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1  | INTRODUC TION

A significant breakthrough of the Encyclopedia of DNA Elements 
(ENCODE) project is that only ~3% of the genome contains pro‐
tein‐coding genes, and more than 90% of the human genome is 
actively transcribed.1,2 Non‐coding RNAs (ncRNAs) constitute an 
overwhelmingly	 high	 percentage	 (≥	 80%)	 of	 human	 transcripts.3 
Long non‐coding RNAs (lncRNAs) are a class of ncRNAs longer than 
200 nucleotides in length that are transcribed by RNA polymerase 

II and lack open reading frame.4 This new class of regulators were 
initially considered to be transcriptional noise with no specific bio‐
logical functions.5 Further research confirmed that sets of lncRNAs, 
with a high degree of evolutionary conservation, are identified to be 
biologically functional.6

Recent evidence shows that lncRNAs are identified as critical 
regulators in various biological processes, such as cell growth, cell 
cycle, cell apoptosis, cell differentiation, cell invasion and metas‐
tasis.7‐10 These lncRNAs could serve as transcriptional regulator, 
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Abstract
Objectives: Long non‐coding RNAs (lncRNAs) represent an important group of non‐
coding RNAs (ncRNAs) with more than 200 nucleotides in length that are transcribed 
from	the	so‐called	genomic	“dark	matter.”	Mounting	evidence	has	shown	that	lncRNAs	
have manifested a paramount function in the pathophysiology of human diseases, 
especially in the pathogenesis and progression of cancers. Despite the exponential 
growth in lncRNA publications, our understanding of regulatory mechanism of lncR‐
NAs is still limited, and a lot of controversies remain in the current lncRNA knowl‐
edge.The purpose of this article is to explore the clinical significance and molecular 
mechanism	of	SNHG15	in	tumors.
Materials & Methods: We	have	systematically	searched	the	Pubmed,	Web	of	Science,	
Embase and Cochrane databases. We provide an overview of current evidence con‐
cerning	 the	 functional	 role,	mechanistic	models	and	clinical	utilities	of	SNHG15	 in	
human cancers in this review.
Results: Small	nucleolar	RNA	host	gene	15	(SNHG15),	a	novel	lncRNA,	is	identified	as	
a key regulator in tumorigenesis and progression of various human cancers, including 
colorectal cancer (CRC), gastric cancer (GC), pancreatic cancer (PC) and hepatocellu‐
lar	carcinoma	(HCC).	Dysregulation	of	SNHG15	has	been	revealed	to	be	dramatically	
correlated with advanced clinicopathological factors and predicts poor prognosis, 
suggesting its potential clinical value as a promising biomarker and therapeutic target 
for cancer patients.
Conclusions: LncRNA	SNHG15	may	serve	as	a	prospective	and	novel	biomarker	for	
molecular diagnosis and therapeutics in patients with cancer.
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splicing mediator, post‐transcriptional processor, competing endog‐
enous RNAs (ceRNAs) for miRNAs and chromatin remodeler in tum‐
origenesis and progression.8,11,12 Based on the targeting mechanism, 
lncRNAs could be classified as signal, scaffold, decoy and enhancer.3 
Interestingly, lncRNAs provide a novel way of regulating the gene 
expression at transcriptional, post‐transcriptional, and epigenetic 
levels.10,13‐16 Additionally, lncRNAs can regulate a variety of cancer‐
related signalling networks though interacting with protein, such as 
wnt/β‐catenin signalling pathway, epithelial‐mesenchymal transition 
(EMT)	signalling	pathway,	NF‐kB	signalling	pathway	and	Hippo	sig‐
nalling pathway.17‐20 For instance, linc00673 augmented the bind‐
ing between DEAD box RNA helicase DDX3 and casein kinase 1ε 
(CK1ε), thus activating wnt/β‐catenin signalling and causing aggres‐
siveness of lung adenocarcinoma (LAD).21

Accumulating studies demonstrate that dysregulated lncRNA 
expression could exert oncogenic or tumour‐suppressive roles in 
cancer progression.3,22 For example, metastasis‐associated lung 
adenocarcinoma	 transcript	 1	 (MALAT1),	 as	 a	well‐known	 lncRNA,	
has been shown to be either upregulated or downregulated in 
human cancers.3,22 Previous in‐vitro assay and xenograft studies re‐
vealed	contradictory	effects	of	MALAT1	on	cancer	phenotype.23‐28 
Similarly,	 lncRNA	 SNHG15	was	 previously	 described	 by	many	 pa‐
pers as a cancer‐promoting and metastasis‐promoting lncRNA, 
while other report demonstrated a tumour‐suppressing function of 
SNHG15.29‐33 Its dysregulation was closely correlated with carcino‐
genesis, affecting the prognosis of cancer patients.34‐36 Although 
these inconsistent findings could be of the limitation in sample size 
or the difference in tumour origin but also highlight the necessity of 
more	research	in	SNHG15	in	various	types	of	cancer.	Recently,	it	is	
notable that the aberrant gene expression in circulating tumour cells 
(CTCs) can influence the prognosis of cancer patients, such as mes‐
enchymal markers.37 Cai et al identified the status of cyclooxygen‐
ase‐2 (COX‐2) expression in CTCs and revealed its correlation with 
clinical and pathological factors of CRC patients.38 This interesting 
observation may also remind us to explore the molecular basis of 
other critical genes in CTCs, such as lncRNAs, thus establishing the‐
oretical foundation for future translational research.

In this review, we aim to summarize the latest knowledge about 
the	characteristics	of	SNHG15	in	the	biological	effects	and	molecu‐
lar mechanism of human cancers and further debate the prognostic 
and	therapeutic	values	of	SNHG15	in	human	cancers.

2  | IDENTIFIC ATION AND 
CHAR AC TERIZ ATION OF LNCRNA SNHG15

SNHG15,	a	strongly	conserved	lncRNA	which	was	initially	reported	in	
2012,	is	located	at	7p13	with	a	length	of	860	bp.39	Studies	raised	the	
possibility that the stability of ncRNAs could reflect their potential 
function, based on the existed findings between the half‐life of each 
mRNA and its physiological function.39 Originally, a novel genome‐
wide method, 5'‐bromo‐uridine immunoprecipitation chase‐deep se‐
quencing	analysis	(BRIC‐seq),	was	used	to	determine	the	half‐lives	of	

ncRNAs and mRNAs in HeLa Tet‐off (TO) cells.39 Through analysing 
the relationship between the half‐life of RNA and functional catego‐
ries, RNAs with a short half‐life (t (1/2) < 4 hours) contained known 
regulatory ncRNAs and regulatory mRNAs.39	LncRNA	SNHG15	was	
screened	out	as	a	short‐lived	non‐coding	transcripts	 (SLiTs)	with	a	
short half‐life (t (1/2) < 4 hours), and likely to be involved in cell pro‐
liferation.39	Additionally,	the	prediction	of	SNHG15	structure	based	
on	minimum	 free	 energy	 (MFE)	 and	partition	 function	 can	be	ob‐
tained from RNA‐fold website(http://rna.tbi.univie.ac.at//cgi‐bin/
RNAWe	bSuit	e/RNAfo	ld.cgi?PAGE=3&ID=TryBo	7KkMy	).

Further	research	indicated	that	SNHG15,	as	a	critical	member	of	
short‐lived lncRNAs, participated in the molecular mechanisms asso‐
ciated with responses to cellular stresses.39 The expression level of 
SNHG15	was	elevated	due	to	prolonged	decay	rates	in	response	to	
chemical stressors and interruption of RNA degradation pathways.39 
It	has	been	proposed	that	SNHG15	has	the	potential	to	be	surrogate	
indicators of cellular stress responses.39	Of	note,	SNHG15	was	dys‐
regulated in various tumour tissues and cell lines, such as CRC, GC, 
pancreatic cancer (PC) and thyroid cancer (TC).19,32,33,40,41	 Several	
aspects of tumorigenicity, such as cell proliferation, apoptosis, mi‐
gration	and	metastasis,	have	been	evaluated	in	relation	to	SNHG15	
expression in human cancers.30,42‐44	 In	addition,	aberrant	SNHG15	
expression displayed close correlation with tumour size, tumour 
node	metastasis	(TNM)	stage,	lymph	node	metastasis	and	prognosis	
of cancer patients.29,35,36,42 The expression pattern, functional role 
and	regulatory	mechanism	of	SNHG15	are	presented	in	Table	1.

3  | E XPRESSION PAT TERN, FUNC TIONS 
AND CLINIC AL POTENTIAL S OF SNHG15 IN 
HUMAN C ANCERS

3.1 | Colorectal cancer

CRC is the third most common cancer, with approximately 1.3 million 
new cancer cases and 690,000 mortalities worldwide each year.45 
Despite tremendous progress in the treatment of CRC in recent dec‐
ades, the prognosis remains unsatisfactory, especially in advanced‐
stage tumours with distant metastasis.45,46 Current evidences show 
that approximately 25% of CRC patients present with synchronous 
liver metastases at diagnosis.47 The survival and prognosis of these 
patients with liver metastasis is extremely poor, with a 5‐year sur‐
vival rate less than 10%.47,48 Thus, it is extremely necessary to gain a 
better understanding of carcinogenesis and identify novel and sensi‐
tive biomarkers for diagnosis and treatments in CRC patients.

LncRNA	SNHG15	has	been	found	 in	several	studies	to	be	dra‐
matically upregulated in CRC tissues and cells.19,49‐51 CRC patients 
with	larger	tumour	size,	advanced	TNM	stage	and	lymph	node	me‐
tastasis	show	higher	SNHG15	expression.19,49,50 Furthermore, higher 
SNHG15	expression	is	correlated	with	a	worse	survival.42,50,51 Both 
univariate	and	multivariate	analysis	confirmed	that	SNHG15	expres‐
sion	was	 significantly	 associated	with	overall	 survival	 (OS)	 in	CRC	
patients,	suggesting	that	SNHG15	could	be	used	as	an	independent	
prognostic factor and potential biomarker for CRC patients.42,50,51 

http://rna.tbi.univie.ac.at//cgi-bin/RNAWebSuite/RNAfold.cgi?PAGE=3&ID=TryBo7KkMy
http://rna.tbi.univie.ac.at//cgi-bin/RNAWebSuite/RNAfold.cgi?PAGE=3&ID=TryBo7KkMy
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Functional	assays	further	demonstrated	that	knockdown	of	SNHG15	
could inhibit CRC cell proliferation, activate cell apoptosis and sup‐
press cell migration and invasion both in vitro and in vivo.19,49‐51 
Recently,	SNHG15	has	been	shown	to	present	a	downside	tendency	
on	regulating	miR‐141,	which	downregulates	sirtuin	1	(SIRT1)	in	CRC	
cells. The promotion effects of tumour growth and metastasis driven 
by	SNHG15	overexpression	can	be	significantly	reversed	by	miR‐141	
inhibitor.19 Besides, wnt/β‐catenin signalling pathway was found to 
be	involved	in	SNHG15‐mediated	carcinogenesis	and	could	act	as	a	
downriver regulator in CRC.19	These	findings	suggest	that	SNHG15/

miR‐141/SIRT1	axis	exerts	oncogenic	functions	 in	CRC.19	Similarly,	
Min	et	al	 found	that	SNHG15	mediated	CRC	proliferation	through	
SNHG15/miR‐338‐3p/FOS/RAB14	axis.19

Interestingly,	Saeinasab	et	al	demonstrated	that	SNHG15	is	more	
highly	 expressed	 in	 CRC	 tissues	 with	 high	 levels	 of	MYC	 expres‐
sion.49	Mechanistically,	MYC	protein	binds	to	two	E‐box	motifs	on	
SNHG15	 sequence,	 illuminating	 that	 the	 transcription	of	 SNHG15	
is	directly	activated	by	the	oncogene	MYC.49 In‐vitro assays found 
that	 decreased	 SNHG15	 expression	 could	 inhibit	 tumorigenic	 ca‐
pacity	of	CRC	cells	and	increased	SNHG15	expression	could	display	

TA B L E  1  LncRNA	SNHG15	in	human	cancers

Cancer types Expression Role Clinical correlation Functional role
Regulatory molecules and 
pathways

Colorectal 
cancer

Upregulated Oncogenic Tumour	size,	TNM	stage,	
lymph node metastasis, liver 
metastasis,	CEA,	OS

Proliferation, apoptosis, 
migration, invasion, 5‐Fu 
resistance, colorectal liver 
metastasis

SNHG15/miR‐141/
SIRT1,	SNHG15/miR‐
338‐3p/FOS/RAB14,	
MYC/SNHG15/AIF/
ROS,	SNHG15/Slug/
Upp,Wnt/β‐catenin 
signalling pathway

Gastric cancer Upregulated Oncogenic Invasion	depth,	TNM	stage,	
lymph	node	metastasis,	OS,	
DFS

Proliferation, migration, 
invasion, apoptosis

SNHG15/MMP2/MMP9

Pancreatic 
cancer

Upregulated Oncogenic Tumour	size,	TNM	stage,	
lymph node metastasis, dif‐
ferentiation degree

Proliferation, cell cycle, 
apoptosis

SNHG15/EZH2/P15/
KLF2

Hepatocellular 
carcinoma

Upregulated Oncogenic Histological	grade,	TNM	
stage,	vein	invasion,	OS

Proliferation, cell cycle, 
migration, invasion

SNHG15/miR‐141‐3p/
ZEB2/E2F3

Lung cancer Upregulated Oncogenic Tumour size, lymph node sta‐
tus,	TNM	stage,	OS,	DFS

Proliferation, apoptosis, 
migration, invasion, me‐
tastasis,	EMT

SNHG15/MMP2/MMP9,	
SNHG15/miR‐211‐3p,	
SNHG15/miR‐486/
CDK14

Prostate cancer Upregulated Oncogenic / Migration,	invasion,	EMT SNHG15/miR‐338‐3p/
FKBP1A

Osteosarcoma Upregulated Oncogenic / Proliferation, migration, 
invasion, autophagy

SNHG15/miR‐141,	
SNHG15/Atg5/LC3‐I/	
LC3‐II/p62

Glioma Upregulated Oncogenic OS Proliferation, migration, 
tube formation, angio‐
genesis, temozolomide 
resistance

SNHG15/miR‐153/
VEGFA/Cdc42, 
SNHG15/CDK6/miR‐627

Breast cancer Upregulated Oncogenic Tumour	size,	TNM	stage,	
lymph node metastasis

Proliferation, apoptosis, 
migration,	invasion,	EMT

SNHG15/miR‐211‐3p/
ZNF217

Renal cell 
carcinoma

Upregulated Oncogenic Histological differentiation, T 
stage, survival

Proliferation, migration, 
invasion, cell cycle, apop‐
tosis,	EMT

SNHG15/	N‐cadherin/
Vimentin/E‐cadherin, 
NF‐κB signalling 
pathway

Ovarian cancer Upregulated Oncogenic Cancer type, ascites, FIGO 
stage,	OS,	DFS

Proliferation, migration, 
invasion, chemoresistance

/

Thyroid cancer Downregulated Anti‐cancer Age, pathology classification, 
clinical stage, tumour size, 
distant	metastasis,	OS,	DFS

Proliferation, migration, 
invasion,	EMT

SNHG15/miR‐510‐5p

Thyroid cancer Upregulated Oncogenic Gender,	tumour	size,	TNM	
stage, lymph node metasta‐
sis,	OS

Proliferation, apoptosis, 
migration,	EMT

SNHG15/miR‐200a‐3p/
YAP1/Hippo signalling 
pathway
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opposite effects.49,50	 Besides,	 ROS	 levels,	 which	 are	 directly	 reg‐
ulated by AIF protein, were obviously decreased in CRC cells with 
SNHG15	 knockdown,	 and	 SNHG15	 could	 bind	 with	 AIF	 protein	
in CRC cells, suggesting that the activity of AIF was partially me‐
diated	by	SNHG15.49	Moreover,	Jiang	et	al	reported	that	SNHG15	
can	 mediate	 the	 stability	 of	 Slug,	 which	 is	 a	 critical	 transcription	
factor	 involved	 in	 tumorigenesis,	 EMT,	 embryonic	 development	
and stem cell reprogramming.51‐54The	 stability	 of	 Slug	 determines	
its biological functions and can be controlled by various regulatory 
mechanism, including the interaction with lncRNAs.55‐57 Jiang et al 
uncovered	that	SNHG15	can	interact	with	Slug	and	inhibit	its	deg‐
radation	via	the	ubiquitin‐proteasome	pathway	(UPP).51 As a stabi‐
lizer	of	Slug,	SNHG15	can	also	participate	in	the	process	of	EMT.51 
As	for	the	impacts	of	SNHG15	on	drug	resistance,	it	was	shown	that	
SNHG15	overexpression	could	increase	the	resistance	to	5‐Fu,	while	
its	downregulation	could	activate	the	sensitiveness	to	5‐FU	in	CRC	
cells.49

There is increasing evidence that lncRNAs play significant 
roles	 in	 the	 regulation	 of	 colorectal	 liver	 metastasis	 (CLM).58‐60 
Another study reported by Huang et al have been illuminated the 
potential	 role	 of	 SNHG15	 in	 CLM.42 Huang et al used the tran‐
scriptome	sequencing	(RNA‐seq)	assay	to	determine	significantly	
altered lncRNAs through analysing data among primary CRC le‐
sions, synchronous liver metastatic lesions and adjacent normal 
mucosa.42	Based	on	 the	 results	of	RNA‐seq	and	quantitative	 re‐
verse‐transcription	polymerase	 chain	 reaction	 (qRT‐PCR)	 assays,	
SNHG15	was	 found	 to	 be	 overexpressed	 in	 liver	metastases	 le‐
sions than that of the paired normal mucosa and primary CRC 
lesions.	Besides,	Huang	et	al	 further	performed	qRT‐PCR	assays	
in the independent and extended validation cohort of 91 pairs 
of normal adjacent mucosa and primary CRC tissue (50 without 
liver	metastasis	and	41	with	liver	metastasis)	to	test	the	SNHG15	
expression level.42	 Intriguingly,	 the	 expression	 level	 of	 SNHG15	
exhibited significant increase in primary CRC lesions with liver me‐
tastasis compared with that of primary CRC lesions without liver 
metastasis.42	Moreover,	SNHG15	overexpression	was	remarkably	
associated with liver metastasis, carcinoembryonic antigen (CEA), 
TNM	 stage	 and	 lymph	 node	 metastasis.42 These findings sug‐
gested	that	lncRNA	SNHG15	may	be	involved	in	the	liver	metas‐
tasis	processes	of	CRC.	All	the	above	results	show	that	SNHG15	
can promote CRC development and progression through various 
molecular mechanisms.

3.2 | Gastric cancer

GC is the third leading cause of cancer‐related death around the 
world.61 It is extremely a huge burden worldwide with high morbid‐
ity and high mortality, especially in East Asia.61,62 The overall 5‐year 
relative survival rate for advanced GC patients is still lower than 
5%.63 It is also known that most patients with GC have reached their 
advanced stage at initial diagnosis because of the lack of novel mo‐
lecular biomarkers for diagnosis.63,64 Thus, it has been a central issue 
to clarify the regulatory mechanism critical for the GC carcinogenesis 

and	tumorigenesis.	More	importance	should	be	attached	to	identify	
effective biomarkers for GC diagnosis and treatment.

SNHG15	was	 firstly	 recognized	as	a	novel	prognostic	 factor	 in	
GC patients.63,64	Chen	et	al	tested	the	expression	level	of	SNHG15	
in 106 pairs GC tissue and matched adjacent non‐tumour tissues 
using	qRT‐PCR	assay.40	 The	 results	 showed	 that	 SNHG15	expres‐
sion levels were higher in GC tissues than in the corresponding 
non‐cancerous tissues, and there was a close correlation between 
SNHG15	expression	and	clinical‐pathological	factors	in	GC	patients.	
High	 SNHG15	 expression	 was	 closely	 associated	 with	 invasion	
depth,	TNM	stage	and	lymph	node	metastasis	in	patients	with	GC.40 
Importantly,	the	expression	level	of	SNHG15	was	also	in	close	cor‐
relation	with	OS	and	disease‐free	survival	(DFS).	Kaplan‐Meier	anal‐
ysis	 demonstrated	 that	 elevated	 SNHG15	 expression	 contributed	
to	poorer	OS	and	DFS	of	GC	patients.40 And multivariate survival 
analysis	validated	that	SNHG15	could	be	an	independent	prognostic	
marker	of	OS	and	DFS	in	GC	patients.40

Besides,	SNHG15	was	overexpressed	in	GC	cells,	compared	with	
GES‐1	cell.40	Upregulation	of	SNHG15	contributes	 to	 tumour‐pro‐
moting activities, while its downregulation plays tumour‐suppress‐
ing	functions	in	GC.	Chen	et	al	revealed	that	knockdown	of	SNHG15	
suppressed cell proliferation and invasion and induced a strong 
apoptotic response in GC cells.40	Additionally,	 SNHG15	amplifica‐
tion could promote GC cell proliferation and invasion and largely 
increase	the	expression	level	of	matrix	metallopeptidase	2	(MMP2)	
and	matrix	metallopeptidase	9	(MMP9)	at	protein	levels.40 These re‐
sults	 showed	 that	elevated	expression	of	SNHG15	could	 facilitate	
GC	development	and	progression	partly	through	modulating	MMP2	
and	MMP9.40	However,	the	molecular	mechanism	between	SNHG15	
and	MMP2/MMP9	is	not	clear.	Further	investigations	are	required	
to	determine	the	effects	of	SNHG15	on	tumour	growth	and	metas‐
tasis in vivo and to illuminate the exact regulatory mechanism of 
SNHG15	in	GC	progression.

3.3 | Pancreatic cancer

PC is the fourth most common cause of cancer mortality world‐
wide, leading to approximately 227 000 deaths annually.65,66 The 
5‐year	 relative	 survival	 of	 PC	 remained	 at	 approximately	 8%	 for	
2005‐2011.65 PC is proposed to be one of the top two cancers in 
terms of fatalities in the next decade.67	Surgical	resection	remains	
the exclusive potential curative treatment.68 However, approxi‐
mately half of patients present with metastasis at the time of diag‐
nosis, missing the opportunity for treatment.68,69 A growing body 
of literature has demonstrated that metastasis and limited effective 
biomarker for diagnosis and treatment are the main obstacles for 
PC medical therapy.69‐71 Thus, it is an absolute necessity to identify 
potential biomarker and therapeutic target in PC.

Ma	et	al	have	highlighted	the	oncogenic	effects	of	SNHG15	in	PC	
initiation and progression.41	The	elevation	of	SNHG15	was	indicated	
to	be	closely	correlated	with	tumour	size,	TNM	stage	and	lymph	node	
metastasis in PC patients, revealing its potential as a promising bio‐
marker.41 Another study by Gao et al showed that overexpression of 
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SNHG15	was	positively	associated	with	differentiation	degree,	TNM	
stage and lymph node metastasis in patients with pancreatic ductal 
adenocarcinoma (PDAC).29	ROC	curve	analysis	showed	that	SNHG15	
level could distinguish PDAC tissues from normal pancreatic tissues 
(AUC	=	0.785),	presenting	the	diagnostic	value	of	SNHG15	in	PC.29 
The	optimal	cut‐off	value	for	SNHG15	in	PDAC	tissues	was	5.38	with	
a sensitivity of 71.7% and a specificity of 92.6%. However, no signifi‐
cant	correlation	was	found	between	tumour	size	and	SNHG15	expres‐
sion,	which	is	contrary	to	the	results	published	by	Ma	et	al	The	limited	
tissue samples and different sources of tissue samples can partly 
account for this inconsistent finding. Additionally, Gao et al further 
revealed	 the	high	SNHG15	expression	 level	 in	 the	sera	 from	PDAC	
patients, compared with healthy controls.29	The	serum	SNHG15	ex‐
pression level could act as a potential biomarker for screening PDAC 
patients	 from	 healthy	 controls	 (AUC	 =	 0.727).	 The	 optimal	 cut‐off	
value	for	SNHG15	in	sera	of	PDAC	patients	was	6.82	with	a	sensitivity	
of	68.3%	and	a	specificity	of	89.6%.29	Kaplan‐Meier	analysis	revealed	
that	the	5‐year	OS	rate	for	high	SNHG15	group	was	lower	than	those	
in	the	low	SNHG15	group.29 Based on the univariate analysis and mul‐
tivariate	Cox	proportional	models,	SNHG15	was	screened	out	as	an	
independent prognostic factor for patients with PDAC.29

As	a	dysregulated	lncRNA	in	PC,	knockdown	of	SNHG15	could	
impair PC cell proliferation, cause G1/G0 phase arrest and activate 
apoptosis.41	Besides,	 overexpression	of	 SNHG15	was	observed	 to	
boost the proliferative capacity of PC cells through regulating cell 
cycle and apoptosis correlated proteins, presenting as the reduction 
of P15 and KLF2.41	The	SNHG15	impact	can	be	partly	reversed	by	
overexpression of P15 or KLF2.41	Consistently,	SNHG15	exhibited	
a	negative	correlation	with	P15	or	KLF2	in	PC	tissues.	Upon	in‐vivo	
assay,	SNHG15	knockdown	could	exhibit	suppressive	effects	on	tu‐
mour growth in PC.41	Mechanistically,	a	SNHG15/EZH2/P15/KLF2	
axis was identified in PC, shedding new light on lncRNA‐based diag‐
nosis and therapeutic in PC.41

3.4 | Hepatocellular carcinoma

Liver cancer is the sixth most common cancer and the fourth leading 
cause	of	cancer‐related	death	worldwide	 in	2018.61 It is predicted 
that	 841	 000	 new	 cases	 and	 782	 000	 deaths	 occur	 annually.61 
HCC	accounts	for	75%‐80%	of	all	liver	cancer	cases,	and	half	of	the	
cases are discovered in China.61,72 Based on the huge population, 
HCC poses a big burden for human health worldwide, especially 
for China.72 Approximately 70% of patients will relapse and 30% 
patients will suffer tumour‐related death within 5 years after liver 
resection.73 Therefore, the mechanistic investigation of hepatocar‐
cinogenesis and identification of more efficient molecular markers 
and therapeutic target are urgently needed for HCC patients.

Zhang	et	al	reported	that	SNHG15	was	significantly	elevated	in	
a cohort of 152 pairs HCC tissues and adjacent normal tissue, sug‐
gesting	SNHG15	may	be	a	critical	regulator	in	HCC	tumorigenesis.34 
High	SNHG15	expression	was	found	to	be	associated	with	clinico‐
pathological	parameters,	such	as	histological	grade,	TNM	stage,	and	
vein	invasion	using	chi‐square	analysis.	To	determine	the	correlation	

between	 SNHG15	 level	 and	 prognosis	 of	 HCC	 patients,	 Kaplan‐
Meier	 analysis,	 univariate	 analysis,	 as	well	 as	multivariate	 Cox	 re‐
gression	analysis	were	used.	 It	was	shown	that	SNHG15	elevation	
was positively correlated with poor overall survival of HCC patients 
and	SNHG15	can	serve	as	an	independent	prognostic	indicator	for	
HCC patients.34	This	study	conducted	by	Zhang	et	al	highlighted	the	
potential	of	SNHG15	as	an	oncogene	in	HCC	pathogenesis.

Current	study	reported	by	Ye	et	al	confirmed	that	SNHG15	can	
play promoting role in regulating HCC proliferation, migration and 
invasion.34	Moreover,	knockdown	of	SNHG15	can	result	in	a	signif‐
icant	increase	in	G1/G0	phase	and	an	obvious	decrease	in	S	phase.	
Mechanically,	 SNHG15	 can	mediate	 the	 expression	 level	 of	 ZEB2	
and E2F3 through sponging miR‐141‐3p in HCC cells, thus promot‐
ing HCC progression.74 This study may offer new insights regarding 
HCC pathology and provide potential strategy for lncRNA‐directed 
treatment. However, the in‐vivo influence and other underlying 
mechanism	of	SNHG15	still	determine	to	be	clarified	 in	the	future	
research.

3.5 | Lung cancer

Lung cancer is the leading cause of cancer‐related deaths world‐
wide.61	 Non‐small	 cell	 lung	 cancer	 (NSCLC)	 accounts	 for	 approxi‐
mately	85%	of	lung	malignancies	and	includes	lung	adenocarcinoma	
(LUAD),	 squamous	cell	 carcinoma	and	 large	 cell	 lung	cancer.61,75,76 
Although there are various ways for diagnosis and treatments, the 
rate	 of	 5‐year	 OS	 of	 advanced	 lung	 cancer	 patients	 is	 less	 than	
15%.77 Therefore, it is essential to find valuable tumour makers for 
early diagnosis and therapy.

Recently,	lncRNA	SNHG15	emerges	as	an	important	regulator	in	
lung	cancer.	Dong	et	al	revealed	that	SNHG15	was	highly	elevated	in	
NSCLC	tissues	compared	with	controls.36,78 Analysis of correlation 
between	SNHG15	expression	and	clinicopathological	 data	 showed	
that	 high	 expression	 level	 of	 SNHG15	 was	 positively	 related	 to	
the	 tumour	 size,	 lymph	node	 status	 and	TNM	stage	 in	NSCLC	pa‐
tients.36,78	Kaplan‐Meier	 survival	 analysis	of	OS	and	DFS	 revealed	
that	 NSCLC	 patients	 with	 higher	 SNHG15	 expression	 had	 a	 rela‐
tively	 poor	 prognosis	 compared	with	 the	 low	 SNHG15	 group.36,78 
The	 information	 regarding	 SNHG15	 expression	 may	 be	 useful	 to	
predict	the	survival	of	NSCLC	patients.	In‐vitro	assays	revealed	that	
decreased	SNHG15	expression	could	obviously	 impair	proliferative	
capacity	 of	 NSCLC	 cells,	 cause	G0/	G1	 phase	 arrest	 and	 increase	
the	 ratio	 of	 apoptotic	NSCLC	 cells.36,78	Moreover,	 downregulation	
of	SNHG15	substantially	inhibited	the	invasive	and	metastatic	abil‐
ity	of	NSCLC	cells.36,78	The	pro‐metastatic	effects	of	SNHG15	were	
induced by the regulation of the expression of a number of genes 
involved	in	cell	metastasis	and	EMT	progress.	Depletion	of	SNHG15	
was	 involved	 in	 the	downregulation	of	MMP2	and	MMP9	expres‐
sion, while the underlying mechanism was still unclear.36 Another 
study	 discovered	 that	 SNHG15	 induced	 lung	 cancer	 proliferation	
through regulating miR‐211‐3p, which was predicted to interact with 
SNHG15.	Further	 research	confirmed	 that	miR‐211‐3p	can	bind	 to	
SNHG15	and	its	downregulation	can	partly	rescued	the	proliferation	
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promotion	driven	by	SNHG15	overexpression	 in	A549	and	H1799	
cells.78	Moreover,	SNHG15	could	upregulate	CDK14	expression	via	
sponging	 miR‐486,	 thus	 contributing	 to	 NSCLC	 tumorigenesis.44 
These	findings	elucidated	that	SNHG15	can	activate	the	malignant	
phenotypes	of	NSCLC	cells	through	a	mechanism	involving	miRNAs.	
However, more efforts should be devoted to clarifying other regula‐
tory	mechanisms	and	clinical	implication	of	SNHG15	in	lung	cancer	
in the future.

3.6 | Thyroid cancer

TC continues to be the most common endocrine malignant tumour 
and has emerged as a major health issue.79 It is estimated that more 
than	60	000	people	of	TC	occur	annually	in	the	United	States.79,80 
TC is the sixth most common malignant tumour in the female popu‐
lation of China, where the incidence of TC is about 6.6 per 100 000 
people.81 The major subtypes of TC include papillary thyroid cancer 
(PTC), follicular thyroid cancer (FTC), poorly differentiated thyroid 
cancer (PDTC) and anaplastic thyroid cancer (ATC) originate from 
follicular cell‐derived thyroid cells. PTC accounts for more than 
85%	of	TC	patients,	 and	 approximately	 10%‐15%	of	 patients	with	
PTC exhibit relapse and metastasis after therapy, leading to poor 
outcome.83 Among these subtypes, ATC is the most aggressive and 
deadly thyroid cancer with only 3‐5 months overall survival after 
initial diagnosis.83 The studies of molecular mechanism correlated 
with TC greatly facilitate the understanding of TC cancer pathogen‐
esis.82,84,85 Thus, it is of great significance to identify potential bio‐
markers and therapeutic targets involved in TC tumorigenesis.

Expression profile data of various cancers from The Cancer 
Genome Atlas (TCGA) data set showed that only TC specimens 
displayed	 lower	 levels	of	SNHG15	expression.32 Liu et al validated 
the	expression	status	of	SNHG15	 in	a	cohort	of	40	paired	TC	 tis‐
sues	 and	 adjacent	 non‐tumour	 samples	 using	 qRT‐PCR	 assay.32 
Compared with non‐cancerous TC samples, the expression level 
of	SNHG15	was	lower	in	TC	tissue	samples.32 Low expression level 
of	SNHG15	was	identified	to	closely	associate	with	age,	pathology	
classification, clinical stage, tumour size and distant metastasis in 
TC patients.32 However, current evidences mainly focus the over‐
expression	of	SNHG15	in	most	cancers.	Tumour	heterogeneity	and	
limited TC samples can partly explain this inconsistent finding. Then, 
Kaplan‐Meier	analysis	and	log‐rank	test	were	conducted	to	estimate	
the	prognostic	efficiency	of	the	candidate	lncRNA	SNHG15	in	thy‐
roid cancer patient's cohort from TCGA database. Intriguingly, it 
was	demonstrated	 that	 the	 high	 level	 of	 SNHG15	expression	was	
positively	correlated	with	higher	DFS	rate	 in	TC	patients,	while	no	
significant	 association	was	 found	 between	OS	 and	 SNHG15	 level	
in TC patients from TCGA data set.32	LncRNA	SNHG15	may	have	a	
potential to be a novel biomarker for diagnosis and prognosis of TC.

Similarly,	 SNHG15	was	 significantly	 decreased	 in	 TC	 cell	 lines	
compared with normal thyroid cell and able to mediate tumour 
initiation, proliferation and metastasis in TC.32 The findings eluci‐
dated	 that	 increased	 SNHG15	 expression	 dramatically	 repressed	
cell proliferation, migration and invasion in TC, revealing the 

tumour‐suppressive	 role	of	 SNHG15	 in	TC.32 Another study iden‐
tified	that	SNHG15	could	act	as	a	key	target	of	miR‐510‐5p,	which	
was proposed to be an oncogenic regulator in TC tumorigenesis.86 
And	a	negative	 correlation	between	SNHG15	and	miR‐510‐5p	ex‐
pression was revealed in TC tissues.86	Mechanistically,	miR‐510‐5p	
directly	interacted	with	SNHG15	and	obviously	repressed	SNHG15	
expression, thus contributing to TC cell proliferation, migration and 
invasion.86

Interestingly, a recent study uncovered by Wu et al also focused 
on	the	biological	role	of	SNHG15	in	PTC.33 Wu and his colleagues 
tested	the	expression	levels	of	SNHG15	in	92	paired	PTC	tissues	and	
corresponding normal tissues.33 Inconsistently, an obvious upregu‐
lation	of	SNHG15	was	found	in	PTC	tissues	compared	with	control	
group.	 SNHG15	 elevation	 was	 positively	 correlated	 with	 gender,	
larger	 tumour	size,	advanced	TNM	stage	and	positive	 lymph	node	
metastasis.33	Meanwhile,	 high	 SNHG15	expression	 level	was	neg‐
atively	correlated	with	 the	OS	rate	of	PTC	patients,	 suggesting	 its	
prognostic value for PTC patients.33	 Knockdown	 of	 SNHG15	 can	
dramatically activate apoptosis and obviously suppress cell prolif‐
eration	migration	and	EMT	progress	 in	PTC.33 In addition, YAP1 is 
known as a core regulator of Hippo signalling pathway, which can 
be	 inactivated	 by	 SNHG15.33	 Mechanistic	 investigation	 showed	
that	SNHG15	can	significantly	increase	oncogenic	YAP1	expression	
through sponging miR‐200a‐3p in PTC cells, thus leading to PTC de‐
velopment and progression.33	 The	effects	of	 SNHG15	on	TC	pro‐
gression reported by two research teams are completely opposite 
to	each	other.	Moreover,	the	role	of	SNHG15	conducted	by	Liu	et	
al	was	contrary	to	the	mechanistic	model	of	SNHG15	observed	 in	
other malignancies.33,86	The	conflict	of	SNHG15	existed	in	TC	and	
other types of cancer was partly due to limited numbers of tu‐
mour samples, different sample sources and tumour heterogeneity. 
Meanwhile,	more	animal	experiments	are	needed	to	verify	the	role	
of	SNHG15	in	cancer	growth	and	metastasis	in	vivo.

3.7 | Prostate cancer

Prostate cancer (PC) is the most common malignancy in male, with 
more	than	29	000	men	killed	by	PC	in	2018	in	the	united	states.65 
Owing to lack of specific and sensitive methods for early prostate 
cancer screening, most patients have been in the terminal stage 
at first diagnosis, with a 5‐year survival rate of only 29% in PC pa‐
tients.65,87	 Serum	 prostate	 specific	 antigen	 (PSA),	 as	 an	 essential	
serum marker, has been widely utilized in the early detection and 
subsequent	treatment.88	However,	PSA	was	not	specifically	corre‐
lated	with	malignancy	 and	 can	 alter	 frequently	 and	 inconsistently	
depending on the circumstance.88,89 Thus, uncovering new diagnos‐
tic biomarker and therapeutic target for PC patients is in an urgent 
need.

Zhang	 et	 al	 examined	 the	 expression	 levels	 of	 SNHG15	 in	 PC	
cells	and	found	that	SNHG15	was	significantly	increased	in	PC	cell	
lines.88,89	SNHG15	silencing	reduced	prostate	cancer	cell	growth	in	
vitro and in vivo.30	 Besides,	 knockdown	of	 SNHG15	 inhibited	 the	
migratory and invasive abilities of PC cells.30	Interestingly,	SNHG15	
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reversed	 the	 progress	 of	 EMT	 presenting	 as	 reduction	 of	 E‐cad‐
herin and enrichment of N‐cadherin, highlighting the involvement 
of	 SNHG15	 in	 EMT	 regulation.	 Mechanistic	 studies	 showed	 the	
cytoplasmic	 localization	 of	 SNHG15	 in	 Prostate	 cancer	 cells,	 sug‐
gesting	the	regulatory	mechanism	of	SNHG15	at	the	post‐transcrip‐
tion level.30	SNHG15	could	act	as	a	molecular	sponge	to	modulate	
miR‐338‐3p,	which	can	potentially	target	FKBP	prolyl	isomerase	1A	
(FKBP1A) in tumorigenesis.30	Aside	from	that,	miR‐338‐3p	decrease	
and FKBP1A increase can obviously reversed the inhibition of cell 
migration	and	invasion	mediated	by	SNHG15	knockdown.30 It sug‐
gested	 that	 targeting	 the	 SNHG15/miR‐338‐3p/FKBP1A	 axis	may	
represent a novel therapeutic application in PC.30 However, the ex‐
pression	pattern	of	SNHG15	in	prostate	cancer	is	not	clear,	and	the	
correlation	between	SNHG15	expression	and	clinical	factors,	as	well	
as	the	prognostic	value	of	SNHG15,	should	be	further	investigated	
in the future.

3.8 | Osteosarcoma

Osteosarcoma	(OS)	functions	as	one	of	the	most	common	primary	
bone malignancies among adolescent cohort.30,90 Fast growth and 
early metastasis are the main reasons accounting for the dismal 
prognosis of osteosarcoma.91 Approximately 20% patients have pul‐
monary metastasis in the first visit.92 Thus, it is urgently needed to 
discover	novel	biomarker	and	therapeutic	target	for	OS	patient	and	
better	understand	the	mechanism	of	OS	pathogenesis.

Liu	et	al	demonstrated	that	SNHG15	was	remarkably	increased	
in	OS	tissues.31	In	contrast	to	the	expression	pattern	of	SNHG15	
in	OS,	miR‐141	was	obviously	 downregulated	 in	OS	 tissues.31 In 
addition,	 an	 inverse	 correlation	was	 revealed	 between	 SNHG15	
and	miR‐141	 expression	 in	 OS	 tissues.31	 Similarly,	 SNHG15	was	
shown	to	be	overexpressed	in	OS	cells,	compared	with	osteoblas‐
tic cell HFOB1.31 Then, gain‐of and loss‐of assays were conducted 
to	examine	the	effects	of	aberrant	expression	of	SNHG15	on	OS	
cell	viability,	migration	and	invasion.	Knockdown	of	SNHG15	could	
effectively	inhibit	OS	cell	proliferation,	whereas	its	elevation	ob‐
viously	increase	the	proliferative	capacity	of	OS	cells.31	Silencing	
of	SNHG15	strongly	inhibited	the	migratory	and	invasive	abilities	
of	 OS	 cells,	 compared	 with	 that	 in	 the	 control	 cells.31 And the 
migratory and invasive ability was activated by overexpression 
of	 SNHG15.31	 In	 addition,	 SNHG15	 was	 further	 determined	 to	
be associated with autophagy. Currently, mounting studies have 
identified reliable indicators of autophagy, such as autophagy 
related proteins (Atg5), cytosolic form of key protein LC3 in au‐
tophagosome formation (LC3‐I), active membrane‐bound form of 
LC3 (LC3‐II), and p62.93‐96 Liu et al uncovered that knockdown of 
SNHG15	 can	 obviously	 elevate	 p62	 expression	 and	 significantly	
decrease the expression level of Atg5, LC3‐II and LC3‐II/ LC3‐I 
ratio,	illuminating	the	suppressive	effects	of	SNHG15	knockdown	
on	OS	 autophagy.31	Meanwhile,	 overexpression	of	 SNHG15	dis‐
played opposite effects on the expression level of Atg5, LC3‐II, 
LC3‐II/	LC3‐I	ratio	and	p62,	 indicating	that	ectopic	SNHG15	can	
activate	autophagy	in	OS	cells.31

Further	research	demonstrated	that	SNHG15	can	interact	with	
miR‐141 and dramatically downregulate the expression of miR‐141 
in	OS	cells.31	The	above	results	revealed	that	SNHG15	play	a	pro‐
moting	role	in	OS	cell	proliferation,	migration,	invasion	and	autoph‐
agy, which was contrary to the influence of miR‐141 enrichment.31 
It suggested that overexpressed miR‐141 can effectively reverse 
the	 promotion	 of	 OS	 tumorigenesis	 and	 autophagy	 induced	 by	
SNHG15	overexpression.31 Liu and his colleague proposed a mecha‐
nistic	model	that	SNHG15	promotes	OS	tumorigenesis	and	autoph‐
agy partly through negatively regulating miR‐141.31	The	SNHG15/
miR‐141	axis	may	provide	a	potential	marker	and	target	for	OS	pa‐
tients.31	However,	the	expression	level	of	SNHG15	was	only	tested	
in	35	pairs	OS	tissue	and	matched	non‐cancerous	tissues.	More	OS	
samples should be involved to determine the expression pattern of 
SNHG15.	 Importantly,	 the	correlation	between	SNHG15	 level	and	
clinicopathologic	feature	or	survival	of	OS	patients	was	still	unclear.	
In the future, researchers should attach more importance on investi‐
gating the clinical significance, prognostic value, as well as mechanis‐
tic	model	of	SNHG15	in	OS	development	and	progression.

3.9 | Glioma

Glioma is one of the most prevalent types of primary intracranial 
carcinoma.97 It can be classified as grade II and grade III astrocytic 
tumours,	oligodendroglioma,	 the	grade	 IV	glioblastoma	 (GBM)	and	
diffuse glioma of childhood.97 Glioma is characterized by rapid cell 
proliferation and angiogenesis.98‐100 Despite progress in diagnosis 
and therapy, the rate of recurrence and mortality 101is still high.97 
Thus, extensive attention should be paid to finding prospective bio‐
markers and reliable therapeutic targets for glioma patients.

Tumour angiogenesis has been revealed to be involved in me‐
diating tumour growth and metastasis.102,103 The high level of mi‐
crovessel density can be identified as an independent prognostic 
indictor for glioma patients.104,105	Ma	et	al	identified	SNHG15	as	a	
novel lncRNA involved in the growth of glioma microvascular endo‐
thelial cells.106	Their	study	demonstrated	that	SNHG15	was	signifi‐
cantly increased in glioma‐mediated human cerebral microvascular 
endothelial	cells	(hCMECs),	which	was	cultured	in	the	glioma	condi‐
tioned	medium	(GCM)	to	simulate	the	glioma	microenvironment.106 
Conversely, miR‐153 expression was obviously decreased in gli‐
oma‐induced	 hCMECs,	 compared	with	 that	 in	 the	 hCMECs	 in	 the	
primary	astrocyte	cell	conditioned	medium	(ACM).106 Interestingly, 
SNHG15	 knockdown	 can	 induce	 the	 inhibition	 of	 VEGFA	 and	
Cdc42, and miR‐153 knockdown can significantly upregulate the ex‐
pression of VEGFA and Cdc42, which were recognized to activate 
angiogenesis.103,106‐108

Then, a series of functional assays were performed to clarify the 
biological	effects	of	both	SNHG15	and	miR‐153	on	proliferation,	mi‐
gration and tube formation of glioma vascular endothelial cells. They 
showed	that	decreased	SNHG15	expression	can	suppress	prolifera‐
tive and migratory capacity of glioma vascular endothelial cells.106 As 
for	tube	formation,	the	results	showed	that	knockdown	of	SNHG15	
can effectively reduce the relative tubule length and relative number 



8 of 17  |     SHUAI et Al.

of	branches,	suggesting	the	promotion	effects	of	SNHG15	on	tube	
formation of glioma vascular endothelial cells.106 As expected, glioma 
patients	with	high	SNHG15	expression	 are	 tended	 to	have	poorer	
OS,	while	the	glioma	patients	with	high	miR‐153	level	are	more	likely	
to	 have	 better	 OS.106 However, more analysis, such as univariate 
analysis and multivariate Cox regression model, should be done to 
identify	independent	factors	associated	with	glioma	patients.	Ma	et	
al	disclosed	that	lncRNA	SNHG15	mediates	glioma	vascular	endothe‐
lial	 cells	 through	SNHG15/miR‐153/VEGFA/Cdc42	axis,	presenting	
as therapeutic target for glioma therapy against angiogenesis.

Moreover,	 a	 recent	 study	 also	 revealed	 the	 role	 of	 lncRNA	
SNHG15	 in	 the	 tumour	 microenvironment	 (TME).	 High	 level	 of	
SNHG15	was	shown	to	be	associated	with	a	significantly	higher	risk	
of	 developing	GBM,	which	 represents	 the	 largest	 and	most	 lethal	
subgroup of brain tumours.109 Li et al also found that knockdown of 
SNHG15	can	obviously	inhibit	tumorigenesis,	self‐renewal	and	ele‐
vate	temozolomide	(TMZ)	sensitivity.110	It	is	determined	that	TMZ‐
resistant	(TMZ‐R)	GBM	cells	are	able	to	promote	M2‐polarization	of	
glioma	 associated	microglia	 (GAMs),	which	 are	 functionally	 similar	
to tumour‐associated macrophages in the peripheral system and 
interact	 with	 GBM	 cells	 through	 intracellular	 communications.110 
Intriguingly, the treatment of palbociclib, CDK6 inhibitor, can effec‐
tively	 decrease	 the	 generation	 of	M2	GAM	and	 glioma	 stem	 cells	
mediated	by	TMZ‐R	cells	through	downregulating	SNHG15	and	up‐
regulating miR‐627.110	Consistently,	M1	markers	(IFN‐γ and TNF‐α) 
were	prominently	increased	in	the	GAMs	co‐cultured	with	SNHG15‐
silenced	 TMZ‐R	 cells,	whereas	M2	markers	 (IL‐6	 and	 TGF‐β) were 
significantly	decreased	 in	 the	GAMs	co‐cultured	with	SNHG15‐si‐
lenced	 TMZ‐R	 cells.110	 Overall,	 the	 molecular	 axis	 of	 SNHG15/
CDK6/miR‐627	may	help	to	overcome	the	resistance	of	TMZ,	sup‐
porting	the	usage	of	palbociclib	for	TMZ‐resistant	GBM	cases.110

3.10 | Breast cancer

Breast cancer (BC) is the most commonly diagnosed cancer and the 
leading cause of cancer death among females, accounting for almost 
1 in 4 cancer cases among women.110 It is predicted to be about 2.1 
million	newly	diagnosed	female	BC	cases	in	2018.61	It	is	quite	hard	
to modify the primary risk factor of BC due to prolonged period of 
endogenous hormonal exposures.61,111 The implication of compre‐
hensive treatment enables some BC patients to have relatively good 
clinical outcome.111‐113 However, approximately a third of breast 
cancer patients may have relapses, metastasis and chemotherapy re‐
sistance.112,113 The current situation of BC highlights the importance 
of new effective biomarker early detection and treatment. Thus, 
there is an imperative need for the development of novel therapies 
based on the biological and molecular mechanisms of breast cancer.

Kong	 et	 al	 investigated	 the	 expression	 pattern	 of	 SNHG15	 in	
58	BC	tissues	and	19	adjacent	normal	 tissues.114 It was found that 
SNNHG15	 was	 overexpressed	 in	 breast	 cancer	 tissues.	 Ectopic	
SNHG15	 expression	 was	 found	 to	 be	 remarkably	 associated	 with	
TNM	 stage,	 lymph	 node	 metastasis	 in	 BC	 patients.114 And there 
was	 no	 significant	 correlation	 between	 SNHG15	 level	 and	 age	 of	

BC patients.114	 Kaplan‐Meier	 analysis	 showed	 that	 breast	 patients	
with	higher	SNHG15	expression	was	positively	correlated	with	poor	
survival.114	 In‐vitro	and	 in‐vivo	assays	both	validated	that	SNHG15	
knockdown can efficiently suppress cell proliferation, enhanced 
apoptosis and inhibit migration and invasion of BC cells.114	Moreover,	
their	study	revealed	that	SNHG15	knockdown	can	decrease	vimen‐
tin expression and increase E‐Cadherin in BC cells.114 It suggested 
that	the	pro‐metastatic	function	of	SNHG15	was	determined	to	be	
correlated	with	EMT	regulation.	Mechanistically,	Kong	et	al	proved	
that	SNHG15	can	bind	with	miR‐211‐3p,	which	was	determined	to	be	
significantly downregulated in BC tissues.114 And a negative correla‐
tion	was	determined	between	SNHG15	expression	and	miR‐211‐3p	
expression in BC tissues.114 Besides, rescue assays demonstrated that 
miR‐211‐3p downregulation can partly reversed the inhibition of tu‐
morigenesis	induced	by	SNHG15	knockdown	in	BC	cells.114 Kong and 
his	colleagues	uncovered	that	lncRNA	SNHG15	exerts	oncogenic	role	
through negatively regulating miR‐211‐3p in BC progression, which 
may give new insight into molecular diagnosis and treatment.114 
However, the sample size in this study is limited and the listed clinical 
parameters	only	include	tumour	size,	TNM	stage,	lymph	node	metas‐
tasis and age. In the future, more efforts should be made to deter‐
mine	the	underlying	mechanism	and	clinical	value	of	SNHG15	in	BC.

3.11 | Renal cell carcinoma

Renal cell carcinoma (RCC), as the most common type of kidney can‐
cer, accounts for 2%‐3% of all cancer cases worldwide.115 It is esti‐
mated	to	have	approximately	403	262	new	cases	and	175	098	deaths	
in	2018.61 At present, even modern imaging modalities, such as com‐
puted tomography or magnetic resonance imaging, often failed to 
precisely distinguish between benign and malignant renal tumours, 
setting up unnecessary surgical operations.116	Unfortunately,	there	
was still no effective biomarkers of kidney cancer patients for con‐
ventional screening, diagnosis, monitoring and therapeutics.116,117 
Therefore, prospective biomarkers are urgently needed to facilitate 
early detection and precise treatment by implementing underlying 
mechanism of kidney cancer.

Du	et	al	identified	SNHG15	as	an	overexpressed	lncRNA	in	RCC	
tissues through analysing the publicly available data from TCGA 
and GEO data sets.116,117	 Then,	 the	 expression	 of	 SNHG15	 was	
further validated in a cohort of 96 pairs RCC tissues and matched 
non‐cancerous	 tissue	samples.	 It	was	 found	 that	 lncRNA	SNHG15	
was obviously upregulated in RCC tissues, compared with control 
group.18	 Elevated	 SNHG15	 level	 was	 found	 to	 be	 positively	 cor‐
related with histological differentiation and T stage, revealing that 
SNHG15	may	be	a	candidate	marker	for	RCC	patients.18	Meanwhile,	
the prognostic information of RCC patients was obtained from the 
OncoLnc	website,	and	RCC	patients	were	divided	into	high	SNHG15	
expression	group	and	 low	SNHG15	expression	group	according	 to	
the median value. The survival analysis showed that RCC patients 
with	 higher	 SNHG15	 expression	 level	 are	 tended	 to	 have	 worse	
prognosis.18	 Similarly,	 SNHG15	 was	 obviously	 increased	 in	 RCC	
cells, compared with the normal renal cell line HK‐2.18 Functional 
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investigation	 revealed	 that	 decreased	SNHG15	expression	 can	 ef‐
fectively suppress cell proliferation, migration and invasion, cause 
G1/G0 arrest and induce apoptosis in RCC.18	Moreover,	 SNHG15	
knockdown	 can	 regulate	EMT	process,	 presenting	 as	 reduction	of	
N‐cadherin and Vimentin and increase of E‐cadherin.18	Specifically,	
SNHG15	can	regulate	NF‐κB signalling pathway, thus contributing to 
renal	cell	carcinoma	proliferation	and	EMT.18 This mechanistic model 
may shed new light on RCC pathogenesis and molecular treatment. 
However, the number of cases with lymphatic invasion or metastasis 
was too small to perform statistical analysis.

3.12 | Ovarian cancer

Epithelial ovarian cancer (EOC) is the second most common gynae‐
cological malignancy in women worldwide, accounting for a third of 
all gynaecological malignant tumours.118 Due to late clinical presen‐
tation and lack of sensitive and specific biomarkers, it is extremely 
hard to detect ovarian cancer at early, leading to a high rate of me‐
tastasis and recurrence.118,119 Thus, identifications of effective bio‐
markers for diagnosis and therapeutics would be of great clinical 
significance for ovarian cancer patients.

Qu	et	al	measured	the	expression	level	of	SNHG15	in	EOC	tissues	
and	cells	and	revealed	the	overexpression	of	SNHG15	in	both	EOC	
tissues and cell lines.35 Interestingly, patients with Type II cancers 
showed	higher	SNHG15	levels	than	patients	with	Type	I	cancers.35 
Further	analysis	showed	that	high	SNHG15	expression	was	closely	
relevant to cancer type, ascites and FIGO stage, revealing the clin‐
ical	potential	of	SNHG15	in	EOC.35 Based on the survival analysis, 
univariate	analysis,	and	multivariate	Cox	regression	model,	SNHG15	
was identified to be positively correlated with poorer overall survival 
and	DFS,	serving	as	an	independent	risk	factor	for	poor	OS	and	PFS	
in EOC patients.35	Functionally,	knockdown	of	SNHG15	can	nota‐
bly suppressed migration and invasion of EOC cells.35	Meanwhile,	
downregulation	of	SNHG15	can	inhibit	the	proliferative	capacity	of	
EOC	cells,	while	ectopic	expression	of	SNHG15	can	exert	promoting	
effects on EOC cell proliferation, migration and invasion.35 Besides, 

overexpression	of	SNHG15	can	 significantly	elevate	 the	 inhibition	
rate of cisplatin, contributing to the chemoresistance of EOC cells.35 
In	summary,	Qu	et	al	discovered	that	SNHG15	acts	as	an	oncogene	
and suggests its utilities as prognostic indicator of EOC patients. 
However, larger tumour samples and deep mechanistic research are 
urgently needed.

4  | MECHANISTIC MODEL OF SNHG15 IN 
HUMAN C ANCER

Recent	progress	has	 indicated	 that	 lncRNA	SNHG15	could	exert	
oncogenic or tumour‐suppressive function in various cancers 
through various regulatory mechanisms (Figure 1). Better under‐
standing	of	the	mechanistic	model	of	SNHG15	in	human	cancers	
may give new insight into cancer pathogenesis and lncRNA‐based 
therapeutics.

4.1 | Upstream regulator essential for aberrant 
expression of SNHG15

Mounting	 evidences	 have	 demonstrated	 that	 transcription	 fac‐
tors, and genetic alterations can lead to the aberrant expression of 
lncRNAs.120,121 Previous study declared that there are two E‐box 
(CACGTG)	binding	motifs	 for	 transcription	 factor	MYC	on	 the	 first	
exon	and	first	intron	of	SNHG15.122	Analysis	of	ChIP‐seq	data	from	
ENCODE	confirmed	 that	 transcription	 factor	MYC	can	bind	 to	 the	
mentioned E‐box in various cancerous cells.49	 Saeinasab	 et	 al	 fur‐
ther	 explored	 the	RNA‐seq	 data	 correlated	with	 colorectal	 adeno‐
carcinoma	 from	TCGA	data	 set	 and	 found	 that	 SNHG15	displayed	
significant	upregulation	 in	CRC	 tissues	with	highly	 expressed	MYC	
expression.49	Consistently,	knockdown	of	MYC	can	significantly	de‐
creased	SNHG15	expression	in	CRC	cells,	illuminating	that	MYC	can	
activate	the	transcription	of	SNHG15	in	CRC	cells.49	In	summary,	MYC	
is	involved	in	the	transcription	of	SNHG15	overexpression.	However,	
more upstream modulators need to be uncovered in the future.

F I G U R E  1  Mechanistic	model	
of	SNHG15	in	human	cancer.	(A)
The	transcription	of	SNHG15	can	be	
significantly activated by oncogenic 
MYC.	(B)	SNHG15	could	function	as	
a ceRNA to sponge miRNA in human 
cancers.	(C)	SNHG15	could	recruit	PRC2	
to the promoter of key target, leading 
to gene silencing and cancer promotion. 
(D)	SNHG15	could	bind	with	Slug	and	
influence	its	stability	through	UPP
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4.2 | SNHG15 as ceRNA with potential roles in the 
context of post‐transcriptional regulation

It is currently known that the transcripts, which harbour miRNA 
response	elements	(MREs),	may	have	a	potential	to	act	as	ceRNAs,	
including lncRNAs, pseudogenes, circular (circ)RNAs and mRNAs.123‐

127 The theory of ceRNA implies that there are regulatory networks 
lying foundation for crosstalk between ncRNAs and coding RNAs 
through miRNA involvement.128,129 Particularly, lncRNA‐miRNA‐
mRNA network has been shown to play critical roles in the develop‐
ment and progression of various neoplasms.130,131	LncRNA	SNHG15,	
as an essential regulator in human cancer, has been elucidated to be 
involved in ceRNA network, thus impacting biological and pathologi‐
cal activities in cancer progression (Figure 2).

4.2.1 | LncRNA SNHG15/miR‐338‐3p/
mRNA FKBP1A

Zhang	et	al	 reported	that	SNHG15	can	act	as	a	ceRNA	to	regulate	
miRNA‐mRNA axis in prostate cancer.30 This study indicated the miR‐
338‐3p	silencing	through	SNHG15,	which	holds	binding	elements	for	
miR‐338‐3p	at	its	3′‐UTR,	leading	to	ectopic	expression	of	FKBP1A.30 
The	overexpression	of	miR‐338‐3p	can	significantly	decrease	the	lu‐
ciferase activity of the wild‐type FKBP1A, but exhibit no influence on 
the mutant type FKBP1A.30	In	summary,	SNHG15	elevated	FKBP1A	
expression	by	sponging	miR‐338‐3p	at	post‐transcriptional	level,	thus	
regulating the biological processes of prostate cancer.

4.2.2 | LncRNA/miR‐338‐3p/mRNA FOS‐RAB14

Li	 et	 al	 elucidated	 that	 SNHG15	 can	 stimulate	 CRC	 prolifera‐
tion	 through	miR‐338‐3p/FOS/RAB14	 axis.50	 Mechanistic	 study	
showed	 that	 SNHG15	 could	 directly	 interact	 with	 miR‐338‐3p,	
which	can	directly	target	FOS‐RAB14	and	exert	anti‐tumour	func‐
tions in CRC.50	 Ectopic	 expression	 of	 SNHG15	 can	 significantly	

restored the inhibitory effects on proliferation and promoting ef‐
fects	 on	 apoptosis	 mediated	 by	 miR‐388‐3p.50	 Moreover,	 there	
was	a	positive	correlation	between	SNHG15	level	and	FOS‐RAB14	
in CRC tissues.50	Of	note,	knockdown	of	FOS	and	RAB14	can	im‐
pair	the	proliferation	promotion	mediated	by	SNHG15	overexpres‐
sion	or	miR‐388‐3p	silencing.50 These findings support the notion 
of	SNHG15/miR‐388‐3p/FOS/RAB14	in	CRC	tumorigenesis.

4.2.3 | LncRNA SNHG15/ miR‐141/mRNA SIRT1

Another	 ceRNA	 study	 of	 SNHG15	 in	 the	 CRC	 development	 via	
sponging miR‐141.19	 In	 this	 study,	 SNHG15	was	 found	 to	 act	 as	
ceRNA for decreasing miR‐141, resulting in the overexpression of 
SIRT1.19	Moreover,	further	research	validated	that	knockdown	of	
SNHG15	can	effectively	suppressed	the	protein	level	of	wnt1,	c‐
myc, cyclin‐D1 and β‐catenin, which are critical proteins correlated 
with wnt/β‐catenin signal.19 Consistently, decreased miR‐141 ex‐
pression can obviously reverse the suppressive effects of wnt/β‐
catenin	signal‐related	proteins	induced	by	SNHG15	knockdown.19 
Collectively,	SNHG15	can	play	an	oncogenic	role	in	CRC	develop‐
ment via brisking wnt/β‐catenin signal and the regulatory network 
mediated	by	SNHG15/miR‐141/SIRT1	axis	can	pave	a	new	sight	in	
understanding CRC biology.19 As for osteosarcoma, the mechanis‐
tic	model	of	SNHG15/	miR‐141	was	also	 identified	by	Liu	et	al31 
SNHG15	was	found	to	be	directly	interact	with	miR‐141	and	nega‐
tively regulate mi4‐141 expression.31 Consistently, overexpression 
of miR‐141 can obviously attenuate tumorigenesis and autophagy 
directed	by	SNHG15	overexpression	in	OS	cells.31	The	SNHG15/
miR‐141 axis may open a new window for understanding the hid‐
den	aspects	of	OS.

4.2.4 | LncRNA SNHG15/ miR‐486/mRNA CDK14

Jin	 et	 al	 found	 that	 SNHG15	 induced	 NSCLC	 tumorigenesis	 and	
metastasis through activating CDK14 expression via competitively 

F I G U R E  2  SNHG15‐involved	ceRNA	network	in	cancer	progression
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binding	with	miR‐486.44	The	ceRNA	role	of	SNHG15	is	responsible	
for	 the	 progression	 of	NSCLC	 cells	 through	 suppressing	miR‐486,	
which can decrease CDK14 expression.44 These findings highlighted 
that	SNHG15	as	essential	regulator	of	SNHG15/	miR‐486/	CDK14	
axis	plays	key	roles	in	NSCLC	progression	and	metastasis.44

4.2.5 | LncRNA SNHG15/miR‐211‐3p/ 
mRNA ZNF217

Kong	et	al	have	clarified	the	oncogenic	 function	SNHG15	 in	 regu‐
lating	cell	proliferation,	migration	and	EMT	by	acting	as	ceRNA	to	
sponge miR‐211‐3p.114 In contrast, miR‐211‐3P was decreased in BC 
tissues and cells and exhibited tumour‐suppressive roles in BC.114 
Notably,	 there	was	an	opposite	correlation	between	SNHG15	and	
miR‐211‐3p in BC tissues.114 Currently, a continuing research in 
NSCLC	 reported	 another	 ceRNA	network	 linked	 to	 SNHG15‐miR‐
211‐3p‐ZNF217.43	 SNHG15	could	serve	as	a	ceRNA	to	upregulate	
ZNF217	 expression,	 contributing	 to	 NSCLC	 tumorigenesis	 and	
metastasis.43 Furthermore, the inhibitory effect of miR‐211‐3p on 
NSCLC	proliferative	and	migratory	potential	can	be	partly	rescued	
by	 overexpression	 of	 ZNF217.43	 Thus,	 SNHG15‐involved	 ceRNA	
network may be of great significance to identification of biomarker 
or	therapeutic	targets	for	patients	with	BC	or	NSCLC.

4.2.6 | LncRNA SNHG15/miR‐153/mRNA VEGFA/
Cdc42

One of the key regulatory mechanism linked to glioma is the lncRNA 
SNHG15/	miR‐153/VEGFA/Cdc42	ceRNA	network	revealed	by	Ma	
et al106	Overexpression	of	SNHG15	play	a	promoting	role	in	regulat‐
ing glioma vascular endothelial cell proliferation, migration and tube 
formation through competitively sponging miR‐153.106 And miR‐153 
can directly target the 3'‐untranslated region of VEGFA and Cdc42, 
leading to obvious downregulation of VEGFA and Cdc42.106 It was 
notable	 that	miR‐153	enrichment	 can	obviously	 reverse	SNHG15‐
mediated promoting effects of cell proliferation, migration and tube 
formation	and	knockdown	of	SNHG15	combined	with	overexpres‐
sion of miR‐153 can efficiently inhibit angiogenesis of glioma vas‐
cular endothelial cells.106	 Thus,	 SNHG15	 may	 be	 involved	 in	 the	
biological behaviours of glioma vascular endothelial cells through 
SNHG15/	miR‐153/VEGFA/Cdc42	axis.

4.2.7 | LncRNA SNHG15/miR‐141‐3p/mRNA ZEB2/
E2F3

Recently, Ye et al reported the specific function and molecular 
mechanism	of	SNHG15	in	hepatocellular	carcinoma.74	SNHG15	was	
shown to exhibit oncogenic properties in hepatocellular carcinoma 
(HCC) by sponging tumour‐suppressive miR‐141‐3p, in turn, increas‐
ing	ZEB2	and	E2F3	expression.74 Furthermore, the suppression of 
miR‐141‐3p can partially reverse the inhibitory influence of HCC 
carcinogenesis	 driven	 by	 SNHG15	 knockdown.74 The interplay of 
SNHG15/miR‐141‐3p/mRNA	ZEB2/E2F3	 in	HCC	may	 add	 another	

layer of ceRNA regulation, facilitating the understanding of HCC 
pathogenesis.

4.2.8 | LncRNA SNHG15/miR‐200a‐3p/mRNA YAP1

Wu	et	al	revealed	that	SNHG15	could	act	as	a	ceRNA	by	competi‐
tively binding with miR‐200a‐3p in PTC cells, thus upregulating the 
expression of YAP1, which was a key downstream regulator of Hippo 
signalling pathway.33 Wu and his colleagues have demonstrated that 
SNHG15	exerts	pro‐oncogenic	roles	in	regulating	cell	proliferation,	
migration	and	EMT	progress	in	PTC.33	The	distribution	of	SNHG15	
is mainly located in the cytoplasm, which highlights the regulatory 
mechanism	of	SNHG15	at	post‐transcriptional	 level.33 There was a 
negative	association	between	SNHG15	and	miR‐200a‐3p	expression	
in PTC tissue samples.33 Further research revealed that overexpres‐
sion of miR‐200a‐3p can significantly decrease the expression level 
of	 YAP1,	 which	was	 also	 positively	 regulated	 by	 SNHG15	 in	 PTC	
cells.33 Intriguingly, the suppressive effects of PTC cell proliferation, 
migration	and	EMT	process	directed	by	SNHG15	knockdown	can	be	
partly reversed by YAP1 overexpression or miR‐200a‐3p downregu‐
lation.33	In	summary,	the	SNHG15/miR‐200a‐3p/YAP1	can	mediate	
PTC progression, shedding new light on PTC diagnosis and molecular 
therapeutics for PTC patients.

4.3 | SNHG15 and EZH2 interaction at 
transcriptional level

A rapidly growing body of data have indicated that lncRNA could in‐
teract with the Polycomb‐repressive complex 2, which can mediate 
histone	methylation	and	mainly	consists	of	EZH2,	SUZ12	and	EED.132‐

134	EZH2,	as	a	critical	component	of	PRC2,	can	catalyses	H3K27me3	
and closely correlates with tumorigenesis.135 The interplay between 
EZH2	 and	DNA	methyltransferases	 (DNMTs)	 links	H3K27	 and	CpG	
methylation	 leading	 to	 DNA	 hypermethylation	 and	 consequent	 si‐
lencing of genes.135 And lncRNAs can induce epigenetic activation or 
gene expression silencing via interacting with RNA‐binding proteins 
(RBPs).134,136	Currently,	Ma	et	al	demonstrated	that	SNHG15	can	bind	
to	EZH2	and	SUZ12	and	play	oncogenic	roles	in	pancreatic	cancer.41 
Extensive	 studies	have	validated	 the	expression	pattern	of	EZH2	 in	
various tumour tissues, including pancreatic cancer.41,137,138	EZH2	was	
significantly increased in PC tissues, compared with matched non‐can‐
cerous tissue samples.139	Similar	to	the	promotion	effects	of	SNHG15	
on	PC	cell	proliferation,	knockdown	of	EZH2	can	efficiently	inhibit	the	
proliferative capacity of PC cells.139	Moreover,	 SNHG15	 expression	
was much higher in nucleus compared with that in cytoplasm, suggest‐
ing	the	potential	regulatory	mechanism	of	SNHG15	at	transcriptional	
level.41 Interestingly, the expression level of P15 and KLF2 displayed 
obvious	upregulation	in	pancreatic	cells	with	knockdown	of	SNHG15	
or	EZH2.41	The	co‐regulatory	effects	of	SNHG15	and	EZH2	on	the	ex‐
pression	of	P15	and	KLF2	indicated	that	SNHG15	may	modulate	the	
expression	of	P15	and	KLF2	through	recruitment	of	EZH2.	Further	re‐
search	revealed	that	SNHG15	downregulation	can	lead	to	decreased	
EZH2	 binding	 and	 H3K27me3	 occupancy	 of	 the	 P15	 and	 KLF2.41 
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These	findings	 indicated	that	 lncRNA	SNHG15	can	repress	P15	and	
KLF2	through	EZH2‐mediated	H3K27me3,	thus	contributing	to	PC	cell	
proliferation.

4.4 | SNHG15 involvement in controlling 
protein stability

Current evidences have revealed roles of several lncRNAs in the 
post‐transcriptional regulation of gene stability.140,141 Jiang et al 
recently	uncovered	that	SNHG15	maintains	Slug	stability	in	living	
cells	 by	 impeding	 its	 ubiquitination	 and	 degradation	 through	 in‐
teraction	with	the	zinc	finger	domain	of	Slug.51 It was found that 
SNHG15	 can	 activate	 the	 protein	 level	 of	 endogenous	 Slug,	 but	
exhibited	no	influence	on	expression	level	of	Slug	at	mRNA	level.51 
The	specific	interaction	between	SNHG15	and	Slug	zinc	finger	do‐
main in mammalian cells was confirmed by RNA‐pull down, mapping 
assays and RNA immunoprecipitation (RIP) assays.51 Interestingly, 
The	 Slug	 stability	mediated	 by	 SNHG15	was	 determined	 to	 cor‐
relate with proteasome‐mediated degradation.51	Specifically,	Slug	
protein level was upregulated in cells treated with overexpression 
of	 SNHG15	 and	 proteasome	 inhibitor	MG132,	while	 the	 protein	
level	of	Slug	was	obviously	downregulated	in	cells	with	absence	of	
SNHG15	and	MG132.51	Consistently,	overexpression	of	SNHG15	
can	significantly	increase	the	half‐life	of	Slug,	while	knockdown	of	
SNHG15	display	negative	effects.51	As	 for	Slug	ubiquitination,	 it	
can	 be	 effectively	 inhibited	 by	 SNHG15	overexpression	 and	 sig‐
nificantly	 activated	 by	 SNHG15	 knockdown.	 LncRNA	 SNHG15	
can	mediate	the	stability	of	Slug	protein	through	blocking	its	ubiq‐
uitination and proteasomal degradation.51	 Specifically,	 lncRNA	
SNHG15	blocks	BTRC‐mediated	Slug	ubiquitination	by	 inhibiting	
the	 interaction	between	BTRC	and	Slug,	thereby	preventing	Slug	
proteasomal degradation. β‐transducin repeatcontaining (BTRC). 
These findings revealed a novel mechanism underlying the control 
of	Slug	stability	by	demonstrating	that	oncogenic	lncRNA	SNHG15	
interacts	with	and	blocks	Slug	degradation	via	 the	ubiquitin‐pro‐
teasome	system.	Thus,	SNHG15	 is	expected	 to	serve	as	a	 target	
for CRC therapy.

5  | THE INVOLVEMENT OF SNHG15 IN 
MULTIPLE SIGNALLING PATHWAYS

Recent discoveries have highlighted the importance of lncRNA 
SNHG15	 in	 mediating	 various	 signalling	 pathways.	 The	 involve‐
ment	of	SNHG15	in	multiple	pathways	in	various	cancers	is	listed	in	 
Table 2.

5.1 | Regulations of EMT signalling pathways in 
human cancers

Tumour metastasis is considered to be a major cause of dismal prog‐
nosis in patients suffered with cancer, in which many factors are 
involved. The initial step of this cascade is orchestrated by the in‐
duction	of	the	EMT	process,	which	 is	 tightly	regulated	by	multiple	
signalling pathways, such as WNT/β‐catenin, NF‐kB and TGF‐β sig‐
nalling pathways.55,142‐144 Currently, lncRNAs have emerged in the 
regulation	of	EMT‐associated	signalling	pathways.

5.1.1 | WNT/β‐catenin signalling pathway in EMT

The WNT/β‐catenin signalling pathway has been recognized to be 
indispensable	for	EMT	regulation,	and	its	briskness	is	recurring	en‐
countered during the initiation and progression of various cancers, 
including CRC.143‐145	A	recent	study	conducted	by	Sun	et	al	have	
confirmed	 the	 oncogenic	 regulatory	 axis	 of	 SNHG15/miR‐141/
SIRT1/Wnt/β‐catenin pathway in CRC development.19	Sun	and	his	
colleagues	 pointed	 out	 that	 decreased	 SNHG15	 expression	 can	
effectively inhibit the briskness of WNT/β‐catenin signalling path‐
way	and	EMT	process	in	CRC	development,	with	aberrant	expres‐
sion	of	EMT	markers	and	WNT/β‐catenin pathway associated with 
proteins	 (Wnt1,	C‐Myc,	Cyclin‐D1	and	β‐catenin).19 And these ef‐
fects	mediated	by	SNHG15	knockdown	can	be	changeover	by	co‐
transfection of miR‐141 inhibitor in CRC cells.19 However, further 
studies are needed to verify the regulatory relationship between 
SNHG15	and	WNT/β‐catenin signalling pathway in CRC initiation 
and progression.

TA B L E  2  The	involvement	of	SNHG15	in	multiple	signalling	pathways

Cancer type Cell lines Expression Role Related genes
Signalling 
pathways

Colorectal cancer CaCO‐2, HCT‐116 Upregulated Oncogenic Wnt1,	C‐Myc,	Cyclin‐D1,	β‐catenin, E‐
cadherin,	N‐cadherin,	Vimentin,	Snail

WNT/β‐catenin 
pathway

Renal cell 
carcinoma

ACHN,	786‐O Upregulated Oncogenic NF‐kb,	Snail1,	Slug,	ZEB1,	N‐cadherin,	
Vimentin, E‐cadherin

NF‐kb signalling 
pathway

Gastric cancer MGC803,	BGC823 Upregulated Oncogenic MMP2,	MMP9 EMT	regulation

Lung cancer A549 Upregulated Oncogenic MMP2,	MMP9,	E‐cadherin,	N‐cadherin,	
Vimentin

EMT	regulation

Colorectal cancer HCT116,	SW480,SW1116 Upregulated Oncogenic Slug,	E‐cadherin EMT	regulation

Thyroid cancer BCPAP, K1 Upregulated Oncogenic YAP1,	MST1,	LATS1 YAP‐Hippo 
pathway
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5.1.2 | NF‐kb signalling pathway in EMT

Accumulating studies have highlighted the critical role of NF‐kb sig‐
nalling	pathway	 in	mediating	EMT	process,	 leading	to	cancer	 inva‐
sion and metastasis.142,146	Du	et	al,	reported	that	lncRNA	SNHG15	
contributes	to	EMT	in	RCC	through	regulating	NF‐kb	signalling	path‐
way.18	It	can	be	observed	that	SNHG15	knockdown	can	significantly	
decrease the nuclear fluorescence intensity of NF‐kb in RCC cells, 
with obvious decreased N‐cadherin and Vimentin expression and in‐
creased E‐cadherin expression.18 And the activation of NF‐kb signal‐
ling	pathway	can	induce	the	expression	of	EMT‐associated	markers,	
such	as	Snail1,	 Slug	and	ZEB1,	which	are	also	positively	 regulated	
by	 SNHG15	 in	 RCC	 cells.18,147 Therefore, this finding reported by 
Du et al revealed a plausible mechanism responsible for constitutive 
activation of NF‐κB signalling in migration and invasion of RCC, sup‐
porting	the	notion	that	SNHG15	may	be	a	novel	 target	for	clinical	
treatment for RCC patients.18

5.1.3 | The common inducible factors in EMT

The	process	of	EMT	 involves	 the	decrease	of	epithelial	marker	 (E‐
cadherin,	Zo‐1,	and	claudin1)	and	 increase	of	mesenchymal	marker	
(vimentin,	ZEB1,	N‐cadherin,	Slug,	Snail	and	NF‐κB).148	Moreover,	it	
is known that the activation of NF‐κB can transcriptionally regulate 
the	expression	of	MMP‐9,	MMP‐2,	uPA	and	VEGF,	 contributing	 to	
the	 acquisition	 of	 EMT	 phenotype.149 Current investigations have 
demonstrated	 that	 lncRNA	 SNHG15	 can	 enhance	 malignant	 phe‐
notypes	 through	MMP2/MMP9	 in	 both	 GC	 and	NSCLC	 cells.36,40 
Interestingly,	Jiang	et	al	uncovered	that	lncRNA	SNHG15	can	interact	
with	transcription	factor	Slug	and	keep	its	stability	in	living	cells,	thus	
regulating	EMT	and	promoting	colon	cancer	progression.51 Overall, it 
is notable that the existence of a novel mechanism by which lncRNA 
SNHG15	is	integrated	with	the	EMT‐associated	signalling	pathways	
to mediate the progression of multiple cancers, offering a novel ra‐
tionale for lncRNA‐directed cancer therapeutics. However, the role 
and	molecular	basis	of	SNHG15	 in	other	EMT‐associated	signalling	
pathways still needs to be clarified in the future research.

5.2 | YAP‐Hippo pathway

The Hippo signalling pathway is an evolutionarily conserved pathway, 
with YAP (Yes‐associated protein) as its main effector molecule.150 The 
inactivation of Hippo signalling pathway can lead to downregulation 
of	MST1/LATS1	(the	core	factors	of	Hippo	pathway)	and	upregula‐
tion of YAP1.20 The dysregulation of Hippo signalling has been recog‐
nized in a multitude of human tumours and closely associates with the 
acquisition	of	malignant	traits.20 A recent study provided by Wu et 
al	demonstrated	that	the	regulatory	axis	of	SNHG15/miR‐200a‐3p/
YAP1 exerts oncogenic properties in PTC progression.20 Intriguingly, 
high	level	of	SNHG15	can	inactivate	Hippo	signalling	pathway,	with	
negatively	correlated	expression	of	MST1/LATS1	in	PTC	tissue	sam‐
ples.33	The	current	evidence	for	the	existence	of	SNHG15/miR‐200a‐
3p/YAP1/Hippo axis indicates that combined targeting of YAP1/

Hippo signalling pathway may provide a potential direction for PTC 
treatment.33	However,	 extensive	questions	 remain	 to	be	answered	
before transferring these notions into the clinical setting.

6  | CONCLUSIONS AND FUTURE 
PERSPEC TIVES

Extensive research has highlighted the critical roles of lncRNAs in 
tumour occurrence and progression.151,152	 The	 lncRNA	 SNHG15	
has been revealed to be dysregulated in various cancers, and the 
expression	trend	of	SNHG15	in	various	cancers	are	not	completely	
consistent.	SNHG15	is	reported	to	significantly	upregulated	in	most	
types of cancers and serves as an oncogenic regulator in cancer de‐
velopment and progression, including CRC, GC, HCC and PC.40‐43,74 
However,	 SNHG15	can	also	act	 as	 a	 tumour	 suppressor	 in	TC	 tis‐
sues compared with normal tissues.32 The diversity of these stud‐
ies can be partly explained by tumour heterogeneity, different gene 
expression background, different sources of tumour samples, as 
well	as	 limited	numbers	of	specimens.	Moreover,	aberrant	expres‐
sion	of	SNHG15	was	determined	to	significantly	related	to	some	of	
clinical parameters and poor prognosis in may cancer patients, re‐
vealing its potential as an effective biomarker for cancer diagnosis 
and treatment.34,36,42 As a dysregulated lncRNA in multiple cancers, 
SNHG15	can	impact	various	cellular	activities,	such	as	proliferation,	
migration, invasion, apoptosis, autophagy and metastasis.34,36,42 The 
molecular	mechanism	of	SNHG15	revealed	that	the	transcription	of	
SNHG15	can	be	obviously	activated	by	oncogenic	transcription	fac‐
tors,	leading	to	high	expression	of	SNHG15	in	malignant	disease.49 
SNHG15	could	also	function	as	a	ceRNA	which	is	sponging	many	dif‐
ferent	miRNA	in	cancer	and	consequently	leading	to	the	modulation	
of oncogenic factors, thus regulating malignant phenotype and me‐
diating	EMT.18,30	Another	mechanistic	model	of	SNHG15	is	shown	
to	propose	a	general	model	for	the	EZH2	recruitment	to	chromatin	
through	direct	and	specific	interactions	with	SNHG15.41	Moreover,	
SNHG15	 can	 also	 participate	 in	 regulating	 protein	 stability,	 thus	
controlling various biological processes.51 Current evidences have 
shown	 that	 SNHG15	 is	 involved	 in	 some	 signalling	 pathways	 es‐
sential	 for	cancer,	 including	EMT,	WNT/β‐catenin signalling, NF‐kb 
signalling pathways and YAP‐Hippo signalling pathways.18,19 These 
signalling	 pathway	 involved	 in	 SNHG15‐mediated	 carcinogenesis	
may provide new strategy for tumour therapy.

In	conclusion,	SNHG15	can	serve	as	an	independent	prognostic	
indicator in many cancers and may be a prospective and effective 
biomarker for cancer diagnosis and treatment. Despite mounting 
studies to illuminate the biological function and molecular mecha‐
nism	of	SNHG15	in	various	cancers,	the	current	work	is	still	at	pre‐
liminary stage. Importantly, the lack of rescue assay is a major pitfall 
for	existing	published	papers	of	SNHG15.	In	the	future,	more	tissue	
samples should be used to further determine the expression pattern 
of	SNHG15	in	different	cancers	and	further	clarify	the	correlation	
among	SNHG15	level,	clinicopathological	characteristics	and	prog‐
nosis	of	cancer	patients.	Multiple	effects	between	SNNHG15	and	
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molecular targets should be explored in depth, thus facilitating the 
clinical implication. Furthermore, the expression pattern and molec‐
ular	mechanism	of	SNHG15	in	body	fluids	are	completely	unknown,	
which are also needed.

CONFLIC T OF INTERE S T

The authors declare that they have no competing interests.

AUTHORS'  CONTRIBUTIONS

You	Shuai	and	Zhonghua	Ma	collected	and	summarized	current	evi‐
dences and progress. Jianwei Lu and Jifeng Feng guided the overall 
topic and writing. 

ORCID

Jifeng Feng  https://orcid.org/0000‐0003‐4574‐3206 

DATA AVAIL ABILIT Y S TATEMENT

Research data are not shared.

R E FE R E N C E S

	 1.	 Sloan	 CA,	 Chan	 ET,	 Davidson	 JM,	 et	 al.	 ENCODE	 data	 at	 the	
ENCODE portal. Nucleic Acids Res. 2016;44(D1):D726‐D732.

	 2.	 Raney	BJ,	Cline	MS,	Rosenbloom	KR,	 et	 al.	 ENCODE	whole‐ge‐
nome	data	 in	 the	UCSC	genome	browser	 (2011	update).	Nucleic 
Acids Res.	2011;39(suppl_1):D871‐D875.

	 3.	 Bhan	A,	Soleimani	M,	Mandal	SS.	Long	noncoding	RNA	and	cancer:	
a new paradigm. Cancer Res.	2017;77(15):3965‐3981.

	 4.	 Meller	VH,	Joshi	SS,	Deshpande	N.	Modulation	of	Chromatin	by	
Noncoding RNA. Annu Rev Genet. 2015;49:673‐695.

	 5.	 Kim	ED,	Sung	S.	Long	noncoding	RNA:	unveiling	hidden	 layer	of	
gene regulatory networks. Trends Plant Sci. 2012;17(1):16‐21.

	 6.	 Guttman	M,	Amit	I,	Garber	M,	et	al.	Chromatin	signature	reveals	
over a thousand highly conserved large non‐coding RNAs in mam‐
mals. Nature.	2009;458(7235):223‐227.

	 7.	 Cesana	M,	Cacchiarelli	D,	Legnini	 I,	et	al.	A	long	noncoding	RNA	
controls muscle differentiation by functioning as a competing en‐
dogenous RNA. Cell.	2011;147(2):358‐369.

	 8.	 Wang	CJ,	Zhu	CC,	Xu	J,	et	al.	The	 lncRNA	UCA1	promotes	pro‐
liferation, migration, immune escape and inhibits apoptosis in 
gastric cancer by sponging anti‐tumor miRNAs. Mol Cancer. 
2019;18(1):115.

 9. Huang Y, Xu Y, Lu Y, et al. lncRNA Gm10451 regulates PTIP to 
facilitate	 iPSCs‐derived	beta‐like	cell	differentiation	by	targeting	
miR‐338‐3p	as	a	ceRNA.	Biomaterials. 2019;216:119266.

	 10.	 Sun	 M,	 Nie	 F,	 Wang	 Y,	 et	 al.	 LncRNA	 HOXA11‐AS	 Promotes	
Proliferation	 and	 Invasion	 of	 Gastric	 Cancer	 by	 Scaffolding	 the	
Chromatin	Modification	Factors	PRC2,	LSD1,	and	DNMT1.	Cancer 
Res. 2016;76(21):6299‐6310.

 11. Kang CL, Qi B, Cai QQ, et al. LncRNA AY promotes hepatocel‐
lular carcinoma metastasis by stimulating ITGAV transcription. 
Theranostics. 2019;9(15):4421‐4436.

	 12.	 Di	W,	Weinan	X,	Xin	L,	et	al.	Long	noncoding	RNA	SNHG14	facil‐
itates	colorectal	cancer	metastasis	through	targeting	EZH2‐regu‐
lated EPHA7. Cell Death Dis. 2019;10(7):514.

	 13.	 Jin	X,	Xu	XE,	Jiang	YZ,	et	al.	The	endogenous	retrovirus‐derived	
long noncoding RNA TROJAN promotes triple‐negative breast 
cancer	 progression	 via	 ZMYND8	 degradation.	 Science Advances. 
2019;5(3):eaat9820.

 14. Ai B, Kong X, Wang X, et al. LINC01355 suppresses breast cancer 
growth through FOXO3‐mediated transcriptional repression of 
CCND1. Cell Death Dis. 2019;10(7):502.

	 15.	 Huang	 J,	Chen	YX,	Zhang	B.	 IGF2‐AS	affects	 the	prognosis	 and	
metastasis of gastric adenocarcinoma via acting as a ceRNA of 
miR‐503	to	regulate	SHOX2.	Gastric Cancer. 2019. Epub ahead of 
print.

	 16.	 Jiang	L,	Wang	R,	Fang	L,	et	al.	HCP5	is	a	SMAD3‐responsive	long	
non‐coding RNA that promotes lung adenocarcinoma metastasis 
via	miR‐203/SNAI	axis.	Theranostics. 2019;9(9):2460‐2474.

	 17.	 Li	C,	Wang	S,	Xing	Z,	et	al.	A	ROR1‐HER3‐lncRNA	signalling	axis	
modulates the Hippo‐YAP pathway to regulate bone metastasis. 
Nat Cell Biol. 2017;19(2):106‐119.

	 18.	 Du	Y,	 Kong	C,	 Zhu	Y,	 et	 al.	 Knockdown	of	 SNHG15	 suppresses	
renal	cell	carcinoma	proliferation	and	EMT	by	regulating	the	NF‐
kappaB signaling pathway. Int J Oncol.	2018;53(1):384‐394.

	 19.	 Sun	 X,	 Bai	 Y,	 Yang	 C,	 et	 al.	 Long	 noncoding	 RNA	 SNHG15	 en‐
hances the development of colorectal carcinoma via functioning 
as	a	ceRNA	through	miR‐141/SIRT1/Wnt/beta‐catenin	axis.	Artif 
Cells Nanomed Biotechnol. 2019;47(1):2536‐2544.

	 20.	 He	C,	Mao	D,	Hua	G,	et	al.	The	Hippo/YAP	pathway	interacts	with	
EGFR signaling and HPV oncoproteins to regulate cervical cancer 
progression. Embo Mol Med. 2015;7(11):1426‐1449.

	 21.	 Guan	H,	 Zhu	 T,	Wu	 S,	 et	 al.	 Long	 noncoding	 RNA	 LINC00673‐
v4 promotes aggressiveness of lung adenocarcinoma via ac‐
tivating WNT/beta‐catenin signaling. Proc Natl Acad Sci U S A. 
2019;116(28):14019‐14028.

	 22.	 Tsai	MC,	Spitale	RC,	Chang	HY.	Long	intergenic	noncoding	RNAs:	
new links in cancer progression. Cancer Res. 2011;71(1):3‐7.

 23. Kim J, Piao HL, Kim BJ, et al. Long noncoding RNA 
MALAT1	 suppresses	 breast	 cancer	 metastasis.	 Nat Genet. 
2018;50(12):1705‐1715.

	 24.	 YiRen	H,	YingCong	Y,	Sunwu	Y,	et	al.	Long	noncoding	RNA	MALAT1	
regulates autophagy associated chemoresistance via miR‐23b‐3p 
sequestration	in	gastric	cancer.	Mol Cancer. 2017;16(1):174.

	 25.	 Ji	Q,	 Zhang	 L,	 Liu	X,	 et	 al.	 Long	 non‐coding	RNA	MALAT1	pro‐
motes tumour growth and metastasis in colorectal cancer through 
binding	 to	 SFPQ	 and	 releasing	 oncogene	 PTBP2	 from	 SFPQ/
PTBP2 complex. Br J Cancer.	2014;111(4):736‐748.

	 26.	 Han	 Y,	Wu	 Z,	Wu	 T,	 et	 al.	 Tumor‐suppressive	 function	 of	 long	
noncoding	 RNA	 MALAT1	 in	 glioma	 cells	 by	 downregulation	 of	
MMP2	 and	 inactivation	 of	 ERK/MAPK	 signaling.	Cell Death Dis. 
2016;7:e2123.

	 27.	 Li	 P,	 Zhang	 X,	Wang	H,	 et	 al.	MALAT1	 Is	 Associated	with	 Poor	
Response to Oxaliplatin‐Based Chemotherapy in Colorectal 
Cancer	 Patients	 and	 Promotes	 Chemoresistance	 through	 EZH2.	
Mol Cancer Ther. 2017;16(4):739‐751.

	 28.	 Latorre	 E,	 Carelli	 S,	 Raimondi	 I,	 et	 al.	 The	 ribonucleic	 complex	
HuR‐MALAT1	 represses	 cd133	 expression	 and	 suppresses	 ep‐
ithelial‐mesenchymal transition in breast cancer. Cancer Res. 
2016;76(9):2626‐2636.

	 29.	 Guo	 XB,	 Yin	 HS,	Wang	 JY.	 Evaluating	 the	 diagnostic	 and	 prog‐
nostic	 value	 of	 long	 non‐coding	 RNA	 SNHG15	 in	 pancreatic	
ductal adenocarcinoma. Eur Rev Med Pharmacol Sci.	2018;22(18): 
5892‐5898.

	 30.	 Zhang	Y,	Zhang	D,	Lv	J,	Wang	S,	Zhang	Q.	LncRNA	SNHG15	acts	
as	 an	 oncogene	 in	 prostate	 cancer	 by	 regulating	 miR‐338‐3p/
FKBP1A axis. Gene. 2019;705:44‐50.

	 31.	 Liu	K,	Hou	Y,	Liu	Y,	Zheng	J.	LncRNA	SNHG15	contributes	to	pro‐
liferation, invasion and autophagy in osteosarcoma cells by spong‐
ing miR‐141. J Biomed Sci. 2017;24(1):46.

https://orcid.org/0000-0003-4574-3206
https://orcid.org/0000-0003-4574-3206


     |  15 of 17SHUAI et Al.

	 32.	 Liu	Y,	Li	J,	Li	F,	et	al.	SNHG15	functions	as	a	tumor	suppressor	in	
thyroid cancer. J Cell Biochem. 2019;120(4):6120‐6126.

	 33.	 Wu	DM,	Wang	S,	Wen	X,	et	al.	LncRNA	SNHG15	acts	as	a	ceRNA	to	
regulate YAP1‐Hippo signaling pathway by sponging miR‐200a‐3p 
in papillary thyroid carcinoma. Cell Death Dis.	2018;9(10):947.

	 34.	 Zhang	JH,	Wei	HW,	Yang	HG.	Long	noncoding	RNA	SNHG15,	a	
potential prognostic biomarker for hepatocellular carcinoma. Eur 
Rev Med Pharmacol Sci. 2016;20(9):1720‐1724.

	 35.	 Qu	C,	Dai	C,	Guo	Y,	Qin	R,	Liu	J.	Long	noncoding	RNA	SNHG15	
serves as an oncogene and predicts poor prognosis in epithelial 
ovarian cancer. Onco Targets Ther. 2019;12:101‐111.

	 36.	 Dong	 YZ,	Meng	 XM,	 Li	 GS.	 Long	 non‐coding	 RNA	 SNHG15	 in‐
dicates poor prognosis of non‐small cell lung cancer and pro‐
motes cell proliferation and invasion. Eur Rev Med Pharmacol Sci. 
2018;22(9):2671‐2679.

	 37.	 Alix‐Panabieres	C,	Schwarzenbach	H,	Pantel	K.	Circulating	tumor	
cells and circulating tumor DNA. Annu Rev Med. 2012;63:199‐215.

	 38.	 Cai	J,	Huang	L,	Huang	J,	et	al.	Associations	between	the	cyclooxy‐
genase‐2 expression in circulating tumor cells and the clinicopath‐
ological features of patients with colorectal cancer. J Cell Biochem. 
2019;120(4):4935‐4941.

	 39.	 Tani	 H,	 Torimura	M.	 Identification	 of	 short‐lived	 long	 non‐cod‐
ing RNAs as surrogate indicators for chemical stress response. 
Biochem Biophys Res Commun. 2013;439(4):547‐551.

	 40.	 Chen	 SX,	 Yin	 JF,	 Lin	 BC,	 et	 al.	 Upregulated	 expression	 of	 long	
noncoding	RNA	SNHG15	promotes	cell	proliferation	and	invasion	
through	regulates	MMP2/MMP9	in	patients	with	GC.	Tumour Biol. 
2016;37(5):6801‐6812.

	 41.	 Ma	 Z,	 Huang	H,	Wang	 J,	 et	 al.	 Long	 non‐coding	 RNA	 SNHG15	
inhibits P15 and KLF2 expression to promote pancreatic cancer 
proliferation	 through	 EZH2‐mediated	 H3K27me3.	 Oncotarget. 
2017;8(48):84153‐84167.

 42. Huang L, Lin H, Kang L, et al. Aberrant expression of long noncod‐
ing	RNA	SNHG15	correlates	with	 liver	metastasis	 and	poor	 sur‐
vival in colorectal cancer. J Cell Physiol. 2019;234(5):7032‐7039.

	 43.	 Ma	XR,	Xu	YL,	Qian	J,	Wang	Y.	Long	non‐coding	RNA	SNHG15	ac‐
celerates the progression of non‐small cell lung cancer by absorb‐
ing miR‐211‐3p. Eur Rev Med Pharmacol Sci. 2019;23(4):1536‐1544.

	 44.	 Jin	B,	Jin	H,	Wu	HB,	Xu	JJ,	Li	B.	Long	non‐coding	RNA	SNHG15	
promotes	CDK14	expression	via	miR‐486	to	accelerate	non‐small	
cell lung cancer cells progression and metastasis. J Cell Physiol. 
2018;233(9):7164‐7172.

	 45.	 Torre	LA,	Bray	F,	Siegel	RL,	et	al.	Global	cancer	statistics,	2012.	CA 
Cancer J Clin.	2015;65(2):87‐108.

	 46.	 Goldstein	 DA,	 Zeichner	 SB,	 Bartnik	 CM,	 Neustadter	 E,	 Flowers	
CR.	Metastatic	colorectal	cancer:	a	systematic	review	of	the	value	
of current therapies. Clin Colorectal Cancer. 2016;15(1):1‐6.

	 47.	 	Kawaguchi	Y,		Kopetz	S,		Newhook	TE,	et	al.	Mutation	status	of	
RAS,	TP53,	and	SMAD4	is	superior	to	mutation	status	of	ras	alone	
for predicting prognosis after resection of colorectal liver metas‐
tases. Clin Cancer Res.	2019;25(19):5843‐5851.	

	 48.	 Hu	Z,	Ding	J,	Ma	Z,	et	al.	Quantitative	evidence	for	early	metastatic	
seeding in colorectal cancer. Nat Genet. 2019;51(7):1113‐1122.

	 49.	 Saeinasab	 M,	 Bahrami	 AR,	 Gonzalez	 J,	 et	 al.	 SNHG15	 is	 a	 bi‐
functional	 MYC‐regulated	 noncoding	 locus	 encoding	 a	 lncRNA	
that promotes cell proliferation, invasion and drug resistance in 
colorectal cancer by interacting with AIF. J Exp Clin Cancer Res. 
2019;38(1):172.

	 50.	 Li	M,	Bian	Z,	Jin	G,	et	al.	LncRNA‐SNHG15	enhances	cell	prolifer‐
ation	 in	colorectal	cancer	by	 inhibiting	miR‐338‐3p.	Cancer Med. 
2019;8(5):2404‐2413.

	 51.	 Jiang	H,	Li	T,	Qu	Y,	et	al.	Long	non‐coding	RNA	SNHG15	interacts	
with	and	stabilizes	 transcription	 factor	Slug	and	promotes	colon	
cancer progression. Cancer Lett.	2018;425:78‐87.

	 52.	 Wang	WD,	Shang	Y,	Li	Y,	Chen	SZ.	Honokiol	inhibits	breast	cancer	
cell	metastasis	by	blocking	EMT	through	modulation	of	Snail/Slug	
protein translation. Acta Pharmacol Sin. 2019;40(9):1219‐1227.

 53. Chen D, Cao G, Liu Q. A‐kinase‐interacting protein 1 facili‐
tates	 growth	 and	 metastasis	 of	 gastric	 cancer	 cells	 via	 Slug‐
induced epithelial‐mesenchymal transition. J Cell Mol Med. 
2019;23(6):4434‐4442.

	 54.	 Shioiri	M,	Shida	T,	Koda	K,	et	al.	Slug	expression	is	an	independent	
prognostic parameter for poor survival in colorectal carcinoma pa‐
tients. Br J Cancer.	2006;94(12):1816‐1822.

	 55.	 Li	GY,	Wang	W,	Sun	JY,	et	al.	Long	non‐coding	RNAs	AC026904.1	
and	UCA1:	 a	 "one‐two	 punch"	 for	 TGF‐beta‐induced	 SNAI2	 ac‐
tivation and epithelial‐mesenchymal transition in breast cancer. 
Theranostics.	2018;8(10):2846‐2861.

	 56.	 Yu	Y,	 Li	 L,	Zheng	Z,	 et	 al.	 Long	non‐coding	RNA	 linc00261	sup‐
presses	 gastric	 cancer	 progression	 via	 promoting	 Slug	 degrada‐
tion. J Cell Mol Med. 2017;21(5):955‐967.

	 57.	 Gross	KM,	Zhou	W,	Breindel	JL,	et	al.	Loss	of	slug	compromises	
DNA damage repair and accelerates stem cell aging in mammary 
epithelium. Cell Rep.	2019;28(2):394‐407.e6.

	 58.	 Chen	D,	Sun	Q,	Cheng	X,	et	al.	Genome‐wide	analysis	of	long	non‐
coding RNA (lncRNA) expression in colorectal cancer tissues from 
patients with liver metastasis. Cancer Med. 2016;5(7):1629‐1639.

	 59.	 Hu	J,	Shan	Y,	Ma	J,	et	al.	LncRNA	ST3Gal6‐AS1/ST3Gal6	axis	me‐
diates colorectal cancer progression by regulating alpha‐2,3 si‐
alylation via PI3K/Akt signaling. Int J Cancer. 2019;145(2):450‐460.

	 60.	 Shan	Y,	Ma	J,	Pan	Y,	et	al.	LncRNA	SNHG7	sponges	miR‐216b	to	
promote proliferation and liver metastasis of colorectal cancer 
through upregulating GALNT1. Cell Death Dis.	2018;9(7):722.

	 61.	 Bray	 F,	 Ferlay	 J,	 Soerjomataram	 I,	 et	 al.	 Global	 cancer	 statis‐
tics	 2018:	 GLOBOCAN	 estimates	 of	 incidence	 and	 mortality	
worldwide	 for	 36	 cancers	 in	 185	 countries.	 CA Cancer J Clin. 
2018;68(6):394‐424.

 62. Fang XY, Pan HF, Leng RX, Ye DQ. Long noncoding RNAs: Novel 
insights into gastric cancer. Cancer Lett. 2015;356(2):357‐366.

	 63.	 Thrumurthy	SG,	Chaudry	MA,	Chau	I,	Allum	W.	Does	surgery	have	
a	 role	 in	managing	 incurable	 gastric	 cancer?	Nat Rev Clin Oncol. 
2015;12(11):676‐682.

	 64.	 Reddy	 KM,	 Chang	 JI,	 Shi	 JM,	 Wu	 BU.	 Risk	 of	 gastric	 cancer	
among patients with intestinal metaplasia of the stomach in a 
US	 integrated	 health	 care	 system.	 Clin Gastroenterol Hepatol. 
2016;14(10):1420‐1425.

	 65.	 Siegel	RL,	Miller	KD,	Jemal	A.	Cancer	statistics,	2016.	CA Cancer J 
Clin. 2016;66(1):7‐30.

	 66.	 Sabater	 L,	Munoz	E,	 Rosello	 S,	 et	 al.	 Borderline	 resectable	 pan‐
creatic cancer. Challenges and controversies. Cancer Treat Rev. 
2018;68:124‐135.

	 67.	 Rahib	 L,	 Smith	 BD,	 Aizenberg	 R,	 et	 al.	 Projecting	 cancer	 inci‐
dence and deaths to 2030: the unexpected burden of thyroid, 
liver,	 and	 pancreas	 cancers	 in	 the	 United	 States.	 Cancer Res. 
2014;74(11):2913‐2921.

	 68.	 Xiong	G,	 Feng	M,	 Yang	G,	 et	 al.	 The	 underlying	mechanisms	 of	
non‐coding RNAs in the chemoresistance of pancreatic cancer. 
Cancer Lett. 2017;397:94‐102.

 69. Kamisawa T, Wood LD, Itoi T, Takaori K. Pancreatic cancer. Lancet. 
2016;388(10039):73‐85.

 70. Basuroy R, Bouvier C, Ramage JK, et al. Presenting symptoms and 
delay in diagnosis of gastrointestinal and pancreatic neuroendo‐
crine tumours. Neuroendocrinology.	2018;107(1):42‐49.

	 71.	 Boj	SF,	Hwang	CI,	Baker	LA,	et	al.	Organoid	models	of	human	and	
mouse ductal pancreatic cancer. Cell.	2015;160(1–2):324‐338.

	 72.	 Omata	M,	Cheng	AL,	Kokudo	N,	 et	 al.	Asia‐Pacific	 clinical	 prac‐
tice guidelines on the management of hepatocellular carcinoma: a 
2017 update. Hepatol Int. 2017;11(4):317‐370.



16 of 17  |     SHUAI et Al.

	 73.	 Vigano	 L,	 Conci	 S,	 Cescon	M,	 et	 al.	 Liver	 resection	 for	 hepato‐
cellular carcinoma in patients with metabolic syndrome: A mul‐
ticenter matched analysis with HCV‐related HCC. J Hepatol. 
2015;63(1):93‐101.

	 74.	 Ye	J,	Tan	L,	Fu	Y,	et	al.	LncRNA	SNHG15	promotes	hepatocellu‐
lar carcinoma progression by sponging miR‐141‐3p. J Cell Biochem. 
2019;120(12):19775‐19783.

 75. Brainard J, Farver C. The diagnosis of non‐small cell lung cancer in 
the molecular era. Mod Pathol.	2019;32(S1):16‐26.

	 76.	 Herbertz	S,	Sawyer	JS,	Stauber	AJ,	et	al.	Clinical	development	of	
galunisertib (LY2157299 monohydrate), a small molecule inhibitor 
of transforming growth factor‐beta signaling pathway. Drug Des 
Devel Ther. 2015;9:4479‐4499.

	 77.	 Zhou	C,	Wu	YL,	Chen	G,	et	al.	Erlotinib	versus	chemotherapy	as	
first‐line treatment for patients with advanced EGFR mutation‐
positive	non‐small‐cell	 lung	cancer	 (OPTIMAL,	CTONG‐0802):	 a	
multicentre, open‐label, randomised, phase 3 study. Lancet Oncol. 
2011;12(8):735‐742.

	 78.	 Cui	 HX,	 Zhang	 MY,	 Liu	 K,	 et	 al.	 LncRNA	 SNHG15	 promotes	
proliferation and migration of lung cancer via targeting microR‐
NA‐211‐3p. Eur Rev Med Pharmacol Sci.	2018;22(20):6838‐6844.

	 79.	 Ito	 Y,	 Nikiforov	 YE,	 Schlumberger	 M,	 Vigneri	 R.	 Increasing	 in‐
cidence of thyroid cancer: controversies explored. Nat Rev 
Endocrinol.	2013;9(3):178‐184.

	 80.	 Vigneri	 R,	 Malandrino	 P,	 Vigneri	 P.	 The	 changing	 epidemiology	
of	 thyroid	 cancer:	why	 is	 incidence	 increasing?	Curr Opin Oncol. 
2015;27(1):1‐7.

	 81.	 Chen	W,	Zheng	R,	Zeng	H,	Zhang	S,	He	J.	Annual	report	on	status	
of cancer in China, 2011. Chin J Cancer Res. 2015;27(1):2‐12.

	 82.	 Murugan	AK,	Munirajan	AK,	Alzahrani	AS.	Long	noncoding	RNAs:	
emerging players in thyroid cancer pathogenesis. Endocr Relat 
Cancer.	2018;25(2):R59‐R82.

	 83.	 Fagin	 JA,	Wells	 SJ.	 Biologic	 and	 clinical	 perspectives	 on	 thyroid	
cancer. N Engl J Med. 2016;375(11):1054‐1067.

	 84.	 Wang	Y,	He	H,	Li	W,	et	al.	MYH9	binds	to	lncRNA	gene	PTCSC2	
and	regulates	FOXE1	 in	 the	9q22	thyroid	cancer	 risk	 locus.	Proc 
Natl Acad Sci U S A. 2017;114(3):474‐479.

	 85.	 Wang	Q,	Yang	H,	Wu	L,	et	al.	Identification	of	specific	long	non‐
coding RNA expression: profile and analysis of association with 
clinicopathologic characteristics and BRAF mutation in papillary 
thyroid cancer. Thyroid. 2016;26(12):1719‐1732.

	 86.	 Liu	 Y,	 Li	 J,	 Li	M,	 et	 al.	microRNA‐510‐5p	 promotes	 thyroid	 can‐
cer cell proliferation, migration, and invasion through suppressing 
SNHG15.	J Cell Biochem.	2019;120(7):11738‐11744.

	 87.	 Salinas	 CA,	 Tsodikov	 A,	 Ishak‐Howard	M,	 Cooney	 KA.	 Prostate	
cancer in young men: an important clinical entity. Nat Rev Urol. 
2014;11(6):317‐323.

	 88.	 Martin	RM,	Donovan	JL,	Turner	EL,	et	al.	Effect	of	a	low‐intensity	
PSA‐based	 screening	 intervention	 on	 prostate	 cancer	mortality:	
The CAP randomized clinical trial. JAMA.	2018;319(9):883‐895.

	 89.	 Logozzi	M,	Angelini	DF,	 Iessi	 E,	 et	 al.	 Increased	 PSA	 expression	
on prostate cancer exosomes in in vitro condition and in cancer 
patients. Cancer Lett.	2017;403:318‐329.

	 90.	 Isakoff	MS,	Bielack	SS,	Meltzer	P,	Gorlick	R.	Osteosarcoma:	cur‐
rent treatment and a collaborative pathway to success. J Clin 
Oncol. 2015;33(27):3029‐3035.

 91. Lu Y, Lu D, Hu Y. GLP2 promotes directed differentiation from os‐
teosarcoma cells to osteoblasts and inhibits growth of osteosar‐
coma cells. Mol Ther Nucleic Acids.	2018;10:292‐303.

 92. Ottaviani G, Jaffe N. The epidemiology of osteosarcoma. Cancer 
Treat Res. 2009;152:3‐13.

	 93.	 Dodson	 M,	 Wani	 WY,	 Redmann	 M,	 et	 al.	 Regulation	 of	 au‐
tophagy, mitochondrial dynamics, and cellular bioenerget‐
ics by 4‐hydroxynonenal in primary neurons. Autophagy. 
2017;13(11):1828‐1840.

	 94.	 Alirezaei	 M,	 Flynn	 CT,	 Wood	 MR,	 Harkins	 S,	 Whitton	 JL.	
Coxsackievirus can exploit LC3 in both autophagy‐dependent and 
‐independent manners in vivo. Autophagy.	2015;11(8):1389‐1407.

	 95.	 Feng	L,	Zhang	J,	Zhu	N,	et	al.	Ubiquitin	 ligase	SYVN1/HRD1	fa‐
cilitates	degradation	of	the	SERPINA1	Z	variant/alpha‐1‐antitryp‐
sin	 Z	 variant	 via	 SQSTM1/p62‐dependent	 selective	 autophagy.	
Autophagy.	2017;13(4):686‐702.

 96. Kwon DH, Park OH, Kim L, et al. Insights into degradation mecha‐
nism	of	N‐end	rule	substrates	by	p62/SQSTM1	autophagy	adapter.	
Nat Commun.	2018;9(1):3291.

 97. Taylor LP. Diagnosis, treatment, and prognosis of glioma: five new 
things. Neurology.	2010;75(18	Suppl	1):S28‐32.

	 98.	 Jarry	 M,	 Lecointre	 C,	 Malleval	 C,	 et	 al.	 Impact	 of	 meriolins,	
a new class of cyclin‐dependent kinase inhibitors, on malig‐
nant glioma proliferation and neo‐angiogenesis. Neuro Oncol. 
2014;16(11):1484‐1498.

	 99.	 Tan	 Z,	 Chen	 K,	 Wu	W,	 et	 al.	 Overexpression	 of	 HOXC10	 pro‐
motes angiogenesis in human glioma via interaction with 
PRMT5	 and	 upregulation	 of	 VEGFA	 expression.	 Theranostics. 
2018;8(18):5143‐5158.

	100.	 Seliger	C,	Luber	C,	Gerken	M,	et	al.	Use	of	metformin	and	survival	of	
patients with high‐grade glioma. Int J Cancer.	2019;144(2):273‐280.

	101.	 Papp	L,	Potsch	N,	Grahovac	M,	et	al.	Glioma	survival	prediction	
with	combined	analysis	of	in	vivo	(11)C‐MET	PET	features,	ex	vivo	
features, and patient features by supervised machine learning.  
J Nucl Med.	2018;59(6):892‐899.

	102.	 Su	SC,	Hsieh	MJ,	Yang	WE,	et	al.	Cancer	metastasis:	Mechanisms	
of inhibition by melatonin. J Pineal Res. 2017;62(1):e12370.

	103.	 Saharinen	P,	Eklund	L,	Pulkki	K,	Bono	P,	Alitalo	K.	VEGF	and	angio‐
poietin signaling in tumor angiogenesis and metastasis. Trends Mol 
Med. 2011;17(7):347‐362.

	104.	 Gi	 T,	 Sato	 Y,	 Tokumitsu	 T,	 et	 al.	 Microvascular	 proliferation	 of	
brain	 metastases	 mimics	 glioblastomas	 in	 squash	 cytology.	
Cytopathology.	2017;28(3):228‐234.

	105.	 Leon	SP,	Folkerth	RD,	Black	PM.	Microvessel	density	is	a	prognos‐
tic indicator for patients with astroglial brain tumors. Cancer‐Am 
Cancer Soc. 1996;77(2):362‐372.

	106.	 Ma	Y,	Xue	Y,	Liu	X,	et	al.	SNHG15	affects	 the	growth	of	glioma	
microvascular endothelial cells by negatively regulating miR‐153. 
Oncol Rep.	2017;38(5):3265‐3277.

	107.	 Pi	 J,	 Liu	 J,	 Zhuang	 T,	 et	 al.	 Elevated	 expression	 of	 miR302‐367	
in endothelial cells inhibits developmental angiogenesis via 
CDC42/CCND1 mediated signaling pathways. Theranostics. 
2018;8(6):1511‐1526.

	108.	 Sakabe	 M,	 Fan	 J,	 Odaka	 Y,	 et	 al.	 YAP/TAZ‐CDC42	 signaling	
regulates vascular tip cell migration. Proc Natl Acad Sci U S A. 
2017;114(41):10918‐10923.

	109.	 Miller	KD,	Siegel	RL,	Lin	CC,	et	al.	Cancer	treatment	and	survivor‐
ship statistics, 2016. CA Cancer J Clin.	2016;66(4):271‐289.

	110.	 Li	 Z,	 Zhang	 J,	 Zheng	 H,	 et	 al.	 Modulating	 lncRNA	 SNHG15/
CDK6/miR‐627 circuit by palbociclib, overcomes temozolo‐
mide	 resistance	and	 reduces	M2‐polarization	of	glioma	associ‐
ated microglia in glioblastoma multiforme. J Exp Clin Cancer Res. 
2019;38(1):380.

	111.	 Rudel	 RA,	 Ackerman	 JM,	 Attfield	 KR,	 Brody	 JG.	New	 exposure	
biomarkers as tools for breast cancer epidemiology, biomonitor‐
ing, and prevention: a systematic approach based on animal evi‐
dence. Environ Health Perspect.	2014;122(9):881‐895.

	112.	 Kumler	I,	Knoop	AS,	Jessing	CA,	Ejlertsen	B,	Nielsen	DL.	Review	
of hormone‐based treatments in postmenopausal patients with 
advanced breast cancer focusing on aromatase inhibitors and ful‐
vestrant. ESMO Open. 2016;1(4):e000062.

	113.	 Goel	 S,	Wang	Q,	Watt	AC,	 et	 al.	Overcoming	 therapeutic	 resis‐
tance in HER2‐positive breast cancers with CDK4/6 inhibitors. 
Cancer Cell. 2016;29(3):255‐269.



     |  17 of 17SHUAI et Al.

	114.	 Kong	Q,	Qiu	M.	Long	noncoding	RNA	SNHG15	promotes	human	
breast cancer proliferation, migration and invasion by sponging 
miR‐211‐3p. Biochem Biophys Res Commun.	2018;495(2):1594‐1600.

	115.	 Ljungberg	B,	Bensalah	K,	Canfield	S,	et	al.	EAU	guidelines	on	renal	
cell carcinoma: 2014 update. Eur Urol. 2015;67(5):913‐924.

	116.	 Ellinger	 J,	 Gevensleben	H,	Muller	 SC,	Dietrich	D.	 The	 emerging	
role of non‐coding circulating RNA as a biomarker in renal cell car‐
cinoma. Expert Rev Mol Diagn. 2016;16(10):1059‐1065.

	117.	 Escudier	B,	Motzer	RJ,	Sharma	P,	et	al.	Treatment	beyond	progres‐
sion in patients with advanced renal cell carcinoma treated with 
Nivolumab	in	CheckMate	025.	Eur Urol.	2017;72(3):368‐376.

	118.	 Siegel	 R,	 Naishadham	 D,	 Jemal	 A.	 Cancer	 statistics,	 2013.	 CA 
Cancer J Clin. 2013;63(1):11‐30.

 119. Jelovac D, Armstrong DK. Recent progress in the diagnosis and 
treatment of ovarian cancer. CA Cancer J Clin.	2011;61(3):183‐203.

	120.	 Ng	A,	Tang	JP,	Goh	CH,	Hui	KM.	Regulation	of	the	H19	imprinting	
gene expression in human nasopharyngeal carcinoma by methyla‐
tion. Int J Cancer.	2003;104(2):179‐187.

	121.	 Gong	Z,	Zhang	S,	Zeng	Z,	et	al.	LOC401317,	a	p53‐regulated	long	
non‐coding RNA, inhibits cell proliferation and induces apopto‐
sis in the nasopharyngeal carcinoma cell line HNE2. PLoS ONE. 
2014;9(11):e110674.

 122. Thomas LR, Wang Q, Grieb BC, et al. Interaction with WDR5 pro‐
motes	 target	 gene	 recognition	 and	 tumorigenesis	 by	 MYC.	Mol 
Cell.	2015;58(3):440‐452.

	123.	 Bartel	DP.	Metazoan	MicroRNAs.	Cell.	2018;173(1):20‐51.
	124.	 Salmena	 L,	 Poliseno	 L,	 Tay	 Y,	 Kats	 L,	 Pandolfi	 PP.	 A	 ceRNA	

Hypothesis:	The	Rosetta	Stone	of	a	Hidden	RNA	Language?	Cell. 
2011;146(3):353‐358.

 125. Chan WL, Yuo CY, Yang WK, et al. Transcribed pseudogene 
psiPPM1K	 generates	 endogenous	 siRNA	 to	 suppress	 onco‐
genic cell growth in hepatocellular carcinoma. Nucleic Acids Res. 
2013;41(6):3734‐3747.

	126.	 Liu	XH,	Sun	M,	Nie	FQ,	et	al.	Lnc	RNA	HOTAIR	functions	as	a	com‐
peting endogenous RNA to regulate HER2 expression by sponging 
miR‐331‐3p in gastric cancer. Mol Cancer. 2014;13:92.

 127. Hansen TB, Kjems J, Damgaard CK. Circular RNA and miR‐7 in can‐
cer. Cancer Res.	2013;73(18):5609‐5612.

	128.	 Sumazin	P,	Yang	X,	Chiu	HS,	et	al.	An	extensive	microRNA‐medi‐
ated network of RNA‐RNA interactions regulates established on‐
cogenic pathways in glioblastoma. Cell.	2011;147(2):370‐381.

	129.	 Nitzan	M,	 Steiman‐Shimony	 A,	 Altuvia	 Y,	 Biham	O,	Margalit	 H.	
Interactions between distant ceRNAs in regulatory networks. 
Biophys J. 2014;106(10):2254‐2266.

 130. Karreth FA, Pandolfi PP. ceRNA Cross‐Talk in Cancer: When ce‐
bling Rivalries Go Awry. Cancer Discov. 2013;3(10):1113‐1121.

	131.	 Song	YX,	Sun	JX,	Zhao	JH,	et	al.	Non‐coding	RNAs	participate	in	
the regulatory network of CLDN4 via ceRNA mediated miRNA 
evasion. Nat Commun.	2017;8(1):289.

	132.	 Kaneko	S,	Bonasio	R,	Saldana‐Meyer	R,	et	al.	Interactions	between	
JARID2 and noncoding RNAs regulate PRC2 recruitment to chro‐
matin. Mol Cell. 2014;53(2):290‐300.

	133.	 Liu	 GY,	 Zhao	 GN,	 Chen	 XF,	 et	 al.	 The	 long	 noncoding	 RNA	
Gm15055 represses Hoxa gene expression by recruiting PRC2 to 
the gene cluster. Nucleic Acids Res. 2016;44(6):2613‐2627.

	134.	 Peng	Z,	Wang	J,	Shan	B,	et	al.	The	long	noncoding	RNA	LINC00312	
induces lung adenocarcinoma migration and vasculogenic mimicry 
through directly binding YBX1. Mol Cancer.	2018;17(1):167.

	135.	 Laugesen	 A,	 Hojfeldt	 JW,	 Helin	 K.	 Molecular	 Mechanisms	
Directing	 PRC2	 Recruitment	 and	 H3K27	 Methylation.	Mol Cell. 
2019;74(1):8‐18.

	136.	 Gu	P,	Chen	X,	Xie	R,	et	al.	lncRNA	HOXD‐AS1	Regulates	Proliferation	
and Chemo‐Resistance of Castration‐Resistant Prostate Cancer 
via Recruiting WDR5. Mol Ther.	2017;25(8):1959‐1973.

	137.	 Kim	 KH,	 Roberts	 CW.	 Targeting	 EZH2	 in	 cancer.	 Nat Med. 
2016;22(2):128‐134.

	138.	 Italiano	A.	Role	of	the	EZH2	histone	methyltransferase	as	a	thera‐
peutic target in cancer. Pharmacol Ther. 2016;165:26‐31.

 139. Hui B, Ji H, Xu Y, et al. RREB1‐induced upregulation of the lncRNA 
AGAP2‐AS1	regulates	 the	proliferation	and	migration	of	pancre‐
atic cancer partly through suppressing ANKRD1 and ANGPTL4. 
Cell Death Dis. 2019;10(3):207.

	140.	 Yoon	JH,	You	BH,	Park	CH,	et	al.	The	long	noncoding	RNA	LUCAT1	
promotes	tumorigenesis	by	controlling	ubiquitination	and	stability	
of	DNA	methyltransferase	1	 in	 esophageal	 squamous	 cell	 carci‐
noma. Cancer Lett.	2018;417:47‐57.

	141.	 Yan	C,	Chen	J,	Chen	N.	Long	noncoding	RNA	MALAT1	promotes	
hepatic steatosis and insulin resistance by increasing nuclear 
SREBP‐1c	protein	stability.	Sci Rep. 2016;6:22640.

 142. Chen PC, Cheng HC, Tang CH. CCN3 promotes prostate can‐
cer bone metastasis by modulating the tumor‐bone microenvi‐
ronment through RANKL‐dependent pathway. Carcinogenesis. 
2013;34(7):1669‐1679.

	143.	 Xu	W,	Wang	Z,	Zhang	W,	et	al.	Mutated	K‐ras	activates	CDK8	to	
stimulate the epithelial‐to‐mesenchymal transition in pancreatic 
cancer in part via the Wnt/beta‐catenin signaling pathway. Cancer 
Lett. 2015;356(2 Pt B):613‐627.

	144.	 Zhang	Z,	Zhou	C,	Chang	Y,	et	al.	Long	non‐coding	RNA	CASC11	
interacts with hnRNP‐K and activates the WNT/beta‐catenin 
pathway to promote growth and metastasis in colorectal cancer. 
Cancer Lett. 2016;376(1):62‐73.

	145.	 Vu	T,	Datta	PK.	Regulation	of	EMT	in	colorectal	cancer:	a	culprit	in	
metastasis. Cancers. 2017;9(12):171.

 146. Ren D, Yang Q, Dai Y, et al. Oncogenic miR‐210‐3p promotes pros‐
tate	cancer	cell	EMT	and	bone	metastasis	via	NF‐kappaB	signaling	
pathway. Mol Cancer. 2017;16(1):117.

	147.	 Thuault	S,	Tan	EJ,	Peinado	H,	et	al.	HMGA2	and	Smads	co‐regulate	
SNAIL1	expression	during	induction	of	epithelial‐to‐mesenchymal	
transition. J Biol Chem.	2008;283(48):33437‐33446.

	148.	 Fukuda	 K,	 Takeuchi	 S,	 Arai	 S,	 et	 al.	 Epithelial‐to‐mesenchy‐
mal transition is a mechanism of alk inhibitor resistance in 
lung cancer independent of ALK mutation status. Cancer Res. 
2019;79(7):1658‐1670.

	149.	 Sahlgren	C,	Gustafsson	MV,	Jin	S,	Poellinger	L,	Lendahl	U.	Notch	
signaling mediates hypoxia‐induced tumor cell migration and inva‐
sion. Proc Natl Acad Sci U S A.	2008;105(17):6392‐6397.

	150.	 Mo	JS,	Park	HW,	Guan	KL.	The	Hippo	signaling	pathway	in	stem	
cell biology and cancer. Embo Rep. 2014;15(6):642‐656.

	151.	 Lan	T,	Yuan	K,	Yan	X,	et	al.	LncRNA	SNHG10	facilitates	hepatocar‐
cinogenesis	and	metastasis	by	modulating	its	homolog	SCARNA13	
via a positive feedback loop. Cancer Res. 2019;79(13):3220‐3234.

 152. Huang X, Xie X, Liu P, et al. Adam12 and lnc015192 act as 
ceRNAs in breast cancer by regulating miR‐34a. Oncogene. 
2018;37(49):6316‐6326.

How to cite this article:	Shuai	Y,	Ma	Z,	Lu	J,	Feng	J.	LncRNA	
SNHG15:	A	new	budding	star	in	human	cancers.	Cell Prolif. 
2020;53:e12716. https ://doi.org/10.1111/cpr.12716 

https://doi.org/10.1111/cpr.12716

