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Original Article 
Long non-coding RNA NEAT1 predicts elevated chronic 
obstructive pulmonary disease (COPD) susceptibility 
and acute exacerbation risk, and correlates with  
higher disease severity, inflammation, and  
lower miR-193a in COPD patients
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Abstract: This study aimed to explore the value of long non-coding RNA nuclear enriched abundant transcript 1 
(lnc-NEAT1) in predicting chronic obstructive pulmonary disease (COPD) susceptibility and acute exacerbation risk, 
and to investigate the correlation of lnc-NEAT1 with disease severity, inflammation level, and miR-193a in COPD pa-
tients. 90 AECOPD patients, 90 stable COPD patients and 90 healthy controls were consecutively recruited. Severity 
of airflow obstruction in COPD patients was defined by GOLD guidelines. Plasma samples were collected from all 
participants, then lnc-NEAT1 and miR-193a expressions were measured by qPCR, and TNF-α, IL-1β, IL-6, and IL-
17 were measured by ELISA. Lnc-NEAT1 expression was elevated in AECOPD patients and stable COPD patients 
compared to healthy controls, as well as in AECOPD patients compared to stable COPD patients; moreover, ROC 
curves showed that lnc-NEAT1 predicted increased COPD susceptibility and acute exacerbation risk of COPD. Also, 
lnc-NEAT1 expression positively correlated with GOLD stage and levels of TNF-α, IL-1β, IL-6 and IL-17 in both AECOPD 
and stable COPD patients. Furthermore, lnc-NEAT1 expression negatively correlated with miR-193a expression, and 
miR-193a could predict decreased COPD susceptibility and acute exacerbation risk, and negatively correlated with 
GOLD stage and levels of TNF-α, IL-1β, IL-6 and IL-17 in both AECOPD and stable COPD patients. lnc-NEAT1 predicts 
elevated COPD susceptibility and increased acute exacerbation risk, and positively correlates with disease severity 
as well as inflammation, but negatively associates with miR-193a in COPD patients. 
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Introduction

Chronic obstructive pulmonary disease (COPD), 
mainly characterized by airway limitation and 
abnormal inflammatory response in lungs, af- 
fects around 328 million individuals and causes 
3.5-4 million deaths worldwide annually, and 
has been estimated to rank as the third leading 
cause of global death by 2020 [1-4]. Acute 
exacerbation of COPD (AECOPD) is an aggrava-
tion in the COPD symptoms (typically dyspnea, 
cough, increased sputum volume and sputum 
purulence), which is principally caused by respi-
ratory infection and is also triggered by other 
factors such as smoking, air pollution, inhaled 

allergens, surgery, sedative drugs, pneumotho-
rax, pleural effusion, congestive heart failure, 
arrhythmia, and pulmonary embolism [5-7]. The 
current disease managements for AECOPD (su- 
ch as bronchodilators, steroids, antibiotics, oxy-
gen and noninvasive ventilation) focus on ame-
liorating the AECOPD symptoms; whereas, ef- 
fective treatments for ameliorating the deterio-
ration in lung function are limited [2, 8, 9]. The 
AECOPD patients still face poor prognosis, and 
one-year mortality in those requiring noninva-
sive ventilation and those requiring intensive 
care unit care are 28% and 43% respectively [6, 
10]. In recent years, great interest has arisen in 
biomarkers that predict disease risk and moni-
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tors disease progression at early stages. Thus, 
with the aim of preventing AECOPD and improve 
prognosis of COPD patients, investigation of 
valuable biomarkers is of great importance. 

Long non-coding RNA (lncRNA), the non-pro-
tein-coding RNA longer than 200 nucleotides, 
regulates protein-coding genes by epigenetic, 
transcriptional or post-transcriptional patterns 
[11-14]. LncRNA nuclear enriched abundant 
transcript 1 (lnc-NEAT1), located on chromo-
some 11q13.1, is widely expressed in mamma-
lian cells and acts as an architectural compo-
nent of paraspeckle structure [15-17]. Accor- 
ding to several previous studies, lnc-NEAT1 is 
involved in some inflammation-related diseas-
es (such as COPD, lupus, diabetic nephropathy, 
tuberculosis as well as the response to viral 
infections) [16, 18-21]. In COPD, lnc-NEAT1 is 
overexpressed in fibroblasts deriving from 
COPD patients, indicating that lnc-NEAT1 might 
be related to the pathology of COPD [20]. 
MicroRNAs (miRNAs) are small non-coding 
RNAs with 18-24 nucleotides, which regulate 
gene expression via binding to the 3’-untrans-
lated region of mRNAs [22, 23]. As one of the 
common miRNAs, miR-193a has been reported 
to be downregulated in staphylococcal entero-
toxin B-induced acute inflammatory lung injury 
according to an in vitro experiment [24]. Fur- 
thermore, miR-193a has been confirmed to be 
a target miRNA of lnc-NEAT1 in several cancers, 
including lung cancer [19, 25-28]. 

Based on the premises that lnc-NEAT1 might 
participate in pathology of COPD and miR-193a 
has been identified as target miRNA of lnc-
NEAT1 in various diseases, we hypothesized 
that lnc-NEAT1 might impact COPD progression 
and inflammation response through targeting 
miR-193a. However, related evidence is limited. 
Hence, we conducted this study to explore the 
value of lnc-NEAT1 in predicting COPD suscepti-
bility and acute exacerbation risk, and investi-
gated the correlation of lnc-NEAT1 with disease 
severity, inflammation level, and miR-193a in 
COPD patients.

Methods 

Patients and healthy controls

Between January 2017 and June 2018, 90 
AECOPD patients, 90 stable COPD patients, 
and 90 healthy controls from Tongji Hospital 

were consecutively recruited to the current 
study. For the enrolled AECOPD patients, the 
inclusion criteria were: (1) diagnosed as COPD 
confirmed by spirometric evidence of airflow 
obstruction (a postbronchodilator forced expi-
ratory volume in 1 s (FEV1)/forced vital capacity 
(FVC) < 0.70) according to the criteria of Global 
Initiative for Chronic Obstructive Pulmonary dis-
ease (GOLD) [29]; (2) accompanied by acute 
exacerbations of symptoms in accordance with 
the definitions of the GOLD; (3) age ≥ 40 years. 
For stable COPD patients, the inclusion criteria 
were as follows: (1) diagnosed as COPD accord-
ing to the criteria of the GOLD; (2) clinically sta-
ble for at least 3 months without acute exacer-
bations; (3) age above 40 years old. Both 
AECOPD patients and stable COPD patients 
were excluded if they had following conditions: 
(1) asthma, pneumonia, interstitial pulmonary 
disease, pneumothorax, pleural effusion or pul-
monary thromboembolism; (2) congestive heart 
failure or arrhythmia; (3) concurrent diseases 
such as sepsis, malignant hematological dis-
eases, autoimmune diseases or tumors; (4) 
pregnant or lactating woman. As for the healthy 
controls, the inclusion criteria were: (1) age- 
and gender- matched to the enrolled COPD 
patients; (2) had no history of COPD, asthma or 
other respiratory diseases (such as interstitial 
pulmonary disease, bronchiectasis, pneumo-
nia, pulmonary thromboembolism and so on). 
The exclusion criteria were: (1) complicated by 
active inflammatory diseases, acute infections, 
hematological diseases, autoimmune diseases 
or malignancies; (2) taking medication that can 
potentially interfere with level of RNA and in- 
flammatory cytokines.

Ethics 

The present study was approved by the In- 
stitutional Review Board of Tongji Hospital, and 
written informed consents were provided by all 
participants or their guardians before enro- 
llment. 

Collection of data and blood samples

After signed the informed consents, character-
istics of all participants were collected, which 
included age, gender, body mass index (BMI), 
family history of COPD, history of smoking and 
lung function test (FEV1, FEV1 (% predicted) and 
FEV1/FVC ratio). For the AECOPD patients  
and stable COPD patients, severity of airflow 
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obstruction was defined by GOLD guidelines  
as follows: GOLD 1: FEV1 (% predicted) ≥ 80%, 
GOLD 2: 50%-79%, GOLD 3: 30%-49%, GOLD 4: 
< 30%. On the first day of enrollment, peripher-
al blood samples were collected from all partici-
pants using EDTA tubes and immediately cen-
trifuged for 15 min at 1800 g at 4°C to sepa-
rate plasma fractions, then which were aliquot-
ed into new tubes and stored at -80°C for later 
determination.

Detection of lncRNA NEAT1 and miR-193a

Detection of lnc-NEAT1 and miR-193a was per-
formed by quantitative polymerase chain reac-
tion (qPCR) assay. Total RNA was extracted 
from plasma with QIAamp RNA Blood Mini  
Kit (Qiagen, Duesseldorf, Nordrhein-Westfalen, 
German). Subsequently, transcription to cDNA 
was conducted using PrimeScript™ RT reagent 
Kit (Perfect Real Time) (Takara, Kusatsu, Shiga, 
Japan), and then qPCR was performed using TB 
Green™ Fast qPCR Mix (Takara, Kusatsu, Shiga, 
Japan), followed by the qPCR amplification. 
Results of lnc-NEAT1 expression and miR-193a 
were calculated by the 2-ΔΔCT formula. GAPDH 
and U6 were used as the internal references for 
lnc-NEAT1 and miR-193a respectively. Primers 
used for PCR were as follows: lncRNA NEAT1, 
forward (5’->3’): TGTCCCTCGGCTATGTCAGA, re- 
verse (5’->3’): GAGGGGACGTGTTTCCTGAG; miR- 
193a, forward (5’->3’): ACACTCCAGCTGGGT- 
GGGTCTTTGCGGGCGAG, reverse (5’->3’): TGT- 
CGTGGAGTCGGCAATTC; GAPDH, forward (5’-
>3’): GGAGCGAGATCCCTCCAAAAT, reverse (5’-
>3’): GGCTGTTGTCATACTTCTCATGG; U6, for-
ward (5’->3’): CTCGCTTCGGCAGCACATATACTA, 
reverse (5’->3’): ACGAATTTGCGTGTCATCCTTGC.

Determination of inflammatory cytokines

The plasma concentrations of tumor necrosis 
factor-α (TNF-α), interleukin-1β (IL-1β), interleu-
kin-6 (IL-6), and interleukin-17 (IL-17) were me- 
asured by use of commercially available en- 
zyme-linked immunosorbent assay kits (ELISA) 
kits (R&D Systems Inc., Minneapolis, MN, USA). 
All the plasma sample processing, measure-
ment, and content calculation were conducted 
according to kit instructions. A standard curve 
was made by using standards provided in the 
kits, and the inflammatory cytokine concentra-
tions were determined from the standard 
curves by use of linear regression analysis. 

Statistical analysis 

Continuous variables were determined for nor-
mality by using the Shapiro-Wilk test. For the 
normal distributed continuous variables, ithey 
were presented as mean value ± standard devi-
ation, and the comparison among three gro- 
ups was determined by one-way ANOVA; as for 
skewed or unknown-distributed continuous va- 
riable, they were was expressed as median 
(25th-75th quantiles), and the comparison am- 
ong groups was determined by Wilcoxon rank 
sum test or Kruskal-Wallis test. Categorical 
variables were described as count (percent-
age), and comparison among groups was deter-
mined by Chi-square test. Spearman’s rank cor-
relation test was used to perform correlati- 
on analysis. Receiver operating characteristic 
(ROC) curve and areas under the curve (AUC) 
were used to investigate the value of lncRNA 
NEAT1 and miR-193a in COPD diagnosis. All 
tests were two sided. P value < 0.05 was con-
sidered significant. All statistical analyses were 
performed by SPSS 20.0 software (SPSS Inc., 
Chicago, IL, USA), and all figures were made by 
using GraphPad Prism 6.01 (GraphPad Sof- 
tware Inc., San Diego, CA, USA).

Results

Baseline characteristics 

Totally 90 AECOPD patients, 90 stable COPD 
patients, and 90 healthy controls were enrolled 
in this study, with the mean age of 68.0 ± 6.5 
years, 67.4 ± 7.4 years and 68.1 ± 7.1 years 
respectively (Table 1). There were 69 males 
and 21 females among AECOPD patients, 64 
males and 26 females among COPD patients, 
and 62 males and 28 females who were healthy 
controls. BMI in the three groups were 22.8 ± 
3.1 kg/m2, 22.0 ± 2.8 kg/m2 and 22.8 ± 2.6 
kg/m2 respectively. No difference of age (P = 
0.784), gender (P = 0.487), or BMI (P = 0.125) 
was observed among AECOPD patients, COPD 
patients, and healthy controls. Whereas, signifi-
cant difference of history of smoking (P = 
0.007), FEV1/FVC (%) (P < 0.001), FEV1 (predict-
ed, %) (P < 0.001), TNF-α (pg/mL) (P < 0.001), 
IL-1β (pg/mL) (P < 0.001), IL-6 (pg/mL) (P < 
0.001) and IL-17 (pg/mL) (P < 0.001) was 
observed among AECOPD patients, COPD 
patients and healthy controls, and number of 
family history of COPD was numerically higher 
in AECOPD patients and stable COPD patients 
compared to healthy controls (P = 0.057).  
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Correlation of lnc-NEAT1 expression with 
AECOPD risk and stable COPD risk

Lnc-NEAT1 expression was elevated in the 
AECOPD group (P < 0.001) and stable COPD 
group (P = 0.001) compared to healthy controls 
group (Figure 1A). lnc-NEAT1 could distinguish 
AECOPD from stable COPD (AUC = 0.779, 95% 
CI: 0.711-0.848), and the sensitivity and spe- 
cificity were 87.8% and 62.2% respectively at 
the best cut-off point (lnc-NEAT1 expression: 
1.749) (Figure 1B). Also, it was increased in 
AECOPD group compared to stable COPD group 
(P < 0.001). ROC curve shows that lnc-NEAT1 
was able to distinguish AECOPD from healthy 
controls with AUC of 0.869 (95% CI: 0.817-
0.921) (Figure 1C). Sensitivity and specificity 
were 93.3% and 68.9% respectively at the best 
cut-off point where the AUC reached a maxi-
mum value of 1.521. Furthermore, it could dis-
tinguish stable COPD from healthy controls 
(AUC = 0.642, 95% CI: 0.561-0.722), with the 
sensitivity of 77.8% and specificity of 48.9% at 
the best cut-off point (lnc-NEAT1 expression: 
0.946) (Figure 1D). These data indicated that 
lnc-NEAT1 was able to predict COPD suscepti-
bility and acute exacerbation risk of COPD. 

Correlation of lnc-NEAT1 expression with dis-
ease severity in AECOPD patients and stable 
COPD patients 

According to the disease severity, both AECOPD 
patients and stable COPD patients were classi-

fied into GOLD 1 group, GOLD 2 group, and 
GOLD 3 group. In AECOPD patients, lnc-NEAT1 
expression in the GOLD 2 group (3.312 (2.567-
3.916)) was increased compared to GOLD 1 
group (1.774 (1.494-3.184)) (P < 0.001), and it 
was also elevated in the GOLD 3 group (4.333 
(2.844-5.745)) compared to GOLD 2 group (P = 
0.022) and GOLD 1 group (P < 0.001) (Figure 
2A). In stable COPD patients, lnc-NEAT1 expres-
sion was higher in the GOLD 2 group (1.673 
(1.417-2.842)) than that in the GOLD 1 group 
(0.962 (0.559-1.305)) (P < 0.001), and it was 
elevated in the GOLD 3 group (3.413 (1.728-
4.761)) compared to GOLD 2 group (P = 0.007) 
and GOLD 1 group (P < 0.001) (Figure 2B). 
These results indicated that lnc-NEAT1 expres-
sion was positively correlated with disease 
severity in both AECOPD and stable COPD 
patients. 

Correlation of lnc-NEAT1 expression with in-
flammatory cytokines in AECOPD patients, 
stable COPD patients, and healthy controls  

In AECOPD patients, lnc-NEAT1 expression was 
positively correlated with TNF-α (r = 0.474, P < 
0.001) (Figure 3A), IL-1β (r = 0.418, P < 0.001) 
(Figure 3B), IL-6 (r = 0.366, P < 0.001) (Figure 
3C) and IL-17 (r = 0.510, P < 0.001) (Figure 3D). 
In stable COPD patients, lnc-NEAT1 expression 
was positively correlated with TNF-α (r = 0.242, 
P = 0.021) (Figure 3E), IL-6 (r = 0.238, P = 
0.024) (Figure 3G), and IL-17 (r = 0.263, P = 

Table 1. Characteristics of AECOPD patients, stable COPD patients and healthy controls

Characteristic AECOPD  
patients (N = 90)

Stable COPD  
patients (N = 90)

Healthy  
controls (N = 90) P value

Age (years) 68.0 ± 6.5 67.4 ± 7.4 68.1 ± 7.1 0.784
Gender (male/female) 69/21 64/26 62/28 0.487
BMI (kg/m2) 22.8 ± 3.1 22.0 ± 2.8 22.8 ± 2.6 0.125
Family history of COPD 26 (28.9) 28 (31.1) 15 (16.7) 0.057
History of smoking 46 (51.1) 44 (49.8) 27 (30.0) 0.007
FEV1/FVC (%) 59.80 (54.53-65.05) 61.50 (57.20-64.80) 82.30 (79.60-84.03) < 0.001
FEV1 (predicted, %) 56.35 (45.33-81.68) 68.40 (56.00-82.63) 99.15 (96.25-100.90) < 0.001
TNF-α (pg/mL) 57.99 (34.31-85.86) 19.60 (9.80-32.95) 14.00 (7.67-21.45) < 0.001
IL-1β (pg/mL) 3.87 (2.05-6.00) 1.32 (0.64-2.14) 0.93 (0.53-1.33) < 0.001
IL-6 (pg/mL) 37.27 (15.46-54.76) 9.00 (4.98-18.96) 7.42 (3.85-11.67) < 0.001
IL-17 (pg/mL) 51.13 (22.12-107.86) 16.63 (6.36-33.78) 9.77 (5.86-16.99) < 0.001
Data are presented as mean value ± standard deviation, count (percentage) or median (25th-75th quantiles). Comparison 
between three groups was determined by one-way ANOVA, Chi-Square test, or Kruskal-Wallis test. P value < 0.05 was consid-
ered significant. AECOPD: acute exacerbation of chronic obstructive pulmonary disease; COPD: chronic obstructive pulmonary 
disease; FEV1/FVC: a forced expiratory volume in the first second; FVC: forced vital capacity; TNF-α: tumor necrosis factor-α; IL: 
interleukin.
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0.012) (Figure 3H). lnc-NEAT1 high expression 
was numerically correlated with increased IL-1β 

75.6%; specificity: 80.0%) (Figure 5B). Also, 
miR-193a could distinguish AECOPD from 

Figure 1. lnc-NEAT1 expression in AECOPD, stable COPD, and healthy con-
trols as well as ROC curves. Lnc-NEAT1 expression was higher in AECOPD 
patients thanin stable COPD patients or healthy controls, and it was also 
increased in stable COPD and healthy controls (A). According to ROC curve, 
lnc-NEAT1 distinguished AECOPD patients from stable COPD patients (B). 
ROC curves also showed that lnc-NEAT1 could distinguish AECOPD from 
healthy controls (C) and distinguish stable COPD from healthy controls 
(D). ROC curve and areas under the curve (AUC) were used to investigate 
the value of lncRNA NEAT1 in COPD diagnosis. P < 0.05 was considered 
significant. Lnc-NEAT1, long non-coding RNA nuclear enriched abundant 
transcript 1; AECOPD, acute exacerbation of chronic obstructive pulmonary 
disease; COPD, chronic obstructive pulmonary disease; ROC curve, receiver 
operating characteristic curve. Comparison between two groups was deter-
mined by Wilcoxon rank sum test. 

Figure 2. Lnc-NEAT1 expression is positively correlated with disease sever-
ity. Lnc-NEAT1 was positively correlated with GOLD stage in AECOPD pa-
tients (A). Lnc-NEAT1 was positively correlated with GOLD stage in stable 
COPD patients (B). Comparison between two groups was determined by 
Wilcoxon rank sum test. P < 0.05 was considered significant. Lnc-NEAT1, 
long non-coding RNA nuclear enriched abundant transcript 1; GOLD, Global 
Initiative for Chronic Obstructive Pulmonary disease; AECOPD, acute exac-
erbation of chronic obstructive pulmonary disease; COPD, chronic obstruc-
tive pulmonary disease. 

level (r = 0.202, P = 0.056) 
(Figure 3F). In healthy controls, 
lnc-NEAT1 expression was pos-
itively correlated with TNF-α  
(r = 0.248, P = 0.019) (Figure 
3I), IL-6 (r = 0.276, P = 0.008) 
(Figure 3K) and IL-17 (r = 
0.210, P = 0.047) (Figure 3L). 
These results suggested that 
lnc-NEAT1 positively correla- 
ted with inflammation in both 
AECOPD and stable COPD pa- 
tients; moreover, positive cor-
relation of lnc-NEAT1 with infla- 
mmation level was also obser- 
ved in heathy controls, while 
the correlation was not that 
close. 

Correlation of lnc-NEAT1 ex-
pression with miR-193a in 
AECOPD patients, stable COPD 
patients, and healthy controls  

There was a negative corre- 
lation between lnc-NEAT1 ex- 
pression and miR-193a expres-
sion in AECOPD patients (r = 
-0.472, P < 0.001) (Figure 4A), 
stable COPD patients (r = 
-0.213, P = 0.044) (Figure 4B), 
and healthy controls (r = 
-0.313, P = 0.003) (Figure 4C).   

Correlation of miR-193a ex-
pression with AECOPD risk 
and stable COPD risk  

miR-193a expression was de- 
creased in the AECOPD group 
(P < 0.001) and stable COPD (P 
< 0.001) group compared to 
healthy controls group. It was 
also lower in the AECOPD group 
compared to the stable COPD 
group (P < 0.001) (Figure 5A). 
ROC curve disclosed that miR-
193a had the ability to dist- 
inguish AECOPD from stable 
COPD (AUC: 0.821, 95% CI: 
0.757-0.885), and miR-193a 
expression at the best cut-off 
point was 0.566 (sensitivity: 
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Figure 3. Lnc-NEAT1 expression is positively correlated with inflammatory cytokines in AECOPD patients, stable COPD patients and healthy controls. Increased lnc-
NEAT1 expression was associated with higher TNF-α, IL-1β, IL-6 and IL-17 levels in AECOPD patients (A-D). Higher lnc-NEAT1 expression correlated with raised TNF-α, 
IL-6 and IL-17 levels in stable COPD patients (E-H). Lnc-NEAT1 expression was positively correlated with TNF-α, IL-6 and IL-17 levels in healthy controls (I-L). Correla-
tion of lnc-NEAT1 expression with inflammatory cytokines levels was determined by Spearman correlation analysis. P < 0.05 was considered significant. Lnc-NEAT1, 
long non-coding RNA nuclear enriched abundant transcript 1; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; COPD, chronic obstructive 
pulmonary disease; TNF-α, tumor necrosis factor-α; IL-1β, interleukin-1β; IL-6, interleukin-6; IL-17, interleukin-17.  
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healthy controls (AUC: 0.893, 95% CI: 0.847-
0.938), with miR-193a expression of 0.505 as 
the best cut-off point (sensitivity: 70.0% and 
specificity: 93.3%) (Figure 5C). Moreover, miR-
193a could distinguish stable COPD from 

GOLD1 group (P = 0.164) or GOLD2 group (P = 
0.507) (Figure 6B). These data indicated that 
miR-193a had a negative correlation with dis-
ease severity in AECOPD patients and stable 
COPD patients. 

Figure 4. Lnc-NEAT1 expression negatively correlates with miR-193a expression in AECOPD patients, stable COPD 
patients and healthy controls. Negative correlation of lnc-NEAT1 expression with miR-193a expression was ob-
served in AECOPD patients (A), stable COPD patients (B) and healthy controls (C). Comparison of lnc-NEAT1 ex-
pression with miR-193a expression was determined by Spearman correlation analysis. P < 0.05 was considered 
significant. Lnc-NEAT1, long non-coding RNA nuclear enriched abundant transcript 1; AECOPD. acute exacerbation 
of chronic obstructive pulmonary disease; COPD, chronic obstructive pulmonary disease.

Figure 5. miR-193a expression in AECOPD patients, stable COPD patients, 
and healthy controls, as well as ROC curves. miR-193a expression was 
lower in AECOPD patients compared to stable COPD patients and healthy 
controls, and it was also decreased in stable COPD patients compared to 
healthy controls (A). According to ROC curves, miR-193a could distinguish 
AECOPD from stable COPD (B) or healthy controls (C). Also, miR-193a could 
distinguish stable COPD from healthy controls (D). Comparison between two 
groups was determined by Wilcoxon rank sum test. ROC curve and areas un-
der the curve (AUC) were used to investigate the value of miR-193a in COPD 
diagnosis. P < 0.05 was considered significant. AECOPD, acute exacerba-
tion of chronic obstructive pulmonary disease; COPD, chronic obstructive 
pulmonary disease.

healthy controls (AUC: 0.690, 
95% CI: 0.612-0.769), and  
the miR-193a expression was 
1.088 at the best cut-off point 
(sensitivity: 85.6%; specificity: 
58.9%) (Figure 5D). These re- 
sults suggested that miR-193a 
had a good predictive value  
for COPD susceptibility as well  
as acute exacerbation risk of 
COPD.

Correlation of miR-193a ex-
pression with disease severity 
in AECOPD patients and stable 
COPD patients  

In AECOPD patients, miR-193a 
expression was lower in the 
GOLD2 group compared to 
GOLD1 group (P < 0.001), and 
it was also decreased in the 
GOLD 3 group compared to 
GOLD 1 group (P < 0.001) and 
GOLD 2 group (P = 0.001) 
(Figure 6A). Furthermore, in 
stable COPD patients, miR-
193a expression was reduced 
in the GOLD2 group compared 
to GOLD1 group (P = 0.018), 
while no difference of miR-
193a expression was found 
between the GOLD3 group and 
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Correlation of miR-193a relative expres-
sion with inflammatory cytokines in AECOPD 
patients, stable COPD patients, and healthy 
controls  

The correlation of miR-193a expression with 
inflammatory cytokine levels is assessed and 
displayed in Table 2. In AECOPD patients, miR-

0.012) in healthy controls. These results sug-
gested that miR-193a negatively correlated 
with inflammation level in AECOPD, stable 
COPD patients, and healthy controls. Consi- 
dering the strong correlation of lnc-NEAT1 with 
miR-193a in our data, the identification of miR-
193a as a target for lnc-NEAT1 as reported, as 
well as the closely negative association of miR-
193a with disease severity and inflammation 
level in COPD patients, we speculated that lnc-
NEAT1 might predict susceptibility and acute 
exacerbation risk of COPD, as well as correlate 
with disease severity and inflammation level in 
COPD patients by regulating miR-193a. 

Discussion 

Our results indicated that: (1) lnc-NEAT1 could 
predict the COPD susceptibility and acute exac-
erbation risk of COPD; (2) lnc-NEAT1 expression 
positively correlated with disease severity and 
inflammation levels in AECOPD patients and 
stable COPD patients; (3) lnc-NEAT1 was nega-
tively correlated with miR-193a, and miR-193a 
could predict COPD susceptibility and its acute 
exacerbation risk, and negatively correlated 
with disease severity as well as inflammation 
levels in COPD patients. Thus we speculated 
that lnc-NEAT1 might predict susceptibility and 
acute exacerbation risk of COPD, and correlate 
with disease severity as well as inflammation 
level in COPD patients through targeting 
miR-193a. 

LncRNAs are involved in a variety of biologic 
processes such as X-chromosome inactivation, 
neurodegenerative disorder, stem cell specifi-

Figure 6. miR-193a expression negatively correlated with disease sever-
ity. miR-193a expression was negatively associated with GOLD stage in AE-
COPD patients (A) and stable COPD patients (B). Comparison between two 
groups was determined by Wilcoxon rank sum test. P < 0.05 was consid-
ered significant. GOLD, Global Initiative for Chronic Obstructive Pulmonary 
disease; AECOPD, acute exacerbation of chronic obstructive pulmonary dis-
ease; COPD, chronic obstructive pulmonary disease.

193a expression was negati- 
vely correlated with cytokines 
including TNF-α (P < 0.001), 
IL-1β (P = 0.001), IL-6 (P = 
0.035) and IL-17 (P = 0.002). 
As to the correlation of miR-
193a expression with inflam-
matory cytokines levels in sta-
ble COPD patients, miR-193a 
expression was negatively cor-
related with TNF-α (P = 0.007), 
IL-1β (P = 0.034), IL-6 (P = 
0.025) and IL-17 (P < 0.001). In 
addition, there was a negati- 
ve correlation of miR-193a ex- 
pression with TNF-α (P = 
0.022), IL-1β (P = 0.038), IL-6 
(P = 0.002) and IL-17 (P = 

Table 2. Correlations of miR-193a relative expres-
sion with inflammatory cytokines

Item

miR-193a relative 
expression

P value Correlation 
coefficient (r)

AECOPD patients (N = 90)
    TNF-α < 0.001 -0.381
    IL-1β 0.001 -0.344
    IL-6 0.035 -0.223
    IL-17 0.002 -0.324
Stable COPD patients (N = 90)
    TNF-α 0.007 -0.282
    IL-1β 0.034 -0.223
    IL-6 0.025 -0.237
    IL-17 < 0.001 -0.383
Healthy controls (N = 90)
    TNF-α 0.022 -0.241
    IL-1β 0.038 -0.219
    IL-6 0.002 -0.317
    IL-17 0.012 -0.264
Correlations were determined by Spearman’s rank correla-
tion test. P value < 0.05 was considered significant. AECOPD: 
acute exacerbation of chronic obstructive pulmonary disease; 
COPD: chronic obstructive pulmonary disease; TNF-α: tumor 
necrosis factor-α; IL: interleukin.
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cation as well as carcinogenesis, and their dys-
regulated expressions are associated with ele-
vated risk or progression in a wide variety of 
diseases [30, 31]. Regarding lncRNAs in COPD, 
a microarray analysis displays that 120 lnc- 
RNAs are overexpressed and 43 lncRNAs are 
under-expressed in lung resection tissues from 
smokers with COPD compared to smokers with-
out COPD, and highlights the importance of 
investigating diagnostic or therapeutic value of 
specific lncRNA as well as the underlying mech-
anisms in COPD [32]. lnc-NEAT1, which is main-
ly reported to be essential for paraspeckle 
structural formation by interacting with pro-
teins of the drosophila behavior human splicing 
family, is also reported to participate in inflam-
matory responses in some experiments [17, 
20, 33]. For instance, a study displays that lnc-
NEAT1 contributes to oxidized low-density lipo-
protein induced inflammation in macrophages 
through sponging miR-128, and further facili-
tates the release of IL-6, IL-1β and TNF-α [33]. 
Also, another study discloses that lnc-NEAT1 
downregulation remarkably reduces the levels 
of TNF-α, IL-6, IL-8 as well as IL-1β in a lipopoly-
saccharide (LPS)-stimulated rat mesangial cell 
line and suppresses LPS-induced kidney injury 
by targeting miR-204 and inactivating the 
nuclear factor-κB (NF-κB) pathway [17]. These 
data reveal that lnc-NEAT1 might be involved in 
the pathology of some inflammation-related 
diseases.  

Apart from the in vivo or in vitro experiments 
that investigate the mechanism of lnc-NEAT1, 
some clinical practices have also been per-
formed and disclose the dysregulation of lnc-
NEAT1 in inflammation-related diseases [15, 
16]. A study displays that lnc-NEAT1 is dramati-
cally overexpressed in sepsis patients com-
pared to healthy controls, and the ROC curves 
show that lnc-NEAT1 possesses a good predic-
tive value for sepsis risk [15]. Another study 
shows that lnc-NEAT1 is overexpressed in 
Systemic Lupus Erythematosus (SLE) patients 
compared to normal controls [16]. As to COPD, 
only one study showed that lnc-NEAT1 is over-
expressed in fibroblasts derived from smoke- 
rs with COPD compared to smokers without 
COPD; whereas, further investigation about 
predictive value of lnc-NEAT1 for COPD risk is 
rarely seen [20]. In order to explore the value of 
lnc-NEAT1 in predicting COPD susceptibility 
and acute exacerbation risk, we investigated 
lnc-NEAT1 expression in AECOPD patients, sta-

ble COPD patients and healthy controls. We 
found that lnc-NEAT1 was elevated in AECOPD 
patients and stable COPD patients compared 
to healthy controls, as well as in AECOPD pa- 
tients compared to stable COPD patients, 
moreover, ROC curves show that lnc-NEAT1 
was able to predict COPD susceptibility and its 
acute exacerbation risk. These results might be 
due to: (1) lnc-NEAT1 high expression induced 
macrophage inflammation as well as oxidative 
stress, which led to the pathologic changes in 
AECOPD or stable COPD, therefore, lnc-NEAT1 
high expression predicted increased disease 
susceptibility for COPD (including AECOPD and 
stable COPD) [33]; (2) lnc-NEAT1 high expres-
sion might activate the inflammatory cascades 
and reactive oxygen species that result in 
raised oxidative stress in lung and severer dam-
age in cellular components, thus increased lnc-
NEAT1 expression was correlated with severe 
symptoms in COPD and it could predict acute 
exacerbation risk. 

Lnc-NEAT1 has been demonstrated to correlate 
with disease severity in some inflammation-
related diseases [15, 16]. For instance, a study 
shows that lnc-NEAT1 expression is positively 
correlated with Acute Physiology and Chronic 
Health Evaluation II score in sepsis patients 
[15]. Another study displays that lnc-NEAT1 
expression is elevated in active SLE patients 
than that in inactive SLE patients, and lnc-
NEAT1 is also positively correlated with Syste- 
mic Lupus Erythematosus Disease Activity 
Index (SLEDAI) score in SLE patients [16]. As for 
inflammation, several studies also display that 
lnc-NEAT1 expression is positively correlated 
with inflammatory cytokines levels (including 
TNF-α, IL-1β, IL-6 and IL-8) in inflammatory dis-
eases (such as sepsis and SLE) [15, 16]. 
Nevertheless, limited information about the 
role of lnc-NEAT1 in COPD patients has been 
found. In the present study, we observed that 
lnc-NEAT1 expression was positively correlated 
with disease severity in both AECOPD and sta-
ble COPD patients, and lnc-NEAT1 high expres-
sion correlated with raised inflammation levels 
in AECOPD patients, stable COPD patients, and 
healthy controls. The possible reasons might 
be: (1) lnc-NEAT1 might increase the release of 
inflammatory cytokines and further caused 
excess production of mucus as well as aggra-
vated the obstruction in lung, thereby decreas-
ing the values of FEV1/FVC (%) and FEV1  
(predicted, %), which correlated with increased 
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GOLD stage [2, 17]; (2) lnc-NEAT1 might pro-
mote oxidative stress in COPD, which amplifies 
the inflammatory response and impairs the 
function of protease inhibitor (like secretory 
leukocyte protease inhibitor (SLPI)), thus the 
breakdown of elastin was enhanced in lung 
parenchyma and the airflow limitation was pro-
moted, which resulted in a worse GOLD stage 
[2, 33]; (3) lnc-NEAT1 high expression might en- 
hance the level of reactive oxygen species 
(ROS), which initiates inflammatory cascades 
through multiple mechanisms (such as protein 
kinase pathways, transcription factors and ge- 
nomic expression of pro-inflammatory regula-
tors), thereby leading to an “over-activated” 
immune system and facilitating the release of 
inflammatory cytokines including IL-6, IL-1β and 
TNF-α. Thus, a positive correlation of lnc-NEAT1 
expression with inflammation level was ob- 
served in AECOPD patients and stable COPD 
patients [34].   

According to previous studies, miRNAs can par-
ticipate in pathology of several diseases includ-
ing malignancies, cardiovascular diseases, en- 
docrine diseases and neurological diseases 
[19]. Recently, miRNAs have been found to be 
dysregulated in some inflammation-related dis-
eases, including COPD [19]. As one of the com-
mon miRNAs, miR-193a has been reported to 
be under-expressed in lung infiltrating mono-
nuclear cells after exposing to staphylococcal 
enterotoxin B, and it suppresses intestinal in- 
flammation in murine colitis models [35, 36]. 
These data indicate that miR-193a shows anti-
inflammatory effect in these inflammatory dis-
eases, while the role of miR-193a in COPD is 
largely unknown. Considering the likely partici-
pation of miR-193a in some inflammation-relat-
ed diseases and the fact that miR-193a has 
been confirmed as a target miRNA of lnc-NEAT1 
in several diseases (such as lung cancer, colo- 
rectal cancer and multiple myeloma), we 
inferred that miR-193a might also be a target 
miRNA of lnc-NEAT1 in COPD [19, 25-28] We 
investigated the correlation of lnc-NEAT1 ex- 
pression and miR-193a expression, and ex- 
plored the correlation of miR-193a with disease 
severity of COPD as well as inflammation in 
COPD patients and healthy controls. We found 
that lnc-NEAT1 expression was negatively cor-
related with miR-193a expression, and miR-
193a was able to predict the COPD susceptibil-
ity and acute exacerbation risk. Moreover, miR-
193a low expression was correlated with in- 

creased disease severity in COPD patients and 
enhanced inflammation levels in COPD patients 
as well as healthy controls. These results indi-
cated that lnc-NEAT1 might exert good predic-
tive value for disease susceptibility and acute 
exacerbation risk of COPD, and positively cor-
relate with disease severity as well as inflam-
mation level in COPD patients by regulating 
miR-193a.   

Some limitations existed in our study: (1) sam-
ple size of AECOPD patients (N = 90) and COPD 
patients (N = 90) was relatively small, thus the 
statistical power of our study might be relatively 
poor; (2) this was a single-center study, in which 
the representativeness was limited; (3) exact 
regulatory function of lnc-NEAT1 in COPD as 
well as the detailed mechanisms underlying the 
regulation crosstalk between lnc-NEAT1 and 
miR-193a were largely unknown. Further study 
is needed to investigate the pathology of lnc-
NEAT1 and miR-193a in COPD. 

In conclusion, lnc-NEAT1 predicts elevated CO- 
PD susceptibility and increased acute exacer-
bation risk, and positively correlates with dis-
ease severity as well as inflammation while 
negatively associating with miR-193a in COPD 
patients.
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