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ABSTRACT

Chronic obstructive pulmonary disease (COPD) as a complex disease with genetic and environmental compound
is one of the leading causes of death in worldwide. This disease is characterized by lower airway inflammation,
and increases risk of lung cancer in smokers. Micro-RNA (miRNA) molecules are key regulators in gene expres-
sion that have been widely associated with a several diseases. Differential expression of miRNAs is involved in
lung tissue of COPD, but there is no information about biomarker potential of circulating miRNAs in patients. To
analyze the miRNA expression profile in COPD, levels of serum miRNAs were profiled by quantitative reverse
transcriptase–polymerase chain reaction (qRT-PCR) array system. The authors examined 72 miRNAs by qRT-
PCR array, in 20 COPD patients and 12 control subjects. U6snRNA was used for normalization of the expression
of miRNAs for each sample. According to the results, 5 miRNAs were found to be significantly dysregulated.
There was down-regulation of miR-20a, miR-28–3p, miR-34c-5p, and miR-100, and up-regulation of miR-7,
compared with the controls. This was the first study in COPD for screening of serum miRNAs for searching for
biomarker. These results are preliminary screening data and should be confirmed with large patient groups. If so,
these miRNAs are likely being involved in pathogenesis of COPD and may give clues for designing therapeutic
strategy.

KEYWORDS gene expression, molecular marker, quantitative RT-PCR

Chronic obstructive pulmonary disease (COPD) is
the fourth leading cause of death in the world [1].
Prevalence, morbidity, and mortality of the disease
vary and are directly related to the prevalence of
tobacco smoking [2, 3]. It is a complex disease with
genetic, epigenetic, and environmental influences
characterized by progressive airflow limitation,
chronic inflammation in the lungs, and associated
systemic inflammation. Prevalence is projected to
increase due to smoke exposure and the changing
age structure of the world population [4]. COPD
shows progression with a chronic inflammation of
the lower airway, which importantly increases the
risk of lung cancer among long-term smokers [5,
6]. Early diagnosis and identification of novel ther-
apeutic targets for this deadly disease have recently
gained an interest. Finding of new biomarkers and
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diagnostic methods for early detection of COPD
are essential to reduce the disease morbidity and
mortality.

Micro-RNAs (miRNAs) are a class of small
noncoding RNAs that work in regulation of gene
expression by binding 3’ untranslated region of
target mRNAs. The miRNAs control cellular activ-
ities during cell growth, differentiation, apoptosis,
adhesion, and cell death [7]. It is estimated that
miRNAs can regulate nearly 30% of human genes
that are involved in nearly all cellular functions and
pathogenesis of human diseases [8]. Differential
expression of miRNAs has been associated with
several diseases [9]. Some muscle diseases, cancer
types, cardiovascular diseases, and immunity- or
inflammation-related diseases were reported to be
associated with abnormal expression of miRNAs
[10–14], and COPD is also categorized in this group.

In previous studies, miRNA expression profiles
obtained from serum were evaluated as potential
diagnostic and prognostic biomarkers in several types
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of human cancers as well as lung cancer [15–17]. The
miRNAs are remarkably stable in blood and expres-
sion patterns seem to be tissue specific. These charac-
teristics make circulating miRNAs a good candidate
for noninvasive testing marker. Recently, circulating
miRNAs have been reported as diagnostic markers
for not only cancerous but also noncancerous dis-
eases, including coronary, hepatic, and renal patholo-
gies [15–20].

In this study, we hypothesized that the serum
miRNA profile would be associated with COPD.
To test this hypothesis, we used quantitative re-
verse transcriptase–polymerase chain reaction (RT-
PCR) array for scanning differential expression of
miRNA in the serum of COPD patients. Finding a
serum miRNA expression profile in COPD can po-
tentially assist diagnosis and treatment. By statisti-
cal analysis, we found a profile of 9 serum miRNAs,
which can potentially serve as a biomarker for COPD
detection.

MATERIALS AND METHODS

Study Subjects

In the matched case-control study, we recruited
20 COPD patients aged between 46 and 67 years,
average 59 years, with a smoking history of at least 20
pack-years, and 12 healthy control smokers (mean
age 55 years) with at least 20 pack-years smoking
history and normal lung function. Serum samples
of both COPD and control subjects were collected
prospectively over the same time period from
Yedikule Chest Disease and Surgery Training and
Research Hospital 3rd clinic between January 2010
and January 2011. COPD was defined by GOLD
(The Global Initiative for Chronic Obstructive Lung
Disease) criteria at least stage 2 (forced expiratory
volume in 1 second [FEV1]/forced vital capacity
[FVC] = 0.7 with FEV1 = 80% predicted) [21].
COPD patients and control subjects had no other
concomitant diseases, including significant cardiac
dysfunction, active infection (hepatitis, tuberculosis,
etc.), and neurological or psychiatric disorders at the
time when blood was drawn. Subjects have a history
of malignancy were excluded.

Ethics Statement

Written informed consent was obtained from all sub-
jects, and this study was approved by the Fatih Uni-
versity Ethics Committee.

RNA Isolation

Venous blood samples (5 mL) were collected from
each donor and placed in a serum separator tube.
Separation of the serum was accomplished by cen-
trifugation at 800 × g for 10 minutes at room tem-
perature, followed by a 15-minute centrifugation at
10,000 × g at room temperature. The supernatant
serum was recovered and stored at −80◦C until RNA
extraction. The frozen serum were thawed and trans-
ferred into Eppendorf tubes. For enrichment and in-
creasing of concentration of target serum miRNAs,
ExoQuick Exosome precipitation solution (SBI Sys-
tem Biosciences, USA) was used. Total RNA was
extracted from serum precipitate using the TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instruction. Typically, after ex-
tracting RNA from 250 µL serum precipitate using
TRIzol reagent, the RNA concentrations in the yield
were between 100 and 200 ng/µL. All serum RNA
preparations were quantified using a NanoDrop 1000
spectrophotometer (Thermo Scientific) and then pre-
treated with RNase-free DNase I (Roche) to elimi-
nate DNA contamination.

qRT-PCR Array Assay

For the expression profiles of serum miRNA, we used
real-time quantitative RT-PCR (qRT-PCR) method
with miRNA array kit (QuantiMir RT Kit Small
RNA Quantitation System; SBI System Biosciences).
Seventy-two miRNAs were selected for testing of dif-
ferential expression analyses (see Table 3). The pro-
tocol is based on polyadenine tailing and reverse tran-
scription of mature miRNAs to provide in cDNA
form. A universal 3’-tag sequence is incorporated
during reverse transcription to enable miRNA expres-
sion analysis by quantitative PCR. The reverse primer
was universal and provided by the kit. The forward
sense primer is designed by using the sequence of
the mature miRNA converted into DNA sequence,
which was included in the kit.

Real-time PCR amplifications are performed fol-
lowing manufacturer’s protocol with 2 µg of RNA
using FastStart DNA Master SYBR Green I (Roche
Diagnostics, Germany). Real-time PCR was per-
formed in a Stratagene Mx-3000P (Stratagene, La
Jolla, CA, USA) thermocycler. Thermal cycling con-
ditions were 10 minutes at 95◦C followed by 45 cy-
cles at 95◦C for 20 seconds, 60◦C for 15 seconds, and
72◦C for 20 seconds. Each sample was studied in du-
plicate.

Expression levels of each individual miRNA were
evaluated using comparative threshold cycle (Ct)
method. These results were normalized to those of

C© 2012 Informa Healthcare USA, Inc.
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TABLE 1 Clinical Features of COPD Patients

Patient no. Age Height (cm) Weight (kg) FVC FEV1 FEV1/FVC pH Pco2 PO2 HCO3 SATO2 (%)

1 63 168 70 1.7(47%) 1.3(43%) 73 7.37 41.5 67 24.2 92.5
2 65 169 71 3.2(85%) 2.2(74%) 68 7.42 40.5 74 26.6 95.0
3 62 170 74 2.54(68%) 1.24(42%) 49 7.38 41.9 61 25.2 90.6
4 67 170 65 1.7(45%) 0.9(31%) 54 7.38 40.3 92 24.3 91.1
5 65 160 73 2.1(66%) 1.2(48%) 57 7.4 37 65 23.2 92.6
6 67 173 70 2.3(60) 1.5(50%) 63 7.38 43.2 64 25.6 91.5
7 67 170 72 1.8(46%) 1.0(33%) 55 7.43 37.4 77 25.3 95.8
8 61 170 65 2.4(61%) 1.4(46%) 60 7.39 36.7 71 22.4 94.0
9 56 178 55 1.8(41%) 0.8(24%) 46 7.39 44.4 59 27.1 89.8

10 51 170 76 2.1(51%) 1.3(40%) 63 7.35 48.4 68 24.3 87.1
11 56 182 79 3.9(80%) 2.5(66%) 66 7.37 45.5 58 26.4 88.7
12 61 167 95 1.8(49%) 0.8(27%) 44 7.38 47.1 78 28.1 95.0
13 65 186 65 1.8(37%) 0.6(17%) 36 7.39 44.8 70 27.6 93.6
14 53 163 88 0.8(23%) 0.4(13%) 47 7.39 50.3 59 30.7 89.5
15 60 170 93 3.1(80%) 1.8(60%) 60 7.43 35.1 84 23.5 96.7
16 58 165 74 1.3(39%) 0.8(30%) 62 7.39 40.9 71 24.9 93.9
17 60 165 62 2.2(62%) 1.8(62%) 79 7.39 38.8 74 23.7 94.6
18 58 165 55 1.6(45%) 0.8(28%) 49 7.35 47.3 74 26.1 93.7
19 54 160 55 2.7(76%) 1.7(60%) 65 7.39 41.7 78 25.2 95.3
20 61 166 55 2.66(73%) 1.19(41%) 56 7.35 48.8 77 27.1 94.4

Note. FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; PO2 = oxygen pressure; PCO2 = carbon dioxide pressure;
HCO3 = bicarbonate value; SATO2 = saturated oxygen.

U6snRNA as a housekeeping gene for each sam-
ple (�Ct). The relative amount of each miRNA to
U6snRNA was described by the equation �Ct = (Ct

miRNA − Ct U6snRNA) [22]. Fold changes between
control and patient were calculated as ��Ct, as a de-
crease in 1 Ct value was equivalent to a 2-fold increase
in the starting amount of cDNA. The N-fold differen-
tial expression of the miRNA gene of a COPD sample
compared with the control sample was expressed as
2−��CT [23]. In this study, increased mRNA expres-
sion was defined as N-fold ≥2.0. The cutoff value was
set at the 40th cycle and a gene was considered not
detectable when Ct > 40. Ct was defined as 40 for the
�Ct calculation when the signal was under detectable
limits. Mean values of fold difference for COPD pa-
tients were compared with mean values obtained from
control samples.

Statistical Analysis

The statistical calculation was based on normalized
�Ct values. For average fold change of miRNAs in
COPD patient serum compared with control serum,
data were reported as mean ± standard deviation.
Student t test was used to compare the serum level of
each miRNA between COPD and healthy subjects.
P values < .01 were considered statistically signifi-
cant. For the confirmation of normal distribution in
differentially regulated genes, 1-sample Kolmogorov-
Smirnov (KS) test was used.

RESULTS

To determine the miRNA species differently ex-
pressed in the COPD, we used the quantitative RT-
PCR array (QuantiMir RT Kit; Systems Bioscience)
with selected 72 human miRNAs. The median age
was 59 ± 6.6 and 55 ± 5.2 years for controls and
COPD, respectively. There was no significant differ-
ence in the distribution of age between the COPD
patients and the normal subjects (Table 1). All of
the subjects were men, and had a history of tobacco
smoking for controls and COPD patients. We ob-
served the lowest values of FEV1, FVC, and FEV1/
FVC in patients with COPD and these values
were statistically significant compared with controls
(Table 2).

Total RNA was extracted from the serum sam-
ples from patients and controls for qRT-PCR analysis.

TABLE 2 Characteristics and Respiratory Parameters of
COPD patients and Controls

CharacteristicCOPD patients (n = 20)Controls (n = 10)P value∗

FEV1 48.7 ± 2.0 98.1 ± 1.8 <.001
FVC 70.8 ± 2.4 96.7 ± 1.7 <.001
FEV1/FVC 55.9 ± 1.2 93.4 ± 2.8 <.001
DLCO 70.0 ± 29.8 89.8 ± 18.1 <.001

Note. Data are reported as percentage. FEV1 = forced expiratory
volume in 1 second; FVC = forced vital capacity; DLCO = lung
diffusion capacity testing.
∗P values obtained by Student t test.
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We first evaluated the reliability and reproducibility
of our qRT-PCR assay with U6snRNA primers for
measuring serum miRNAs. Our results suggest that
miRNA can be efficiently extracted and amplified
from serum.

By comparing miRNAs from COPD and healthy
controls, a miRNA signature was obtained to
discriminate COPD subjects. The miRNAs were
down-regulated in COPD compared with the healthy
control samples. All samples were normalized to
those of U6snRNA as a housekeeping gene ac-
cording to Ct values. Relative quantification of the
data showed that 1 of the 72 miRNAs were signifi-
cantly up-regulated and 4 of them were significantly
down-regulated in the diseased group than in the

TABLE 3 Differentially Expressed miRNAs in COPD Serum
Samples Compared With Those in Controls

miRNA ��Ct P value miRNA ��Ct P value

hsa-let-7a −2.17 .521 hsa-miR-29c 3.11 .311
hsa-let-7b 1.10 .706 hsa-miR-30a −2.39 .073
hsa-let-7c 0.32 .920 hsa-miR-30b 1.9 .571
hsa-let-7d 0.27 .804 hsa-miR-30c −2.31 .463
hsa-let-7e 1.24 .708 hsa-miR-30d 0.57 .850
hsa-let-7f 4.06 .108 hsa-miR-30e −0.11 .347
hsa-let-7g −1.27 .701 hsa-miR-31 2.91 .168
hsa-let-7i 3.75 .214 hsa-miR-32 1.91 .578
hsa-miR-1 1.49 .626 hsa-miR-33a 0.42 .840
hsa-miR- 7∗ −7.59 .010 hsa-miR-33b 4.31 0.134
hsa-miR-9 3.14 .227 hsa-miR-34a 2.1 .507
hsa-miR-10a 3.93 .141 hsa-miR-34b 2.89 .230
hsa-miR-10b 0.27 .363 hsa-miR-34c-3p 4.45 .123
hsa-miR-15a 2.17 .479 hsa-miR-34c-5p∗ 8.81 .002
hsa-miR-15b −1.84 .134 hsa-miR-92a 1.31 .648
hsa-miR-16 3.47 .220 hsa-miR-92b 3.21 .087
hsa-miR-17 3.73 .203 hsa-miR-93 2.62 .025
hsa-miR-18a 0.38 .859 hsa-miR-95 −1.91 .566
hsa-miR-18b 5.59 .101 hsa-miR-96 4.33 .127
hsa-miR-19a 0.63 .732 hsa-miR-98 1.89 .346
hsa-miR-19b 1.07 .759 hsa-miR-99a 0.83 .343
hsa-miR-20a∗ 8.18 .006 hsa-miR-99b 0.22 .550
hsa-miR-20b 4.53 .092 hsa-miR-100 ∗ 7.74 .005
hsa-miR-21 2.38 .223 hsa-miR-101 3.35 .102
hsa-miR-22 0.82 .787 hsa-miR-103 −3.44 .108
hsa-miR-23a 1.97 .486 hsa-miR-103-as 3.33 .267
hsa-miR-23b −0.74 .826 hsa-miR-105 −1.9 .462
hsa-miR-24 −2.65 .169 hsa-miR-106a 0.25 .930
hsa-miR-25 0.41 .913 hsa-miR-106b 0.04 .992
hsa-miR-26a 2.23 .479 hsa-miR-107 3.86 .214
hsa-miR-26b 5 .087 hsa-miR-122 −5.62 .137
hsa-miR-27a 1.91 .363 hsa-miR-124 5.17 .094
hsa-miR-27b 2.52 .274 hsa-miR-125a-3p 1.46 .493
hsa-miR-28–3p∗ 7.11 .003 hsa-miR-125a-5p 4.57 .142
hsa-miR-28–5p −3.11 .102 hsa-miR-125b 3.31 .233
hsa-miR-29a −0.35 .843 hsa-miR-125b 1.63 .220
hsa-miR-29b −0.1 .969

Note. ��Ct indicates �Ct miRNA − �Ct U6snRNA.
∗P < .01.

controls (P < .001) (Table 3). Volcano plot shows the
distribution of all the miRNAs according to their fold
changes and P values (Figure 1). The fold changes of
miRNAs in COPD were compared with controls by
quantitative RT-PCR array based on �Ct values. Ct

values of quantifiable results were tested for normal
distribution. For the differentially regulated genes,
1-sample Kolmogorov-Smirnov (KS) test was used.
The test results confirmed that all of the 5 miRNAs
were found in normal distribution (measured Ct

values were P < .05) (Figure 2).
Unpaired sample t test was used to compare

the differential expressions for the P values. Down-
regulated miRNA ��Ct values and according fold
changes (2−��CT) were as follows (��Ct, P, fold
changes): miR-20a (7.95, P = .006, 247), miR-28–3p
(>8.22, P = .003, 298), miR-34c-5p (8.2, P = .002,
294), and miR-100 (>7.75, P = .005, 215). The val-
ues for down-regulated miR-7 were >8.26, P = .01,
306 (Figure 3). ��Ct indicated with “>” means at
least, because no amplification was detected before
the 40th cycle. As a result of the study, serum miR-
NAs that are expressed in COPD diseases were ana-
lyzed using miRNA-based real-time PCR expression
profiling. There were 5 miRNAs significantly (P value
< .001) differentially expressed, and all miRNAs had
fold change more than 7.

DISCUSSION

COPD is predominantly induced by cigarette smok-
ing and chronic exposure to irritants. Symptoms of
COPD include a progressive obstruction of the air-
flow, shortness of breath, chronic inflammation of the
lungs, and chronic cough and phlegm production [3].
Chronic inflammation in the airway and systemic in-
flammatory drive have been attributed to the patho-
genesis of COPD [24].

Micro-RNAs play critical roles in developmental,
cell death, proliferation, stress response, and stem cell
division [25]. Abnormal regulation of miRNA can
be caused by genomic amplification, genomic
deletion, epigenetic alteration, and abnormal ex-
pression or down-regulation of the proteins that
regulate miRNA expression [26–28]. Smoking has
been linked to pulmonary inflammation, increased
risk of cancer, and exacerbations in asthma and
COPD [29]. Many miRNAs are involved in acti-
vation of the inflammation pathway response after
smoking. The expression of miRNA in mouse and
rat lungs exposed to cigarette smoke extract has
been analyzed [30]. Down-regulation of miRNAs
was observed in both animals. This observation is
consistent with the miRNA expression analyses in

C© 2012 Informa Healthcare USA, Inc.
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FIGURE 1 The volcano plot displaying circulating miRNAs up- and down-regulation in COPD
compared with controls. The change factor values log2 fold change are plotted on the x-axis
against the P value in logarithmic scale on the y-axis. The up-regulated miRNA is indicated as
� and down-regulated miRNAs are indicated as �.

FIGURE 2 Dysregulated serum miRNAs in COPD patients versus healthy controls. According
to qRT-PCR results, 4 miRNAs were down-regulated and 1 miRNA was up-regulated. Ct value at
40 adjusted was cutoff point and over this value was evaluated as unexpressed. Expression levels
of selected miRNAs were normalized to U6snRNA and are presented as fold changes (2−��CT).
Fold change indicated with “>” means at least.

Experimental Lung Research
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FIGURE 3 Box plot diagrams showing the normalized expression levels of hsa-miR-7, hsa-miR-20a, hsa-miR-28–3p, hsa-miR-34c-5p,
and hsa-miR-100 in 20 COPD patients and 12 controls. Expression levels of selected miRNAs were normalized to U6snRNA. The line
within the boxes indicates the median expression level. The top edge of the boxes represents the 75th percentile, and the bottom edge,
the 25th percentile. Student t test was used to determine statistical significance.

human bronchial epithelium of smokers [31]. In sil-
ico analysis of miRNAs implies that these molecules
are involved in a variety of functions, including
development of airway epithelial cells, inflammation,
formation of pulmonary surfactant, and stress re-
sponses [32]. Recently, specific miRNA expression
profiles have been reported as a prognostic factor
or a predictive for disease progression in several

cancerous or noncancerous diseases [9, 16–18, 33,
34]. The first serum miRNA biomarker discovered
was miR-21 [35]. Patients with B-cell lymphoma had
up-regulated serum levels of miR-21. Later it was
found that serum miR-141 could identify prostate
cancer patients, and revealed for the first time that
serum miRNAs may be used as a biomarker in
diagnosis. It is also demonstrated that specific serum

C© 2012 Informa Healthcare USA, Inc.
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miRNAs can be identified in serum from patients
with lung cancer, and diabetes patients [9].

In some cancer types, increased miRNA levels de-
creased after removal of the primary tumor tissue, and
increased again after the tumor recurred [36]. Ac-
cording to these data, circulating miRNAs are useful
for the diagnosis of the disease, and can be used for
monitoring and follow-up of cancer patients. There
is some evidence that in COPD, lung and blood cells
express different amount of miRNAs compared with
healthy controls. Differentially expression of miRNAs
in blood cells can be used to discriminate lung can-
cer patients and COPD patients [37]. COPD and
aging are associated with significant dysregulation of
the immune system, which leads to a chronic inflam-
matory response. Aging-dependent dysregulation of
miRNA shows a parallel expression profile. This type
of conditions makes it difficult to describe disease-
specific biomarker in serum-based on miRNA expres-
sion [38].

COPD-dependent skeletal muscle dysfunction
may also contribute to change of serum miRNA pro-
file. Muscle-specific miRNAs are secreted into serum
and are evaluated as COPD-related finding [39]. At
the lung tissue level, it has been found that several
miRNA genes are dysregulated and some of them also
are secreted into bloodstream [40–43].

Therefore, we hypothesized that in COPD serum
miRNA level can also be changed and those miR-
NAs can be used as a biomarker. In a cohort of well-
characterized COPD subjects, we report 5 miRNAs
differentially expressed in the serum. We found that
down-regulation of 4 miRNAs and up-regulation of
1 miRNA were significantly associated with COPD.
This is the first study using qRT-PCR array method
to investigate the association between serum miR-
NAs and COPD. miR-20a, miR-28–3p, miR-34c-5p,
and miR-100 were down-regulated and miR-7 was
up-regulated in patients. In previous studies, these
miRNAs are closely involved in several cancer dis-
eases, also including lung tissue [44–48]. Evaluation
of these up- and down-regulated miRNAs accord-
ing to their target mRNAs and biological significance
gives some clues for their importance in COPD. Up-
regulation of miR-7 was significantly associated with
COPD, which may be a potential biomarker for diag-
nosis of the disease. miR-7, which controls regulation
of the epidermal growth factor receptor, is frequently
overexpressed in cancer. Aberrant increased expres-
sion and function of miR-7 has been associated with
tumorigenesis and causes breast cancer, lung cancer,
and bladder cancer [44, 49, 50], whereas miR-7 is
down-regulated in glioblastoma [51].

These results are rather preliminary data that need
to be confirmed individually for each gene with quan-

titative RT-PCR and with Northern hybridization to
demonstrate expression of candidate biomarkers in
larger patient groups in different populations. These
findings also suggest that these miRNAs may have
a role in COPD pathogenesis. Our results present
potential novel biomarkers for early detection and
monitoring of COPD and serve as basis for further
studies. However, our patient and control groups are
not sufficiently large to claim for characterization of
new biomarker. Further studies are needed to eluci-
date whether a direct relationship exists between our
candidate miRNAs and the prognosis of COPD in a
larger group of patients.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsi-
ble for the content and writing of the paper.
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