(miR-	184	and	miR-	92a-	1-	5p)	were	upregulated	
simultaneously	in	two	patients.	Interestingly,	four	exosomal	miRNAs	
(miR-	656-	3p,	miR-	655-	3p,	miR-	337-	5p	and	miR-	29a-	3p)	were	down-
regulated	simultaneously	in	all	three	patients	(Figure	6A,	pie	chart).

RT-qPCR	was	used	to	validate	the	results	of	sequencing	of	the	
top	 10	 miRNAs	 (miR-	16-	5p,	 miR-	29a-	3p,	 miR-	34c-	5p,	 miR-	32-	5p,	
miR-	490-	5p,	 miR-	193b-	3p,	 miR-	10a-	3p,	 miR-	656-	3p,	 miR-	19b-	3p	
and	miR-	424-	5p).	 The	 results	 of	 RT-qPCR	 detection	 revealed	 that	
the	expression	levels	of	these	selected	CAF-	derived	exosomal	miR-
NAs	were	downregulated	significantly	(p <	0.05,	|log2(foldchange)	|	
>1)	compared	with	the	NF-	derived	exosomal	miRNAs	(Figure	5A-	C),	
which	indicated	that	the	results	of	the	small	RNA	sequencing	were	
credible.

The	 above-	mentioned	 11	miRNAs	were	 downregulated	 simul-
taneously	 in	 two	patients.	However,	 the	 results	of	each	miRNA	 in	
previous	 reports	 were	 controversial.	 For	 example,	 the	 expression	
of	miR-	452-	5p	was	significantly	increased	in	387	clinical	lung	squa-
mous	 cell	 carcinoma	 specimens,23 whereas it was downregulated 
in 1007 prostate cancer samples.24	A	significant	downregulation	of	
miR-	32-	5p	was	 reported	 in	 cervical	 cancer	 tissues	and	cells,25 but 
a significantly upregulation was detected in colorectal cancer tis-
sues.26	 The	 two	miRNAs	 that	were	upregulated	 simultaneously	 in	
two patients in our study have also had controversial findings. For 
example,	miR-	184	 expression	was	 upregulated	 in	 renal	 carcinoma	
tissues,27 but downregulated in endometrial carcinoma tissues.28 
These	results	suggest	that	these	miRNAs	play	different	regulatory	

F I G U R E  3 Aberrant	expression	profiles	of	exosomal	miRNAs	between	CAFs	and	NFs	illustrated	by	scatter	and	volcano	maps.	(A–	
C)	The	scatter	plot	revealed	the	differential	expression	of	exosomal	miRNAs	between	CAFs	and	NFs.	The	inclusion	criterion	was	|	
log2(foldchange)	|	>1 and p <	0.05.	(D–	F)	The	volcano	plot	revealed	the	same	expression	profiles	of	exosomal	miRNAs	between	CAFs	and	
NFs.	(|log2(foldchange)	|	>1,	p <	0.05).	Red,	upregulated;	green,	downregulated
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roles	 in	different	 types	of	 tumours.	No	 studies	have	 reported	 the	
regulation	of	miR-	651-	5p,	miR-	378d	and	miR-	136-	3p	 in	 cancer	 re-
search,	indicating	that	these	three	miRNAs	may	be	promising	targets	
for	the	intervention	of	LSCC.

The	above-	mentioned	four	exosomal	miRNAs	were	downregu-
lated	simultaneously	in	all	three	patients,	indicating	that	these	miR-
NAs	are	closely	related	to	the	pathogenesis	of	LSCC.	A	few	reports	
have	 appeared	 about	miR-	656-	3p,	miR-	337-	5p	 and	miR-	655-	3p	 in	
different types of cancers.29–	31	However,	all	three	miRNAs	in	these	

reports	were	extracted	either	from	tumour	tissues	or	from	cancer	
cell	lines.	None	of	the	miRNAs	were	extracted	from	exosomes.	MiR-	
29a-	3p	 is	 a	 potential	 tumour-	suppressive	miRNA	 and	 is	 downreg-
ulated in papillary thyroid carcinoma tissues.32 We found only one 
report	that	examined	exosomal	miR-	29a-	3p	from	oral	squamous	cell	
carcinoma cell lines.33

The bioinformatics analysis predicted the potential target genes 
of	the	exosome	miRNAs	that	were	differentially	expressed	between	
CAFs	and	NFs.	Our	exploration	of	 the	potential	 functions	of	 these	

F I G U R E  4 Dysregulated	expression	profiles	of	exosomal	miRNAs	between	CAFs	and	NFs	(CAF/NF)	illustrated	by	heat	maps.	The	fold	
change of log2	served	as	an	inclusion	criterion	in	either	direction.	Red	signal:	relative	high	expression;	blue	signal:	relative	low	expression.	
(A)	Patient	YYX	had	3	miRNAs	that	were	upregulated	and	the	other	42	were	downregulated.	(B)	Patient	XHG	had	9	miRNAs	that	were	
upregulated	and	36	that	were	downregulated.	(C)	Patient	YSX	had	8	miRNAs	that	were	upregulated	and	25	that	were	downregulated	
(p <	0.05)

F I G U R E  5 RT-qPCR	validation	of	
the	top	10	miRNAs.	RT-qPCR	validation	
in	(A)	patient	YYX,	(B)	patient	XHG	
and	(C)	patient	YSX.	The	results	of	
RT-qPCR	detection	were	very	similar	
to	those	of	next-	generation	sequencing	
(|log2(foldchange)	|	>1,	p <	0.05).	U6	
(RNU6-1)	snRNA	was	used	as	an	internal	
control
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F I G U R E  6 Illustration	of	dysregulated	exosomal	miRNAs	from	three	patients	with	SLSCC	and	GO	annotation	of	predicted	targets.	(A)	
Three	miRNAs	were	downregulated,	and	1	miRNA	was	upregulated	in	both	patient	XHG	and	patient	YYX;	four	miRNAs	were	downregulated	
in	both	patient	XHG	and	patient	YSX;	four	miRNAs	were	downregulated,	and	1	miRNA	was	upregulated	in	both	patient	YSX	and	patient	
YYX.	Four	miRNAs	were	downregulated	simultaneously	in	all	three	patients.	(B–	D)	The	GO	terms	were	involved	in	3	categories:	biological	
process,	cellular	component	and	molecular	function	(p <	0.05)
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F I G U R E  7 The	top	10	GO	terms	in	three	categories	and	KEGG	pathway	enrichment	analysis.	(A)	The	top	10	GO	terms	are	illustrated	for	
the	three	GO	categories	(biological	process,	cellular	component	and	molecular	function)	(p <	0.05).	(B)	Thirty	signal	pathways	with	greatest	
statistical	differences	were	selected	for	the	KEGG	analysis	(p <	0.05)
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target	genes	using	GO	analysis	revealed	an	involvement	of	three	GO	
categories	(Appendices	S1–	S3)	that	had	transcription	and	regulation	
of	RNA	as	 important	 functions	 (Figures	 6B–	D	 and	7A).	 The	KEGG	
pathway enrichment analysis identified the top 30 pathways involved 
in	many	types	of	cancers,	in	critical	signalling	pathways	in	cancer	ini-
tiation	and	progression	and	in	regulation	of	the	cell	cycle	(Figure	7B).	
These	abnormal	GO	categories	and	KEGG	signalling	pathways	may	
be	related	to	the	pathogenesis	and	cancer	biology	of	LSCC.

We	also	constructed	an	interaction	network	of	selected	exoso-
mal	miRNAs	and	target	genes.	This	network	contained	12	aberrantly	
expressed	exosomal	miRNAs	that	formed	a	wide	range	of	connec-
tions	 with	 the	 corresponding	 target	 genes	 (Figure	 8A).	 Of	 these,	
the	 top	 five	 miRNAs	 were	 miR-	16-	5p,	 miR-	29a-	3p,	 miR-	34c-	5p,	
miR-	32-	5p	and	miR-	490-	5p.	All	these	five	miRNAs	were	reportedly	
downregulated	 in	 breast	 cancer,34	 thyroid	 carcinoma,32 osteosar-
coma,35 renal cell carcinoma tissues36 and cervical cancer tissues 
and cells.25	Our	findings	indicated	that	these	top	five	miRNAs	may	
play	a	critical	role	in	the	tumourigenesis	of	LSCC.

The top five most common overlay genes were identified as 
CCND1	(gene	count	10),	CDKN1B	(gene	count	7),	CDK6	(gene	count	
6),	PTEN	(gene	count	5)	and	FOS	(gene	count	5)	through	interaction	
network	analysis	 (Figure	8B,	Table	2).	Of	 these,	CCND1,	CDKN1B	
and CDK6 are critical regulatory subunits required for the cell cycle 

G1/S	 transition.	Dysfunction	of	 these	 three	genes	may,	 therefore,	
lead to uncontrolled cell cycle progression and ultimately to tumouri-
genesis.37,38 These critical findings indicate that the pathogenesis of 
supraglottic laryngeal cancer may be cell cycle disorder.

Most	of	the	previously	reported	exosmal	miRNAs	were	cancer	
cell-	derived.	Although	increasing	studies	focused	on	the	exosmal	
miRNAs	 extracted	 from	 CAFs,	 almost	 none	 of	 them	 were	 con-
ducted	using	exosmal	miRNAs	derived	from	CAF	primary	cultures	
from	 different	 patients.	 We	 believe	 that	 the	 miRNAs	 with	 the	
most	significant	statistical	difference	or	showing	the	same	expres-
sion	trends	in	more	than	one	patient	sample	are	the	miRNAs	that	
jointly	constitute	a	carcinogenic	TME	and	play	decisive	roles	in	the	
initiation	and	progression	of	SLSCC.

5  |  CONCLUSION

In	this	study,	the	aberrant	expression	profile	of	CAF-	derived	exo-
somal	miRNAs	 from	 three	moderately	differentiated	 supraglottic	
LSCC	patients	was	identified	by	next-	generation	sequencing.	The	
top	 five	miRNAs,	miR-	16-	5p,	miR-	29a-	3p,	miR-	34c-	5p,	miR-	32-	5p	
and	 miR-	490-	5p,	 and	 the	 top	 five	 most	 common	 overlay	 target	
genes,	 CCND1,	 CDKN1B,	 CDK6,	 PTEN	 and	 FOS,	were	 revealed.	

TA B L E  2 Interaction	of	10	selected	genes	with	upstream	miRNAs	and	downstream	genes

miRNAs miRNA count Targeted genes Genes interacted Gene count Sum

hsa-	miR-	10a-	3p
hsa-	miR-	29a-	3p

2 IGF1 CCND1,FOS 2 4

hsa-	miR-	29a-	3p
hsa-	miR-	34c-	5p

2 MYCN CCND1,PTEN 2 4

hsa-	miR-	16-	5p
hsa-	miR-	424-	5p

2 AGO4 CDK6,DICER1 2 4

hsa-	miR-	10a-	3p
hsa-	miR-	16-	5p

2 CDC27 CCND1,CDKN1B,CBX2 3 5

hsa-	miR-	29a-	3p
hsa-	miR-	656-	3p

2 CCND2 CCND1,CDKN1B,CDK6 3 5

hsa-	miR-	29a-	3p
hsa-	miR-	490-	5p

2 FOS CCND1,CDKN1B,IGF1,PTEN,NFE2L2 5 7

hsa-	miR-	19b-	3p
hsa-	miR-	29a-	3p
hsa-	miR-	32-	5p

3 PTEN CCND1,CDKN1B,MYCN,FOS,SYNJ1 5 8

hsa-	miR-	2682-	5p
hsa-	miR-	29a-	3p
hsa-	miR-	34c-	5p

3 CDK6 CCND1,CDKN1B,CCND2,AGO4,CCNK,WEE1 6 9

hsa-	miR-	34c-	5p
hsa-	miR-	452-	5p

2 CDKN1B CCND1,CCND2,CDK6,FOS,YWHAZ,PTEN,CDC27 7 9

hsa-	miR-	193b-	3p
hsa-	miR-	424-	5p

2 CCND1 CDKN1B,CCND2,CDK6,MYCN,BTG2,IGF1,FOS,PTE
N,TLE1,CDC27

10 12

F I G U R E  8 Interaction	network	of	exosomal	miRNAs	and	target	genes.	(A)	The	network	revealed	the	interactions	between	12	identified	
exosomal	miRNAs	and	target	genes	determined	by	Cytoscape.	(B)	The	interaction	number	of	the	selected	genes	with	upstream	miRNAs	and	
downstream	target	genes.	The	orange	bars	represent	the	number	of	upstream	miRNAs	that	regulate	the	present	gene	(such	as	CCND1,	2	
upstream	miRNAs).	The	blue	bars	indicate	the	number	of	downstream	target	genes	that	interacted	with	the	present	gene	(such	as	CCND1,	
10	downstream	target	genes)
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These	critical	miRNAs	and	target	genes	are	mainly	related	to	cell	
cycle	 regulation,	 indicating	 that	 the	 pathogenesis	 of	 supraglottic	
carcinoma	may	be	cell	cycle	disorder.	Therefore,	they	may	repre-
sent	promising	biomarkers	for	therapeutic	intervention.	However,	
these	predictions	 require	 further	experimental	 exploration	 in	 fu-
ture studies.
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