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Abstract
Objectives: Accumulating evidence demonstrated that the long noncoding RNA 
(lncRNA)	HOTAIR	(Hox	transcript	antisense	intergenic	RNA)	plays	key	role	in	renal	
cell	carcinoma	(RCC)	malignancy,	while	microRNA-	124	(miR-	124)	is	a	tumour	suppres-
sor	in	RCC.	The	aim	of	this	work	was	to	assess	the	biological	function	of	HOTAIR	and	
to	 explore	 underlying	 mechanism	 involved	 in	 HOTAIR/miR-	124/alpha-	2,	
8-	sialyltransferase	4	(ST8SIA4)	axis-	regulated	progression	in	RCC.
Materials and methods:	Real-	time	PCR	analyses	and	western	blots	were	performed	
to	the	levels	of	HOTAIR,	miR-	124	and	ST8SIA4	expression	in	human	RCC	tissues	and	
RCC	cell	lines	(ACHN	and	786-	O).	Bioinformatics	analysis	and	dual-	luciferase	reporter	
assay	 were	 used	 to	 illustrate	 relationship	 between	 HOTAIR	 and	miR-	124	 in	 RCC.	
Colony formation assays, EdU assays, Ki67 assays and apoptosis assays were taken to 
evaluate	cell	proliferation.	Tumour	xenograft	was	created	to	explore	the	functions	of	
HOTAIR	and	ST8SIA4	in	tumorigenesis	in	vivo.	Migration	assays,	invasion	assays	and	
cell adhesion assays and were also taken to analyse the carcinoma progression.
Results:	In	this	study,	HOTAIR	level	was	confirmed	to	be	significantly	upregulated	in	
RCC samples and RCC cell lines compared with those in the paired adjacent tissues 
and	normal	 renal	 cell	 line.	Overexpression	of	HOTAIR	promoted	 the	 capability	 of	
proliferation,	migration	and	invasion	in	RCC	cell	lines.	HOTAIR	directly	bound	to	miR-	
124,	while	miR-	124	mediated	the	expression	of	ST8SIA4	in	RCC	cell	lines.	ST8SIA4	
was	upregulated	 in	RCC	tissues	and	RCC	cell	 lines.	Ectopic	expression	of	ST8SIA4	
modulated the proliferation, migration and invasion of RCC cells. Further results indi-
cated	that	HOTAIR	promoted	the	proliferation	and	metastasis	as	a	competing	endog-
enous	RNA	to	regulate	ST8SIA4	expression	by	sponging	miR-	124	in	RCC.
Conclusions:	Our	results	demonstrated	that	HOTAIR	mediated	RCC	progression	in	part	
through	miR-	124/ST8SIA4	axis,	which	functioned	as	a	new	prognostic	biomarker	in	RCC.

1  | INTRODUC TION

Renal	cell	carcinoma	(RCC)	is	one	of	the	10	most	common	cancers.1,2 
About	 25%-	30%	 RCC	 patients	 have	 distant	 metastases	 at	 initial	

diagnosis, and a third of the patients undergoing potentially cura-
tive nephrectomy will eventually develop metastases.3,4 Although 
several clinical parameters and surgical operations have been devel-
oped, they lack accuracy and foreseeability in early RCC.5	Therefore,	
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it is urgently needed to develop efficient and reliable molecular bio-
markers to predict RCC progression.6

Noncoding	RNAs	 (ncRNAs)	 are	 emerging	 classes	 of	 regulatory	
RNA that play key roles in various cellular and physiological pro-
cesses such as in gene regulation, cell differentiation and develop-
ment.7,8 LncRNAs, a class of noncoding RNAs, exert critical effects 
on	 cancer	 progression.	 MicroRNAs	 (miRNAs)	 are	 a	 class	 of	 small	
noncoding RNA molecule and modulate gene transcription by in-
hibiting translation or inducing mRNA degradation.9 Kinds of rela-
tionship among lncRNAs, miRNAs and mRNA have been studying 
extensively.	LncRNA	HNF1A-	AS1	mediated	repression	of	miR-	34a/
SIRT1/p53	 feedback	 loop	promoted	 the	metastatic	progression	of	
colon cancer by functioning as a ceRNA.10	HOTAIR	regulates	cyclin	J	
expression	via	inhibition	of	miR-	205	expression	in	bladder	cancer.11 
Accumulating	evidence	has	shown	that	HOTAIR	 is	associated	with	
the poor prognosis of many cancers and promotes tumour cell inva-
sion, metastasis in breast, pancreatic, hepatocellular carcinomas and 
renal cell carcinoma.10-12	miR-	124	inhibits	bone	metastasis	of	breast	
cancer	 by	 repressing	 Interleukin-	11.13	 miR-	124	 inhibits	 aggressive	
behaviour of RCC.14	However,	the	miR-	124	sponge	role	of	HOTAIR	
in RCC remains largely undefined.

Glycosylation, which can have a profound structural and func-
tional effect on the conjugation, is the most abundant and complex 
protein modification.15	Sialic	acids	are	a	family	of	9-	carbon	contain-
ing acidic monosaccharides that are found in terminal positions of 
N-		and	O-	linked	glycans	of	glycoproteins	or	glycolipids.16 Moreover, 
glycan sialylation is governed by sialidases and sialyltransferases 
(STs),	which	transfer	sialic	acids	to	the	terminal	position	of	glycans.17 
Increasing	 studies	 reveal	 that	 STs	 take	 part	 in	 cancer	 progression	
and	 perform	 vital	 role.ST3Gal	 I	 is	 an	 independent	 adverse	 prog-
nostic factor for recurrence and survival of patients in ccRCC.18 
ST6GalNAcVI	 involved	 in	 the	 synthesis	 of	 DSGG	 is	 suppressed	
during the malignant transformation of the proximal tubules in the 
kidney.19	Although	STs	have	an	important	role	in	RCC	progression,	
investigating	 the	 regulation	of	 sialylation	by	HOTAIR	and	miR-	124	
remain unknown.

In	 the	 present	 study,	we	 investigated	HOTAIR	 expression	 and	
explored	its	biological	functions	in	RCC	cell	lines.	HOTAIR	promoted	
the	 progression	 of	 RCC	 through	 ST8SIA4	 by	 sponging	 miR-	124.	
Furthermore,	 the	underlying	mechanism	 involved	 in	HOTAIR/miR-	
124/ST8SIA4	axis-	regulated	progression	in	RCC	was	explored.

2  | MATERIAL S AND METHODS

2.1 | Cell culture

Human	 RCC	 cell	 lines	 ACHN	 and	 786-	O	 were	 purchased	 from	
KeyGEN	 Company	 (Nanjing,	 China).	 ACHN	 cells	 was	 maintained	
in	Modified	Eagle’s	medium	(MEM)	supplemented	with	10%	foetal	
bovine	 serum	 (Gibco,	 Grand	 Island,	 NY,	 USA)	 and	 1%	 penicillin-	
streptomycin	 (HyClone,	 Logan,	Utah,	USA).	 786-	O	 cells	were	 cul-
tured	 in	 RPMI-	1640	 supplemented	with	 10%	 foetal	 bovine	 serum	

(FBS)	and	1%	penicillin-	streptomycin	in	a	humidified	atmosphere	of	
5% CO2	maintained	at	37°C.

2.2 | Tissue samples of patients

Thirty	pairs	of	RCC	tissues	and	their	adjacent	nontumour	tissues	
were collected from patients who underwent surgical resections 
at	the	First	Affiliated	Hospital	of	Dalian	Medical	University	from	
January	2016	 to	September	2017	after	obtaining	 informed	con-
sent.	 The	 investigation	 project	 and	 the	 informed	 consent	 have	
been approved by the Ethics Committee of the First Affiliated 
Hospital	 of	 Dalian	 Medical	 University	 (Ethics	 References	 No:	
YJ-	KY-	FB-	2016-	37).	 The	 extracted	 specimens	 were	 confirmed	
to be ccRCC tissues with pathological diagnosis according to the 
International	Union	 against	Cancer	 (UICC).	 The	 specimens	were	
immediately	 frozen	 in	 liquid	 nitrogen	 and	 stored	 at	 −80°C	 for	
analysis.

2.3 | RNA isolation and quantitative real- time 
PCR analysis

Total	 RNA	 from	 tissue	 specimen	 and	 from	 cell	 lines	 was	 iso-
lated	 using	 TRIZOL	 reagent	 (Invitrogen,	 Carlsbad,	 CA,	 USA)	 ac-
cording	 to	 the	 manufacturer’s	 protocol.	 Real-	time	 PCR	 analyses	
were	 performed	 using	 SYBR-	Green-	quantitative	 real-	time	 PCR	
Master	 Mix	 kit	 (Toyobo	 Co.,	 Osaka,	 Japan).	 The	 mirVanaTM	 qRT-	
PCR	 microRNA	 Detection	 Kit	 (Ambion	 Inc.,	 Austin,	 TX,	 USA)	 was	
used for miRNA detection according to manufacturer’s instruc-
tions.	 LncRNA-	HOTAIR	 and	 mRNA	 expression	 data	 were	 normal-
ized	 to	 GAPDH.	 The	 sequences	 of	 the	 upstream	 and	 downstream	
primers	 were	 as	 follows:	 5′-	AGCCCTAGCCTTTGGAAGCT-	3′	
(F)	 and	 5′-	ACCCATGTGTCTCAAGATGCATT-	3′	 (R)	 for	 HOTAIR,	
5′-	TCCGTCATTGAGA	CTTATTCAT-	3′(F);	and	5′-	CACATTTAATGTTT
TGAATTCT-	3′(R)	for	ST8SIA4,	5′-	ACCACAGTCCATGCCATCAC-	3′	(F)	
and	5′-	TCCACCACCCTGTTGCTGTA-	3′	 (R)	 for	GAPDH.	The	2−△△Ct 
method was used for quantification and fold change for target genes 
was normalized by internal control. Each experiment was repeated 
three times.

2.4 | Immunohistochemistry staining

The	 xenograft	 tumours	were	 immediately	 fixed	 in	 10%	 formalde-
hyde, dehydrated series of alcohol and then embedded in paraffin. 
Thick	 slices	 of	 0.5	mm	were	 cut,	 dried	 deparaffinized,	 rehydrated	
and	then	put	on	 the	 IHC	slides.	Then	tissue	slices	were	deparaffi-
nized	and	rehydrated.	After	washing	with	phosphate-	buffered	saline	
(PBS),	the	tissue	slices	were	incubated	with	Ki67	antibody	(Abcam,	
Cambridge,	UK)	at	a	dilution	of	1:1000	at	4°C	overnight.	The	slices	
were	counterstained	with	haematoxylin	for	30	seconds	and	sealed	
with Neutral gum. Images were obtained from Olympus light mi-
croscope	(20×10).	The	results	of	the	experiments	were	analysed	by	
software	 Image-	Pro	 plus	 6.0	 (Media	 Cybernetics,	 Bethesda,	 MD,	
USA).
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2.5 | Luciferase assay

About 5.0 × 104	human	HEK293T	cells	in	a	24-	well	plate	were	cotrans-
fected with 20 μm	miR-	NC	or	miR-	124,	 1	μg of luciferase reporter 
comprising	3′UTR	of	ST8SIA4,	wild-	type	or	mutant	HOTAIR	fragment	
(Promega,	Madison,	WI,	USA)	using	Lipofectamie	2000	(Invitrogen).	
HOTAIR	 wild	 sequence	 was	 CCAAAGAGUCUGAUGUUUACA	
and	 a	 mutant	 HOTAIR	 expression	 plasmid	 was	 changed	 to	
CCAAAGAGUCUGAUCUCUCCG constructed with the four mis-
matches	of	sequence	in	the	putative	target	site	of	HOTAIR	in	pmir-
GLO	 plasmid	 (Promega).	 Luciferase	 activity	 was	 assayed	 48	hours	
after	 transfection,	 using	 a	 Dual-	Luciferase	 reporter	 assay	 system	
(Promega).	Transfection	was	repeated	in	triplicate.

2.6 | Fluorescent in situ hybridization

The	RCC	and	adjacent	tissues	were	fixed	in	10%	formaldehyde,	dehy-
drated series of alcohol and then embedded in paraffin. 0.5 mm thick 
slices	were	cut,	dewaxed	and	rehydration.	The	samples	were	digested	
with	proteinase	K	for	15	minutes	 in	37°C,	denatured	with	formamide.	
The	 cells	 were	 incubated	 with	 the	 Cy3-	labelled	 HOTAIR	 probes	 and	
FITC-	labelled	miR-	124	probes	and	incubated	at	37°C	overnight,	washed	
3	times	with	2	×	SSC	for	3	minutes.	DAPI	(4′,6-		diamidino-	2-	phenylindole)	
was	used	to	counterstain	the	nuclei	with	20	minutes	 in	darkness.	The	
sample was scanned and photographed under Olympus microscope.

2.7 | Western blot

Whole RCC cell proteins were electrophoresed under the conditions 
in	 SDS-	PAGE	 polyacrylamide	 gels.	 The	 separated	 proteins	 were	
transferred to apolyvinylidenedifluoride membrane. Nonspecific 
binding	 was	 blocked	 with	 5%	 skimmed	 milk	 for	 2	hours	 at	 37°C.	
The	 membrane	 was	 then	 incubated	 with	 PARP	 (1:1000	 diluted;	
ThermoFisher	 Scientific,	 MA,	 USA),	 caspase	 3	 (1:1000	 diluted;	
ThermoFisher	 Scientific),	 ST8SIA4	 (1:500	 diluted;	 ThermoFisher	
Scientific),	 at	 4°C	 overnight.	 A	 GAPDH	 antibody	 (1:2500	 diluted;	
Bioworld,	Minneapolis,	MN,	USA)	was	used	as	a	control.	Next,	the	
membrane	 was	 incubated	 with	 peroxidase-	conjugated	 anti-	rabbit	
IgG	 (1:5000	diluted;	Thermo,	Boston,	MA,	USA).	 Images	were	ob-
tained from multifunctional gel imaging system (ImageQuant LAS 
500,	General	Electric,	Fairfield,	CT,	USA).

2.8 | Transwell assays

The	invasion	assays	were	performed	using	24-	well	transwell	chambers	
(8 μm;	Corning,	Shanghai,	China)	and	the	upper	chambers	were	cov-
ered	with	1	mg/mL	Matrigel	at	first.	Tumour	cells	were	resuspended	in	
serum-	free	RPMI-	1640	medium	and	1.0	×	104 cells were seeded into 
the	upper	chambers.	About	0.5	mL	RPMI-	1640	containing	10%	FBS	
was	added	to	 the	bottom	chambers.	After	24-	hour	 incubation,	cells	
on the upper surface of the membrane were scrubbed off, and the 
migrated cells were fixed in 75% methanol, stained with 0.1% crystal 
violet	with	25	minutes,	and	counted	under	a	light	microscope	(40×10).

2.9 | Xenografted tumour model

Four-	week-	old	nude	mice	were	purchased	 from	the	Model	Animal	
Research Institute of Nanjing University. About 5.0 × 106 cells were 
inoculated into the right flank of every nude mouse by subcutaneous 
injection. When bearing palpable tumours, mice were randomly di-
vided into six groups, each group containing six mice. Subsequently, 
the	 nude	mice	were	 injected	 intratumorally	with	HOTAIR,	 shHO-
TAIR,	ST8SIA4,	shST8SIA4	and	their	negative	controls	thrice	a	week	
for	 five	weeks.	 The	 size	 of	 tumour	was	 determined	 every	 7	days.	
The	 nude	 mice	 were	 sacrificed,	 and	 tumours	 were	 isolated	 and	
weighed.	Tumour	volume	was	calculated	as	 the	 following	 formula:	
(length × width2)/2.

2.10 | Cell viability

The	 cell	 viability	was	 performed	 by	 using	 the	 Cell	 Counting	 Kit-	8	
(CCK-	8;	KeyGEN,	Nanjing,	China).	About	5.0	×	103/well cells were 
seeded	into	96-	well	plates	with	100	μL	of	RPMI-	1640	medium	con-
taining 10% FBS. About 10 μL CCK8 solution was added to the plate 
after	 incubation.	 The	 absorbance	 was	 measured	 in	 a	 microplate	
reader	at	450	nm	(168-	1000	Model	680,	Bio-	Rad).	Each	experiment	
was performed at least three times.

2.11 | 5- Ethynyl- 2′- deoxyuridine (EdU) assay

Cell	 proliferation	 was	 determined	 by	 5-	Ethynyl-	2′-	deoxyuridine	
assay	using	an	KeyFluor488	Click-	iTEdU	kit	(KeyGEN,	Nanjing,	China)	
following the manufacturer’s instructions. About 5.0 × 103 cells/
well	was	 seeded	 in	 a	96-	well	 plate,	 then	 transfection	with	 vector,	
miR-	NC,	HOTAIR,	siHOTAIR,	NC	inhibitor,	miR-	124,	miR-	124	inhibi-
tor,	ST8SIA4	or	siST8SIA4.	After	transfection,	cells	were	incubated	
with	EdU	for	2	hours	at	37°C,	and	the	cells	were	fixed	with	4%	poly-
formaldehyde	 containing	PBS.	Cells	were	 incubated	with	Hoechst	
33342	solution.	The	cells	were	then	visualized	under	a	fluorescence	
microscopy	(20	×	10).	Experiments	were	repeated	three	times.

2.12 | Colony formation assays

786-	O	 and	 ACHN	 transfected	 cells	 were	 seeded	 into	 six-	well	
plates	 at	 a	 density	 of	 1000	cells/well	 and	 cultured	 in	 RPMI-	1640	
medium containing 10% FBS for 10 days. Cell colonies were fixed 
with 10% formaldehyde for 40 minutes, stained with 0.1% crystal 
violet at room temperature for 20 minutes, and then photographed. 
Experiments were repeated three times.

2.13 | Wound healing assay

About 4.0 × 105	 ACHN	 or	 786-	O	 cells	 were	 seeded	 in	 a	 12-	well	
plate. One night after inoculation, the cell layer was scratched using 
a pipette tip when adherent cells were observed. Next, images of cell 
morphology were captured at initiation time and 24 hours under the 
Olympus	microscope	(10	×	10).	The	migratory	ability	was	quantified	



4 of 10  |     PAN et Al.

and	normalized	by	relative	gap	distance.	The	results	of	the	experi-
ments were analysed by software IPP6.0.

2.14 | Apoptosis analysis

Apoptosis	was	assayed	through	dual	staining	with	AnnexinV-	FITC/
propidium	 iodide	 (PI;	 KeyGen	 BioTECH,	 Nanjing,	 China).	 Annexin	
V-	FITC	and	PI	were	added	 to	 the	cellular	 suspension	according	 to	
the manufacturer’s instructions. Measurements were repeated in-
dependently three times.

2.15 | Statistical analysis

Each experiment was performed at least in triplicate. Data are dis-
played	as	mean	standard	deviation	(SD)	and	analysed	by	using	spss 
17.0	 (SPSS	 Inc.,	 Chicago,	 IL,	 USA).	 The	 significance	 of	 differences	
in multiple comparisons was determined using Student’s t test. 
*P < 0.05 was considered to be statistically significant.

3  | RESULTS

3.1 | HOTAIR level was upregulated in RCC tissues 
and RCC cell lines

To	 evaluate	 correlation	 between	 HOTAIR	 expression	 and	 clinical	
characteristics,	the	HOTAIR	expression	was	examined	in	30	pairs	of	
RCC tissues and their corresponding normal renal tissues by using 
qRT-	PCR.	We	found	that	the	expression	of	HOTAIR	was	significantly	
higher	in	RCC	tissues	than	that	in	normal	renal	tissues	(Figure	1A,C).	
HOTAIR	 expression	 was	 also	 higher	 in	 786-	O	 and	 ACHN	 cells	

compared	within	normal	kidney	cell	HK-	2	cells	 (Figure	1B).	 In	addi-
tion,	 upregulated	 HOTAIR	 was	 correlated	 with	 distant	 metastasis	
(Figure	1D).	The	survival	data	based	on	the	expression	of	HOTAIR	in	
the	Cancer	Genome	Atlas	 (TCGA)	showed	that	HOTAIR	expression	
level	affected	the	patient	survival	(FigureS1A,B).	These	results	indi-
cated	that	HOTAIR	was	associated	with	RCC	progression	and	over-
expression	of	HOTAIR	might	be	useful	for	diagnosis	and	estimate	of	
RCC.

3.2 | HOTAIR mediated cell proliferation, apoptosis, 
migration and invasion in RCC cell lines

To	study	the	effect	of	HOTAIR	on	the	proliferation	and	invasion	of	RCC	
cells,	we	performed	proliferation-	related	assays	in	786-	O	and	ACHN	
cells	transfected	with	HOTAIR	and	siHOTAIR.	Transfection	of	HOTAIR	
affected	 the	 HOTAIR	 levels	 in	 RCC	 cells	 (Figure	2A).	 CCK-	8	 assay	
and	 cell	 colony	 formation	 assay	 showed	 that	 HOTAIR	 significantly	
promoted	 cell	 proliferation	 (Figure	2B,C).	The	 cells	 transfected	with	
HOTAIR	showed	incremental	level	of	Ki67	and	EdU,	whereas	knock-
down	of	HOTAIR	had	opposite	effect	on	the	expression	(Figure	2D).	
Apoptosis	rate	was	decreased	after	transfecting	with	HOTAIR,	and	ap-
optosis	rate	was	increased	after	transfecting	with	siHOTAIR	in	ACHN	
and	786-	O	cells	(Figure	2E).	The	cell	adhesion	per	cent	was	increased	
after	transfecting	with	HOTAIR,	while	the	result	was	opposite	in	siHO-
TAIR	cells	(Figure	2F,G).	Wound	healing	assay	and	cell	invasion	assay	
showed that the ability of metastasis was strongly increased in RCC 
cells	after	transfecting	with	HOTAIR,	while	the	ability	was	obviously	
decreased	in	cells	transfected	with	siHOTAIR	(Figure	3A,B).

To	further	confirm	whether	HOTAIR	affected	the	tumorigenesis,	
transfected	 786-	O	 and	ACHN	 cell	 lines	were	 inoculated	 into	 nude	

F IGURE  1 Hox	transcript	antisense	
intergenic	RNA	(HOTAIR)	level	was	
upregulated in RCC tissues and RCC cell 
lines.	(A	and	C)	Relative	expression	of	
HOATIR	in	RCC	tissues	was	compared	
with corresponding nontumour tissues. 
B,	HOTAIR	level	was	examined	in	normal	
kidney	cell	HK2	and	RCC	cell	lines	ACHN	
and	786-	O.	D,	HOTAIR	upregulated	was	
correlated with distant metastasis. Each 
experiment was independently repeated 
at least three times. Data were presented 
as	mean	±	SD	(n	=	3).	*P < 0.05
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mice.	As	shown	in	Figure	3C,E,	the	tumour	growth	in	HOTAIR	group	
was faster than that in vector group. Furthermore, the tumour growth 
of	 group	 transfected	 with	 shHOTAIR	 was	 slower	 than	 that	 in	 the	
shSCR	group.	The	expression	of	Ki67	 in	tumour	tissues	was	consis-
tent	with	the	results	in	vitro	(Figure	3D,F).	These	data	indicated	that	
overexpression	of	HOTAIR	promoted	RCC	cell	growth	and	metastasis.

3.3 | miR- 124 directly bound to HOTAIR and 
negatively modulated the expression of ST8SIA4 in 
RCC cells

A bioinformation analysis was performed using miRcode algorithm 
(http://www.mircode.org/)	 and	 the	 result	 showed	 that	miR-	124	con-
tained	a	binding	site	for	HOTAIR	(Figure	4A).	To	investigate	the	molecu-
lar	mechanism,	we	first	determined	the	subcellular	location	of	HOTAIR	
and	miR-	124	through	FISH	in	RCC	tissues	and	adjacent	tissues	(Figure	
S1C).	The	luciferase	activity	was	decreased	when	miR-	124	and	wild-	type	
3′-	UTR	HOTAIR	 cotransfected	 into	293T	 cells	 (Figure	4B).	 The	 lucif-
erase	activity	was	unchangeable	in	mutation-	type	group.	To	determine	

whether	HOTAIR	and	miR-	124	were	in	the	same	RNA-	induced	silencing	
complex	(RISC),	RNA-	binding	protein	immunoprecipitation	(RIP)	assay	
was	performed.	The	levels	of	HOTAIR	and	miR-	124	were	higher	in	anti-	
Ago2	group	 than	 those	 in	 anti-	normal	 IgG	group	 (Figure	4C).	 786-	O	
cells	were	chosen	for	further	investigated.	The	expression	of	miR-	124	
was	 significantly	decreased	 in	786-	O	cells	 transfected	with	HOTAIR	
and	increased	in	cells	transfected	with	siHOTAIR	(Figure	4D).	In	addi-
tion,	a	negative	correlation	was	exhibited	between	HOTAIR	and	miR-	
124	in	30	pairs	of	clinical	RCC	tissues	(Figure	4E).	We	also	found	that	
ST8SIA4	as	potential	miR-	124	targeted	gene	by	bioinformatics	analysis	
miRcode	algorithm	(http://www.mircode.org/)	and	Target	Scan	Human	
7.1	(http://www.targetscan.org/)	 (Figure	4F).	Luciferase	expression	in	
cells	 transfected	with	 ST8SIA4-	WT	and	 the	miR-	124	mimic	was	de-
creased	than	that	of	control	cells	(Figure	4G),	confirming	that	ST8SIA4	
was	a	direct	target	of	miR-	124.	The	expression	 level	of	miR-	124	was	
higher in normal kidney samples and kidney normal cells than in RCC 
tissues	and	RCC	cells	(Figure	4H,I).	Furthermore,	negative	correlation	
was	 observed	 between	 the	 expression	 of	 miR-	124	 and	 ST8SIA4	 in	
RCC	tissues	 (Figure	4J).	The	ST8SIA4	mRNA	and	protein	 levels	were	

F IGURE  2 Hox	transcript	antisense	intergenic	RNA	(HOTAIR)	mediated	RCC	cell	proliferation,	apoptosis.	A,	Related	HOTAIR	expression	
was	measured	to	verify	the	transfection.	(B	and	C)	Overexpressing	HOTAIR	significantly	enhanced	cell	proliferation	by	colony	formation	
assay	and	CCK-	8	assay.	Immunofluorescence	analysis	with	EdU	and	Ki67	D,	and	inhibited	the	apoptosis	rate	(E).	(F	and	G)	Cell	adhesion	
ability	was	increased	after	transfected	with	HOTAIR.	Data	were	presented	as	mean	±	SD	(n	=	3).	*P < 0.05
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mediated	by	miR-	124	(Figure	4K).	The	results	indicated	miR-	124	regu-
lated	HOTAIR	and	ST8SIA4	expression.

3.4 | ST8SIA4 promoted the RCC cell 
proliferation and metastasis

The	level	of	ST8SIA4	mRNA	was	upregulated	in	RCC	tissues	and	RCC	
cell lines than those in adjacent kidney tissues and kidney normal cell 
(Figure	5A).	To	research	the	function	of	ST8SIA4	in	RCC	cell	lines,	the	
colony formation, EdU assay, wound healing and invasion assay were 
performed.	As	shown	 in	Figure	5B,	 the	higher	 level	ST8SIA4	was	ob-
served	in	RCC	tissues	than	that	in	adjacent	tissues	by	IHC.	The	mRNA	
and	protein	levels	of	ST8SIA4	were	assessed	in	786-	O	cells	transfected	
with	ST8SIA4	or	siST8SIA4	(Figure	5C,D).	The	colony	formation	number	
was	higher	in	ST8SIA4	overexpression	cells,	while	decreased	in	ST8SIA4	
knockdown	cells	(Figure	5E).	EdU	assay	indicated	that	the	fluorescence	
intensity	elevated	in	786-	O	cells	after	transfecting	with	ST8SIA4.	Cells	
transfected	with	siST8SIA4	showed	the	inverse	results,	suggesting	that	
ST8SIA4	influenced	the	proliferative	ability	of	RCC	cell	lines	(Figure	5F).

To	 further	 study	 the	 ST8SIA4	 function	 in	 vivo,	 786-	O	 cells	
transfected	with	ST8SIA4	or	shST8SIA4	were	injected	into	nude	
mice.	 After	 35	days,	 the	 mice	 were	 sacrificed.	 The	 tumours	
were	 measured	 (Figure	5G),	 and	 the	 tumours	 volume	 were	 re-
corded	(Figure	5H).	The	group	injected	with	ST8SIA4	presented	
larger	 tumour	volume	than	the	control	group.	The	group	trans-
fected	with	 ST8SIA4	 showed	 higher	 integrated	 optical	 density	
by	 IHC	 staining	 (Figure	5I).	 The	 migratory	 and	 invasive	 ability	
was	 increased	 in	 786-	O	 cell	 transfected	 with	 ST8SIA4,	 while	
the	 inverse	 result	presented	 in	 cell	 transfected	with	 siST8SIA4	
(Figure	5J,K).	 The	 results	 revealed	 that	 ST8SIA4	 functioned	 as	
an oncogene in RCC.

3.5 | HOTAIR and miR- 124 mediated RCC 
progression through regulating ST8SIA4 expression

The	 level	of	ST8SIA4	mRNA	and	protein	was	decreased	 in	786-	O	
cells	cotransfected	with	miR-	124	and	vector,	while	the	level	was	in-
creased	in	cells	transfected	with	miR-	NC	and	HOTAIR.	The	results	

F IGURE  3 Hox	transcript	antisense	intergenic	RNA	(HOTAIR)	mediated	RCC	migration,	invasion	in	vitro	and	tumorigenesis	in	vivo.	A,	
Wound	healing	assays	were	performed	to	investigate	changes	in	cell	migration.	B,	Transwell	assays	were	carried	out	in	ACHN	and	786-	O	
cells.	C,	Xenografted	tumours	injected	with	786-	O	cells	were	measured	to	evaluate	the	cell	proliferation	in	vitro.	D,	Above:	HE	staining	of	
xenografted	tumours.	Blow:	IHC	staining	with	ki67	antibody.	E,	Xenografted	tumours	injected	with	ACHN	cells	were	measured	to	evaluate	
the	cell	proliferation	in	vitro.	F,	Above:	HE	staining	of	xenografted	tumours.	Blow:	IHC	staining	with	ki67	antibody.	Each	experiment	was	
independently	repeated	at	least	three	times.	Data	were	presented	as	mean	±	SD	(A-	B	n	=	3,	C-	F	n	=	6).	*P < 0.05
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were	 reversed	 when	 cells	 were	 cotransfected	 with	 miR-	124	 and	
HOTAIR	 (Figure	6A,B).	 Knockdown	 of	 miR-	124	 increased	 the	 ex-
pression	of	ST8SIA4.	The	 level	of	ST8SIA4	was	decreased	 in	 cells	
transfected	with	siHOTAIR,	and	 the	effect	was	 reversed	by	 trans-
fected	with	siHOTAIR	and	miR-	124	inhibitor	(Figure	6E,F).

To	figure	out	whether	HOTAIR	function	in	RCC	cells	through	miR-	
124,	the	proliferation	and	metastasis-	related	assays	were	carried	out.	
The	proliferative	and	metastatic	ability	were	decreased	when	786-	O	
cells	were	cotransfected	with	vector	and	miR-	124.	Overexpression	of	
HOTAIR	 or	 ST8SIA4	 promoted	 the	 proliferative	 and	 invasive	 ability,	
while the abilities were recovered when cells were cotransfected with 
HOTAIR	or	ST8SIA4	and	miR-	124.	On	the	contrary,	suppression	of	miR-	
124	boosted	the	proliferation	and	metastasis	in	786-	O	cells.	Knockdown	
of	HOTAIR	or	ST8SIA4	significantly	inhibited	the	ability	of	proliferation	
and metastasis; however, the suppression could be restored by cotrans-
fected	with	siHOTAIR	or	siST8SIA4	and	miR-	124	inhibitor	(Figure	6G-	
J).	These	data	suggested	that	HOTAIR	promoted	the	carcinogenesis	to	
regulate	ST8SIA4	expression	by	sponging	miR-	124	in	RCC.

4  | DISCUSSION

LncRNAs, which are more than 200 nucleotides in length with lim-
ited protein coding potential, are special expressed in differentiated 
tissues or specific cancer.20-22	Recent	reports	revealed	that	HOTAIR	
was regarded as an oncogene in renal cell carcinoma.23 It has been 
reported	that	high	HOTAIR	expression	indicated	a	poorer	prognosis	in	
RCC;	HOTAIR	modulated	cells	proliferation	and	migration	in	vitro.24,25 
Hiromichi	Katayama	et	al	also	verified	that	HOTAIR	enhanced	the	me-
tastasis of RCC cells in vivo.26 In this study, we verified that the level 
of	HOTAIR	was	markedly	increased	in	RCC	tissues	and	RCC	cell	lines	
compared to adjacent normal kidney tissues and normal kidney cell 
HK-	2.	 The	 results	 of	 distant	metastasis	 showed	 that	HOTAIR	posi-
tively associated with the aggressiveness in RCC tissues. We further 
demonstrated	that	alteration	of	HOTAIR	mediated	the	proliferation,	
invasion	and	metastasis	of	RCC	cells	by	 series	of	experiments.	The	
xenografted	tumour	model	and	IHC	staining	were	performed	to	verify	
the	proliferation	ability	of	HOTAIR	for	the	first	time.	Moreover,	the	

F IGURE  4 miR-	124	directly	bound	to	HOTAIR	and	negatively	modulated	the	expression	of	ST8SIA4	in	RCC	cells.	A,	Bioinformatics	
analysis	predicted	that	HOTAIR	bound	to	miR-	124.	B,	Dual-	luciferase	assays	indicated	a	significant	reduction	in	luciferase	activities	after	
cotransfection	of	miR-	124	and	the	wild-	type	HOTAIR	reporter	vector,	but	not	the	mutant-	type	HOTAIR.	C,	A	RIP	assay	was	performed	
using	input	from	cell	lysates,	anti-	normal	mouse	IgG	or	anti-	Ago2.	The	relative	expression	levels	of	HOTAIR	and	miR-	124	were	detected	
by	quantitative	real-	time	PCR.	D,	Relative	miR-	124	expression	was	measured	by	qRT-	PCR	in	786-	O	cells	transfected	with	ST8SIA4	or	
siHOTAIR.	E,	Pearson’s	correlation	curve	revealed	negative	correlation	between	HOTAIR	and	miR-	124	was	found	in	30	pairs	of	clinical	RCC	
tissues.	F,	Bioinformatics	analysis	predicted	that	ST8SIA4	bound	to	miR-	124.	G,	Dual-	luciferase	assays	indicated	a	significant	reduction	in	
luciferase	activities	after	cotransfection	of	miR-	124	and	wild-	type	ST8SIA4	reporter	vector.	(H	and	I)	The	relative	miR-	124	expression	was	
detected	by	qRT-	PCR	in	RCC	tissues	and	RCC	cell	lines.	J,	A	negative	relationship	between	miR-	124	and	ST8SIA4	was	observed	in	30	pairs	
of	clinical	RCC	tissues.	K,	The	ST8SIA4	mRNA	and	protein	expression	level	were	changed	after	cells	transfected	with	miR-	124	or	miR-	124	
inhibitor.	Each	experiment	was	independently	repeated	at	least	three	times.	Data	were	presented	as	mean	±	SD	(n	=	3).	*P < 0.05
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location	of	HOTAIR	and	miR-	124	in	RCC	tissues,	adjacent	tissues	and	
cell	 lines	were	first	detected	by	dual-	FISH	staining.	These	data	sug-
gested	that	HOTAIR	acted	as	a	tumour	oncogene	in	RCC	progression.

It	has	been	reported	that	lncRNAs	containing	miRNA-	binding	sites	
could regulate and communicate with mRNAs by competing specifically 
for shared miRNAs, thus acting as ceRNAs.27,28	The	ceRNAs	functioned	
as natural miRNA sponges that reduced the binding of endogenous miR-
NAs	to	their	target	genes,	thereby	regulating	gene	expression.	HOTAIR	
played essential role in cancer progression as a ceRNA.29	 HOTAIR	
functioned	as	a	ceRNA	to	regulate	HER2	expression	by	sponging	miR-	
331-	3p	in	gastric	cancer.20	The	level	of	miR-	124	was	negatively	related	
to	 HOTAIR	 expression	 in	 gastric	 cancers.22 In this study, we firstly 
found	that	miR-	124	directly	targeted	HOTAIR,	and	HOTAIR	and	miR-	
124	were	in	the	same	RISC	by	RIP	assay.	MiR-	124	level	was	decreased	
when	 cells	were	 transfected	with	HOTAIR,	while	 the	opposite	 result	
occurred	in	HOTAIR	knockdown	cells.	Additionally,	miR-	124	expression	

was	inversely	correlated	with	HOTAIR	in	RCC	tissues.	miR-	124	has	been	
identified as a tumour suppressor gene in many malignant tumours, 
such as colorectal cancer, breast cancer, ovarian cancer and renal cell 
cancer.13,14,30	 In	this	study,	we	revealed	that	ST8SIA4	was	a	potential	
target	gene	of	miR-	124.	miR-	124,	as	a	tumour	suppressor,	showed	lower	
expression in RCC tissues and RCC cell lines compared to adjacent 
normal	kidney	tissues	and	normal	kidney	cell	HK-	2.	Moreover,	a	nega-
tive	correlation	existed	between	miR-	124	and	ST8SIA4	in	RCC	tissues.	
Overexpression	of	miR-	124	decreased	ST8SIA4	mRNA	and	protein	lev-
els,	which	was	upregulated	by	miR-	124	inhibitor.	Taken	together,	the	re-
sults	indicated	that	HOTAIR	sponged	miR-	124	to	direct	target	ST8SIA4.

Sialic acids are commonly found as the terminal monosaccharides 
of the glycans and play pivotal roles in many physiologically and patho-
logically important processes, including cancer metastasis.31,32	STs	are	
key	enzymes	 in	 the	biosynthesis	of	sialic	acid-	containing	oligosaccha-
rides and glycoconjugates.33 It was demonstrated that increased level 

F IGURE  5 Alpha-	2,8-	sialyltransferase	4	(ST8SIA4)	promotes	the	RCC	cell	proliferation	and	metastasis.	A,	The	expression	of	ST8SIA4	was	
detected	in	RCC	tissues,	corresponding	nontumour	tissues,	and	RCC	cell	lines.	B,	Immunohistochemistry	(IHC)	staining	was	performed	to	
analysis	the	ST8SIA4	expression	in	RCC	tissues	and	corresponding	nontumour	tissues.	(C	and	D)	The	relative	levels	of	ST8SIA4	mRNA	and	
protein	were	detected	by	qRT-	PCR	and	Western	blot	in	786-	O	cells	transfected	with	ST8SIA4	or	siST8SIA4.	(E	and	F)	Upregulated	ST8SIA4	
significantly	increased	colony	formation	and	immunofluorescence	intensity	with	EdU.	(G,	H	and	I)	The	nude	mice	were	injected	with	786-	O	
cells	transfected	with	ST8SIA4	or	shST8SIA4,	the	xenografted	tumours	were	measured	and	IHC	staining	was	performed.	(J	and	K)	The	
wound	healing	and	cell	invasion	assays	stimulated	by	ectopic	expression	of	ST8SIA4	could	be	repressed	by	knockdown	of	siST8SSIA4.	Each	
experiment	was	independently	repeated	at	least	three	times.	Data	were	presented	as	mean	±	SD	(A-	F,	J,	K	n	=	3	and	G-	I	n	=	6).	*P < 0.05
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of	ST3GalII	mRNA	might	be	 involved	 in	carcinogenesis	of	kidney	and	
malignant progression of human RCC.34	ST8SIA4	mediated	tumour	cell	
metastasis by modifying the sialylation profile in breast cancer cells.35 
In	this	study,	ST8SIA4	level	was	markedly	increased	in	RCC	tissues	and	
RCC cell lines compared to adjacent normal kidney tissues and nor-
mal	kidney	cell	HK-	2.	According	to	the	function	assays,	ST8SIA4	pro-
moted	tumorigenesis	of	RCC	cells	in	vivo	and	in	vitro.	The	expression	of	
ST8SIA4	was	increased	when	786-	O	cells	transfected	with	miR-	124	and	
the	inverse	results	appeared	in	cells	transfected	with	HOTAIR.	HOTAIR/
miR-	124/ST8SIA4	axis	further	modulated	the	proliferation	and	invasion	
of	RCC	cell	lines.	These	data	verified	the	hypothesis	that	HOTAIR	func-
tioned	as	a	ceRNA	for	miR-	124	to	facilitate	the	expression	of	ST8SIA4.

In summary, the research demonstrated that altered level of 
HOTAIR	was	associated	with	RCC	progression.	Our	results	provided	
new insights into the dysregulated in the development of RCC and 

suggested	 that	 HOTAIR/miR-	124/ST8SIA4	 axis	 represented	 a	 po-
tential therapeutic target for RCC.
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