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Abstract. Idiopathic pulmonary fibrosis (IPF) is a disease of
unknown etiology with considerable morbidity and mortality.
Seeking informative diagnostic markers with greater clinical
significance is essential for the early diagnosis of IPF.
microRNAs (miRNAs or miRs) have emerged as novel serum
diagnostic biomarkers for various diseases. In this study, we
performed microarray analysis of the miRNA expression
profile in the serum of patients with IPF compared to that of
control subjects. We then performed a preliminary analysis
of biological functions for the most differentially expressed
miRNAs. Some of the microarray results were validated by
quantitative reverse transcription-polymerase chain reaction
(QRT-PCR). The results from this study provide evidence to
link the biological role of miRNAs to IPF, and suggest that
miRNAs may undertake a variety of functions. Additionally,
we found that the altered expression levels of miR-21, miR-155
and miR-101-3p were associated with forced vital capacity
(FVC) and radiological features in IPF. Our data may serve as
a basis for further investigation, preferably in large prospective
studies, before miRNA can be used as a non-invasive screening
tool for IPF in routine clinical practice.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive interstitial
lung disease of unknown etiology, with an appearance of usual
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interstitial pneumonia (UIP) on lung biopsy (1). Studies have
indicated that the incidence of IPF is estimated to be 6.8 to
16.3 cases per 100,000 individuals each year in the United
States, and the mean survival rate from the time of diagnosis is
3-5 years, regardless of treatment, which is a poorer prognosis
than lung cancer (2-5). The distinct characteristics of IPF are
identified through clinical manifestations, pulmonary func-
tion tests, radiology and prognosis. Currently, the diagnosis of
IPF relies on the finding of lung mass in radiology imaging,
mainly computed tomography (CT) and pulmonary function
tests; however, the diagnosis of small lesions is relatively inac-
curate. Currently, no known agents have been shown to reduce
the mortality associated with IPF. Clinical trials are hindered
by a dearth of clinically employed biomarkers, despite the
establishment of some clinical characteristics and the fact
that some peripheral blood proteins, such as the mucin-like
glycoprotein, KL-6 (6), CC-chemokine ligand 18 (CCL-18) (7),
surfactant protein A (SP)-A and D (SP-D) (8) and matrix metal-
loproteinase (MMP)-7 (9) are currently being investigated as
potential biomarkers in patients with IPF. Therefore, seeking
informative diagnostic markers with greater clinical signifi-
cance is essential for the successful treatment and improved
survival of patients with IPF.

microRNAs (miRNAs or miRs) are a novel class of natu-
rally occurring, short, non-coding, single-stranded RNAs,
that play key roles in various cellular processes commonly
implicated in cancer, such as cell differentiation, cell growth,
angiogenesis, epithelial-mesenchymal transition (EMT) and
invasion (10-14). Following the release from apoptotic or
necrotic cells as a result of tissue damage or chronic inflam-
mation (15,16), miRNAs are highly stable and abundant
in biological fluids, such as blood, serum, plasma and cere-
brospinal fluid (CSF) (17-20). With an increasing number of
studies analyzing circulating miRNA expression profiles
in plasma or serum, miRNAs have become an attractive
source of new nucleic acid-based biomarkers. We previously
demonstrated that miRNAs can be detected in the serum of
patients with IPF (21). This finding raised the possibility that
assaying miRNAs in serum may serve as a novel approach
for the blood-based detection of IPF. In this study, we focused
on the circulating miRNA expression profiles in serum
samples of patienits with IPF, validated our microarray results
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through quantitative reverse transcription-polymerase chain
reaction (QRT-PCR), and performed a preliminary analysis of
the biological functions of the most differentially expressed
miRNAs. These results may provide a basis for further study
of the molecular markers associated with IPF for its early
diagnosis.

Materials and methods

Clinical samples and serum collection. Following approval by
the Ethics Committee of Zhengzhou University, Zhengzhou,
China and after written informed consent was obtained, serum
samples were collected from 149 subjects, including 76 patients
with IPF and 73 age- and gender-matched healthy donors who
served as the controls for this study. All samples were collected
from consenting individuals at the First Affiliated Hospital of
Zhengzhou University (FAHZZU). Patients were diagnosed
with IPF using a multidisciplinary approach involving clini-
cians, radiologists and pathologists, along with high-resolution
computed tomography (HRCT), and the relevant demographic
and clinicopathological characteristics of the subjects were
obtained. Control subjects were recruited from individuals
who sought a routine health check-up at the Healthy Physical
Examination Centre of FAHZZU.

For serum collection, venous blood (2 ml/subject) was
collected in the morning before breakfast from the patients
with IPF and the control subjects, via a direct venous puncture,
into tubes containing ethylenediaminetetraacetic acid (EDTA).
The tubes were centrifuged at 2,500 x g for 10 min at 4°C to
completely remove cellular components. Tthe serum was then
collected gently and transferred into an RNase-free tube for
the extraction of RNA and stored at -80°C.

RNA extraction. Total RNA, which included miRNAs, was
isolated from the serum using a total RNA extraction kit
(Shanghai Novland Co., Ltd., Shanghai, China) following the
manufacturer's instructions. The quality of the total RNA
was verified using a NanoDrop ND-1000 spectrophotometer
(Thermo Scientific, Waltham, MA, USA). We defined an
0D260/280 value of approximately 1.8 as a criterion of accept-
able purity for further microarray analysis.

microRNA microarray analysis. To assess the labeling and
hybridization efficiencies, the total RNA samples were spiked
with the microRNA Spike-In kit (Agilent Technologies,
Santa Clara, CA, USA). Following treatment with calf intes-
tine phosphatase (CIP), a labeling reaction was initiated with
100 ng of total RNA per sample. A T4 RNA ligase that incor-
porates cyanine 3-cytidine bisphosphate (miRNA Complete
Labeling and Hyb kit; Agilent Technologies) was used to label
the dephosphorylated RNA. The cyanine-3-labeled miRNA
samples were then prepared for one-color-based hybridization
(Complete miRNA Labeling and Hyb kit; Agilent Technologies).
Hybridization was performed at 55°C for 20 h using a human
miRNA microarray kit, Release 16.0, 8x60K format (Agilent
Technologies). The microarray slides were washed (Gene
Expression Wash Buffers; Agilent Technologies) and dried with
acetonitrile (Sigma-Aldrich, St. Louis, MO, USA). Fluorescent
signal intensities were detected using an Agilent DNA
Microarray Scanner and Scan Control A.8.4.1 software (both
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from Agilent Technologies). The data were extracted using
Feature Extraction 10.7.3.1 software (Agilent Technologies).
Predicted target genes were analyzed with Gene Ontology
(GO) enrichment analysis and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway mapping.

qRT-PCR. The microarray data was validated by qRT-PCR.
U6 snRNA served as an endogenous control for normaliza-
tion. A High-Specificity miRNA qRT-PCR Detection kit
(Stratagene Corp., La Jolla, CA, USA) was used in conjunction
with an ABI 7500 thermal cycler, according to the manu-
facturer's instructions. The correlating primers are shown in
Table I. The PCR reaction was conducted at 95°C for 180 sec,
followed by 40 cycles of 95°C for 15 sec and 65°C for 30 sec.
The results were analyzed using ABI Prism 7500 SDS soft-
ware V1.3.1 (Applied Biosystems, Bedford, MA, USA) and
expressed as relative quantification (22Y) mode with triplicate
measurements, as previously described (22), where the change
in the threshold cycle (ACt) = Ct (miRNA) - Ct (U6). Fold
change values of the selected miRNAs were transformed to
log10 values, both for the qRT-PCR and the microarray results.

Statistical analysis. SPSS version 17.0 software was used
for statistical analysis (SPSS, Inc., Chicago, IL, USA). The
difference in miRNA expression levels between 2 serum
samples was determined by the Mann-Whitney U test. The
Mann-Whitney U test and Kruskal-Wallis test were used to
compare the differences among clinicopathological param-
eters. For multiple comparisons among groups (functional and
radiographical variables), either one-way analysis of variance
(ANOVA) followed by Tukey's test, or Kruskal-Wallis tests,
where appropriate, were performed. A value of P<0.05 was
considered to indicate a statistically significant difference.
Quantitative data are presented as the means + standard devia-
tion (SD).

Results

Differential miRNA expression in serum from patients with
IPF. Comparing the miRNA expression profiles in serum from
patients with IPF and the healthy controls on the basis of the
miRNA array results, we found that 60 miRNAs were differ-
entially expressed in the serum of patients with IPF (P<0.05),
including 8 upregulated and 52 downregulated miRNAs.
Among the 60 differentially expressed miRNAs, all of the
upregulated miRNAs (Table III) and 21 of the 52 downregu-
lated miRNAs (Table II) showed at least a 2.5-fold change in
expression in the patients with IPF.

Relevant GO enrichment analysis of miRNAs in serum from
patients with IPF. To determine the effects of the differentially
expressed miRNAs on IPF and to better understand the func-
tions of two types of genes in different biological processes,
which provide more information on the miRNA expression
profiles in serum from patients with IPF at the cellular level,
we performed GO enrichment analysis with FunNet software.
GO enrichment analysis includes molecular functions, cellular
components and biological processes. The molecular func-
tions of the upregulated genes identified by GO enrichment
analysis included (among others) ligase activity, transporter



Bz SPANDIDOS
[/ »§, PUBLICATIONS

Table I. List of primers used for qRT-PCR.
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Gene name RT primers PCR primers
miR-101-3p 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5-TCCGAAAGTCAATAGTGTC-3'
TATTCGCACTGGATACGACATGTCAT-3' R:5-GTGCAGGGTCCGAGGT-3'
miR-142-5p 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5-TCCGATCATCACGAAAGAT-3'
TATTCGCACTGGATACGACGTATTTC-3' R:5-GTGCAGGGTCCGAGGT-3'
miR-557 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5-TCCGATCTGTTCCGGGTGGGC-3'
TATTCGCACTGGATACGACCAAACGT-3' R:5-GTGCAGGGTCCGAGGT-3'
miR-187-5p 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5-TCCGACGGGCCCAGGACAC-3'
TATTCGCACTGGATACGACCCGATGTT-3' R:5-GTGCAGGGTCCGAGGT-3'
miR-484 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5-TCCGATAGCCCTCCCCTGA-3'
TATTCGCACTGGATACGACAGTCCGAG-3' R:5-GTGCAGGGTCCGAGGT-3'
miR-21 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5-"TCCGAAGTTGTAGTCAGACT-3'
TATTCGCACTGGATACGACATCGAAT-3' R:5-GTGCAGGGTCCGAGGT-3'
miR-155 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5'-TCCGATGGGGATAGTGCTAAT-3'
TATTCGCACTGGATACGACAATTACG-3' R:5-GTGCAGGGTCCGAGGT-3'
miR-3675-3p 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5-"TCCGAAACCCCCTCAAGGAA-3'
TATTCGCACTGGATACGACGTAGAGA-3' R:5-GTGCAGGGTCCGAGGT-3'
miR-1229 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5-“TCCGAGACACCCTCCCGTCAC-3'
TATTCGCACTGGATACGACGAGAGTG-3' R:5-GTGCAGGGTCCGAGGT-3'
U6 snRNA 5'-GTCGTATCCAGTGCAGGGTCCGAGG F: 5-TCCGATCGTGAAGCGTTC-3'
TATTCGCACTGGATACGACAAAATA-3' R:5-GTGCAGGGTCCGAGGT-3'

gqRT-PCR, quantitative reverse transcription-polymerase chain reaction.

Table II. Downregulated miRNAs with a =2.5-fold change in
expression in serum from patients with IPF.

Table III. Upregulated miRNAs with a =2.5-fold change in
expression in serum from patients with IPF.

Systematic name FC Log FC Regulation
hsa-miR-142-5p  -142.85098 -7.158367 Down
hsa-miR-3652 -71.64325 -6.162759 Down
hsa-miR-4322 -58.7685 -5.8769712 Down
hsa-miR-557 -55.494648  -5.7942767 Down
hsa-miR-187-5p  -54.88799 -5.7784185 Down
hsa-miR-1224-5p -51.036926  -5.6734695 Down
hsa-miR-484 -49.851433  -5.639563 Down
hsa-miR-3682-3p -48.302345 -5.5940213 Down
hsa-miR-3131 -48.020832  -5.5855885 Down
hsa-miR-148b-3p -47.77412 -5.5781574 Down
hsa-miR-874 -44.02572 -5.4602747 Down
hsa-miR-150-5p  -42.34698 -5.404187 Down
hsa-miR-1305 -41.710274  -5.382331 Down
hsa-miR-663a -36.454872  -5.18804 Down
hsa-miR-101-3p  -34.896984 -5.1250305 Down
hsa-miR-516a-5p -34.492382  -5.108206 Down
hsa-miR-328 -33.15238 -5.0510406 Down
hsa-miR-877-5p  -32.35714 -5.016012 Down
hsa-miR-3137 -31.168226  -4.962004 Down
hsa-miR-483-3p  -30.725616  -4.94137 Down
hsa-miR-23b-3p  -30.128986 -4.91308 Down

FC, fold change between IPF serum and healthy serum; miRNAs,
microRNAs; IPF, idiopathic pulmonary fibrosis.

Systematic name FC Log FC Regulation
hsa-miR-3675-3p  74.52153 6.2195854 Up
hsa-miR-21 54.23154 5.7234412 Up
hsa-miR-1229 32.81375 5.0362287 Up
hsa-miR-155 32157842  1.6084715 Up
hsa-miR-18b-3p 29419162  1.5567561 Up
hsa-miR-636 2.8691778  1.5206374 Up
hsa-miR-3646 2.8469105  1.5093971 Up
hsa-miR-574-5p 27281206  1.4479074 Up

miRNAs, microRNAs; IPF, idiopathic pulmonary fibrosis; FC, fold
change between IPF serum and healthy serum.

activity, signal transducer activity and actin binding, while
the molecular functions of the downregulated genes included
(among others) protein binding, mental ion binding, nucleotide
binding, zinc ion binding, DNA binding and ATP binding
(Fig. 1). The cellular components of the upregulated genes iden-
tified by GO enrichment analysis included (among others) the
cytoplasm, cytoskeleton, synapses and cytoplasmic vesicles,
while the cellular components of the downregulated genes
included (among others) the nucleus, cytoplasm, cytosol and
intracellular compartments (Fig. 2). The biological processes
of the upregulated genes identified by GO enrichment analysis
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Figure 1. Molecular function of Gene Ontology (GO) enrichment analysis. GO enrichment was analyzed with FunNet software. GO molecular function
includes the molecular functions of upregulated and downregulated genes.
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Figure 2. Cellular component of Gene Ontology (GO) enrichment analysis. GO enrichment was analyzed with FunNet software. GO cellular component
includes cellular components of upregulated and downregulated genes.
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Figure 3. Biologyical process of Gene Ontology (GO) enrichment analysis. GO enrichment was analyzed with FunNet software. GO biologyical process

includes biological processes of upregulated and downregulated genes.

included (among others) multicellular organismal develop-
ment, ion transport and nervous system development, while
the biological processes of the downregulated genes included
(among others) the regulation of transcription, DNA-dependent
signal transduction and multicellular organismal develop-
ment (Fig. 3). All of the results showed that two types of genes
exhibited variable distribution of some functions.

KEGG enrichment analysis of miRNAs in serum from patients
with IPF. KEGG is a knowledge base for the systematic
analysis of gene functions, in terms of the networks of genes
and molecules. The major component of KEGG is the Pathway
database, which consists of graphical diagrams of biochemical
pathways including most of the known metabolic pathways
and some of the known regulatory pathways. Upregulated
transcripts included those involved in protein digestion and
absorption, salivary secretion, acute myeloid leukemia, inositol
phosphate metabolism, as well as others. Downregulated tran-
scripts included those involved in cancer pathways, such as the
regulation of the actin cytoskeleton, focal adhesion, protein
processing in endoplasmic reticulum, as well as others (Fig. 4).

Validation of selected miRNA expression profiles in serum by
gRT-PCR. On the basis of the microarray results, we selected
9 miRNAs, including 4 upregulated miRNAs (miR-3675-3p,
miR-21, miR-1229 and miR-155) and 5 downregulated
miRNAs (miR-142-5p, miR-557, miR-484, miR-187-5p and
miR-101-3p) for further validation in IPF and in healthy
serum by qRT-PCR. The expression of miR-142-5p, miR-557,
miR-187-5p and miR-101-3p was found to be significantly
reduced in the serum from patients with IPF (P<0.05). The

expression of miR-3675-3p, miR-21 and miR-155 was found
to be significantly increased in the serum of patients with
IPF (P<0.05). However, the expression of miR-1229 and
miR-187-5p did not differ significantly between the IPF and
control serum samples (P>0.05). Generally, the results of
the both methods (QRT-PCR and microarray) were quite
similar (Fig. 5).

Expression levels of miRNAs in serum from patients with
IPF are associated with clinicopathologic characteristics of
IPF. Combining the results of qRT-PCR and Agilent micro-
array, we found that the changes in the expression of miR-21
and miR-101-3p were more obvious than those of the other
miRNAs. For all the samples, clinicopathological information
(gender, age, FVC and HRCT) were available (Table IV). With
further analysis, we also found that the expression levels of
miR-21, miR-155 and miR-101-3p were associated with FVC
and radiological features (P<0.05 or P<0.01) (Table 1V);
however, no significant differences were observed between
miR-21, miR-155 and miR-101-3p expression and gender and
age (P>0.05) (Table I'V).

Discussion

The diagnostic criteria for IPF are presented in the ATS/ERS
statement (23). In the appropriate clinical setting, the presence
of a UIP pattern on HRCT is sufficient for the diagnosis of
IPF. However, some cases of UIP are difficult to differentiate
from fibrotic non-specific interstitial pneumonia, which may
exhibit honeycombing. Thus, the major and minor criteria for
the clinical diagnosis of IPF have been eliminated in this new
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Table IV. miRNA expression levels associated with clinicopathological characteristics of patients with IPF.
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miRNA-21 expression (24

miR-155 expression (24"

miR-101-3p expression (22

Clinicopathological
characteristic n Median + SD P-value Median = SD P-value Median + SD P-value
Age (years) 0.670 0.509 0.218
>52 37 4.33+3.44 3.70+4.65 0.89+1.17
<52 39 3.88+2.64 2.89+3.95 0.78+0.43
Gender 0.763 0.597 0.059
Male 46 4.28+3.22 3.61+4.21 0.76+0.94
Female 30 3.97+1.99 2.77+2.86 0.95+0.69
FVC (%) 0016 0.042 0.037
Mild (80) 18 2.20+0.98* 1.43+1.16* 1.21+1.43*
Moderate (50-80) 22 3.45+2.89 2.70£2.70 0.95+0.88
Severe (50) 36 4.60+3.36* 3.98+4.51* 0.57+0.40*
HRCT 0.002 0.005 0.021
GGO 17 1.90+0.78° 1.51+1.15° 1.17+1.04°
Reticulation 26 3.20+2.13 2.57+2.68 0.92+0.80
Honeycombing 33 47243 430 4.79+4.71° 0.59+0.34°

1P<0.05;P<0.01. FVC, forced vital capacity; HRCT, high resolution computed tomography; GGO, ground glass opacity; miRNAs, microRNAs;
IPF, idiopathic pulmonary fibrosis; SD, standard deviation.
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Figure 4. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis. KEGG enrichment was analyzed with FunNet software. KEGG Pathway
database consists of graphical diagrams of biochemical pathways including most of the metabolic pathways and some of the regulatory pathways for the
upregulated and downregulated genes.

ATS/ERS statement. The diagnosis of IPF can be achieved
with certainty only after the pulmonologist, radiologist and

pathologist have reviewed all of the clinical, radiological and
pathological data.
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Figure 5. The microarray results of 9 miRNAs were validated by performing quantitative RT-PCR. The relative expression levels of 4 upregulated miRNAs and
5 downregulated miRNAs in serum from patients with idiopathic pulmonary fibrosis (IPF) and healthy controls were determined by qRT-PCR. Compared with
healthy serum, miR-3675-3p, miR-21 and miR-155 expression levels in serum from patients with IPF were significantly higher. The relative expression levels
of miR-142-5p, miR-557, miR-187-5p and miR-101-3p in serum from patients with IPF were significantly lower ('P<0.05 and “P<0.01). miR-1229 and miR-484

were not matched (P>0.05).

Increasing evidence indicates that serum miRNAs may offer
an interesting new avenue for diagnostic development in a variety
of diseases. In the field of cancer, miR-21 was the first serum
miRNA to be identified, and was associated with large B-cell
lymphoma (24). Serum miRNAs have also been suggested to be
novel biomarkers for ovarian cancer (25), lung cancer (26,27)
and colorectal cancer (28). Furthermore, miRNAs have been
implicated as circulating biomarkers in tissue injury, including
liver, muscle and brain (29,30). The interest in serum miRNAs
lies in their central roles in the regulation of gene expression and

the implication of miRNA-specific aberrant expression in the
pathogenesis of a number of diseases.

In the present study, we obtained a total of 76 serum
samples from patients with IPF to study changes in miRNA
expression compared to serum samples obtained from healthy
subjects. The microarray data showed that 60 important
miRNAs were differentially expressed in patients with IPF.
The varying expression of miRNAs provides a useful clue
for the in-depth research of serological diagnosis in IPF. With
the results of microarray analysis, we selected 9 miRNAs
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that exhibited marked variations in expression for validation
by qRT-PCR, including 4 upregulated miRNAs and 5 down-
regulated miRNAs. We found that the qRT-PCR and Agilent
microarray miRNA profiles significantly correlated. Among
the 9 miRNAs examined, miR-3675-3p, miR-21, miR-155,
miR-142-5p, miR-557, miR-187-5p and miR-101-3p showed
significant changes in expression (P<0.05). We also found
that the expression of miR-21 was markedly altered, and that
the upregulation of miR-21 was consistent with its expression
level in IPF tissue, as previously demonstrated (31). These
observations demonstrate the importance of investigating the
roles of the remaining miRNAs in the pathogenesis of IPF and
analyzing the biologically relevant molecular mechanisms in
future studies. Furthermore, the specific functions of serum
miRNAs, such as those identified by GO enrichment and
KEGG enrichment analysis, may also provide some guidance
for further verification through functional studies, which may
have ties with the biological processes of IPF at the cellular
level. Additionally, we demonstrated that the expression levels
of miR-21, miR-155 and miR-101-3p in serum were associ-
ated with the degree of FVC and HRCT in IPF. However, no
correlation was observed between these miRNAs and other
clinicopathological characteristics, including gender and age.
These findings suggest that miR-21, miR-155 and miR-101-3p
play an important role in the progression and development of
IPF. Multi-analysis showed that serum miRNA expression
levels were the potential prognostic factors for patients with
IPF. Of course, more extensive data and studies with a larger
sample number are required to confirm the diagnostic signifi-
cance of miRNA expression levels in patients with IPF.

In conclusion, our study established differential expression
profiles of miRNAs, which seem to be involved in different
biological processes in IPF. Additionally, we found that the
altered expression levels of miR-21, miR-155 and miR-101-3p
were associated with the degree of FVC and HRCT in IPF. Our
data may serve as a basis for further investigation, preferably
in large prospective studies, before miRNAs can be used as a
non-invasive screening tool for IPF in routine clinical practice.
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