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Background:	We	aimed	to	assess	the	predictive	value	of	long	noncoding	RNAs	anti-
sense	noncoding	RNA	in	the	INK4	locus	(lncRNAs	ANRIL)	for	acute	exacerbation	of	
chronic	obstructive	pulmonary	disease	(COPD)	and	evaluate	its	correlation	with	in-
flammatory	cytokines	as	well	as	the	Global	Initiative	for	Chronic	Obstructive	Lung	
Disease	(GOLD)	stage	in	COPD	patients.
Methods:	A	total	of	136	acute	exacerbations	of	COPD	(AECOPD)	patients,	138	sta-
ble	COPD	patients,	and	140	healthy	controls	(HCs)	were	consecutively	recruited,	and	
plasma samples were collected. Real- time polymerase chain reaction was used to 
detect	 lncRNA	 ANRIL	 expression.	 Enzyme-	linked	 immunosorbent	 assay	 was	 per-
formed	to	detect	inflammatory	cytokines	expressions.
Results:	LncRNA	ANRIL	expression	was	lower	in	AECOPD	patients	compared	with	
stable	COPD	patients	and	HCs	 (Both	P	<	0.001).	Receiver	operating	characteristic	
curves	revealed	lncRNA	ANRIL	could	distinguish	AECOPD	patients	from	HCs	(area	
under	 curve	 (AUC):0.700,	 95%	CI:	 0.638-	0.762)	 and	 stable	 COPD	 patients	 (AUC:	
0.659,	95%	CI:	0.594-	0.724).	For	inflammatory	cytokines,	lncRNA	ANRIL	expression	
was	negatively	correlated	with	TNF-	α	(P	<	0.001),	IL-	1β	(P	=	0.015),	IL-	8	(P	=	0.008),	
IL-	17A	(P	=	0.002),	and	LTB-	4	(P	=	0.004)	in	AECOPD	patients,	while	it	was	negatively	
correlated	with	 TNF-	α	 (P	=	0.049),	 IL-	1β	 (P	=	0.005),	 IL-	17A	 (P	=	0.030),	 and	 LTB-	4	
(P	=	0.011)	in	stable	COPD	patients.	Furthermore,	lncRNA	ANRIL	expression	nega-
tively	correlated	with	GOLD	stage	in	AECOPD	patients	(P	=	0.001),	but	not	in	stable	
COPD	patients	(P	=	0.131).
Conclusion:	LncRNA	ANRIL	associates	with	lower	acute	exacerbation	risk,	decreased	
inflammatory	cytokines,	and	mild	GOLD	stage	in	COPD	patients.

K E Y W O R D S

chronic	obstructive	pulmonary	disease,	disease	conditions,	inflammatory	cytokines,	LncRNA	
ANRIL

www.wileyonlinelibrary.com/journal/jcla
http://orcid.org/0000-0001-9701-0544
mailto:jianghua0027@163.com


2 of 8  |     GE Et al.

1  | INTRODUC TION

Chronic	obstructive	pulmonary	disease	(COPD),	one	of	the	common	
chronic	inflammatory	diseases,	is	characterized	by	airflow	limitation	
with incomplete reversibility, which devotes to abnormal inflamma-
tory	responses	to	noxious	particles	or	gases	in	the	lung.1	Most	COPD	
patients	are	classified	as	stable	COPD	or	acute	exacerbations	COPD	
(AECOPD)	because	the	chronic	and	stable	course	of	COPD	could	be	
aggravated during short periods due to viral and bacterial infection.2 
According	 to	World	Health	Organization	 (WHO),	COPD	 is	a	major	
contributor to global morbidity and mortality, affecting estimated 
251 million population and causing nearly 3 million deaths world-
wide each year, and there is a strikingly raised tendency in its inci-
dence especially in developing countries probably due to increased 
smoking rates and air pollution.3 Even though great improvements 
have been achieved in early diagnosis and disease management, 
COPD	is	still	the	fourth	leading	cause	of	death,	and	it	is	predicted	to	
become	the	third	one	in	2030,	suggesting	that	COPD	is	a	huge	chal-
lenge threatening the global health.3	In	addition,	AECOPD	results	in	
significant morbidity and has been reported to be among the major 
causes of death worldwide.4	Hence,	exploring	additional	 and	con-
vincing biomarkers are necessary for supervision of disease progress 
and	improvement	of	treatments	outcomes	in	COPD	patients.

Long	 noncoding	RNAs	 (lncRNAs),	 as	 non-	protein-	coding	RNA	
transcripts longer than 200 nt, locate within intergenic stretches or 
overlapping antisense transcripts of protein- coding genes, which 
closely correlate with chromosome modification, transcriptional 
activation	or	mRNA	degradation	to	not	only	participate	in	normal	
physiological cellular activities, but also contribute to pathological 
mechanism, disease progression as well as disease prognosis.5-8 
LncRNA	antisense	noncoding	RNA	in	the	INK4	locus	(ANRIL),	anti-
sense	of	the	cyclin-	dependent	kinase	inhibitor	2B	(CDKN2B)	gene	
on chromosome 9p21, has been reported to involve into the pro-
cesses of development and progression of chronic inflammatory 
diseases and contributes to inflammatory responses via the inter-
action with several genes or pathways including promoting caspase 
recruitment	 domain	 family	member	 (CARD)	 8	 to	 repress	 nuclear	
factor	 kappa	 (NF-	κB)	 pathway	 in	 ischemic	 stroke,	 or	 decreasing	
proinflammatory	 factor	 TGF-	β1	 expression	 to	 inducing	 thyroid	
cancer cells invasion and metastasis.9-14	Although	 lncRNA	ANRIL	
has been reported to be a potential regulator through directly or in-
directly mediating inflammatory cytokines in some chronic inflam-
matory	diseases	 (such	as	atherosclerosis	or	periodontitis),	 little	 is	
known	about	the	role	of	lncRNA	ANRIL	in	COPD.15,16 Considering 
that	COPD	is	one	of	typical	inflammatory	diseases,	particularly	in	
acute	exacerbations	of	COPD	that	presents	with	more	serious	in-
flammatory responses as well as advanced disease conditions, and 
lncRNA	ANRIL	is	a	potential	regulator	related	to	inflammatory	dis-
order, we conducted this study and the purpose of this study was 
to	assess	the	predictive	value	of	 lncRNA	ANRIL	for	acute	exacer-
bations	of	COPD	and	to	evaluate	its	correlation	with	inflammatory	
cytokines as well as Global initiative for chronic obstructive lung 
disease	(GOLD)	stage	in	COPD	patients.

2  | METHODS

2.1 | Participants

A	total	of	136	AECOPD	patients	and	138	stable	COPD	patients	 in	
Shanghai East Hospital between January 2016 and December 2017 
were consecutively recruited in the present study.

The	 inclusion	 criteria	 of	AECOPD	patients	were	 as	 follows:	 (a)	
diagnosed	as	COPD	according	to	GOLD	criteria,	(b)	presentation	of	
an	acute	exacerbation	with	at	 least	two	of	the	major	symptoms	or	
one major symptom and one minor symptom for at least two consec-
utive days. Major symptoms included increased dyspnea, increased 
sputum purulence, or increased sputum volume. Minor symptoms 
included	nasal	discharge/congestion,	wheeze,	sore	throat,	or	cough,	
and	(c)	age	≥40	years.	The	exclusion	criteria	were	as	follows:	(a)	com-
plicated with asthma, lung cancer, or other relevant lung diseases 
and	 (b)	history	of	severe	 infection,	malignant	 tumors,	autoimmune	
diseases, or malignant hematologic diseases.

The	inclusion	criteria	of	stable	COPD	patients	consisted	of	(a)	diag-
nosed	as	COPD	according	to	GOLD	criteria,	(b)	without	acute	exacerba-
tion	at	least	6	months,	and	(c)	age	≥40	years.	The	exclusion	criteria	stable	
COPD	included	the	following:	(a)	complicated	with	asthma,	lung	cancer,	
or	other	relevant	lung	diseases	and	(b)	history	of	severe	infection,	malig-
nant tumors, autoimmune diseases, or malignant hematologic diseases.

After	 the	 completion	 of	 the	 COPD	 patient’s	 recruitment,	 we	
reviewed	medical	examination	records	of	healthy	subjects	who	un-
derwent	physical	examinations	 in	the	Shanghai	East	Hospital	 from	
January	 2016	 to	 December	 2017.	 As	 for	 eligible	 health	 subjects	
whose	age	and	gender	were	matched	to	total	COPD	patients,	they	
were	invited	to	participate	in	this	study.	Finally,	140	healthy	volun-
teers	were	recruited	as	healthy	controls	(HCs),	and	volunteers	who	
had infection, lung diseases, renal or hepatic dysfunction, and a his-
tory of severe infection, malignant tumors, autoimmune, or malig-
nant	hematologic	diseases	were	excluded.

2.2 | Ethics

The Ethics Committee of Shanghai East Hospital approved the study 
protocol, and all participants or their family members provided writ-
ten informed consents before enrollment.

2.3 | Date collection

Demographic and clinical data were collected from all participants 
including	age,	gender,	body	mass	index	(BMI),	and	lung	function	test	
results	(forced	expiratory	volume	in	one-	second	(FEV1),	FEV1	(%	pre-
dicted),	FEV1/forced	vital	capacity	(FVC)).	Moreover,	GOLD	stages	of	
AECOPD	and	stable	COPD	patients	were	also	evaluated	by	physicians.

2.4 | Sample collection

Peripheral	 blood	 samples	 of	 AECOPD	 patients	 (within	 24	hours	
after	admission)	and	stable	COPD	patients	were	collected	in	tubes	
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containing	 anticoagulant	 (ethylenediaminetetraacetic	 acid,	 EDTA).	
Separation of the plasma was performed within 2 hours by centrifu-
gation at 1900 g for 10 minutes, followed by 10- minutes high- speed 
centrifugation at 16 000 g of blood samples. Then, the supernatant 
sera	were	obtained	and	stored	at	−80°C	for	further	detection.	In	ad-
dition, peripheral blood samples of HCs were obtained from physi-
cal	examinations,	and	the	plasma	was	separated	correspondingly.

2.5 | Real- time polymerase chain reaction

Total	 RNA	 was	 extracted	 from	 plasma	 using	 TRIzol	 Reagent	
(TaKaRa,	 Kusatsu,	 Japan)	 according	 to	 manufacturer’s	 protocol	

and	 then	converted	 to	 cDNA	using	 the	Universal	 cDNA	Synthesis	
kit	 (Exiqon,	 Denmark).	 After	 that,	 quantitative	 RT-	PCR	 (qRT-	PCR)	
was	 carried	 out	 using	 SYBR	Premix	 Ex	Taq	 kit	 (Takara,	China).	All	
reactions were incubated on a 96- well plate initial heat activation 
at	95°C	for	5	minutes,	followed	by	40	cycles	of	amplification,	each	
cycle	included	denaturation	at	95°C	for	5	seconds,	annealing	at	61°C	
for	15	seconds,	and	extension	at	72°C	for	30	seconds.	Each	sample	
was	assayed	in	triplicate	for	the	analysis.	The	relative	expression	of	
lncRNA	ANRIL	was	calculated	by	the	2−△△t method with U6 as the 
internal	reference.	The	primer	of	lncRNA	ANRIL	was	forward	primer:	
5′-	GCCTAACGCACTATGGTATGGA-	3′,	 reverse	primer:5′-	ATCTAAG
TCACTGGTCTGAGTTCTT-	3′.

Items
AECOPD patients 
(N = 136)

Stable COPD 
patients 
(N = 138)

HCs 
(N = 140) P value

Age	(y) 67.7 ± 7.9 66.9 ± 8.2 66.4	±	10.2 0.469

Gender	(Male/
Female)

98/38 104/34 94/46 0.311

BMI	(kg/m2) 22.5 ± 2.9 22.2 ± 3.1 22.9 ± 3.3 0.171

FEV1	(L) 1.01	±	0.44a 0.99	±	0.48 1.97 ± 0.39 <0.001

FEV1	(%	predicted) 45.5	±	12.9a 44.3	±	13.7 92.8 ± 6.7 <0.001

FEV1/FVC	(%) 48.7	±	10.8a 47.9	±	12.4 78.1 ± 3.3 <0.001

GOLD	stage	(n/%)

I 3	(2.2) 3	(2.2) - 0.970b

II 44	(32.4) 42	(30.4) - 

III 80	(58.8) 85	(61.6)

IV 9	(6.6) 8	(5.8)

Inflammatory cytokines

TNF-	α	(pg/mL) 53.815 
(22.606-	87.113)

15.067 
(7.020-	22.967)

- <0.001b

IL-	1β	(pg/mL) 4.641	(2.990-	6.705) 2.519 
(1.342-	3.707)

- <0.001b

IL-	6	(pg/mL) 21.068 
(13.586-	27.801)

9.476	
(6.807-	13.001)

- <0.001b

IL-	8	(pg/mL) 36.520 
(17.147-	48.587)

21.862 
(9.781-	26.981)

- <0.001b

IL-	17	(pg/mL) 49.741	
(17.190-	71.818)

11.058 
(5.062-	19.578)

- <0.001b

LTB-	4	(pg/mL) 49.996	
(32.641-	79.249)

11.669 
(8.043-	17.366)

- <0.001b

AECOPD,	acute	exacerbations	of	chronic	obstructive	pulmonary	disease;	COPD,	chronic	obstructive	
pulmonary	disease;	HCs,	healthy	controls;	BMI,	body	mass	index;	FEV1,	forced	expiratory	volume	in	
one-	second;	FVC,	forced	vital	capacity;	GOLD,	global	initiative	for	chronic	obstructive	lung	disease;	
TNF-	α, tumor necrosis factor- α;	 IL-	1β, interleukin- 1β;	 IL-	6,	 interleukin-	6;	 IL-	8,	 interleukin-	8;	 IL-	17,	
interleukin-	17;	LTB-	4,	leukotriene	B4.
Data	were	presented	as	mean	value	±	standard	deviation,	mean	value	(25th-	75th	quantiles)	or	count	
(percentage).	Comparison	among	3	groups	was	determined	by	one-	way	ANOVA	test	or	chi-	square	
test.	Comparison	between	2	groups	was	determined	by	Wilcoxon	rank	sum	test	or	chi-	square	test.	
P < 0.05 was considered significant.
Notice: aFEV1,	 FEV1	 predicted,	 and	 FEV1/FVC	 in	 AECOPD	 patients	 were	 determined	
postbronchodilator. 
bComparison	was	determined	between	AECOPD	patients	and	stable	COPD	patients.
The bold values was considered significant.

TABLE  1 Characteristics of 
participants
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2.6 | Enzyme- linked immunosorbent assay

According	to	the	manufacturer	instructions,	tumor	necrosis	factor-	α 
(TNF-	α),	interleukin	(IL)-	1β	(IL-	1β),	IL-	6,	IL-	8,	IL-	17A,	and	leukotriene	B4	
(LTB4)	expressions	in	plasma	from	AECOPD	and	stable	COPD	patients	
were	 determined	 using	 commercial	 ELISA	 kit	 (R&D,	 Minneapolis,	
Minnesota,	USA).

2.7 | Statistics

Statistical	 analysis	 was	 performed	 by	 SPSS	 22.0	 software	 (SPSS	
Inc,	 NewYork	 City,	 NY,	 USA)	 and	 GraphPad	 Prism	 6.0	 (GraphPad	
Software,	NewYork	City,	NY,	USA).	Data	were	presented	as	mean	
value	 ±	 standard	 deviation,	 mean	 value	 (25th-	75th	 quantiles),	 or	
count	(percentage).	Comparison	among	three	or	above	groups	was	
determined	 by	 one-	way	 ANOVA	 test,	 chi-	square	 test	 or	 Kruskal-	
Wallis H rank sum test. Comparison between two groups was de-
termined	 by	Wilcoxon	 rank	 sum	 test	 or	 chi-	square	 test.	 Receiver	
operating	characteristic	(ROC)	curves	were	carried	out	to	distinguish	
AECOPD	patients	and	stable	COPD	patients	 from	HCs,	as	well	 as	
AECOPD	patients	from	stable	COPD	patients.	The	correlation	was	
determined by Spearman test. P < 0.05 was considered significant.

3  | RESULTS

3.1 | Baseline characteristics

As	presented	in	Table	1,	no	difference	was	found	in	age	(P	=	0.469),	
gender	(P	=	0.311),	or	BMI	(P	=	0.171)	among	AECOPD	patients,	stable	
COPD	patients,	and	HCs,	while	FEV1	(P	<	0.001),	FEV1(%)	(P	<	0.001),	
and	FEV1/FVC	 (P	<	0.001)	was	decreased	 in	AECOPD	patients	and	
stable	COPD	patients	compared	with	HCs.	For	AECOPD	patients	and	
stable	COPD	patients,	no	difference	in	GOLD	stage	(P	=	0.970)	was	
observed, whereas inflammatory cytokines levels were all increased 
in	 AECOPD	 patients,	 including	 TNF-	α,	 IL-	1β,	 IL-	6,	 IL-	8,	 IL-	17,	 and	
LTB-	4	(All	P	<	0.001)	compared	with	stable	COPD	patients.

3.2 | Expression of lncRNA ANRIL in HCs, stable 
COPD patients, and AECOPD patients

Median	 values	of	 lncRNA	ANRIL	 expression	 in	HCs,	 stable	COPD	
patients,	 and	 AECOPD	 patients	 were	 2.024	 (0.866-	2.828),	 1.718	
(0.686-	2.881),	 and	 1.022	 (0.474-	1.632),	 respectively	 (Figure	1).	
LncRNA	 ANRIL	 expression	 was	 lower	 in	 AECOPD	 patients	 com-
pared	with	 stable	COPD	patients	 (P	<	0.001)	 and	HCs	 (P	<	0.001),	
while	no	difference	was	observed	in	lncRNA	ANRIL	expression	be-
tween	stable	COPD	patients	and	HCs	(P	=	0.214).

3.3 | Predictive value of lncRNA ANRIL for acute 
exacerbation of COPD

Receiver	operating	characteristic	curves	revealed	that	lncRNA	ANRIL	
could	distinguish	total	COPD	from	HCs	with	area	under	curve	(AUC)	
of	 0.621	 (95%	 CI:	 0.564-	0.678);	 its	 sensitivity	 and	 specificity	 were	

73.4%	and	50.0%,	respectively,	at	the	best	cutoff	point	where	the	larg-
est	sum	of	sensitivity	and	specificity	occurred	(Figure	2A).	In	addition,	
lncRNA	ANRIL	could	not	distinguish	stable	COPD	patients	from	HCs	
(AUC:	0.543	(95%	CI:	0.475-	0.611)	with	sensitivity	and	specificity	being	
69.6%	 and	 40.0%,	 respectively,	 at	 the	 best	 cutoff	 point	 (Figure	2B),	
while	 lncRNA	 ANRIL	 could	 distinguish	 AECOPD	 patients	 from	HCs	
(AUC:0.700,	95%	CI:	0.638-	0.762)	(Figure	2C)	as	well	as	stable	COPD	
patients	(AUC:	0.659,	95%	CI:	0.594-	0.724)	(Figure	2D);	the	sensitivity	
and	specificity	at	the	best	cutoff	point	were	89.7%	and	50.0%,	as	well	
as	89.7%	and	44.2%,	 respectively.	Thus,	 these	 results	 indicated	 that	
lncRNA	ANRIL	could	predict	acute	exacerbation	risk	of	COPD.

3.4 | Correlation of lncRNA ANRIL with 
inflammatory cytokines in AECOPD patients

For	 AECOPD	 patients,	 lncRNA	 ANRIL	 expression	 was	 negatively	
correlated	 with	 TNF-	α	 (r	=	−0.340,	 P	<	0.001)	 (Figure	3A),	 IL-	1β 
(r =	−0.208,	 P	=	0.015)	 (Figure	3B),	 IL-	8	 (r	=	−0.225,	 P	=	0.008)	
(Figure	3D),	 IL-	17A	 (r	=	−0.267,	 P	=	0.002)	 (Figure	3E),	 and	 LTB-	4	
(r	=	−0.246,	P	=	0.004)	 (Figure	3F).	 In	 addition,	 lncRNA	ANRIL	ex-
pression	was	numerically	negatively	associated	with	IL-	6	(r	=	−0.158,	
P	=	0.067)	(Figure	3C),	but	without	statistical	significance.

3.5 | Correlation of lncRNA ANRIL with 
Inflammatory cytokines in stable COPD patients

For	 stable	 COPD	 patients,	 lncRNA	 ANRIL	 expression	 was	 nega-
tively	 associated	 with	 TNF-	α	 (r	=	−0.168,	 P	=	0.049)	 (Figure	4A),	

FIGURE 1 LncRNA	ANRIL	was	lowly	expressed	in	AECOPD	
patients	compared	with	stable	COPD	patients	and	HCs.	
Downregulated	lncRNA	ANRIL	expression	was	observed	in	AECOPD	
patients	compared	with	stable	COPD	patients	and	HCs,	while	there	
was	no	difference	in	lncRNA	ANRIL	expression	between	stable	COPD	
and	HCs.	The	comparison	was	determined	by	Wilcoxon	rank	sum	test.	
P	<	0.05	was	considered	significant.	LncRNA	ANRIL,	long	noncoding	
RNAs	antisense	noncoding	RNA	in	the	INK4	locus;	HCs,	healthy	
controls;	COPD,	chronic	obstructive	pulmonary	disease;	AECOPD:	
acute	exacerbations	of	chronic	obstructive	pulmonary	disease
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IL-	1β	(r	=	−0.237,	P	=	0.005)	(Figure	4B),	IL-	17A	(r	=	−0.185,	P	=	0.030)	
(Figure	4E),	and	LTB-	4	(r	=	−0.215,	P	=	0.011)	(Figure	4F).	Moreover,	
lncRNA	 ANRIL	 expression	 was	 numerically	 negatively	 correlated	
with	 IL-	8	 (r	=	−0.146,	P	=	0.087)	 (Figure	4D),	but	without	statistical	
significance,	while	no	correlation	was	found	between	lncRNA	ANRIL	
expression	 and	 IL-	6	 (r	=	−0.116,	 P	=	0.176)	 (Figure	4C)	 in	 stable	
COPD	patients.

3.6 | Correlation of lncRNA ANRIL with GOLD stage 
in AECOPD patients and stable COPD patients

LncRNA	 ANRIL	 expression	 was	 negatively	 associated	 with	 GOLD	
stage	 in	AECOPD	patients	 (P	=	0.001)	 (Figure	5A),	while	 there	was	
no	correlation	of	lncRNA	ANRIL	expression	with	GOLD	stage	in	sta-
ble	COPD	patients	(P	=	0.131)	(Figure	5B).

4  | DISCUSSION

In	the	current	study,	we	observed	that	(a)	lncRNA	ANRIL	expression	
was	lower	in	AECOPD	patients	compared	with	stable	COPD	patients	
as	well	as	HCs,	and	it	could	distinguish	AECOPD	patients	from	stable	
COPD	patients	and	HCs,	suggesting	that	it	could	predict	acute	exac-
erbation	risk	of	COPD.	(b)	LncRNA	ANRIL	expression	was	negatively	
correlated	with	proinflammatory	cytokines	 in	AECOPD	patients	as	

well	as	stable	COPD	patients,	and	it	was	negatively	associated	with	
GOLD	stage	in	AECOPD	patients,	but	not	in	stable	COPD	patients.

Chronic obstructive pulmonary disease is a progressive inflam-
matory disease of airways, alveoli as well as microvasculature, and 
is featured by mucosal and glandular inflammation, epithelial cell 
hyperplasia as well as altered tissue repair in small conducting air-
ways.17	 LncRNAs,	 a	 large	class	of	non-	protein-	coding	 transcripts,	
are considered as critical regulators in physiological and patho-
logical processes of chronic diseases, particularly in inflammatory 
diseases.	For	instance,	lncRNA	taurine-	upregulated	gene	1	(TUG1)	
inhibits	 miR-	29b	 and	 suppresses	 nuclear	 factor	 kappa	 (NF-	κB),	
Janus kinase- signal transducer as well as activator of transcription 
(JAK-	STAT)	 pathways	 to	 reduce	 concentrations	 of	 proapoptotic	
factors and inflammatory cytokines, thereby repressing inflam-
matory	responses	in	lipopolysaccharide	(LPS)-	injured	H9c2	cells.18 
Also,	 lncRNA	Mirt2,	 interacting	with	 tumor	necrosis	 factor	 (TNF)	
receptor-	associated	factor	(TRAF6),	decreases	activation	of	NF-	kB	
signaling	 and	mitogen-	activated	 protein	 kinase	 (MAPK)	 pathway,	
thereby inhibiting inflammatory responses in primary cultured peri-
toneal	macrophages	obtained	from	C57BL/6	mice.19	Furthermore,	
lncRNA	TUG1	has	been	reported	to	be	 involved	 in	 the	processes	
of	COPD	onset	and	progression.20,21 Therefore, these previous re-
searches	indicate	that	lncRNAs	serve	as	potential	regulators	in	in-
flammatory responses of chronic inflammatory diseases, including 
COPD.

F IGURE  2 LncRNA	ANRIL	could	
distinguish	AECOPD	patients	from	stable	
COPD	patients	and	HCs.	LncRNA	ANRIL	
could	distinguish	total	COPD	from	HCs	
(A);	lncRNA	ANRIL	could	not	distinguish	
stable	COPD	patients	from	HCs	(B);	
lncRNA	ANRIL	could	distinguish	AECOPD	
patients	from	HCs	(C);	lncRNA	ANRIL	
could	distinguish	AECOPD	patients	
from	stable	COPD	patients	(D).	Receiver	
operating characteristic curves were 
used	to	distinguish	AECOPD	patients	and	
stable	COPD	patients	from	HCs,	as	well	as	
distinguish	AECOPD	patients	from	stable	
COPD	patients.	LncRNA	ANRIL,	long	
noncoding	RNAs	antisense	noncoding	
RNA	in	the	INK4	locus;	HCs,	healthy	
controls;	COPD,	chronic	obstructive	
pulmonary	disease;	AECOPD:	acute	
exacerbations	of	chronic	obstructive	
pulmonary disease
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F IGURE  3 LncRNA	ANRIL	negatively	correlated	with	inflammatory	cytokines	in	AECOPD	patients.	LncRNA	ANRIL	expression	was	
negatively	associated	with	TNF-	α	(A),	IL-	1β	(B),	IL-	8	(D),	IL-	17A	(E),	and	LTB-	4	(F),	while	it	numerically	negatively	correlated	with	IL-	6	(C),	but	
without statistical significance. The correlation was determined by Spearman test. P	<	0.05	was	considered	significant.	LncRNA	ANRIL,	long	
noncoding	RNAs	antisense	noncoding	RNA	in	the	INK4	locus;	AECOPD,	acute	exacerbations	of	chronic	obstructive	pulmonary	disease;	
TNF-	α, tumor necrosis factor- α;	IL-	1β,	interleukin	(IL)-	1β;	LTB4,	leukotriene	B4

F IGURE  4 LncRNA	ANRIL	negatively	correlated	with	inflammatory	cytokines	in	stable	COPD	patients.	Negative	correlation	was	
observed	of	lncRNA	ANRIL	expression	with	TNF-	α	(A),	IL-	1β	(B),	IL-	17A	(E),	and	LTB-	4	(F),	while	it	was	numerically	negatively	correlated	
with	IL-	8	(D),	but	without	statistical	significance.	There	was	no	correlation	between	lncRNA	ANRIL	expression	and	IL-	6	(C)	in	stable	
COPD	patients.	The	correlation	was	determined	by	Spearman	test.	P	<	0.05	was	considered	significant.	LncRNA	ANRIL,	long	noncoding	
RNAs	antisense	noncoding	RNA	in	the	INK4	locus;	COPD,	chronic	obstructive	pulmonary	disease;	TNF-	α, tumor necrosis factor- α;	IL-	1β, 
interleukin	(IL)-	1β;	LTB4,	leukotriene	B4
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LncRNA	 ANRIL	 is	 one	 of	 the	 well-	known	 functional	 lncRNAs,	
which is related to the development and prognosis of chronic in-
flammatory	 diseases.	 According	 to	 previous	 experiments,	 lncRNA	
ANRIL	 could	 induce	 caspase	 recruitment	 domain	 family	 member	
(CARD)	8	 to	 repress	NF-	κB	pathway,	 thereby	 inhibiting	 inflamma-
tory responses in ischemic stroke.11,12	 In	 addition,	 lncRNA	ANRIL	
could promote thyroid cancer cells invasion and metastasis through 
downregulating	 TGF-	β1	 expression	 (one	 of	 the	 proinflammatory	
factors).13,14	These	previous	data	indicate	that	lncRNA	ANRIL	might	
inhibit the progression of inflammatory diseases. In clinical trials, 
lncRNA	ANRIL	has	been	reported	to	be	downregulated	in	some	in-
flammatory	diseases,	 including	Crohn’s	disease	(CD)	and	ulcerative	
colitis	 (UC),	while	few	studies	have	been	carried	out	about	the	ex-
pression	of	lncRNA	ANRIL	in	COPD	patients	and	its	diagnostic	value	
for	 AECOPD.22,23	 In	 the	 present	 study,	we	 observed	 that	 lncRNA	
ANRIL	was	lowly	expressed	in	AECOPD	patients,	and	it	could	distin-
guish	AECOPD	patients	 from	stable	COPD	patients	and	HCs.	This	
might	be	due	 to	 that	 lncRNA	ANRIL	 regulated	genes	or	pathways	
(including	suppressed	NF-	kB	pathway	or	downregulated	TGF-	β1)	to	
decrease inflammatory responses, which contributed to lower risk of 
acute	exacerbation	in	COPD	patients.

The	correlation	of	lncRNA	ANRIL	with	disease	severity	in	chronic	
inflammatory diseases or respiratory system diseases is rarely known, 
and	limited	study	discloses	that	 lncRNA	ANRIL	overexpression	cor-
relates with higher TNM stage and advanced lymph node metastasis 
in lung cancer.24	Although	 little	 is	known	about	the	role	of	 lncRNA	
ANRIL	 in	 COPD,	 lncRNA	 ANRIL	 is	 considered	 as	 an	 inflammatory	
suppresser, which might downregulate inflammatory cytokines to de-
crease	inflammatory	responses	in	COPD.	Therefore,	we	assessed	the	
relationship	of	lncRNA	ANRIL	with	inflammatory	cytokines	in	COPD	
patients	and	found	that	lncRNA	ANRIL	expression	was	negatively	as-
sociated	with	inflammatory	cytokines	levels	(including	TNF-	α,	 IL-	1β, 
IL-	17A,	and	LTB-	4)	 in	AECOPD	patients	and	stable	COPD	patients.	
The	possible	 reason	was	 that	 lncRNA	ANRIL	 interacted	with	 some	
genes	 or	 signaling	 pathways	 (such	 as	 NF-	kB	 signaling	 pathway	 or	
TGF-	β1)	to	downregulate	 levels	of	 inflammatory	cytokines,	 thereby	
decreasing	inflammatory	responses	in	COPD	patients.

Considering	 that	GOLD	 stage	 acts	 as	 one	 of	 the	 standard	
indexes	directly	reflecting	disease	conditions	of	COPD,	we	fur-
ther	 evaluated	 the	 association	 of	 lncRNA	 ANRIL	 with	 GOLD	
stage	in	COPD	patients	and	observed	that	lncRNA	ANRIL	neg-
atively	 correlated	 with	 GOLD	 stage	 in	 AECOPD	 patients	 but	
not	 in	 stable	 COPD	 patients.2	 The	 possible	 explanation	 was	
that	 lncRNA	ANRIL	could	decrease	 levels	of	 inflammatory	cy-
tokines through downregulating multiple pathways or genes 
including	 NF-	kB	 or	 TGF-	β1, thereby repressing inflammatory 
responses,	 improving	 disease	 severity,	 and	 reducing	 GOLD	
stage	in	COPD	patients.	In	addition,	compared	to	stable	COPD	
patients,	AECOPD	patients	present	with	more	serious	 inflam-
matory responses and advanced disease conditions; thus, the 
closer	correlation	of	lncRNA	ANRIL	with	GOLD	stage	might	be	
observed	 in	AECOPD	patients.	However,	 the	detailed	mecha-
nism	of	 lncRNA	ANRIL	on	COPD	 is	 still	unclear;	 thus,	 further	
study is greatly needed.

Even though some interesting results were found in this study, 
there	were	still	 some	 limitations.	Firstly,	 the	sample	size	was	 rela-
tively	small	 in	this	study	(a	total	of	136	AECOPD	patients	and	138	
stable	 COPD	 patients);	 this	 might	 result	 in	 poor	 statistic	 power.	
Secondly,	the	underlying	mechanism	of	lncRNA	ANRIL	in	COPD	was	
not investigated. Thirdly, all the patients were recruited from our 
hospital.	 Therefore,	 further	 study	with	more	COPD	patients	 from	
multicenter is greatly needed.

In	conclusion,	lncRNA	ANRIL	associates	with	lower	acute	exacer-
bation	risk,	decreased	inflammatory	cytokines,	and	mild	GOLD	stage	
in	COPD	patients.
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