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Abstract
Backgroundandobjectives:MicroRNA-	9	is	frequently	dysregulated	in	many	human	
carcinoma	types,	including	gastric	cancer	(GC).	Previous	studies	demonstrated	that	the	
expression	of	TNFAIP8	in	GC	is	correlated	with	tumour	occurrence,	development,	in-
vasion,	 metastasis	 and	 prognosis.	 However,	 till	 now,	 the	 relationship	 between	
MicroRNA-	9	and	TNFAIP8	in	GC	has	not	been	reported.
Materialsandmethods:Levels	of	miR-	9	and	TNFAIP8	expression	in	GC	tissues	and	in	
human	 GC	 cell	 lines	 were	 studied	 using	 qualitative	 real-	time	 PCR	 (qRT-	PCR)	 and	
Western	blotting.	Cell	viability	was	detected	using	the	CCK-	8	and	clone	formation	as-
says.	A	dual-	luciferase	reporter	system	was	used	to	confirm	the	target	gene	of	miR-	9.
Results:We	found	that	the	expression	level	of	MicroRNA-	9	in	GC	tissues	and	cell	lines	
was	significantly	lower	than	that	in	adjacent	non-	cancerous	tissues	and	human	immor-
talized	 gastric	 epithelial	 cell	 (GES)	 line,	 respectively.	 In	 addition,	 overexpression	 of	
MicroRNA-	9	markedly	 inhibited	GC	cell	proliferation	 in	vitro	and	 tumour	growth	 in	
vivo.	Further	experiments	revealed	that	TNFAIP8	was	a	direct	and	functional	target	of	
MicroRNA-	9	in	GC	and	overexpression	of	MicroRNA-	9	obviously	down-	regulated	the	
expression	of	TNFAIP8,	which	was	involved	in	the	gastric	carcinogenesis	and	cancer	
progression.
Conclusion: Our	 results	 suggested	 that	 MicroRNA-	9-	TNFAIP8	 might	 represent	 a	
promising	diagnostic	biomarker	for	GC	patients	and	could	be	a	potential	therapeutic	
target	in	the	prevention	and	treatment	of	GC.

1  | INTRODUCTION

Gastric	 cancer	 (GC)	 is	 the	 fifth	 most	 common	 malignant	 cancer	 and	
ranks	third	worldwide	as	a	cause	of	cancer-	related	deaths	in	both	sexes	
as	WHO	GLOBOCAN	reported.	1	 It	 is	proposed	that	the	incidence	of	
the	GC	has	significant	regional	differences,	particularly	in	Asian	regions.2 
Particular	 efforts	 are	 currently	 underway	 to	 improve	 prevention	 and	
treatment	for	the	GC	patients,	including	advanced	surgical	techniques,	
anti-	Her-	2	molecular-	targeted	therapies,	radiation	and	chemotherapeu-
tic	treatments;	nevertheless,	the	5-	year	survival	rates	with	localized	GC	
have	increased	minimally	in	the	past	few	years.	Therefore,	we	urgently	
need	an	extensive	understanding	of	underlying	mechanism	by	which	it	
can	consummate	the	diagnosis,	therapy	and	prognosis	prediction	in	GC.

TNFAIP8	 is	 primordially	 identified	 from	 an	 expression	 profile	 by	
means	of	 comparing	 a	 primary	human	head	 and	neck	 squamous	 cell	

carcinoma	 cell	 line	 with	 its	 metastatic	 cell	 line.3	 More	 convincingly,	
number	of	data	support	that	the	overexpressed	TNFAIP8	is	associated	
with	adverse	clinical	outcomes	in	several	cancer	types,	including	GC,4–7  
osteosarcoma8	 and	oesophageal	 squamous	 cell	 carcinoma.9	Recently,	
experimental	 evidences	 have	 shown	 that	TNFAIP8	 acts	 as	 an	 onco-
gene	 in	human	cancers	 and	 is	 related	with	enhanced	DNA	synthesis,	
cell	 survival	 and	 inhibition	 of	 apoptosis	 through	 inhibiting	 caspase	 3	
and	caspase	8.10–14	Moreover,	the	expression	level	of	TNFAIP8	can	be	
up-	regulated	by	NF-	κB	and	TNF-	α	 in	diversified	cell	 lines.10 However, 
the	role	of	TNFAIP8	and	 its	upstream	regulation	 in	GC	remains	to	be	
clarified.

MicroRNAs	(miRNAs),	a	kind	of	small	non-	coding	RNAs	with	18-	
22	 nucleotides	 in	 length,	 interact	 directly	 with	 the	 3′-	untranslated	
region	(3′-	UTR)	of	specific	target	mRNAs;	subsequently,	the	interac-
tions	between	miRNAs	and	3′-	UTR	 regulate	 their	expression	at	 the	
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post-	transcriptional	 levels.15–17	 In	GC,	unlike	 the	miRNAs	with	anti-	
tumour	activity,	such	as	miR-	129-	5p,18	miR-	361-	5p19	and	miR-	506,20 
which	 are	 significantly	 down-	regulated,	 oncogenic	 miRNAs	 such	 as	
miR- 21,21	miR-	296-	5p22	and	miR-	36223	are	abnormally	up-	regulated.	
However,	little	is	known	about	the	role	of	miRNA-	9	(miR-	9)	described	
to	date	in	the	pathogenesis	of	GC.

With	in	vitro	study,	we	have	shown	that	TNFAIP8	was	up-	regulated	
and	able	to	promote	GC	cells	proliferation;	on	the	contrary,	downregu-
lation	of	TNFAIP8	inhibited	the	cell	viability	and	growth.	More	partic-
ularly,	we	also	found	that	miR-	9	was	suppressive	in	GC	tissues	and	cell	
lines.	Restoration	of	miR-	9	expression	could	reduce	cell	viability	and	
growth	 in	vitro	and	suppress	 tumorigenicity	 in	vivo.	 In	addition,	our	
results	demonstrated	that	miR-	9	could	down	regulate	the	expression	
of	TNFAIP8	by	directly	targeting	the	latter	3′-	UTR.	Taken	together,	our	
findings	collectively	show	that	miR-	9	acts	as	a	tumour	suppressor	via 
regulation	of	TNFAIP8	and	provide	new	therapeutic	targets	for	future	
treatment	of	GC.

2  | MATERIALSANDMETHODS

2.1 | Tissuesamplesandcellculture

Gastric	cancer	tissue	samples	from	16	GC	patients	were	collected	and	
archived	at	 the	Affiliated	Hospital	of	Xuzhou	Medical	University	be-
tween	December	2015	and	January	2016.	Sixteen	non-	cancerous	gas-
tric	tissues	(controls)	were	also	collected	and	archived.	Detailed	clinical	
information	was	listed	in	Table	1.	TNM	stage	was	classified	according	
to	the	seventh	edition	of	the	Union for International Cancer Control TNM 
Classification of Malignant Tumors.	None	of	the	patients	included	in	our	

TABLE  1 The	basic	information	of	patients

Variables Case

Total	cases 16

Gender

Male 11

Female 5

Age	(years)

≥60 9

<60 7

Pathological	grading

Well	differentiated 0

Moderately	differentiated 8

Poorly	differentiated 8

Tumour	size	(maximum	diameter)

≤5.0	cm 7

>5.0 cm 9

Vascular	invasion

Yes 10

No 6

Lymphatic	node	metastasis

No 2

Yes 14

TNM	stage

I 2

II 3

III 9

IV 2

Tumour	stage

T1 0

T2 2

T3 4

T4 10

F IGURE  1 Expression	of	TNFAIP8	is	up-	regulated	in	gastric	
cancer	tissues	and	cell	lines.	A,	Quantitative	PCR	results	of	TNFAIP8	
mRNA	levels	in	GC	cell	lines.	B,	Western	blotting	results	of	TNFAIP8	
protein	levels	in	different	GC	cell	lines.	TNFAIP8	protein	levels	are	
higher	in	the	five	GC	cell	lines	than	in	the	human	immortalized	gastric	
epithelial	cell	line	(GES).	C,	Quantitative	PCR	results	of	TNFAIP8	
mRNA	levels	in	GC	tissues	(T)	and	in	adjacent	non-	cancerous	gastric	
tissues	(ANT).	TNFAIP8	mRNA	levels	are	higher	in	the	GC	tissues	
(T)	than	in	adjacent	non-	cancerous	gastric	tissues	(ANT)	(n=16).	D,	
Western	blotting	results	of	TNFAIP8	protein	levels	in	GC	tissues	
and	adjacent	non-	cancerous	gastric	tissues.	TNFAIP8	protein	levels	
are	higher	in	GC	tissues	(T)	than	in	adjacent	non-	cancerous	gastric	
tissues	(ANT)	from	the	same	patient	(n=16).	Each	bar	represents	the	
mean	±	SD	of	three	independent	experiments.	**P<.01
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study	 received	 chemotherapy	 or	 radiotherapy	 before	 surgical	 resec-
tion.	A	total	of	16	fresh	GC	tissues	and	paired	non-	cancerous	gastric	
mucosal	tissues	were	 immediately	snap-	frozen	 in	 liquid	nitrogen	and	
stored	at	−80°C	until	their	use	in	Western	blotting	and	quantitative	RT-	
PCR	(qPCR)	assays.	All	patients	provided	written	informed	consent	to	
participate	in	the	study.	GC	(MKN-	45,	MGC-	803,	SGC-	7901,	MKN28,	
AGS)	and	GES	cell	lines	were	purchased	from	the	Shanghai	Institute	of	
Biochemistry	and	Cell	Biology,	Chinese	Academy	of	Sciences	(Shanghai,	
China).	Both	cells	were	cultured	 in	RPMI	Medium	1640	 (RPMI1640;	
Gibco,	New	York,	USA)	supplemented	with	10%	foetal	bovine	serum	
(Zhejiang,	Zhejiang	Tianhang	Biotechnology	Co.,Ltd.	China),	100	U/mL	
penicillin	and	100	μg/mL	streptomycin	(Beyotime,	Jiangsu,	China)	in	a	
humidified	with	5%	CO2	atmosphere	at	37°C.

2.2 | Celltransfection

MiRNA-	9	 mimics,	 inhibitor,	 si-	TNFAIP8	 and	 their	 respective	
negative	 controls	 were	 purchased	 from	 Genepharma	 (Shanghai,	
China).	 Si-	TNFAIP8	 was	 designed:	 sense	 strand:	 5′-	ACCUUA 
AUAGACGACACAATT-	3′,	antisense	strand:	5′-	UUGUGUCGUCUAU 
UAAGGUGG-	3′.	Their	final	concentration	was	20	μmol/L.	Cells	were	

grown	to	50%-	70%	confluence	and	transfected	using	Lipofectamine	
2000	 (Invitrogen,	Waltham,	MA,	USA)	 following	 the	manufacturer’s	
protocol.	 After	 48	hours	 of	 transfection,	 the	 efficiency	 of	 knocking	
down	or	overexpression	was	assayed	by	Western	blotting	and	qPCR.

2.3 | Cellinfectionandstablecelllinegeneration

MiR-	9	 gene	 was	 subcloned	 into	 the	 lentiviral	 expression	 vector,	
pGLVH1	 (Genepharma).	An	empty	pGLVH1	vector	was	used	as	 the	
negative	 control.	 MKN45	 and	 MGC803	 cells	 (1.0	×	105)	 were	 in-
fected	with	a	lentivirus	encoding	miR-	9	mimics	or	an	empty	lentivirus	
(control)	for	96	hours	and	then	selected	with	puromycin	(Santa	Cruz	
Biotechnology,	Santa	Cruz,	CA,	USA)	 for	3	weeks.	The	efficiency	of	
infection	was	assayed	by	Western	blotting	and	qPCR.

2.4 | Quantitativereal-timeRT-PCR

Total	RNA	was	extracted	from	GC	tissues	and	cell	lines	using	TRIzol	rea-
gent	(ambion;	Invitrogen),	and	reverse	transcription	was	performed	using	
a	reverse	transcription	kit	(Cat.	no.	RR037A;	Takara,	Tokyo,	Japan),	follow-
ing	the	manufacturers’	instructions.	qRT-	PCR	reactions	were	performed	

F IGURE  2 TNFAIP8	promotes	GC	cell	
proliferation.	A,	Western	blotting	results	
of	TNFAIP8	protein	levels	after	knocking	
down	TNFAIP8	in	different	GC	cell	lines.	
Knocking-	down	TNFAIP8	decreased	the	
protein	level	of	TNFAIP8	in	MKN45	and	
MGC803	cells.	B,	Cell	proliferation	was	
examined	by	CCK8	assay	after	knocking	
down	TNFAIP8.	Knocking-	down	TNFAIP8	
inhibited	cell	proliferation	of	MKN45	
and	MGC803	cells	compared	to	cells	
in	the	control	mock-	treated	group.	C,	
Knocking-	down	TNFAIP8	suppressed	clone	
formation	in	MKN45	and	MGC803	cells.	
D,	Overexpressing	TNFAIP8	increased	
the	protein	level	of	TNFAIP8	in	MKN45	
and	MGC803	cells.	E,	Overexpressing	
TNFAIP8	promoted	cell	proliferation	of	
MKN45	and	MGC803	cells	compared	to	
cells	in	the	control	mock-	treated	group.	F,	
Overexpressing	TNFAIP8	promoted	clone	
formation	in	MKN45	and	MGC803	cells.	
Each	bar	represents	the	mean	±	SD	of	three	
independent	experiments.	*P<.05,	**P<.01
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on	an	ABI	7500	real-	time	PCR	system	(Applied	Biosystems,	Waltham,	
MA,	USA)	using	2×	SYBR	Premix	Ex	Taq	(Cat.	no.	RR420A,	Takara).	The	
primers	used	 in	this	study	are	 listed	as	follows:	miR-	9-	RT:	5′-	GTCGT
ATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACAAG
A-	3′;	 miR-	9-	forward:	 5′-	GCTGGAGAACCCGTAGATCCGAT-	3′;	 miR-	
9-	reverse:	 5′-	GTGCAGGGTCCGAGGT-	3′;	 U6-	forward:	 5′-	GCTTCG 
GCAGCACATATACTAAAAT-	3′;	 U6-	reverse:	 5′-	CGCTTCACGAATTT 
GCGTGTCAT-	3′;	 TNFAIP8-	forward:	 5′-	TTCCATCAGGTGGATTA 
TAC-	3′;	 TNFAIP8-	reverse:	 5′-	AGGTGGCGCTGAATGATTTG-	3′;	 GAD 
PH-	forward:	 5′-	AGAAGGCTGGGGCTCATTTG-	3′,	 GADPH-	reverse:	
5′-	AGGGGCCATCCACAGTCTTC-	3′.	The	levels	of	miR-	9	and	TNFAIP8	
were	normalized	by	U6	and	GADPH	levels,	respectively.	Each	sample	
was	run	in	triplicate.	The	relative	expression	was	calculated	using	the	
relative	quantification	equation	(RQ)	=	2−ΔΔCt.

2.5 | Westernblotting

Total	 protein	 was	 extracted	 from	 GC	 tissues	 and	 cells	 by	 lysing	 in	
ice-	cold	 lysis	buffer.	One	hundred	microgram	proteins	were	electro-
phoresed	on	an	SDS-	PAGE	gel	(12.5%),	transferred	onto	nitrocellulose	

membranes,	 and	 probed	 with	 a	 primary	 antibody	 targeted	 against	
TNFAIP8	 (1:200,	 ab64988;	Abcam,	 Cambridge,	MA,	USA).	After	 in-
cubating	 overnight	 at	 4°C	 with	 the	 primary	 antibody,	 membranes	
were	washed	with	TBS/0.05%	Tween-	20	(TBST)	and	incubated	with	
a	secondary	antibody	(1:10	000,	VICMED)	for	2	hours	at	room	tem-
perature.	After	washing	 three	times	with	 (TBST)	 for	15	minutes,	 the	
membranes	were	scanned	with	Odyssey	(Tanon,	Shanghai,		China).

2.6 | Invitrocellproliferationassays

Clone	formation	assays	and	CCK-	8	were	used	to	determine	the	bio-
logical	effect	of	miR-	9	and	TNFAIP8	on	GC	cell	proliferation,	following	
previously	described	methods.20,24

2.7 | Xenograftstudiesinathymicnudemice

Four-	week-	old	BALB/c	nude	mice	were	purchased	from	the	Institute	of	
Laboratory	Animal	sciences,	Cams	&	Pumc	(Beijing,	China).	BALB/c	nude	
mice	were	randomly	divided	into	two	groups	(n=5/group).	The	suspend-
ing	MKN45	stable	cells	(0.2	mL)	were	subcutaneously	injected	into	either	

F IGURE  2  (Continued)
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side	of	the	posterior	flank	of	the	nude	mouse.	Thirty	days	after	injection,	
the	mice	were	killed	and	tumour	weights	were	measured.	All	experiments	
were	performed	under	the	guidelines	for	animal	experiments.

2.8 | Luciferasereporterplasmidsandassays

Predicted	 miRNA-	binding	 regions	 for	 miR-	9	 in	 the	 3′-	UTR	 of	
TNFAIP8	 were	 subcloned	 into	 the	 GP-	miRGLO	 Luciferase	 miRNA	

expression	vector	(Genepharma).	Mutants	of	the	binding	sites	were	
used	as	the	negative	control.	MKN45	cells	were	seeded	 in	24-	well	
plates	 at	 a	 density	 of	 5	×	104	 cells	 per	 well	 and	 transiently	 trans-
fected	with	mutant	or	wild-	type	luciferase	reporter	plasmids	(miR-	9	
and	 the	 negative	 control)	 at	 a	 final	 concentration	 of	 50	nmol/L.	
Following	24	hours	of	 incubation,	 luciferase	activity	was	measured	
using	 a	 dual-	luciferase	 reporter	 system	 (Cat.	 no.	 E1910;	 Promega,	
Fitchburg,	WI,	USA).

F IGURE  3 TNFAIP8	is	a	direct	target	
of	miR-	9.	A,	miRNAs	were	computationally	
predicted	using	two	independent	miRNA	
databases.	B,	qPCR	results	of	miR-	9	mRNA	
levels	after	transfecting	GC	cells	with	miR-	
9	mimics	or	anti-	miR-	9.	Overexpression	
of	miR-	9	markedly	increased	the	mRNA	
level	of	miR-	9.	Conversely,	knocking-	
down	miR-	9	significantly	decreased	the	
mRNA	level	of	miR-	9.	C,	Western	blotting	
results	showed	that	the	overexpression	
of	miR-	9	significantly	reduced	TNFAIP8	
protein	levels	in	MKN45	and	MGC803	
cells,	whereas	knocking-	down	miR-	9	has	
the	opposite	results.	D,	qPCR	results	of	
TNFAIP8	mRNA	levels	after	transfecting	
GC	cells	with	miR-	9	mimics	or	anti-	miR-	9.	
E,	Bioinformatics	predicted	wild	type	or	
mutant	TNFAIP8	3′-	UTR	miRNA	binding	
sites	were	inserted	into	luciferase	reporter	
plasmids.	F,	In	luciferase	activity	assays,	
miR-	9	suppressed	luciferase	activity	of	the	
wild	type	but	not	mutant	TNFAIP8	3′-	UTR	
constructs	in	MKN45.	Each	bar	represents	
the	mean	±	SD	of	three	independent	
experiments.	*P<.05,	**P<.01
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2.9 | Statisticalanalysis

Data	 were	 analysed	 using	 the	 statistical	 software,	 spss	 16.0	 (IBM,	
Armonk,	NY,	USA).	 Values	were	 expressed	 as	 the	mean	±	SD	 of	 at	
least	three	independent	experiments.	The	difference	between	groups	
was	determined	by	an	unpaired	 two-	tailed	Student’s	 t-	test.	P value 
<.05	was	considered	as	statistically	significant.

3  | RESULTS

3.1 | TNFAIP8expressionisup-regulatedinGC
tissuesandcelllines

Overexpression	 of	 TNFAIP8	 has	 been	 reported	 in	 numerous	
human	 cancers,8,9,12,14	 including	 GC.5	 Quantitative	 RT-	PCR	 results	

F IGURE  4 miR-	9	inhibits	cell	
proliferation.	A,	Overexpression	of	miR-	
9	inhibits	MKN45	and	MGC-	803	cell	
proliferation	in	CCK8	assays.	However,	
knocking	down	of	miR-	9	promotes	
MKN45	and	MGC-	803	cell	proliferation.	
B,	Overexpressing	miR-	9	suppressed	clone	
formation	in	MKN45	and	MGC803	cells.	
However,	knocking-	down	miR-	9	promotes	
clone	formation	in	MKN45	and	MGC803	
cells.	C,	Overexpressing	TNFAIP8	rescued	
miR-	9-	mediated	inhibition	of	TNFAIP8	
expression	levels	in	MKN45	and	MGC803.	
D,	Restoration	of	TNFAIP8	rescued	miR-	9-	
mediated	inhibition	of	cell	proliferation.	E,	
MKN45	and	MGC803	cells	were	infected	
with	a	lentivirus	encoding	miR-	9	mimics	
or	an	empty	lentivirus	(control)	for	96	h.	
F,	After	96	h	of	infection,	the	TNFAIP8	
protein	levels	were	examined	by	Western	
blotting	in	MKN45	and	MGC803.	G,	After	
96	h	of	infection,	the	TNFAIP8	mRNA	
levels	were	examined	by	qPCR	in	MKN45	
and	MGC803.	H,	Representative	images	
of	tumours	from	mice	in	each	group.	Each	
bar	represents	the	mean	±	SD	of	three	
independent	experiments.	*P<.05,	**P<.01. 
**P<.01	vs	control,	#**P<.01	vs	miR-	9+ov-	
TNFAIP8
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demonstrated	 that	 the	mRNA	expression	 levels	 of	 TNFAIP8	 in	 cell	
lines	 and	 GC	 tissues	 (n=16)	 were	 significantly	 higher	 than	 those	
in	 GES	 and	 adjacent	 non-	cancerous	 tissues	 (ANT),	 respectively	
(Figure	1A,C).	 The	 protein	 levels	 of	 TNFAIP8	 in	 samples	 prepared	
from	five	GC	cell	lines	and	GES	were	analysed	by	Western	blotting.	
Compared	with	GES,	all	 cancer	cell	 lines	expressed	higher	 levels	of	
TNFAIP8	protein	 (Figure	1B).	Moreover,	as	determined	by	Western	
blotting,	 TNFAIP8	protein	 levels	were	 higher	 in	GC	tissues	 than	 in	
ANT	 (n=16,	 Figure	1D).	 Results	 extracted	 from	 Western	 blotting	
demonstrated	that	higher	TNFAIP8	protein	expression	was	evidently	
associated	with	GC.	These	results	suggest	that	TNFAIP8	may	func-
tion	as	an	oncogene	in	GC.

3.2 | TNFAIP8promotesGCcellproliferation

To	 investigate	 the	 role	 of	 TNFAIP8	 in	 GC	 cell	 proliferation,	 we	
conducted	 loss-	of-	function	 and	 gain-	of-	function	 experiments	
(Figure	2A,D).	 Cell	 counting	 Kit-	8	 (CCK8)	 assays	 showed	 that	

MKN45	 and	 MGC803	 cell	 proliferations	 were	 significantly	 sup-
pressed	 after	 knocking	 down	 TNFAIP8	 (Figure	2B),	 whereas	
cell	 proliferation	 was	 enhanced	 after	 TNFAIP8	 overexpression	
(Figure	2E).	 Furthermore,	 clone	 formation	 assays	 also	 showed	
that	 down-	regulating	 TNFAIP8	 inhibited	 GC	 cell	 proliferation	
(Figure	2C)	 and	overexpressing	TNFAIP8	promoted	 cell	 prolifera-
tion	 (Figure	2F),	which	 is	 consistent	with	our	CCK8	assay	 results.	
Taken	together,	these	results	show	that	TNFAIP8	promotes	GC	cell	
proliferation.

3.3 | TNFAIP8isadirecttargetofmiR-9

The	mechanisms	underlying	 regulation	of	TNFAIP8	expression	by	
miR-	9	 have	 not	 been	 well	 characterized.	 We	 identified	 putative	
miRNAs	that	might	regulate	TNFAIP8	via	bioinformatics	methods.	
Four	 miRNAs,	 including	 miR-	205,	 miR-	182,	 miR-	96	 and	 miR-	9,	
were	predicted	by	two	independent	miRNA	databases:	TargetScan	
(http://www.targetscan.org/)	 and	 miRBase	 (http://www.mirbase.

F IGURE  4  (Continued)

http://www.targetscan.org/
http://www.mirbase.org/
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org/)	 (Figure	3A),	 among	 which	 miR-	9	 has	 the	 highest	 aggregate	
PCT	 score.	 Western	 blotting	 results	 showed	 that	 overexpress-
ing	 miR-	9	 significantly	 reduced	 TNFAIP8	 protein	 expression	 in	
MKN45	 and	 MGC-	803	 cells.	 Conversely,	 knocking-	down	 miR-	9	
remarkably	 increased	TNFAIP8	protein	expression	 (Figure	3C).	By	
qPCR,	 our	 results	 showed	 that	 overexpressing	miR-	9	 significantly	
down-	regulated	 TNFAIP8	mRNA	 levels	 in	MKN45	 and	MGC-	803	
cells,	 whereas	 knocking-	down	 miR-	9	 led	 to	 the	 opposite	 results	
(Figure	3D).

To	 determine	 whether	 miR-	9	 repressed	 TNFAIP8	 expression	
by	 targeting	 its	 3′-	UTR,	 wherein	 the	 predicted	 binding	 sites	 were	

disrupted,	 were	 cloned	 into	 luciferase	 reporter	 vectors	 and	 tested	
using	luciferase	activity	assays	(Figure	3E).	Luciferase	expression	from	
the	 wild	 type	 but	 not	 from	 mutant	 3′-	UTR	 constructs	 was	 signifi-
cantly	suppressed	by	miR-	9	(Figure	3F).	These	data	support	that	the	
TNFAIP8	3′-	UTR	is	a	direct	target	of	miR-	9	in	GC	cells.

3.4 | MiR-9regulatesGCcellproliferation

Several	 studies	 have	 proved	 that	 miR-	9	 is	 decreased	 in	 human	
cancers,	 suggesting	 that	 it	 functions	 as	 tumour	 suppressor.24–28 
However,	till	now,	the	expression	level	of	miR-	9	in	GC	has	not	been	

F IGURE  4  (Continued)

http://www.mirbase.org/
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reported.	This	is	supported	by	our	observation	that	overexpressing	
miR-	9	suppressed	the	proliferation	of	GC	cells	and	knocking-	down	
miR-	9	promoted	 the	proliferation	of	GC	cells	 in	vitro	 (Figure	4A).	
Clone	 formation	 assays	 also	 showed	 that	 overexpressing	 miR-	9	
inhibited	 GC	 cell	 proliferation;	 conversely,	 knocking-	down	miR-	9	
significantly	 promoted	 GC	 cell	 proliferation	 (Figure	4B),	 which	
is	 consistent	 with	 our	 CCK8	 assay	 results.	Moreover,	 to	 explore	
the	 role	 of	 miR-	9-	TNFAIP8	 pathway	 in	 GC	 tumorigenicity,	 we	
conducted	 the	 restoration	 of	 TNFAIP8	 in	 miR-	9-	treated	 cells.	
Importantly,	 co-	transfecting	miR-	9	with	 overexpressing	 TNFAIP8	
rescued	miR-	9-	mediated	 inhibition	 of	 TNFAIP8	 expression	 levels	
and	cell	proliferation	 in	MKN45	and	MGC803	cells	 (Figure	4C,D).	
Furthermore,	in	order	to	determine	the	role	of	miR-	9	in	the	growth	
of	GC	 xenografts	 in	 nude	mice,	we	 performed	 a	 contrast	 experi-
ment	with	the	lentivirus	vectors	mediated	overexpression	of	miR-	9	
in	MKN45	and	MGC803	cells	(Figure	4E-	G).	Compared	to	a	nega-
tive	 control	 lentivirus,	 lentivirus-	mediated	 overexpression	 of	
miR-	9	significantly	inhibited	growth	of	MKN45	tumour	xenografts	
(Figure	4H).	 Taken	 together,	 these	 results	 suggest	 that	 miR-	9-	
TNFAIP8	plays	a	vital	role	in	the	development	and	progression	of	
GC.

3.5 | ClinicalrelevancebetweenmiR-9andTNFAIP8
infreshGCtissues

In	addition	to	TNFAIP8	proteins,	we	detected	the	expression	of	miR-	9	
in	 16	 pairs	 of	 fresh	 GC	 tissues	 (Figure	5A).	We	 observed	 that	 the	
expression	of	miR-	9	was	 inversely	 correlated	with	protein	 levels	of	
TNFAIP8	 (Figure	5B,	 R=−.687,	 P=.0033).	 Taken	 together,	 these	 re-
sults	 suggest	 that	miR-	9-	TNFAIP8	plays	a	vital	 role	 in	 the	develop-
ment	and	progression	of	GC.

4  | DISCUSSION

Recent	 researches	 have	 shown	 that	 dysregulation	 of	 miRNAs	 is	 a	
common	event	 that	affects	cell	 survival,	proliferation	and	apoptosis,	
invasion,	 immigration	 in	 tumour	 development	 and	 progression.	Our	
results	provide	that	the	expression	of	miR-	9,	a	member	of	the	miRNA	
family,	is	significantly	down-	regulated	in	GC	tissues.	We	investigated	
the	biological	functions	of	miR-	9	in	GC,	and	our	in	vitro	findings	dem-
onstrate	that	overexpression	of	miR-	9	could	remarkably	suppress	GC	
cell	proliferation,	while	inhibition	of	miR-	9	might	significantly	promote	
cell	proliferation.	TNFAIP8	was	identified	to	be	a	target	of	miR-	9	using	
two	 independent	 databases.	Our	 findings	 showed	 that	 a	 significant	
inverse	 correlation	was	 identified	 between	TNFAIP8	 and	miR-	9.	As	
indicated	on	luciferase	reporter	assay,	miR-	9	repressed	the	construct	
with	GP-	miRGLO-	TNFAIP8-	3′-	UTR.	Overexpression	 of	miR-	9	 inhib-
ited	the	expression	of	TNFAIP8	at	both	mRNA	and	protein	 levels.	 It	
suppressed	TNFAIP8-	3′-	UTR	luciferase	report	activity,	and	this	effect	
was	abolished	by	mutation	of	the	miR-	9	seed	binding	site.	Our	results	
suggest	that	miR-	9	might	function	as	a	negative	regulator	or	tumour	
suppressor	for	cell	growth	in	GC,	which	is	partly	mediated	by	repress-
ing	TNFAIP8	expression.

Meanwhile,	it	has	been	demonstrated	that	miR-	9	was	also	down-	
regulated	 in	 numerous	 cancers,	 including	 oral	 and	 oropharyngeal	
squamous	 cell	 carcinomas,25	 chronic	 lymphocytic	 leukaemia,26	 as	
well	 as	 hepatocellular	 carcinoma,27	 cervical	 adenocarcinoma28	 and	
multiple	myeloma.29	Zhang	et	al.27	demonstrated	that	miR-	9	resto-
ration	retarded	cell	proliferation	in	HCC.	MiR-	9	may	function	as	a	tu-
mour	suppressor	through	inhibition	of	cell	proliferation	in	HNSCC,25 
and	miR-	9	could	repress	tumorigenesis	through	inhibiting	the	activ-
ity	of	IL-	6/Jak/STAT3	pathway	in	Hela	cell.28	And	what	we	have	done	
about	miR-	9	as	described	above	are	in	line	with	this.	Furthermore,	an	
increasing	number	of	evidence	indicates	that	TNFAIP8	can	function	
as	an	oncogene	in	different	tumour	types,	such	as	prostate	cancer,11 
endometrial	 cancer,30	 epithelial	 ovarian	 cancer,31,32	 oesophageal	
squamous	cell	 carcinoma,9,13 cervical cancer,14	pancreatic	cancer33 
and	multiple	myeloma,34	thus	may	be	used	as	a	prognostic	molecular	
biomarker	for	these	cancers.	Eisele	et	al.	demonstrated	that	overex-
pression	of	TNFAIP8	 induced	the	resistance	to	anti-	cancer	drug	 in	
acute	myeloid	leukaemia	patients.35	Moreover,	a	nude	mice	of	lung	
metastasis	model	of	breast	cancer	cells	revealed	that	TNFAIP8	sup-
pression	decreased	lung	metastasis	by	inhibiting	MMP1	and	MMP2	
in	tumour	cells	and	VEGFR2	in	endothelial	cells.36	The	increased	ex-
pression	levels	of	TNFAIP8	in	ESCC	cells	were	correlated	with	cancer	
progression	and	poor	prognosis.13	TNFAIP8	expression	is	positively	
associated	with	what	have	been	shown,	 including	EGFR	 levels,	 tu-
mour	staging	and	lymph	metastasis	in	pancreatic	cancer.33 However, 
the	mechanism	underlying	the	regulation	of	TNFAIP8	have	not	been	
well	 characterized	 in	GC.	 In	 our	 study,	we	 found	 that	 the	 expres-
sion	of	TNFAIP8	in	GC	tissues	and	cells	was	significantly	higher	than	
that	 in	 adjacent	ANT	and	GES,	 respectively.	Therefore,	our	 results	
suggested	that	in	GC,	TNFAIP8	functioned	as	an	oncogene.	The	fur-
ther	investigations,	thus,	are	warranted	to	spell	out	what	is	exactly	
happening	to	the	mechanism	of	carcinogenesis	for	TNFAIP8	in	GC.

F IGURE  5 Clinical	relevance	of	miR-	9-	TNFAIP8	in	fresh	GC	
tissues.	A,	The	relative	levels	of	miR-	9	expression	in	16	pairs	of	
fresh	GC	tissues	were	determined	by	qPCR.	B,	Statistical	analysis	
suggested	an	inverse	correlation	between	miR-	9	expression	and	
TNFAIP8	protein	expression.	Each	bar	represents	the	mean	±	SD	of	
three	independent	experiments
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Although	the	research	associated	with	TNFAIP8	in	different	can-
cer	types	have	been	reported	previously,	less	is	well	known	about	the	
accurate	mechanisms	underlying	the	link	between	TNFAIP8	and	miR-
NAs	in	GC.	Numerous	studies	have	shown	that	miRNAs	can	regulate	
various	physiological	processes.37–39	Recently,	some	members	of	the	
TNFAIP	family	of	proteins	were	shown	to	be	regulated	by	miRNAs.	For	
instance,	miR-	99a	targets	TNFAIP8	to	inhibit	cell	proliferation	in	os-
teosarcoma	cells,8	and	miRNA-	21	regulates	T-	cell	apoptosis	by	directly	
targeting	 the	 Tipe2.40	 Here,	 using	 bioinformatics	 and	 luciferase	 re-
porter	assays,	we	identified	that	the	miRNA,	miR-	9,	directly	target	the	
3′-	UTR	of	TNFAIP8	transcripts.	Furthermore,	we	verified	that	miR-	9	
suppressed	GC	cell	 proliferation	by	directly	 targeting	TNFAIP8.	The	
miR-	9-	TNFAIP8	we	 have	 described	 here	 is	 likely	 to	 have	 important	
clinical	implications,	as	we	also	observed	highly	significant	correlations	
among	miR-	9	and	TNFAIP8	in	GC	tissue	samples.

In	summary,	our	study	demonstrates	that	TNFAIP8	is	up-	regulated	
in	patients	with	GC.	We	also	demonstrated	that	perturbations	to	miR-	
9-	TNFAIP8	contributed	 to	gastric	oncogenesis.	Our	characterization	
of	this	signalling	pathway	contributes	to	a	better	understanding	of	the	
development	and	progression	of	GC	and	may	provide	novel	therapeu-
tic	targets	for	the	future	treatment	of	GC.
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