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Objective: To evaluate the effect of a single nucleotide polymorphism (rs2910164) in the
miR-146a precursor on the expression level of miR-146a, cyclooxygenase-2 (COX2), and
production of prostaglandin E2 (PGE2) in lung tissue harvested from smokers with chronic
obstructive pulmonary disease, as well as the lung function and disease stages from the same
patient population.

Methods and results: One-hundred and sixty-eight smokers with diagnosed chronic obstruc-
tive pulmonary disease were recruited. The patients were genotyped for rs2910164 polymor-
phism using Sanger sequencing, and their lung function/disease stages were evaluated following
Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria. Meanwhile, messenger
ribonucleic acid and protein expression levels of miR-146a and COX2 as well as PGE2 produc-
tion were determined in 66 lung tissue samples collected in the patients who received surgical
treatment. We confirmed that COX2 is a validated target of miR-146a in human fibroblast cells,
and identified the differential expression patterns of miR-146a and COX2 in each rs2910164
genotype group. We observed a significant association between 1s2910164 in miR-146a and
the levels of either COX2 or PGE2 using real-time polymerase chain reaction and Western blot.
Consistently, we were able to demonstrate that the rs2910164 single nucleotide polymorphism
has a functional effect on the baseline lung function in the study population.

Conclusion: In the present study, the rs2910164 CC and GC genotype was found to be associ-
ated with an improved lung function and milder disease stages, at least partially, mediated by
its ability to increase in COX2 expression and PGE2 production.
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Introduction
Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death
worldwide.! Cigarette smoking is the top risk factor, and smoking cessation in the
early stage of the disease may reverse or slow the course and loss of lung function.?
COPD is characterized by a persistent reactive inflammatory response of the lung,
even after cessation of smoking,*¢ and this inflammation has been reported to play
an important role in the development and progression of COPD.!” The histological
damages observed in COPD result not only from environmental stimuli, but also
from the persistent uncontrolled inflammatory reaction to the stimuli, and abnormally
repaired tissue structure.’

Cyclooxygenase-2 (COX2) is an enzyme that acts to speed up the production
of prostaglandins, especially prostaglandin E2 (PGE2). Lovgren et al’ reported that
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COX2~~ mice presented exacerbated fibrosis in conjunction
with severe loss of pulmonary function in response to
environmental stimuli. Another study demonstrated that
administration of the PGE2 analog, 16,16-dimethyl PGE2,
protected against bleomycin-induced lung inflammation
and fibrosis in mice.!® The beneficial effect of PGE2 in the
lung is also supported by the results obtained from other
experimental models of pulmonary fibrosis and inflam-
mation. For example, PGE2 has been reported to suppress
fibroblast cells’ growth and collagen synthesis in airway
epithelium, and inhibit TGF~~ induced fibroblast to myo-
fibroblast transition.!'> PGE2 also inhibits LPS-induced
NF-kB activation in monocytes, thereby suppressing
TNF-a production while increasing the anti-inflammatory
cytokine, interleukin (IL)-10.13-> Consistently, multiple
studies have shown that PGE2 is involved in regulating
lymphocyte trafficking and differentiation in a variety of
models.!®!7 In this context, Sato et al demonstrated that
micro ribonucleic acid (MiRNA)-146a expression was
inhibited, resulting in an enhanced expression of COX2
and increased production of PGE2 in the fibroblast cells
harvested from smokers with COPD,'® and it has been fur-
ther confirmed by another report, showing the expression of
miR-146a was down-regulated by activated inflammatory
signaling pathway in smokers."

MiRNAs are an abundant class of ~22-nucleotide-long
non-protein coding RNAs, which regulate up to a third of
all protein-coding genes by binding to the 3’ untranslated
region (UTR) of target gene messenger RNA (mRNA), lead-
ing to translational repression and/or mRNA degradation.?
MiRNAs have been reported to be involved in the regulation
of various biological processes such as cell cycle, differen-
tiation, inflammation, and damage repair.?’ A growing body
of evidence indicated that variants in miRNA sequence
may influence disease susceptibility by changing miRNA
expression, maturation or miRNA-miRNA interaction.?!-?2
A polymorphism (rs2910164) in the miR-146a precursor has
been reported to be associated with a variety of malignan-
cies including breast or ovarian cancer, papillary thyroid
cancer, hepatocellular cancer, esophageal squamous cell
cancer, gastric cancer, and prostate cancer.”?® Jazdewski
et al® showed that the C allele of rs2910164 may cause
a reduction of mature miR-146a and less inhibition of its
target genes such as tumor necrosis receptor-associated
factor 6 (TRAF6) and IL-1 receptor-associated kinase 1
(IRAK1) by interfering with the processing and maturing
of pre-MiRNA.

Based on the above evidence, we hypothesized that
rs2910164 polymorphism may affect the production of
PGE2, lung function, and disease severity by altering the
expression levels of miR-146a as well as its target, COX2,
in COPD patients. To test it, we evaluated the differentially
inhibitory effect of miR-146a on expression of COX2 and
PGE2 respectively in lung tissues harvested from COPD
smokers. Simultaneously, we also performed genotyp-
ing analyses for miR-146a rs2910164 polymorphism and
evaluated their associations with COX2 expression, PGE2
production, and lung function.

Materials and methods

Patients

One-hundred and sixty-eight smokers with diagnosed
COPD were recruited in our hospitals from May 2013 to
December 2013. Among them, resected specimens were
available in 66 patients, who had received surgery for
lung tumor resection except for eight of the subjects with
COPD undergoing volume reduction surgery. COPD is a
lung disease characterized by chronic obstruction of lung
airflow that interferes with normal breathing and is not
fully reversible (Defined by World Health Organization).
The disease was staged with the following criteria: clas-
sification of severity of airflow limitation in COPD. Global
Initiative for Chronic Obstructive Lung Disease (GOLD)1
(mild): forced expiratory volume in 1 second (FEV))
>=80% predicted; GOLD2 (moderate): 50%= FEV <80%
predicted; GOLD3 (severe): 30%= FEV <50% predicted,;
GOLD#4 (very severe): FEV, <30% predicted. In case of
lung cancer, tissue samples were taken at a site more than
2 cm away from carcinoma. Each tissue specimen was
fixed in 4% paraformaldehyde. After dehydration, it was
embedded in paraffin and selected for 5 um thick serial
sectioning. Sections were deparaffinized, immunostained,
and observed under a light microscope. Four milliliters of
peripheral blood was obtained from all participants. Human
lung fibroblasts were cultured as described**° from normal-
appearing areas of the pulmonary parenchyma in a region
as far as possible from the tumor (at least 2 cm) that was
free of pleura or large airways. All participants were ethnic
Han Chinese people. The study was approved by investi-
gational review committees at Anhui Medical University.
Written informed consent for research was obtained from
each participant. Demographic data and information on
known and potential risk factors were collected through
interviewer administered questionnaires.
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Measurement of PGE2

PGE2 production from lung tissues was determined by
enzyme immunoassay (Jimian, Shanghai, People’s Republic
of China) following the manufacturer’s instructions.

Real-time polymerase chain reaction
(PCR)

Total RNA was isolated by Trizol one-step RNA isolation
kit. The miR-146a, COX2 and U6 cDNA were synthesized
from total RNA according to the TagMan real-time assays
protocol (Applied Biosystems, Foster City, CA, USA).
Relative quantification of the target was determined by the
delta delta cycle threshold (AACt) method. Each sample was
examined in triplicate and the raw data were presented as the
relative quantity of the target, normalized by U6.

Luciferase assay

The COX2 wild-type 3'UTR were PCR amplified and cloned
into a modified version of pcDNA3.1(+) that contained a
firefly luciferase reporter gene, at a position downstream of
the luciferase reporter. The vectors were named wild-type
3’UTRs of COX2. The following primer set was used to
subclone the 3'UTR of COX2. 5-CGGGATCCAAGTCTA
ATGATCATATTTATTTA-3" and 5'-ATAAGAATGCGG
CCGCTCTTCAGAAAAGATCTGTCAA-3.

Site-directed mutagenesis of the miRNAs’ binding sites in
the 3’"UTRs was performed using Site-Directed Mutagenesis
Kit (SBS Genetech, Beijing, People’s Republic of China) and
named as mutant 3’"UTRs. The cells grown in a 48-well plate
were co-transfected with 400 ng of either miR-146a, 40 ng
of the firefly luciferase reporter plasmid including the 3’'UTR
of COX2, and 4 ng of pRL-TK, a plasmid expressing rellina
luciferase (Promega Corporation, Fitchburg, WI, USA). After
24 h, the cells were collected, and the luciferase reporter
assay was performed in TD-20/20 luminometer (Turner
Biosystems, Sunnyvale, CA, USA).

miR-146 mimics and inhibitors

transfection

The miR-146a mimics, inhibitors and negative con-
trol were synthesized by RIBOBIO (Ribobio Co.
Ltd, Guangzhou, People’s Republic of China). The
sequences for the miR-146a mimics, inhibitor and nega-
tive control were described as follows: miR-146a mimics
(5-UGAGAACUGAAUUCCAUGGGUU-3"), miR-146a
inhibitor (5’-AACCCAUGGAAUUCAGUUCUCA-3"), neg-
ative control (5-UUGUACUACACAAAAGUACUG-3).

For transfection, cells were seeded into plates, incubated
overnight, and then transfected using Lipofectamine 2000
transfection reagent according to the manufacturer’s instruc-
tions at 60%—70% cell confluence.

Genotyping of miR-146a rs2910164 single
nucleotide polymorphism (SNP)

Four milliliters of peripheral venous blood collected from
all participants, and genomic DNA samples for genotyp-
ing were isolated using DNA extraction kit (Shunhua
Bioengineer [Shanghai] Co Ltd, People’s Republic of
China) before being stored at —20°C for future use. DNA
specimens were PCR amplified using miR-146a specific
primer: 5'-ATTTTACAGGGCTGGGACAG-3’ and
5’-TCTTCCAAGCTCTTCAGCAG-3’. The PCR prod-
ucts were purified with ExoSAP-IT purification kit (USB,
London, UK) and subsequently sent to the core facility for
sequencing.

Lung function evaluation

The spirometry test is performed to measure the volume of
air forcibly exhaled from the point of maximal inspiration
(forced vital capacity, FVC), and the volume of air exhaled
during the first second of this maneuver (FEV ) using a
device called a spirometer. Generally, the patient is asked
to take the deepest breath as they possibly can, and then
exhale into the spirometer as hard as possible, for as long as
possible, at least 6 seconds.

Gas diffusion capacity test is performed by having the
subjects blow out all of the air (as much as possible). The
subjects then inhale a test gas mixture rapidly and completely.
The test gas is held in the lungs for about 10 seconds, and
then the subjects exhale. All of the tests were performed prior
to the treatment with bronchodilators.

Cell culture and oligonucleotides

transfection

Human fibroblast cells were harvested from the resected lung
tissues (genotyped as homogenous wild-type for rs2910164),
and cultured as previously described.?*** Human pulmonary
smooth muscle cells were purchased from the Shanghai Cell
Bank of the Chinese Academy of Sciences (Shanghai, People’s
Republic of China). MiR-146a mimics and inhibitors were pur-
chased from Ribobio, and the Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) was used to transfect the oligonucleotides
into the fibroblast cells and pulmonary smooth muscle cells.
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Western blot analysis

The protein concentration of the cell lysates was quantitatively
determined before the lysates were loaded onto 10% SDS-
polyacrylamide gel, and the proteins were next transferred to
a PVDF membrane. The membrane was then incubated with
primary antibodies and horseradish peroxidase-conjugated
secondary antibody according to manufacturer’s instruc-
tion, and all the antibodies were purchased from Santa Cruz
Biotechnology Inc. (Dallas, TX, USA). The signals were
detected using ECL chemofluorescent detection kit (Pierce,
Rockford, IL, USA). The band density of the target protein
was densitometrically analyzed after normalization with the
density of B-actin.

Statistical analysis

Data are expressed as mean * standard deviation. Analyses
were performed using the software SPSS (version 19; IBM
Corporation, Armonk, NY, USA), and a P-value <0.05 was
considered significant. Analysis of variance (ANOVA) was
performed with the use of one-way ANOVA. When appli-
cable, the Mann—Whitney U-test was used for comparisons
between groups. For the primary outcomes including PGE2
production, COX2 expression, and miR-146a expression, all
subjects whose tissue samples were available were evaluated.
The chi-square test was used to compare the frequency dis-
tribution of sex, and GOLD stages. Analysis of co-variance
or logistic regression analysis was used to control for the
potential confounding factors in estimating the effect of
miR-146a polymorphisms on the lung function and disease

stages in the presence of other known prognostic factors,
including age, sex, and smoking status.

Results

A total of 168 smokers with COPD (111 males and
57 females) were recruited in this study. Information on the
known risk factors of COPD such as age, height, weight, and
smoking status, and lung function such as FVC, FEV , and
diffusion capacity for carbon monoxide (DLCO), stratified
by miR-146a 152910164 genotype, are described in Table 1.
The COPD patients were classified as stage [ to IV (mild to
very severe COPD) according to GOLD classification. The
genotype frequency of the SNP in the study population was
not compatible with Hardy-Weinberg equilibrium. As this
was a case-only cross-sectional study, no normal control was
enrolled, but the recruited COPD patients showed expected
physiologic alterations including significantly lower FEV,
and lower DLCO.

Lung tissues were harvested from 66 participants
(rs2910164 genotype, GG:28, GC:26, CC:12) out of a total of
168 patients, and the expression of miR-146a and rs2910164
genotype were determined in those samples. Using real-time
PCR, we found that the expression levels of miR-146a were
comparable between the participants carrying rs2910164 CC
and GC genotype groups, both of which had a significantly
decreased expression of miR-146a compared with GG
genotype group. The rs2910164 C allele showed a dominant
influence on the expression of miR-146a in our lung tissue
samples, as shown in Figure 1A.

Table | Demographic data and clinical characteristics of the participants stratified by rs2910164 genotype

Genotype GG (n=72) GC (n=73) CC (n=23) P-value
Age, mean + SD 61.2+43 61.4+5.4 60.8+4.6 0.872
Sex (M/F) 49/23 46/27 16/7 0.757
Height (cm), mean + SD 170.2£8.6 171.1+8.4 170.3+9.6 0.809
Weight (kg), mean = SD 68.417.4 69.316.4 69.617.1 0.671
Smoking (pack years), mean = SD 44.116.3 44.416.8 43.14£5.8 0.702
Smoking status 72 73 23 0.729

Current smoker 41 37 13

Ex-smoker 31 36 10
GOLD stage <0.01

[ 3 4 2

Il 19 37 13

1 37 25 6

v 13 7 2
FVC (% of predicted value), mean + SD 88.316.9 91.317.1 92.314.2 <0.01
FEV, (% of predicted value), mean + SD 46.7+3.3 53.7+4.6 54.3+3.2 <0.01
DLCO (% of predicted value), mean + SD 60.1+5.4 65.24+5.7 66.414.2 <0.01

Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; FVC, forced vital capacity; FEV , forced expiratory volume in | second; DLCO, diffusion

capacity for carbon monoxide; M, male; F, female.
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Figure | The effect of rs2910164 polymorphism on PGE2 concentration in lung tissues.
Notes: (A) Expression level of miR-146a (lung tissues) in each genotype group; (B) mRNA expression level of COX2 (lung tissues) in each genotype group; (C) protein
expression level of COX2 (lung tissues) in each genotype group; (D) relative density of Western blot in C by densitometry analysis. (E) PGE2 production level (lung tissues)

in each genotype group.

Abbreviations: mMRNA, messenger ribonucleic acid; PGE2, prostaglandin E2; COX2, cyclooxygenase-2.

Furthermore, based on computational screening (www.
mirdb.org) and previous reports, COX2 was identified as a
virtual target gene of miR-146a (Figure 2A), which was next
confirmed using luciferase assay. Luciferase activity in the
cells co-transfected with miR-146a mimics and vector con-
taining wild-type 3’"UTR of COX2 was substantially lower
than the control, while the luciferase activity in the cells
transfected with miR-146a mimics and vector containing

mutant 3’"UTR of COX2 showed no difference compared
with the control, as shown in Figure 2B. We examined the
expression patterns of COX2, and PGE2 in the lung tis-
sues collected from the patients, and found that, consistent
with the pattern of miR-146a, significantly higher levels of
COX2 mRNA/protein expression and PGE2 were noted in
individuals with CC or GC genotype than GG, as shown
in Figure 1B-D. Meanwhile, using immunohistochemical
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Figure 2 Luciferase assay with wild-type and mutant COX2 3’'UTR.
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Notes: (A) Schematic comparison of the “seed sequence” in 3" UTR of COX2 and has-miR-146a; (B) has-miR-146a could suppress the luciferase activity of WT| COX2

3’UTR, but not mutant COX2 3’UTR.

Abbreviations: COX2, cyclooxygenase-2; UTR, untranslated region; Luc, luciferase.

staining, we found that COX2 was universally distributed in
lung tissues and the protein expression level of COX2 was
significantly higher in CC/GC than GG genotype group, as
shown in Figure 3.

To further confirm the regulatory role of miR-146a in
the control of COX2 expression, we performed gain-of-
the-function analysis in the human lung fibroblast cells by
transfecting the cells with miR-146a mimics. As shown in
Figure 4A, the expression level of miR-146a was significantly

up-regulated in the cells transfected with the mimics.
Meanwhile, we examined the expression level of COX2 in
lung fibroblast cells and smooth muscle cells by using real-
time PCR and Western blot, and found that up-regulation of
miR-146a, caused by transfection of the mimics, substantially
suppressed both mRNA and protein expression levels of
COX2 in both lung fibroblast cells and pulmonary smooth
muscle cells (Figure 4B-D, and Figure 6A—C). In addition to
the gain-of-the-function, we conducted loss-of-the-function

Figure 3 Comparison of the expression of COX2 (lung tissues) in each genotype group by immunohistochemistry.

Notes: (A) GG; (B) GC; (C) CC.
Abbreviation: COX2, cyclooxygenase-2.
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Notes: (A) Transfection of miR-146a significantly increased the expression level of miR-146 in fibroblast cells. (B) Transfection of miR-146a mimics significantly suppressed
the mRNA expression level of COX2 in human fibroblast cells; (C) transfection of miR-146a mimics significantly suppressed the protein expression level of COX2 in human
fibroblast cells; (D) densitometrically analyzed Western blot results of knockdown of COX2 by miR-146a mimics.

Abbreviations: COX2, cyclooxygenase-2; mRNA, messenger ribonucleic acid; h, hour(s).

analysis as well. We showed that transfection of miR-146a
inhibitors markedly suppressed the expression level of the
miR (Figure 5A), and dramatically promoted the mRNA
and protein expression of COX2 in the human lung fibro-
blast cells and pulmonary smooth muscle cells, as shown in
Figure 5B-D, and Figure 6D-F.

Additionally, we measured the lung function of all
recruited 168 COPD patients including FEV , FVC, and
DLCO, and showed that, in line with the distribution of
COX2 and PGE2, no difference was identified between
CC and GC genotype groups regarding FVC, FEV , and
DLCO, whereas FVC, FEV , and DLCO in CC and GC
groups were significantly higher than in GG group (Table 1).
Furthermore, the COPD patients were classified as stage |
to IV (mild to very severe COPD) according to GOLD
classification, and we observed a significant association
between the disease stage and rs2910164 genotype, ie,
more mild cases (stage I and II) were noted in the COPD
patients with CC/GC genotype compared with GG subjects
(Table 1).

Discussion

In this study we investigated an SNP in miR-146a genes
in relation to cross-sectional lung function in patients with
COPD. We further confirmed that COX2 is a validated target
of miR-146a in human fibroblast cells, and identified the

differential expression patterns of miR-146a and COX2 in
each rs2910164 genotype group. In addition, we observed a
significant association with rs2910164 in miR-146a with the
levels of either COX2 or PGE2 by using real-time PCR and
Western blot. Consistently, we were able to demonstrate that
the rs2910164 SNP had a functional effect on the baseline
lung function in the study population.

Long-term cigarette smoking is still a major global health
issue, causing approximately 5—6 million deaths every year
worldwide.?! Cigarette smoke is composed of a complex
mixture of chemicals including carcinogens and reactive
oxygen species, that may cause inflammation by sparkling
the relevant signaling pathway, mediated by reactive increase
in numerous pulmonary and systemic inflammatory fac-
tors, such as IL-6, IL-8, TNF-co, and COX-2. COX2 is an
immediate/early protective gene in response to various
stimuli, and has been reported to be elevated in patients
with COPD,3>* the leading cause of death amongst smokers.
COX2 is responsible for the production of PGE2 in vivo,
and it has been reported that fibroblasts from patients with
COPD produced more PGE2 than fibroblasts from the normal
controls.?” Subsequently the report from the same research
group demonstrated that enhanced expression of COX2/
PGE?2 resulted from the stimulation by pro-inflammatory
mediators such as IL-1p and TNF-o, which was believed to
be mediated by corresponding alternation of miR-146a in the
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Notes: (A) Transfection of miR-146a significantly decreased the expression level of miR-146 in fibroblast cells. (B) Transfection of miR-146a inhibitors significantly promoted
the mRNA expression level of COX2 in human fibroblast cells; (C) transfection of miR-146a inhibitors significantly promoted the protein expression level of COX2 in human
fibroblast cells; (D) densitometrically analyzed Western blot results of knockdown of COX2 by miR-146a inhibitors.

Abbreviations: COX2, cyclooxygenase-2; mRNA, messenger ribonucleic acid; h, hour(s).

fibroblast cells harvested from the smokers with COPD,'?
and it has been further confirmed by another report, showing
the expression of miR-146a was subject to the regulation of
inflammatory signaling pathway.'” Several miRs, including
miR-16,*miR-101,>3* miR-146a,'®' and miR-199a* *¢ have
been indicated to be involved in the control of production
of PGE2, but the results were quite conflicting. Meanwhile,
miRs were recently reported to be involved in the patho-
genesis of COPD.*3® In the present study, we showed a
direct effect of miR-146a on COX2 expression level, by
verifying the inhibitory influence using luciferase assay and
differential expression patterns of COX2 and miR-146a in
human lung tissues.

A growing body of evidence showed that miRNAs,
serving as key regulators, participated in various important
biological processes such differentiation, proliferation, tis-
sue repair, and fibrosis.**! Variants in miRNAs have been
consistently shown to be associated with a wide spectrum of
human diseases.**** Jazdzewski et al demonstrated that the
C allele of rs2910164 SNP in the pre-miR-146a significantly
compromised the processing and maturing of the MiRNA,
leading to an approximately two-fold reduction of mature
miR-146a compared with the G allele in thyroid cell line.”
The C allele of the SNP, located in a position about 60

bases away from the first nucleotide on the passenger strand
of pre-miR-146a, was computationally predicted to cause
mispairing within the mature hairpin. Whereas, we examined
the mRNA expression level of miR-146a in the 66 patients,
whose lung tissue samples were available, and found pre-
miR-146a expression level in those who carried rs2910164
CC genotype was comparable with GC, and both CC and GC
genotype groups were approximately three times lower than
GGQG carriers (P<<0.001), such discrepancy could be attributed,
at least in part, to the distinct genetic background of the study
population as well as different tissue types.

The anti-inflammatory and anti-fibrotic effects of PGE2
in lungs have been repeatedly reported, and it is logical that
inhibited inflammation and fibrosis would contribute to the
improved FEV, and DLCO. A recent animal study showed
that mice lacking COX2 had significantly more severe lung
dysfunction in response to harmful stimuli compared with
the controls.* In line with this, some other studies presented
exacerbated lung fibrosis in COX-2"" mice in response to
various stimuli.”*® In this study, we measured the lung func-
tion of the COPD patients including FEV , FVC, and DLCO,
and showed that, in line with the distribution of COX2 and
PGE2, FVC, FEV , and DLCO were significantly higher in
CC/GC than in GG group (Table 1). The COPD patients
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Figure 6 Introduction of miR-146a mimics and inhibitors on the expression of COXs in pulmonary artery smooth muscle cells.

Notes: (A) Transfection of miR-146a mimics significantly suppressed the mRNA expression level of COX2 in human pulmonary smooth muscle cells; (B) transfection
of miR-146a mimics significantly suppressed the protein expression level of COX2 in human pulmonary smooth muscle cells; (C) densitometrically analyzed Western
blot results of knockdown of COX2 by miR-146a mimics. (D) Transfection of miR-146a inhibitors significantly promoted the mRNA expression level of COX2 in human
pulmonary smooth muscle cells; (E) transfection of miR-146a inhibitors significantly promoted the protein expression level of COX2 in human pulmonary smooth muscle
cells; (F) densitometrically analyzed Western blot results of knockdown of COX2 by miR-146a inhibitors.

Abbreviations: COX2, cyclooxygenase-2; mRNA, messenger ribonucleic acid.

were classified as stage I to [V (mild to very severe COPD)
according to GOLD classification, and we observed a sig-
nificant association between the disease stage and rs2910164
genotype, ie, more mild cases (stage I and II) were noted in
the COPD patients with CC/GC genotype compared with
GG subjects (Table 1).

Our findings verified for the first time that rs2910164
polymorphism altered the expression level of COX2 as well
as its catalytic product PGE2 via affecting the processing of
miR-146a, and the decrease in miR-146a caused an increase
in PGE2 production, which improved the lung function in
COPD patients and was associated with milder severity of the
disease. Such investigation on SNP-miR-COX2-PGE?2 axis
may improve our understanding of the molecular mechanism
underlying the pathogenesis of the disease, and shed light on

the development of a novel therapeutic tool in the treatment of
COPD. Nevertheless, even though pre-miR-146a1s2910164
polymorphism genotypes were apparently associated with the
production of PGE2 and lung function status, the complex
nature of COPD also indicates that the pathogenesis of the
disease, just like other polygenic medical disorders, might
heterogeneously involve multiple variants at different gene
loci. Moreover, the relatively small sample size and the fact
that only Han Chinese subjects were recruited in this study
limited the interpretation of the results. Meanwhile, lack of
a comprehensive fine mapping or haplotype analysis involv-
ing the chromosome segment where miR-146a is located
prevented us ruling out the possibility that rs2910164 poly-
morphism might be in linkage disequilibrium with some other
functional variants mediating its apparent inhibitory effect
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on the expression level of the MiRNA. Further larger, multi-
ethnicity, preferably prospective comprehensive studies are
warranted to validate the role of this polymorphism in the
development of COPD.

Conclusion

Taken together, we identified minor allele of rs2910164
polymorphism is associated with a decrease in miR-146a
level, an increase of COX2 and its catalytic product, PGE2,
an improved lung function and a milder severity of COPD.
1rs2910164 polymorphism could be a new marker to predict
the clinical outcome of the disease, and miR-146a could a
novel therapeutic target in the treatment of COPD.
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