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Long	noncoding	RNAs	(lncRNA)	are	reported	to	be	potential	cancer	biomarkers.	This	
study	aims	to	find	new	 lncRNA	biomarker	relevant	to	 lung	adenocarcinoma.	Gene	
expression	profile	and	clinical	data	of	lung	adenocarcinoma	and	lung	squamous	cell	
carcinoma	 patients	were	 downloaded	 from	 the	UCSC	Xena	 database.	 These	 data	
were	analyzed	to	identify	potential	lncRNA	prognostic	biomarkers,	and	the	candidate	
lncRNAs	were	analyzed	and	verified	with	association	analysis,	meta-	analysis,	survival	
analysis,	gene	ontology	analysis,	gene	set	enrichment	analysis,	and	other	statistical	
methods.	A	group	of	5	lncRNAs	was	identified	from	the	1965	differentially	expressed	
(fold-	change	>2)	genes.	Four	of	these	5	lncRNAs	were	expressed	at	a	lower	level	in	
lung	adenocarcinoma	tissues	and	the	other	one	at	a	higher	level	(P	<	.0001).	A	risk	
score	model	was	constructed	using	a	linear	combination	of	the	expression	levels	of	
these	 lncRNAs.	 High-	risk	 patients	 showed	 poorer	 overall	 survival	 (hazard	 ratio	
[HR]	=	2.14;	95%	confidence	interval	[CI],	1.67-	3.06,	P	<	.0001),	disease-	free	survival	
(HR	=	1.84;	95%	CI,	1.26-	2.35,	P	=	.0007),	and	recurrence-	free	survival	 (HR	=	1.51;	
95%	CI,	1.02-	2.40,	P	=	.04).	The	5-	fold	cross-	validation	and	subsequent	meta-	analysis	
further	verified	that	patients	in	the	low-	risk	group	had	better	survival	(95%	CI,	0.74-	
1.79,	Z	=	4.72,	P	<	.00001).	 Furthermore,	 both	 univariate	 and	multivariate	Cox	 re-
gression	 analyses	 revealed	 that	 the	 prognostic	 value	 of	 these	 5	 lncRNAs	 was	
independent	of	other	clinical	prognostic	factors.	Further	analysis	indicated	that	these	
5	lncRNAs	might	be	associated	with	tumor	metastasis.	Taken	together,	our	study	sug-
gests	new	prognostic	lncRNA	biomarkers	for	lung	adenocarcinoma.
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1  | INTRODUC TION

Lung	cancer	is	one	of	the	most	common	and	life-	threatening	cancers	
worldwide.1	 In	 fact,	 the	5-	year	 survival	 rate	of	 lung	cancer	patients	
is	only	10%-	15%	due	to	late	diagnosis	and	the	limitations	of	conven-
tional	treatments.2,3	The	molecular	characterization	of	lung	cancer	is	
becoming	 essential	 for	 pathological	 diagnosis,	 treatment	 decisions,	
and	prognosis	estimation.	Approximately	85%	of	lung	cancer	is	non-	
small-	cell	 lung	cancer	 (NSCLC),	and	approximately	50%	of	NSCLC	is	
lung	adenocarcinoma.	Therefore,	we	focused	on	lung	adenocarcinoma	
in	this	study.	Some	lung	adenocarcinoma	patients	show	EML4-ALK re-
arrangement,	KRAS	 (KRAS	proto-	oncogene,	GTPase)	mutations,	and	
epidermal	 growth	 factor	 receptor	 (EGFR)	 overexpression	 or	 muta-
tions,4-7	and	these	alterations	have	been	used	as	biomarkers	 in	 lung	
cancer	patients.	However,	only	a	small	percentage	of	patients	show	
these	abnormalities.	Thus,	more	lung	adenocarcinoma	biomarkers	are	
needed.

Protein	molecules	are	common	biomarkers;	however,	protein-	
coding	genes	constitute	<2%	of	the	mammalian	genome,	and	more	
than	80%	of	 genes	 produce	ncRNAs.8	 Long	 lncRNAs	 are	 a	 class	
of	ncRNAs	longer	than	200	nucleotides.9	Although	the	biological	
functions	of	most	lncRNAs	have	not	been	characterized,	there	is	
increasing	evidence	 that	 they	play	 important	 roles	 in	physiologi-
cal	and	pathological	processes,	 such	as	 regulating	cancer	metas-
tasis.10-15	 Long	 ncRNAs	 have	 been	 reported	 to	 act	 as	 potential	
biomarkers	that	have	predictive	value	for	the	survival	of	cancer	pa-
tients.	For	example,	prostate	cancer	antigen	3	(PCA3)	is	considered	
to	be	an	important	biomarker	in	prostate	cancer.16,17	Additionally,	
metastasis-	associated	 lung	adenocarcinoma	transcript	1	(MALAT-
1)	 and	 colon	 cancer-	associated	 transcript	 2	 (CCAT2)	 have	 been	
reported	to	act	as	biomarkers	in	lung	cancer	patients.18-20	In	this	
study,	we	aimed	to	find	and	validate	new	lncRNAs	that	can	serve	
as	prognostic	biomarkers	in	lung	adenocarcinoma	patients.

2  | MATERIAL S AND METHODS

2.1 | Datasets

The	gene	expression	profile	data	of	lung	adenocarcinoma	and	lung	
squamous	cell	carcinoma	patients	were	downloaded	from	the	UCSC	
Xena	 database	 (http://xena.ucsc.edu/).	 The	 corresponding	 clinical	
information	was	retrieved	from	TCGA	database.21	Tissues	without	
expression	or	clinical	 survival	 information	were	 removed	 from	the	
analysis.	The	UCSC	Xena	website	offers	 tools	 for	 the	visualization	
and	exploration	of	TCGA	genomic	data.

2.2 | Hierarchical clustering

Information	 regarding	 LOC723809 (LHFPL3-AS2),	 LOC150622 
(LINC01105),	NCRNA00092 (LINC00092),	 LOC284276 (LINC00908),	
and LOC100131726 (FAM83A-AS1)	 expression	 in	 lung	 adenocarci-
noma	tissues	was	downloaded	and	normalized	using	a	Z score analy-
sis.	Hierarchical	clustering	was	carried	out	using	R	package	gplots.22

2.3 | Gene ontology analysis

Gene	co-	expression	with	these	5	lncRNAs	was	defined	by	Pearson’s	
correlation	coefficient	for	the	correlation	between	the	expression	
of	 genes	 and	 these	 5	 lncRNAs.	 Pearson’s	 correlation	 coefficient	
was	 calculated	 using	 the	 cor	 function	 in	 R.	 Genes	with	 absolute	
coefficients	higher	than	0.3	were	selected	for	a	functional	enrich-
ment	analysis	using	the	DAVID	Bioinformatics	Tool	(https://david.
ncifcrf.gov/).23	 Gene	 ontology	 functional	 clusters	 with	 P	<	.05	
were	considered	to	indicate	potential	biological	functions	of	these	
lncRNAs.

2.4 | Gene co- expression network

Gene	 co-	expression	networks	were	 established	 to	 study	 the	 rela-
tionships	 between	 these	 5	 lncRNAs.	 Pearson’s	 correlation	 coef-
ficients	 of	 the	 lncRNA	 expression	 profiles	 were	 calculated.	 The	
network	was	 completed	 using	 Cytoscape	 software.24	 In	 the	 gene	
coexpression	networks,	genes	were	connected	by	edge.

2.5 | Association analysis

High	and	low	lncRNA	expression	was	determined	based	on	the	me-
dian	patient	expression	level.	Associations	were	analyzed	using	the	
apriori	function	in	the	arules	package	in	R.25,26	The	subset	function	
was	used	to	select	rules	connected	to	survival	status	or	lymph	node	
status.	The	results	of	the	association	analysis	were	visualized	by	the	
arulesViz	package	in	R.27

2.6 | Meta- analysis of survival datasets

The	meta-	analysis	was	carried	out	using	Review	Manager	Version	5.3	
(2014;	 The	Nordic	Cochrane	Centre,	 The	Cochrane	Collaboration,	
Copenhagen,	Denmark).	The	HR	with	a	95%	CI	in	a	fixed	model	was	
used	to	analyze	the	correlation	between	survival	and	risk	score	level.	
The	significance	of	the	pooled	HR	was	determined	through	a	Z	test	
with	a	threshold	of	P	<	.05.	A	heterogeneity	analysis	was	carried	out	
using	 the	 I2	 statistic	 and	χ2	 test,	 and	 the	 combination	 of	 I2	>	50%	
plus	a	χ2	test	P	value	<	.1	was	defined	as	heterogeneity	across	the	
studies.	No	heterogeneity	was	observed	in	our	study;	therefore,	the	
pooled	HR	estimates	were	calculated	using	the	fixed-	effects	model.

2.7 | Survival analysis

The	 relationship	 between	 lncRNA	 expression	 and	 patient	 survival	
was	assessed	by	Cox	 regression	analysis	using	 the	coxph	 function	
of	 the	R	 statistical	 software.	A	 risk	 score	model	was	built	 using	 a	
linear	combination	of	 the	expression	 levels	of	 the	5	 lncRNAs	with	
weighted	coefficients.	The	patients	were	divided	 into	 low-	risk	and	
high-	risk	groups	according	to	the	best	cut-	off	value	of	the	risk	score.	
Patients	with	risk	scores	equal	to	or	less	than	the	best	cut-	off	value	
were	 defined	 as	 low-	risk	 patients,	 while	 those	 with	 risk	 scores	
higher	than	the	best	cut-	off	value	were	defined	as	high-	risk	patients.	
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Kaplan-	Meier	survival	and	log-	rank	tests	were	undertaken	to	assess	
the	differences	between	these	two	groups.

2.8 | Gene set enrichment analysis

The	potential	biological	pathways	of	the	identified	lncRNAs	were	ana-
lyzed	using	GSEA	version	2.2.0	software.28	All	patient	risk	scores	were	
calculated	according	to	the	expression	pattern	of	the	lncRNAs.	The	pa-
tients	were	then	divided	into	two	groups	based	on	the	median	risk	score.	
Patients	with	an	expression	level	above	the	median	formed	part	of	the	
high-	risk	group	(N	=	127),	and	those	with	an	expression	level	equal	to	

or	less	than	the	median	were	defined	as	the	low-	risk	group	(N	=	128).	
The	gene	sets	were	analyzed	using	h.all.v5.1.symbols.gmt	downloaded	
from	MSigDB	(http://software.broadinstitute.org/gsea/msigdb/down-
load_file.jsp?filePath=/resources/msigdb/5.1/h.all.v5.1.symbols.gmt).	
One	thousand	permutations	of	each	gene	set	were	used.

2.9 | Statistical analyses

A	Mann-	Whitney	U	analysis	was	applied	to	compare	the	expression	
levels	of	lncRNAs	between	normal	and	adenocarcinoma	lung	tissues.	
The	 log-	rank	 test	was	used	 to	 compare	 the	 survival	 rate	between	

F IGURE  1 Association	of	long	noncoding	RNAs	(lncRNAs)	with	lung	adenocarcinoma.	A,	Gene	expression	network	of	5	lncRNAs	in	lung	
adenocarcinoma	tissues.	Green	lines	indicate	genes	that	are	positively	correlated	with	each	other;	red	lines	indicate	negative	correlations.	
B,	Association	analysis	of	the	expression	of	these	5	lncRNAs.	The	lift	value	is	shown	by	the	color	intensity,	and	the	size	of	each	circle	
indicates	the	confidence	value.	C,	Mann-	Whitney	U	analysis	comparing	the	expression	levels	of	the	5	lncRNAs	between	normal	lung	(blue	
squares;	N	=	58)	and	lung	adenocarcinoma	(red	circles;	N	=	513)	tissues.	D,	Heat	map	of	the	lncRNA	expression	levels	in	normal	lung	and	lung	
adenocarcinoma	tissues.	E,	DNA	copy	number	alterations	across	all	chromosomes	in	7,589	adenocarcinoma	samples	(Progenetix	histoplot).	
Blue	indicates	DNA	deletion;	yellow	indicates	DNA	amplification
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two	groups.	The	χ2	test	was	used	to	compare	the	death	status,	sur-
vival	 time,	and	tumor	stage	between	two	groups.	A	P	value	<0.05	
was	considered	to	indicate	statistical	significance.

3  | RESULTS

3.1 | Identification of a group of lncRNAs associated 
with survival of lung adenocarcinoma patients

To	identify	potential	 lncRNA	biomarkers,	we	analyzed	the	lung	ad-
enocarcinoma	 patients	 in	 TCGA	 cohort.	 We	 first	 compared	 gene	
expression	between	normal	(N	=	58)	and	adenocarcinoma	(N	=	513)	
lung	tissues	and	identified	1,965	genes	(fold-	change	>2)	showing	dif-
ferential	 expression	 between	 the	 two	 groups.	 To	 identify	 a	 group	
of	associated	lncRNAs,	we	analyzed	the	relationships	between	the	
lncRNAs	within	these	1,965	genes.	A	Pearson	correlation	coefficient	
with	an	absolute	value	larger	than	0.3	was	considered	to	indicate	a	
correlation.	This	 analysis	 identified	5	 lncRNAs,	 and	we	 further	 in-
vestigated	 the	 relationships	between	 these	genes	by	 constructing	

a	 gene	 coexpression	 network.	 The	 expression	 of	 LOC100131726 
(FAM83A-AS1)	 was	 negatively	 correlated	 with	 that	 of	 LOC723809 
(LHFPL3-AS2),	 whereas	 the	 expression	 levels	 of	 LOC723809 
(LHFPL3-AS2),	 LOC150622 (LINC01105),	 LOC284736 (LINC00908), 
and NCRNA00092 (LINC00092)	 were	 positively	 correlated	 with	
each	 other	 (Figure	1A).	 An	 association	 analysis	 was	 performed	 to	
confirm	 this	 result,	 and	 the	 results	 showed	 that	 the	expression	of	
these	 5	 lncRNAs	 formed	2	 independent	 clusters	 (Figure	1B).	 Four	
of	the	lncRNAs	(LOC723809 [LHFPL3-AS2],	LOC150622 [LINC01105],	
NCRNA00092 [LINC00092],	and	LOC284276 [LINC00908])	were	ex-
pressed	at	a	lower	level	and	one	(LOC100131726 [FAM83A-AS1])	was	
overexpressed	 in	 adenocarcinoma	 tissues	 (P < .0001;	 Figure	1C).	
To	 further	 confirm	our	 results,	hierarchical	 clustering	was	used	 to	
analyze	 the	 systematic	 variations	of	 these	5	 lncRNAs	 in	 the	 same	
samples.	 It	 is	 clear	 from	 Figure	1D	 that	 the	 expression	 pattern	 of	
LOC100131726 (FAM83A-AS1)	is	different	from	the	other	4	lncRNAs.	
Finally,	the	alterations	in	their	DNA	copy	number	were	investigated	
in	7,589	adenocarcinoma	samples.29	The	LOC723809 (LHFPL3-AS2) 
and LOC150622 (LINC01105)	genomic	loci	were	not	frequently	lost.	

F IGURE  2 Overall	survival,	recurrence-	free	survival,	and	disease-	free	survival	in	relation	to	long	non-	coding	RNA	(lncRNA)	expression	
levels.	A-	C,	Kaplan-	Meier	survival	curves	comparing	overall	survival	(A,	N	=	502),	disease-	free	survival	(B,	N	=	428),	and	recurrence-	free	
survival	(C,	N	=	351)	between	low-		and	high-	risk	lung	adenocarcinoma	patients.	D,E,	Association	between	the	expression	of	these	5	lncRNAs	
and	a	survival	status	of	living	(D)	or	deceased	(E).	HR,	hazard	ratio
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The	NCRNA00092 (LINC00092)	locus	was	deleted	in	10%-	15%	of	the	
patients,	 whereas	 the	 LOC284276 (LINC00908)	 locus	 was	 deleted	
in	30%-	45%	of	the	samples,	and	LOC100131726 (FAM83A-AS1) was 
amplified	in	30%-	40%	of	the	patients	(Figure	1E).

3.2 | Analysis of the prognostic value of these 
lncRNAs in lung adenocarcinoma patients

After	 identifying	 a	 group	 of	 lncRNAs	 showing	 differential	 expres-
sion	in	lung	adenocarcinoma,	we	examined	whether	their	expression	
was	associated	with	prognosis	 in	 lung	adenocarcinoma	patients.	A	
risk	score	model	was	constructed	using	a	linear	combination	of	the	
expression	 levels	 of	 these	 5	 lncRNAs	 with	 weighted	 coefficients.	
A	 time-	dependent	 receiver	operating	characteristic	 curve	was	de-
termined	to	evaluate	the	optimal	cut-	off	value.	Patients	with	a	risk	
score	equal	to	or	less	than	0.258	were	defined	as	low-	risk	patients,	
whereas	 those	with	 a	 score	 >0.258	were	 defined	 as	 high-	risk	 pa-
tients.	A	Kaplan-	Meier	 survival	 curve	was	plotted	 to	 compare	 the	
overall	 survival	 difference	 between	 these	 2	 groups	 (Figure	2A,	
N	=	502).	The	same	method	was	used	 to	analyze	 the	 relationships	

between	 this	 group	 of	 lncRNAs	 and	 disease-	free	 (Figure	2B,	
N	=	428)	or	recurrence-	free	survival	(Figure	2C,	N	=	351).	High-	risk	
patients	showed	poor	overall	survival	(HR	=	2.14;	95%	CI,	1.67-	3.06,	
P	<	.0001),	 disease-	free	 survival	 (HR	=	1.84;	 95%	 CI,	 1.26-	2.35,	
P	=	.0007),	 and	 recurrence-	free	 survival	 (HR	=	1.51;	 95%	CI,	 1.02-	
2.40,	P	=	.04).	We	 then	 investigated	 the	 relationship	 between	 the	
risk	 score	 and	 clinicopathological	 factors	 in	 the	 same	 cohort	 and	
found	that	the	lymph	node	status	(P	<	.0001),	tumor	grade	(P	=	.016),	
tumor	stage	(P	<	.0001),	and	smoking	status	(P	=	.008),	but	not	gen-
der	or	tumor	size,	were	correlated	with	the	risk	score	(Table	1).

To	further	confirm	our	results,	an	association	analysis	was	car-
ried	out	to	examine	the	correlation	between	survival	status	and	ln-
cRNA	expression,	using	the	arules	package	of	R.	Twenty	rules	were	
identified	in	the	live	patients.	Here,	rules	means	the	association	re-
lationships	between	the	expression	of	lncRNAs	and	survival	status.	
Low LOC100131726 (FAM83A-AS1)	expression	and	high	LOC723809 
(LHFPL3-AS2),	LOC150622 (LINC01105),	NCRNA00092 (LINC00092), 
and LOC284276 (LINC00908)	 expression	 were	 associated	 with	
survival	 (Figure	2D).	 Fourteen	 rules	 were	 found	 in	 the	 deceased	
patients.	 High	 LOC100131726 (FAM83A-AS1)	 expression	 and	 low	

Patient features Sample size
High risk, 
N (%)

Low risk, 
N (%) P value

Lymph	node Negative 327 145	(29.06) 182	(36.47) <.0001

Positive 172 107	(21.44) 65	(13.03)

NA 12

Tumor	grade T1 168 67	(13.19) 101	(19.88) .016

T2 275 151	(29.72) 124	(24.41)

T3 46 25	(4.92) 21	(4.13)

T4 19 11	(2.17) 8	(1.57)

NA 3

Age,	years ≤65 235 126	(25.66) 109	(22.20) .114

>65 256 119	(24.24) 137	(27.90)

NA 20

Smoking Non-	
smoking

75 27	(5.44) 48	(9.68) .008

Smoking 421 221	(44.56) 200	(40.32)

NA 15

Gender Female 274 137	(26.86) 137	(26.86) 1.000

Male 236 118	(23.14) 118	(23.14)

NA 1

Tumor	size ≤1	cm 171 81	(22.13) 90	(24.59) .722

>1	cm 195 96	(26.23) 99	(27.05)

NA 145

Tumor	stage Stage	I 278 120	(23.58) 158	(31.04) <.0001

Stage	II 121 64	(12.57) 57	(11.20)

Stage	III 84 59	(11.59) 25	(4.91)

Stage	IV 26 12	(2.36) 14	(2.75)

NA 2

NA,	not	available.

TABLE  1 Associations	of	risk	score	
with	clinicopathological	factors	of	patients	
with	lung	adenocarcinoma	or	lung	
squamous	cell	carcinoma
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LOC723809 (LHFPL3-AS2),	 LOC150622 (LINC01105),	 NCRNA00092 
(LINC00092), and LOC284276 (LINC00908)	expression	were	associ-
ated	with	death	(Figure	2E).

3.3 | Validation of the prognostic value of these 
lncRNAs in lung adenocarcinoma

We	 used	 5-	fold	 cross-	validation	 to	 validate	 the	 prognostic	 value	 of	
these	5	 lncRNAs.	The	same	cohort	of	 lung	adenocarcinoma	patients	
as	 in	 the	 previous	 section	 (N	=	502)	 were	 randomly	 divided	 into	 5	
groups	 of	 approximately	 equal	 number	 of	 samples	 (N1	=	N2	=	101,	

N3	=	N4	=	N5	=	100).	One	of	 the	5	 samples	was	used	 as	 the	 valida-
tion	data	and	the	remaining	four	samples	as	training	data.	This	process	
was	repeated	5	times,	with	each	of	the	5	samples	used	exactly	once	
as	the	validation	data.	We	then	used	the	same	method	as	in	the	previ-
ous	section	to	generate	a	risk	model	for	comparing	overall	survival	be-
tween	low-	risk	and	high-	risk	patients.	Three	of	the	5	groups	of	patients	
showed	a	significantly	different	overall	survival	rate	between	the	two	
risk	groups	(Figure	3A).	A	fixed-	effects	meta-	analysis	was	undertaken	
to	study	the	comprehensive	HR	of	these	5	groups,	and	an	aggregated	
HR	=	of	1.26	(95%	CI,	0.74-	1.79,	Z	=	4.72,	P	<	.00001)	suggested	that	
low	risk	was	better	for	survival	(Figure	3B).

F IGURE  3 Validation	of	the	prognostic	value	of	this	group	of	long	non-	coding	RNAs	(lncRNAs)	in	lung	adenocarcinoma.	A,	Kaplan-	
Meier	survival	curves	comparing	overall	survival	between	low-		and	high-	risk	patients	in	different	groups.	B,	Meta-	analysis	estimating	the	
association	between	risk	score	levels	and	prognosis	in	5	groups	of	patients.	The	series	ID,	combined	hazard	ratio	(HR)	with	95%	confidence	
interval,	and	SE	of	the	HR	are	shown.	The	generic	inverse	variance	data	type,	inverse	variance	method,	and	fixed-	effects	model	were	used	to	
perform	this	estimation
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To	further	confirm	the	prognostic	value	of	these	5	lncRNAs,	we	
investigated	 the	 relationship	 between	 the	 expression	 of	 each	 ln-
cRNA	and	cancer	risk	in	255	lung	adenocarcinoma	patients	(ID:	Lung	
Adenocarcinoma	TCGA)	included	in	the	SurvExpress	database	and	
found	 that	high	LOC100131726 (FAM83A-AS1)	 expression	and	 low	
LOC723809 (LHFPL3-AS2),	 LOC150622 (LINC01105),	NCRNA00092 
(LINC00092),	 and	 LOC284276 (LINC00908)	 expression	 were	 cor-
related	with	poor	survival	(Figure	4A).	The	distribution	of	risk	scores,	
death	status,	survival	time,	tumor	stage,	and	expression	pattern	of	
the	5	lncRNAs	is	shown	in	Figure	4B.	High-		and	low-	risk	scores	were	
found	to	be	highly	correlated	with	patient	status	(P	=	.002,	χ2	test),	
survival	time	(P	=	.002,	χ2	test),	and	tumor	stage	(P	=	.023,	χ2	test).	
Most	of	the	advanced	stage	patients	were	in	the	high-	risk	group.	A	
hierarchical	clustering	analysis	revealed	that	the	expression	pattern	

of	 this	 group	 of	 lncRNAs	was	 significantly	 correlated	with	 tumor	
risk.	 Moreover,	 all	 of	 the	 patients	 in	 the	 high-	risk	 group	 showed	
poor	 survival	 outcomes,	 with	 an	 HR	 of	 3.01	 (95%	 CI,	 1.85-	4.88,	
P = 8.25e-	06)	(Figure	4C).	Even	in	an	analysis	of	the	80	patients	who	
died,	the	high-	risk	group	showed	poorer	survival	outcomes	than	the	
low-	risk	group,	with	an	HR	of	3.02	(Figure	4D).

3.4 | Independence of the prognostic 
value of these lncRNAs

To	 investigate	 whether	 the	 predictive	 capacity	 of	 this	 group	 of	
lncRNAs	 was	 independent	 of	 other	 clinical	 factors,	 such	 as	 age,	
gender,	 tumor	 grade,	 smoking,	 and	 lymph	 node	 status,	 we	 un-
dertook	 univariate	 and	multivariate	Cox	 regression	 analyses.	 The	

F IGURE  4 Prognostic	value	of	long	non-	coding	RNAs	(lncRNAs)	in	lung	adenocarcinoma	patients.	A,	Top	panels:	Kaplan-	Meier	survival	
curves	of	lung	adenocarcinoma	patients.	The	patients	were	stratified	by	risk	group	using	the	SurvExpress	database.	Bottom	panels:	
expression	of	lncRNAs	in	the	two	groups	of	patients,	high-	risk	(red	lines)	and	low-	risk	(green	lines).	B,	Distribution	of	risk	scores,	survival	
status,	survival	times,	tumor	stage,	and	expression	patterns	of	this	group	of	lncRNAs	in	lung	adenocarcinoma	(SurvExpress).	C,D,	Kaplan-	
Meier	survival	curves	between	all	lung	adenocarcinoma	patients	(C)	and	80	deceased	patients	(D)	at	low	and	high	risk	according	to	the	
expression	pattern	of	this	group	of	lncRNAs	(SurvExpress).	CI,	confidence	interval;	NA,	not	available
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univariate	analysis	showed	that	these	5	lncRNAs	(HR	=	2.718,	95%	
CI,	 1.810-	4.081,	 P	=	1.4e-	06),	 lymph	 node	 status	 (HR	=	1.754,	
95%	 CI,	 1.450-	2.121,	 P	=	5.1e-	08),	 and	 tumor	 stage	 (HR	=	1.717,	
95%	CI,	1.451-	2.031,	P	=	3e-	10)	were	significantly	associated	with	
survival.	 The	multivariate	 analysis	 revealed	 that	 these	5	 lncRNAs	
(HR	=	2.662,	 95%	 CI,	 1.716-	4.128,	 P	=	1.2e-	05),	 age	 (HR	=	1.024,	
95%	CI,	1.006-	1.043,	P	=	.0092),	and	tumor	stage	(HR	=	1.551,	95%	
CI,	 1.222-	1.967,	 P	=	.0003)	 were	 independent	 prognostic	 factors	
(Table	2).

We	 further	 classified	 the	patients	 into	 subgroups	according	 to	
their	tumor	stage,	tumor	size,	smoking	history,	and	lymph	node	sta-
tus.	Patients	 at	 tumor	 stages	 I	 and	 II	were	defined	as	 early	 stage,	
and	 those	 at	 stages	 III	 and	 IV	 were	 classified	 as	 advanced	 stage.	
The	 patients	 in	 the	 early	 and	 advanced	 stage	 group	were	 further	
stratified	 into	 low-	risk	and	high-	risk	subgroups	based	on	 their	 risk	
score.	 Patients	 in	 low-		 and	 high-	risk	 groups	 showed	 significantly	
different	 overall	 survival	 (P	<	.0001)	 (Figure	5A).	 The	 high-	risk	 pa-
tients	 in	 the	advanced-	stage	group	showed	poor	 survival,	with	an	
HR	of	1.88	(Figure	5B).	In	patients	with	tumors	in	which	the	longest	
dimension	was	longer	or	shorter	than	1	cm,	lymph	node-	negative	or	
lymph	node-	positive	patients,	and	smoking	or	non-	smoking	patients,	
this	 group	 of	 lncRNAs	 showed	 similar	 prognostic	 value	 (P	<	.05;	
Figure	5C-	H).

3.5 | Evaluation of the prognostic value of these 
lncRNAs in lung squamous cell carcinoma patients

We	wondered	whether	this	group	of	lncRNAs,	which	were	identified	
as	a	valuable	prognostic	marker	in	adenocarcinoma	patients,	would	
also	have	prognostic	value	in	other	types	of	lung	cancer.	Thus,	we	as-
sessed	lung	squamous	cell	carcinoma	patients	using	the	SurvExpress	
database	(ID:	Lung	Squamous	Cell	Carcinoma	TCGA).	The	relation-
ship	 between	 the	 expression	 of	 each	 lncRNA	 and	 survival	 time	
was	 examined.	 In	 contrast	 to	 the	 finding	 in	 lung	 adenocarcinoma	
patients,	 LOC723809 (LHFPL3-AS2) and LOC284276 (LINC00908) 
were	not	associated	with	survival	 in	 lung	squamous	cell	carcinoma	
patients	(P	>	.05;	Figure	6A).	However,	low	LOC150622 (LINC01105) 
and NCRNA00092 (LINC00092)	 expression	 increased	 the	 risk	 of	
death,	and	low	LOC100131726 (FAM83A-AS1)	expression	was	asso-
ciated	with	a	low	risk	of	death.	Although	LOC723809 (LHFPL3-AS2) 
and LOC284276 (LINC00908)	 showed	no	differences	 in	expression	

between	low-		and	high-	risk	patients,	a	Cox	regression	analysis	indi-
cated	that	the	overall	expression	pattern	of	all	5	lncRNAs	as	a	group	
(Figure	6B)	is	still	a	better	prognostic	marker	of	lung	squamous	cell	
carcinoma	 than	 the	expression	pattern	of	only	 the	 three	 lncRNAs	
that	 showed	 differential	 expression	 between	 the	 different	 risk	
groups	(Figure	6C).	It	is	possible	that	we	did	not	observe	differential	
LOC723809 (LHFPL3-AS2) and LOC284276 (LINC00908)	 expression	
between	the	low-		and	high-	risk	patients	because	the	number	of	pa-
tients	was	 too	 low.	However,	 the	use	of	 the	combination	of	 these	
5	lncRNAs	as	a	prognostic	marker	in	lung	squamous	cell	carcinoma	
requires	further	analysis.

3.6 | Association of these lncRNAs with 
tumor metastasis

To	 study	 the	 biological	 pathways	 of	 these	 lncRNAs,	 each	 pa-
tient’s	risk	score	was	calculated,	and	the	patients	were	then	strati-
fied	 into	 high-		 and	 low-	risk	 groups	 according	 to	 their	median	 risk	
score.	 A	GSEA	 revealed	 that	 the	 genes	 involved	 in	 the	 epithelial-	
mesenchymal	 transition	 pathway	 were	 enriched	 in	 the	 high-	risk	
group	 (Figure	7A),	 which	 suggested	 that	 these	 lncRNAs	 might	 be	
involved	 in	 metastasis-	related	 pathways.	 We	 undertook	 a	 GO	
functional	 enrichment	 analysis	 to	 confirm	 this	 potential	 function.	
Pearson’s	 correlation	 coefficients	between	 the	expression	of	 vari-
ous	genes	and	these	5	lncRNAs	were	calculated.	The	genes	with	an	
absolute	correlation	coefficient	value	higher	than	0.3	were	selected	
for	GO	analysis.	Genes	involved	in	cell-	cell	adherens	junctions	were	
enriched	(Figure	7B),	and	we	then	compared	the	expression	profiles	
of	these	genes	between	patients	with	positive	and	negative	lymph	
node	 statuses.	 Four	 of	 the	 lncRNAs	 (LOC723809 [LHFPL3-AS2],	
LOC150622 [LINC01105],	 NCRNA00092 [LINC00092],	 and	
LOC284276 [LINC00908])	were	expressed	at	significantly	lower	lev-
els	in	the	lymph	node-	positive	group	than	in	the	lymph	node-	negative	
group	 (Figure	7C).	 An	 association	 analysis	was	 also	 undertaken	 to	
confirm	that	the	expression	of	these	lncRNAs	was	associated	with	
lymph	node	metastasis	status.	Twenty-	two	rules	demonstrated	that	
high	LOC100131726 (FAM83A-AS1)	expression	and	low	LOC723809 
(LHFPL3-AS2),	LOC150622 (LINC01105),	NCRNA00092 (LINC00092),	
and LOC284276 (LINC00908)	 expression	were	 associated	with	 the	
occurrence	of	lymph	node	metastasis	(Figure	7D).	Thirteen	rules	re-
vealed	that	the	opposite	expression	patterns	were	associated	with	a	

Variable

Univariable analysis Multivariable analysis

HR 95% CI of HR P value HR 95% CI of HR P value

Five	lncRNAs 2.718 1.810-	4.081 1.4e-	06 2.662 1.716-	4.128 1.2e-	05

Lymph	node 1.754 1.450-	2.121 5.1e-	08 1.164 0.890-	1.522 .2672

Age 1.012 0.994-	1.030 0.18 1.024 1.006-	1.043 .0092

Smoking 1.010 0.846-	1.206 0.91 1.021 0.847-	1.232 .8249

Gender 1.093 0.774-	1.542 0.61 1.076 0.753-	1.537 .6880

Tumor	stage 1.717 1.451-	2.031 3e-	10 1.551 1.222-	1.967 .0003

CI,	confidence	interval;	HR,	hazard	ratio;	lncRNA,	long	noncoding	RNA.

TABLE  2 Univariable	and	multivariable	
Cox	regression	analysis	of	overall	survival	
in	lung	adenocarcinoma	patients	(N	=	366)
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lymph	node-	negative	status	(Figure	7E).	Here,	“rules”	means	the	as-
sociation	relationships	between	the	expression	of	lncRNAs	and	the	
status	of	lymph	node	metastasis	that	was	learned	by	the	association	
rule-	learning	algorithm.

4  | DISCUSSION

Lung	adenocarcinoma	is	often	triggered	by	a	class	of	aberrant	genes.	
However,	 30%-	50%	of	 lung	 adenocarcinoma	patients	 lack	 aberra-
tions	of	the	biomarker	genes.	Therefore,	more	sensitive	biomarkers	
of	 lung	 adenocarcinoma	 are	 needed.	Multigene	 expression	 signa-
tures	focusing	on	lncRNAs,	miRNAs,	and	protein-	coding	genes	have	
been	used	for	predicting	risk	and	survival.30-36	In	this	study,	we	re-
port	the	prognostic	value	of	5	lncRNAs	(LOC723809 [LHFPL3-AS2],	
LOC150622 [LINC01105],	 NCRNA00092 [LINC00092],	 LOC284276 
[LINC00908],	and	LOC100131726 [FAM83A-AS1])	 in	 lung	adenocar-
cinoma. LOC150622 (LINC01105)	 is	 a	 stage-	specific	 biomarker	 in	
lung	adenocarcinoma.	 It	 is	also	highly	expressed	 in	neuroblastoma	
tissue,	 where	 it	 affects	 cellular	 proliferation	 and	 apoptosis.37,38 
Methylation	of	 the	LOC284276 (LINC00908)	 gene	 is	negatively	as-
sociated	 with	 birth	 weight.39 NCRNA00092 (LINC00092)	 acts	 in	
cancer-	associated	fibroblasts	to	drive	glycolysis	and	progression	of	
ovarian cancer.40	No	studies	have	 investigated	the	biological	func-
tions	of	LOC723809 (LHFPL3-AS2) or LOC100131726 (FAM83A-AS1). 
The	 results	 of	 this	 study	 indicate	 that	 their	 expression	 is	 corre-
lated	with	each	other.	In	addition,	4	of	these	lncRNAs	(LOC723809 
[LHFPL3-AS2],	LOC150622 [LINC01105],	NCRNA00092 [LINC00092],	
and LOC284276 [LINC00908])	are	expressed	at	low	levels,	whereas	
LOC100131726 (FAM83A-AS1)	is	expressed	at	a	high	level	in	lung	ad-
enocarcinoma	tissue.	The	abnormal	expression	of	these	5	lncRNAs	
is	related	to	patient	survival	and	tumor	metastasis.	Moreover,	their	
expression	 signature	might	 independently	 predict	 survival	 in	 lung	
adenocarcinoma	patients.

In	lung	adenocarcinoma,	abnormal	expression	of	this	group	of	ln-
cRNAs	was	found	to	be	associated	with	poor	prognosis.	Hierarchical	
clustering	also	revealed	that	the	expression	pattern	of	this	group	of	ln-
cRNAs	was	significantly	correlated	with	survival.	The	risk	score	model	
also	 revealed	 a	 correlation	 between	 the	 expression	 of	 this	 group	of	
lncRNAs	 and	 overall	 survival,	 disease-	free	 survival,	 and	 recurrence-	
free	survival.	Moreover,	we	found	that	the	expression	levels	of	these	
lncRNAs	were	associated	with	each	other	in	lung	adenocarcinoma.	The	
expression	of	the	4	positively	associated	lncRNAs	might	be	regulated	
by	the	same	mechanism	or	they	might	positively	regulate	each	other’s	
expression.	In	addition,	LOC723809 (LHFPL3-AS2) and LOC100131726 
(FAM83A-AS1)	might	negatively	regulate	each	other.	Finally,	both	uni-
variate	 and	 multivariate	 Cox	 regression	 analyses	 indicated	 that	 this	
group	 of	 lncRNAs	was	 independent	 of	 other	 clinicopathological	 risk	
factors.	Overall,	multiple	lines	of	evidence	showed	the	prognostic	value	
of	this	group	of	lncRNAs	in	assessing	the	risk	of	lung	adenocarcinoma.

A	Cox	regression	analysis	indicated	that	tumor	stage	was	an	inde-
pendent	clinicopathological	factor	for	predicting	the	risk	of	lung	ade-
nocarcinoma.	This	finding	is	consistent	with	those	of	previous	studies,	
which	reported	that	approximately	70%	of	lung	adenocarcinoma	pa-
tients	show	locally	advanced	(stage	IIIB)	or	metastatic	disease	(stage	
IV).	The	5-	year	survival	rate	of	stage	IIIB	and	IV	patients	is	7%	and	2%,	
respectively.41,42	However,	a	survival	rate	higher	than	80%	is	achieved	
with	lung	resection	at	an	early	stage	of	disease.43	Although	cigarette	
smoking	is	the	major	cause	of	lung	cancer,	both	univariate	and	multi-
variate	Cox	regression	analyses	revealed	that	cigarette	smoking	was	
not	correlated	with	survival,	which	agrees	with	previous	reports.7,44,45

Both	GSEA	and	GO	function	cluster	analyses	found	that	genes	in-
volved	in	the	epithelial-	mesenchymal	transition	and	cell-	cell	adherens	
junction	were	associated	with	this	group	of	lncRNAs.	A	correlation	anal-
ysis	between	their	expression	and	the	 lymph	node	metastasis	status	
also	revealed	that	high	LOC100131726 (FAM83A-AS1)	expression	and	
low LOC723809 (LHFPL3-AS2),	LOC150622 (LINC01105),	NCRNA00092 
(LINC00092),	and	LOC284276 (LINC00908)	expression	were	associated	

F IGURE  5 Survival	curves	of	patients	with	different	risk	scores	classified	by	clinical	factors.	Kaplan-	Meier	survival	curves	of	patients	
with	early	(A)	and	advanced	(B)	tumor	stage,	patients	with	tumors	in	which	the	longest	dimension	was	less	(C)	and	greater	(D)	than	1	cm,	
patients	without	(E)	and	with	(F)	lymph	node	metastasis,	and	non-	smoking	(G)	and	smoking	(H)	patients.	HR,	hazard	ratio
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with	lymph	node	positivity.	This	result	was	consistent	with	the	survival	
status	or	poor	prognosis.	Thus,	the	regulation	of	tumor	metastasis	might	
be	a	mechanism	through	which	this	group	of	lncRNAs	affects	survival.	
In	conclusion,	we	have	established	the	prognostic	value	of	a	group	of	
lncRNAs	showing	abnormal	expression	levels	in	lung	adenocarcinoma.	
These	lncRNAs	might	not	only	predict	prognosis	but	also	provide	a	the-
oretical	basis	for	molecularly	targeted	therapy	in	the	future.

This	study	 identified,	by	data	mining,	a	group	of	 lncRNAs	that	
can	 act	 as	 a	 prognostic	 biomarker	 for	 lung	 adenocarcinoma	 pa-
tients,	but	it	has	its	limitations.	All	the	statistical	and	bioinformatic	
analyses	in	this	study	were	carried	out	in	silico.	We	did	not	under-
take	any	wet	laboratory	experiments.	We	know	through	statistical	
methods	that	these	5	lncRNA	are	associated	with	the	prognosis	of	
lung	adenocarcinoma	patients,	but	we	do	not	know	the	exact	bio-
logical	mechanism	underlying	this	association.	Whether	or	not	and	

how	these	 lncRNAs	are	tied	to	 lung	cancer	proliferation,	progres-
sion,	or	invasion	needs	to	be	investigated	by	elaborately	designed	
wet	laboratory	experiments	in	the	future.	Another	limitation	of	this	
study	 is	 that	 the	 risk	 score	model	was	 only	 validated	with	 cross-	
validation.	 In	an	 ideal	world,	a	predictive	model	should	always	be	
validated	with	independent	data	to	overcome	the	overfitting	prob-
lem.	Unfortunately,	it	is	currently	difficult	to	find	another	indepen-
dent	lung	adenocarcinoma	cohort	that	is	of	comparable	size	within	
TCGA	 that	 has	 the	 necessary	 clinical	 data,	 so	we	 had	 to	 use	 the	
same	 lung	 adenocarcinoma	 cohort	 from	 TCGA	 to	 both	 build	 and	
validate	the	risk	score	model.	This	is	where	cross-	validation	comes	
in.	By	dividing	the	cohort	into	subgroups	and	using	different	groups	
to	build	and	validate	the	model,	the	ability	of	the	model	to	gener-
alize	to	independent	data	can	thus	be	assessed	and	the	overfitting	
problem	can	be	overcome.

F IGURE  6 Relationship	between	long	non-	coding	RNAs	(lncRNAs)	and	survival	in	lung	squamous	cell	carcinoma.	Upper	panels:	Kaplan-	
Meier	survival	curves	of	lung	squamous	cell	carcinoma	patients.	The	patients	were	stratified	by	risk	group	based	on	each	lncRNA	(A),	
all	5	lncRNAs	(B),	and	three	lncRNAs	(C)	using	the	SurvExpress	database.	Lower	panels:	gene	expression	stratified	by	risk	group	using	
SurvExpress.	Red	lines,	patients	at	high	risk;	green	lines,	patients	at	low	risk.	CI,	confidence	interval;	HR,	hazard	ratio
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