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Abstract
Background: Circulating	 microRNAs	 that	 post-transcriptionally	 regulate	 gene	 ex-
pressions have been reported as promising biomarkers in cancer monitoring. This 
study was to identify the potential role of circulating miR-212 in gastric cancer and 
whether it could serve as a novel biomarker for gastric cancer.
Methods: We detected the serum levels of miR-212 in 100 health people and 110 
gastric cancer patients and analyzed the relationships of the serum level of miR-212 
with	gastric	cancer.	We	detected	the	expression	of	miR-212	in	human	gastric	mucosal	
epithelial	cell	line	(GES-1)	and	human	gastric	cancer	cell	lines	(NCI-N87	and	SNU-16)	
using	qRT-PCR.	Then,	we	detected	the	role	of	5-aza-deoxycytidine	on	the	epigenetic	
regulation	of	miR-212	in	human	gastric	cancer	cell	lines.	Furthermore,	luciferase	re-
porter	assay	was	used	to	detect	binding	activity	of	miR-212	on	SOX4	mRNA,	and	
their functions on the cell proliferation and apoptosis.
Results: The	expression	of	miR-212	was	higher	in	health	people	than	that	in	gastric	
cancer patients, higher in gastric mucosal epithelial cell line than that in gastric cancer 
cells. miR-212 can be a circulating biomarker and an independent prognostic factor 
of	gastric	cancer.	Moreover,	miR-212	can	directly	regulate	the	3′UTR	of	SOX4	mRNA	
to	 suppress	p53	and	Bax,	 resulting	gastric	 cancer	cells	proliferation	 inhibition	and	
apoptosis induction.
Conclusion: Our study demonstrated that miR-212 was epigenetically downregu-
lated in gastric cancer, and resulting low level of miR-212 can be a potential circulat-
ing biomarker and poor prognosis predicator of gastric cancer.
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1  | INTRODUC TION

Gastric	cancer	(GC)	is	the	second	most	common	death	cause	of	can-
cer. It is characterized by resistance and failure in chemotherapy 
and surgery, especially the advanced gastric cancer.1,2 Nowadays, 
endoscopic biopsy is the gold standard for diagnosis of gastric can-
cer.3 However, biopsy is invasive and requires proficient surgeons, 
experienced	pathologists,	 and	expensive	equipment.	Many	known	
diagnostic	serum	markers,	such	as	CEA	(carcinoembryonic	antigen),	
CA19-9	(carbohydrate	antigen	19-9),	and	CA72-4	(carbohydrate	an-
tibody	 72-4),4 were used in the clinical diagnosis. However, these 
markers have low sensitivity, specificity, and reproducibility and can-
not satisfy for accurate detection of gastric cancer.5 Therefore, it is 
in urgent need of a non-invasiveness marker with high sensitivity 
and	specificity	for	early	diagnosis	of	GC.

miRNAs which comprise a large group of endogenous non-coding 
RNAs can regulate mRNA translation and stability and play an import-
ant	role	in	regulating	gene	expression.6,7 miR-212, which gene locating 
in	the	chromosomal	region	17p13,	plays	important	roles	in	many	nor-
mal developmental processes such as epithelial-stromal interactions 
and	expansion	of	mammary	progenitor	cell	populations	and	serves	as	a	
tumor suppressor in mammary cancer and lung cancer.8-11

Circulating microRNAs that post-transcriptionally regulate 
gene	expressions	have	been	reported	as	promising	biomarkers	 in	
cancer monitoring. This study was to identify the potential role of 
circulating miR-212 in gastric cancer and to evaluate its clinical ap-
plication. The serum levels of miR-212 in 100 health people and 
110 gastric cancer patients were detected and analyzed the rela-
tionships of the serum level of miR-212 with gastric cancer. We 
detected	the	expression	of	miR-212	in	human	gastric	mucosal	ep-
ithelial	cell	 line	and	human	gastric	cancer	cell	 lines	 (NCI-N87	and	
SNU-16).	Then,	5-aza-deoxycytidine	was	used	to	detect	the	roles	
of miR-212 in epigenetic regulation in human gastric cancer cell 
lines.	The	expression	of	miR-212	was	higher	in	health	people	than	
that in gastric cancer patients, higher in gastric mucosal epithelial 
cell line than that in gastric cancer cells, especially in poorly differ-
entiated	 gastric	 cancer	 cells.	 Furthermore,	 the	molecular	mecha-
nism	of	miR-212	was	investigated,	which	indicated	that	SOX4	was	
a	direct	target	of	miR-212,	and	overexpression	of	SOX4	can	rescue	
miR-212	mediated	GC	cells	 proliferation	 inhibition	 and	 apoptosis	
induction. Therefore, this study demonstrated that miR-212 serum 
level	could	be	served	as	circulating	biomarkers	of	GC	and	indicate	
the	prognosis	of	GC.

2  | MATERIAL S AND METHODS

2.1 | Clinical samples

Serum	samples	were	obtained	from	100	health	people	and	110	gastric	
cancer	patients	in	the	Fifth	Central	Hospital	of	Tianjin,	China.	Health	
people	included	63	men	and	37	women;	the	median	age	was	58.5	years	
(range:	40-80	years).	The	gastric	cancer	patients	included	62	men	and	
48 women; the median age of the patients was 61.5 years (range: 

36-84	years);	the	median	follow-up	time	was	38.1	months;	contain	51	
stage I/stage II, 19 stage III and 40 stage IV patients. The pathological 
diagnosis was counterchecked by two senior pathologists; follow-ups 
were conducted by telephone, which were sent to obtain information 
on the patients’ outcomes. The clinical-pathological data were col-
lected. Post-treatment samples were collected at least 2 weeks after 
the last dose of the fluorouracil, and before second-line chemotherapy 
was started, in order to avoid any acute drug effects on influencing the 
expression	profile.	This	assay	was	approved	by	the	ethics	committee	of	
the	Fifth	Central	Hospital	of	Tianjin,	China.

2.2 | Cell lines and 5-Aza-deoxycytidine treatment

Human	gastric	mucosal	epithelial	cell	line	GES-1	was	purchased	from	
Beijing	 Institute	 of	Cancer	Research	 (Beijing,	China)	 and	 cultured	 in	
DMEM	medium	with	10%	calf	serum	(CS).	Human	gastric	cancer	cell	
lines	NCI-N87	and	SNU-16	were	purchased	from	American	Type	Cell	
culture	Collection	(ATCC).	Cells	were	cultured	in	RPMI1640	medium	
(Invitrogen)	supplemented	with	10%	FBS	and	incubated	at	37°C	and	
5% CO2.	Gastric	cancer	cells	were	cultured	with	or	without	2.5	µmol/L 
5-Aza-dC	 for	 48	 hours.	 After	 that,	 total	 RNA	 was	 extracted	 using	
miRNeasy	Mini	Kit	(Qiagen)	for	the	miRNAs	in	the	cells	and	miRNeasy	
Serum/Plasma	Kit	(Qiagen)	for	the	miRNAs	secreted	into	the	culture	
medium according to the manufacturer's protocol.

2.3 | miRNA extraction

About 400 μL	of	plasma	was	used	to	extract	the	total	RNAs	contain-
ing	small	RNA	by	miRNeasy	Serum/Plasma	Kit	(Qiagen)	according	to	
the	manufacturer's	protocol.	And	we	extracted	the	total	RNAs	in	106 
cells	of	each	cell	line	by	miRNeasy	Mini	Kit	(Qiagen)	according	to	the	
manufacturer's protocol. The concentration and quality of the RNA 
samples	were	measured	by	NanoDrop	1000	(Nanodrop).

2.4 | Quantitive real-time polymerase chain reaction

Quantitive	real-time	polymerase	chain	reaction	(qRT-PCR)	was	used	
to	measure	 the	 expression	 of	miRNA.	Maxima	 SYBR	Green	qPCR	
master	mix	 (Fermentas)	was	used	according	 to	 the	manufacturer's	
instruction.	 Spiked-in	 cel-miR-39	was	 analyzed	 as	 a	 normalization	
control.	The	experiments	were	repeated	at	least	three	times.

2.5 | MTT assay

SNU-16	 cell	 viability	 was	 analyzed	 with	 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium	 bromide	 (MTT).	 Briefly,	 the	 cells	were	
seeded in 96-well plates (4 × 103	cells	per	well),	followed	by	transfec-
tion	with	NC,	miR-212	mimics,	pcDNA3-SOX4,	miR-212	+ pcDNA3-
SOX4	for	24	hours.	Then,	the	optical	density	 (OD)	was	measured	at	
570	nm	and	analyzed	in	comparison	to	the	control	group	(NC	group).
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2.6 | LDH assay

Lactic	 dehydrogenase	 (LDH)	 activity	was	 detected	 using	 the	 LDH	
assay	kit	(Jiancheng)	according	to	the	manufacturer's	instructions.

2.7 | Caspase 3/7 assay

Caspase activity was detected as a mean to evaluate apoptosis in cells 
expressing	miRNAs	or	miRNA	 inhibitors.	SNU-16	cells	 transfected	
with	 NC,	 miR-212	 mimics,	 pcDNA3-SOX4,	 miR-212	 + pcDNA3-
SOX4	were	analyzed	for	Caspase	3/7	activity	using	Caspase	3/7	Glo	
substrate	 solution	 (Promega),	 followed	 by	measuring	 the	 lumines-
cence	using	 a	Glomax	 luminometer	 (Promega).	The	 reading	values	
were	shown	as	RLU/cell	number	per	mL.

2.8 | Luciferase reporter assay

The	3′-UTR	sequence	of	SOX4	which	was	predicted	to	interact	with	
miR-212 or a mutant sequence with the predicted target sites were 
synthesized	and	inserted	into	the	pGL3	promoter	vector	(Invitrogen)	
named	 pGL3-SOX4-wt	 and	 pGL3-SOX4-mut.	 Cells	 were	 cultured	
in a 24-well plate and then co-transfected with miRNA control or 
miR-212	 mimics	 and	 pGL3-SOX4-wt	 or	 pGL3-SOX4-mut	 using	
Lipofectamine	 3000	 reagent	 (Invitrogen).	After	 48	 hours,	 the	 cells	
were collected and analyzed with the Dual-Luciferase Reporter 

Assay	 kit	 (Promega).	 All	 transfection	 experiments	 were	 repeated	
three times independently.

2.9 | Statistical analysis

Data	were	analyzed	by	SPSS	19.0	software	(SPSS).	One-way	analysis	of	
variance and Mann-Whitney test between the groups were used to de-
termine the statistical significance. ROC (Receiver operating characteristic 
curve)	analysis	and	AUC	(area	under	the	ROC	curve)	were	performed	to	
determine	the	diagnostic	accuracy	of	each	parameter.	Cox	regression	anal-
ysis	was	performed	to	reveal	the	correlation	between	serum	miR-212	ex-
pression	and	the	age,	gender,	and	stages	of	GC	patients.	The	relationship	
of overall survival with serum miR-212 levels was analyzed by the Kaplan-
Meier method and log-rank test. P < .05 was considered as significance.

3  | RESULTS

3.1 | miR-212 serum expression is lower in GC 
patients and related to its stage

To	detect	 the	expression	of	miR-212,	we	collected	the	serums	from	
110	 gastric	 cancer	 patients	 and	 100	 controls	 (non-cancer	 donors).	
Mann-Whitney test showed that serum levels of miR-212 in health 
people	 is	 significantly	 higher	 than	 that	 in	 GC	 patients	 (Figure	 1A).	
Moreover, the level of miR-212 was significantly related to the stages 

F I G U R E  1  Serum	levels	of	miR-212	were	significantly	upregulated	in	gastric	patients	and	related	to	GC	stages.	A,	Mann-Whitney	test	
showed	that	serum	levels	of	miR-212	in	non-cancer	donors	was	significantly	higher	than	that	in	GC	patients.	B,	miR-212	serum	level	was	
higher	in	GC	stage	I-II	than	that	in	GC	stage	III-IV.	C,	miR-212	serum	level	was	higher	after	therapy	in	overall	GC	stages.	D,	miR-212	serum	
level	was	higher	after	therapy	in	GC	stage	I-II.	E,	miR-212	serum	level	was	higher	after	therapy	in	GC	stage	III-IV
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TA B L E  1   The distribution of serum miR-212

Variables

Control Patients

Number
miR-212
Median (95% CI) P value Number

miR-212
Median (95% CI) P value

Age	(y)

≤60 46 1.09	(0.98-1.48) .494 45 1.55	(0.98-3.83) .489

>60 54 1.10	(0.51-2.03) 65 1.64	(0.43-2.76)

Gender

Male 63 1.09	(0.51-2.03) .175 62 1.35	(0.98-3.18) .093

Female 37 1.13	(0.74-1.42) 48 1.65	(0.59-3.7)

Clinical parameter

Before therapy
miR-212 expression
mean ± SD

After therapy
miR-212 expression
mean ± SD P value

Overall miR-212 
expression

0.62 ± 0.19 0.89 ± 0.23 <.001

TNM stage

I/II 0.78	±	0.78 1.03 ± 0.14 <.001

III/IV 0.49 ± 0.11 0.77	± 0.22 <.001

TA B L E  2   Comparison between change 
in	microRNA-212	expression	with	respect	
to therapy

F I G U R E  2  ROC	analysis	of	miR-212	serum	level	and	different	stages	of	Gastric	cancer	patients	(GC	patients)	and	health	persons	
(Control).	A,	All	of	GC	patients	vs	Control.	B,	stages	I-II	of	GC	patients	vs	Control.	C,	Stage	III	of	GC	patients	vs	Control.	D,	Stage	IV	of	GC	
patients	vs	Control.	ROC	analysis	of	miR-212	serum	level	of	different	stage	of	Gastric	cancer	patients	(GC	patients).	E,	Stage	I-II	vs	stage	III.	
F,	Stage	I-II	vs	stage	IV.	G,	Stage	III	of	GC	patients	vs	stage	IV
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of	GC.	miR-212	serum	level	is	higher	in	GC	stage	I-II	than	that	in	GC	
stage III and IV. The results showed that the miR-212 serum level is 
significantly	negative	related	to	the	GC	stage	(Figure	1B).	We	analyzed	
the	relationship	of	miR-212	with	the	age	and	gender	of	GC.	The	results	
showed that the serum level of miR-212 had no relationship with the 
patients'	age	or	gender	(Table	1).	Further	analysis	indicated	that	miR-
212	was	upregulated	after	therapy	(Figure	1C,	D,	and	E,	Table	2).

3.2 | miR-212 can be a circulating biomarker and an 
independent prognostic factor of GC

To	further	explore	whether	the	miR-212	serum	level	could	be	served	
as	circulating	biomarkers	of	GC,	ROC	analysis	was	performed	and	
the	 results	 showed	 that	 the	 AUC	 of	 miR-212	 serum	 level	 (GC	 vs	

control)	was	0.960,	the	specificity	was	0.787,	and	the	sensitivity	was	
0.951	(Figure	2A).	ROC	analysis	comparing	stages	I-II	and	control	re-
vealed that miR-212 had a sensitivity of 0.946, a specificity of 0.608 
and	an	AUC	of	0.951	(Figure	2B).	ROC	analysis	of	stage	III	vs	con-
trol showed a sensitivity of 0.954 and specificity of 0.385 with an 
AUC	of	0.984	(Figure	2C).	Comparison	between	stage	IV	and	control	
showed	a	sensitivity	of	0.949	and	specificity	of	0.598	with	an	AUC	of	
0.993	(Figure	2D).	These	results	indicated	that	miR-212	serum	level	
could	be	considered	as	a	circulating	biomarker	of	GC.

To further detect whether the miR-212 serum level could clarify 
the	 stage	 of	 GC,	 ROC	 analysis	was	 performed	 and	 the	 results	 dis-
played	that	the	AUC,	sensitivity,	and	specificity	of	stage	I-II	VS	stage	
III	were	0.909,	0.986,	and	0.787,	respectively	(Figure	2E).	As	for	stage	
I-II	vs	stage	IV,	the	AUC,	sensitivity,	and	specificity	were	0.983,	0.954,	
and	 0.478,	 respectively	 (Figure	 2F).	 Comparison	 between	 stage	 III	

TA B L E  3  Serum	miR-212	is	an	independent	prognostic	factor	by	Cox	regression	analysis

Variables Number Median (mo)

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P1 value Hazard ratio (95% CI) P2 value

Age	(y)

≤60 45 31 1.52	(0.997-2.320) .052 1.33	(0.410-4.360) .640

>60 65 30

Gender

Male 62 34 0.759	(0.502-1.149) .192 0.347	(0.056-2.14) .255

Female 48 28

Stages

I/II 51 45 1.907	(1.403-2.593) <.0001 3.66	(0.830-16.080) <.0001

III 19 40

IV 40 34

F I G U R E  3  Lower	expression	of	miR-
212 was related to the poor prognosis of 
GC.	Kaplan-Meier	method	and	log-rank	
test	showed	that	lower	expression	of	miR-
212 was significantly related to the poor 
prognosis	of	GC	(P <	.0001)
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and IV showed sensitivity of 0.951 and specificity of 0.608 with an 
AUC	of	0.855	(Figure	2G).	The	results	suggested	that	miR-212	serum	
level	can	significantly	distinguish	the	different	stage	of	GC	and	serve	
as	an	independent	prognostic	factor	analyzed	by	Cox	regression	anal-
ysis	 (Table	3).	 Furthermore,	Kaplan-Meier	method	 and	 log-rank	 test	
showed	that	lower	expression	of	miR-212	was	significantly	related	to	
the	shorter	survival	rate	of	GC	(P <	.0001,	Figure	3).

3.3 | Epigenetic regulation of miR-212 expression in 
human gastric cancer cell lines

To	further	detect	the	expression	of	miR-212	in	GC	cells,	the	intracel-
lular and culture medium level of miR-212 was detected, which was 

reduced	 in	 GC	 cell	 lines	 (human	 gastric	 mucosal	 epithelial	 cell	 line	
GES-1	was	used	as	control).	However,	when	we	cultured	the	GC	cells	
with 5-Aza-dC, the intracellular and medium levels of miR-212 were 
increased	(Figure	4C,D).	Therefore,	we	inferred	that	the	transcriptional	
activity	of	mature	miR-212	is	silenced	by	DNA	methylation	in	GC	cells.

3.4 | SOX4 is a direct target of miR-212

To further investigate the downstream molecular mechanisms of 
miR-212,	 TargetScan	 was	 used	 to	 predict	 potential	 target	 gene	 of	
miR-212.	We	 found	 that	 the	 3′-UTR	 of	 SOX4	 mRNA	 contained	 a	
potential	 target	 site	 for	miR-212	 (Figure	 5A).	 The	 transfection	 effi-
ciency showed that miR-212 mimics significantly increased the level 

F I G U R E  4  Transcriptional	activity	of	mature	miR-212	was	silenced	by	DNA	methylation	in	GC	cells.	A,	The	intracellular	expression	level	of	
miR-212	was	reduced	in	GC	cell	lines	compared	with	human	gastric	mucosal	epithelial	cell	line	GES-1.	B,	The	culture	medium	expression	level	
of	miR-212	was	reduced	in	GC	cell	lines	compared	with	human	gastric	mucosal	epithelial	cell	line	GES-1.	C,	The	intracellular	expression	level	
of	miR-212	was	increased	in	GC	cell	lines	compared	with	human	gastric	mucosal	epithelial	cell	line	GES-1	after	cultured	with	5-Aza-dC.	D,	The	
culture	medium	expression	level	of	miR-212	was	increased	in	GC	cell	lines	compared	with	human	gastric	mucosal	epithelial	cell	line	GES-1
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of	miR-212	 (Figure	5B).	To	confirm	SOX4	as	a	direct	 target	of	miR-
212, luciferase reporter assay was performed. Our results showed that 
miR-212 significantly suppressed the luciferase activity of the wild 
type	(wt)	(P <	.05)	but	not	the	mutant	(mut)	3′-UTR	of	SOX4	(P > .05, 
Figure	 5C).	Moreover,	 qRT-PCR	 and	Western	 blot	 analyses	 showed	
that	overexpression	of	miR-212	significantly	decreased	the	expression	
of	SOX4	in	SNU-16	cells	(P <	.05,	Figure	5D,E,F).	Previous	study	found	
that	SOX4	overexpression	 regulates	 the	p53/Bax-mediated	apopto-
sis in hepatocellular carcinoma12; therefore, we further investigated 
whether	miR-212	mediated	SOX4	downregulation	can	affect	p53/Bax	
pathway. Interestingly, the results identified that miR-212 mediated 
downregulation	of	 p53	 and	Bax,	which	was	 rescued	by	 the	overex-
pression	of	SOX4	(P <	.05,	Figure	5E,F).	Taken	together,	these	results	
indicated	that	miR-212	directly	targets	SOX4	to	repress	the	expres-
sion	of	p53	and	Bax.

3.5 | miR-212 regulated gc cells proliferation 
inhibition and apoptosis induction was mediated 
by SOX4

We	 further	 determined	 the	 role	 of	 SOX4	 on	 GC	 cell	 prolifera-
tion	 and	 apoptosis	 by	 overexpressing	 SOX4	 in	 SNU-16	 cells,	 and	
the	 results	 showed	 that	 overexpression	 of	 miR-212	 inhibited	 the	

proliferation	 (Figure	 6A)	 and	 promoted	 the	 apoptosis	 in	 SNU-16	
cells	 (Figure	 6B,C),	 while	 co-transfection	 of	 miR-212	 mimics	 and	
pcDNA3-SOX4	 rescued	 the	 function	of	miR-212	mediated	effects	
(Figure	6A-C).	These	results	suggested	that	SOX4	played	as	a	down-
stream	regulator	in	miR-212	mediated	GC	cells	proliferation	inhibi-
tion and apoptosis induction.

4  | DISCUSSION

GC	is	no	longer	the	most	common	cancer	worldwide,	but	it	remains	
the second leading cause of cancer-related mortality.13 Moreover, 
prognosis	of	GC	remains	poor14	and	the	5-year	survival	rates	of	GC	
in	stages	I	and	II	can	reach	up	to	70%.15

As we all know that, upper gastrointestinal endoscopy is the gold 
standard	and	widely	used	for	the	diagnosis	of	GC.	However,	it	was	
reported that endoscopic screening is cost-effective only in high-in-
cidence areas, not the average risk populations.16,17 Moreover, 
endoscopy is an invasive procedure, may lead people to die.12 
Therefore, it is urgent to find a new specific and reliable non-inva-
siveness	method	and	biomarker	for	the	diagnosis	of	GC.

Accumulating studies have certified that miRNAs play an im-
portant role in the carcinogenesis and progression of gastric can-
cer.	 Some	 reports	 showed	 that	miR-212	 promotes	 the	malignant	

F I G U R E  5  SOX4	was	identified	as	a	direct	target	of	miR-212.	A,	Computer	prediction	of	the	3′-UTR	of	SOX4	mRNA	contained	a	
target	site	for	miR-212.	B,	Transfection	efficiency	of	miR-212	mimics.	C,	Luciferase	activity	assay	revealed	that	miR-212	suppressed	SOX4	
3′-UTR-wt	luciferase	activity,	while	it	had	no	effect	on	SOX4	3′-UTR	luciferase	activity	compared	to	control	in	SNU-16	cells.	D,	The	mRNA	
expression	of	SOX4	was	examined	by	qRT-PCR	analysis	in	SNU-16	cells.	E	and	F,	The	protein	level	of	SOX4	was	detected	by	western	blot	
after	transfected	with	miR-212	mimics	or	control	in	SNU-16	cells.	GAPDH	was	chosen	as	a	loading	control.	*P < .05
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biological behaviors of pancreatic ductal adenocarcinoma cells by 
targeting the hedgehog signaling pathway receptor patched-1.18 
Also, some researchers found that miR-212 can constitute the si-
lencing	moiety	of	 chimera	by	negatively	modulating	PED	expres-
sion in non-small-cell lung cancer.19 In this study, qRT-PCR results 
and	statistical	analysis	indicated	that	miR-212	was	expressed	lower	
in	 serum	of	GC	 patients	 and	GC	 cell	 lines,	 especially	 in	 the	 high	
stage	of	GC.	Kaplan-Meier	method	and	log-rank	test	indicated	that	
the	 lower	 serum	 expression	 of	miR-212	was	 related	 to	 the	 poor	
prognosis	of	GC.	ROC	analysis	suggested	that	the	miR-212	serum	
level	 could	 be	 served	 as	 circulating	 biomarkers	 of	 GC,	while	 the	
serum	 expression	 of	miR-212	 elevated	 noticeably	 in	GC	 patients	
after the chemotherapy with fluorouracil, which was correlated 
with the TNM stages, and the higher serum level of miR-212 re-
lated with higher survival rate. Previously, a study evaluated the 
miRNAs	alteration	in	GC	treated	with	SOX	chemotherapeutic	reg-
imen	 including	Oxaliplatin	 and	 S-1,	 and	 they	 found	 lower	 serum	
expressions	of	miR-145	and	miR-185	were	elevated	drastically,	and	
the higher level of increase indicates better relief outcomes, while 
the	 lower	 level	of	miR-145	after	SOX	neoadjuvant	chemotherapy	
may	predict	myelotoxicity.	These	results	suggested	miRNAs	would	
be potential treatment outcome and adverse effects predictors of 

different	chemotherapy	regimens	for	GC,20 further study of circu-
lating miR-212 with different chemotherapy regimens and related 
adverse effects, including bone marrow suppression, severe gas-
trointestinal reactions, and significant peripheral nerve damages 
may better illustrate the value of miR-212 as the circulating mark-
ers	of	GC.

Evidences indicated that the silencing of tumor suppressor miR-
NAs in cancer cells is tightly linked to epigenetic mechanism, such 
as genetic mutation, epigenetic aberration, and deregulated tran-
scriptional activity.21 To evaluate this possible role of methylation, 
we	 treated	GC	 cells	 by	DNA	demethylating	 agent	 5-aza-2′-dexox-
ycytidine.22	 Our	 results	 showed	 that	 culturing	 GC	 cell	 lines	 with	
5-aza-2′-deoxycytidine	(5-aza)	could	induce	the	endogenous	level	of	
miR-212;	therefore,	we	speculated	that	the	lower	expression	of	miR-
212	in	GC	was	caused	by	methylation.

To further investigated the downstream mediator of miR-
212, bioinformatic analysis was performed using online databases 
TargetScan,	which	showed	that	SOX4,	a	member	of	the	SOX	(SRY-
related	HMG-box)	family	of	transcription	factors,	might	be	a	direct	
target of miR-212. In vitro, we demonstrated that miR-212 inhib-
ited	SOX4	mRNA	and	protein	expression	through	binding	to	its	3’-
UTR	in	SNU-16	cells.	Recent	studies	demonstrated	that	SOX4	may	

F I G U R E  6  Overexpression	of	SOX4	rescued	miR-212	mediated	GC	cells	functions.	SNU-16	cells	were	transfected	with	NC,	miR-212	
mimics,	pcDNA3-SOX4,	and	miR-212	mimics	+	pcDNA3-SOX4	and	detected	the	cell	proliferation	with	MTT	(A)	and	apoptosis	with	LDH	
activity	(B)	and	caspase3/7	activity	(C).	*P < .05
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contribute	to	the	tumor	progression.	The	expression	of	SOX4	was	
upregulated in many types of human cancers, including non-small 
cell lung cancer, prostate cancer, colon cancer, and hepatocellular 
carcinoma.23	Song	et	al	found	that	SOX4	overexpression	was	an	un-
favorable prognostic factor in breast cancer patients.24 Moreover, 
amount of studies showed miRNAs could play an important role in 
the	regulation	of	SOX4.	Liu	et	al	demonstrated	that	miRNA-132	in-
hibited cell growth and metastasis in osteosarcoma cell lines by tar-
geting	SOX4.25 Yeh et al26 also reported that miRNA-138 suppressed 
ovarian	cancer	cell	invasion	and	metastasis	by	targeting	SOX4.	In	this	
study,	we	confirmed	miR-212	can	target	SOX4	to	repress	p53	and	
Bax	in	GC	cells.	Furthermore,	miR-212	mediated	GC	cells	prolifera-
tion inhibition and apoptosis induction can be rescued by the over-
expression	of	SOX4.

In conclusion, our study demonstrated that miR-212 was epi-
genetically	downregulated	 in	GC,	 re-expression	of	miR-212	 sup-
pressed the proliferation and induced cell apoptosis via directly 
targeting	SOX4.	Furthermore,	low	level	of	miR-212	was	identified	
as a potential circulating biomarker and poor prognosis predicator 
for	GC.
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