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Idiopathic pulmonary fibrosis is a devastating disease, with no good diagnostic biomarker and limited
treatment options. Previous studies suggest that collagen V overexpression and collagen Vemediated
immune response play roles in the pathogenesis of idiopathic pulmonary fibrosis. This study aimed to
identify dysregulated miRNA-related collagen V overexpression during idiopathic pulmonary fibrosis. We
found that the expression levels of miR-185 and miR-186 were decreased in the lungs of idiopathic
pulmonary fibrosis patients. The levels of miR-185 and miR-186 were not correlated with disease
severity of idiopathic pulmonary fibrosis. The direct regulation of COL5A1 by miR-185 and miR-186 was
confirmed by a luciferase reporter assay. Furthermore, mimics of miR-185 and miR-186 blocked
transforming growth factor-beinduced collagen V overexpression and alleviated transforming growth
factor-beinduced epithelial-mesenchymal transition in A549 cells and HCC827 cells. Our findings
suggest that attenuated expression of miR-185 and miR-186 may be responsible for collagen V over-
expression during idiopathic pulmonary fibrosis, and these miRNAs may serve as pathogenesis-related
biomarkers and treatment targets. (Am J Pathol 2016, 186: 2310e2316; http://dx.doi.org/10.1016/
j.ajpath.2016.04.015)
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Idiopathic pulmonary fibrosis (IPF), which exhibits the
pathological pattern of usual interstitial pneumonia (UIP), is
the most common and severe form of chronic fibrotic lung
disease. The median survival rate of IPF is approximately 3
years.1,2 Although there have been new drugs approved by
the Food and Drug Administration for controlling symptoms
of this disease, lung transplantation remains the only viable
intervention for end-stage IPF.3 The 5-year survival rate
after lung transplantation is only approximately 46%.4 The
cause of IPF is unknown.

Type V collagen [Col(V)] is a minor collagen that in-
tercalates within type I collagen, a major collagen in the
lung. Col(V) is considered a sequestered antigen in normal
lungs and is located in perivascular and peribronchiolar
connective tissues. Previous studies show that Col(V) is
overexpressed in the lungs during IPF and that the Col(V)-
related immune response plays a critical role in the patho-
genesis of pulmonary fibrosis.5,6 Overexpression of Col(V)
stigative Pathology. Published by Elsevier Inc
is relatively characteristic of IPF and has been described in
only one other disease, obliterative bronchiolitis, which is a
fibrotic airway lesion due to chronic rejection of lung
transplantation.7e10 The mechanism that leads to Col(V)
overexpression is unknown.
miRNAs are regulatory RNAs that suppress gene expres-

sion at a posttranscriptional level by binding to the 30-un-
translated region (30-UTR) of a gene. Mature miRNAs are 18
to 24 nucleotide long single-stranded RNAs, which are
relatively stable in human tissue and serum, serving as
excellent candidates for biomarker development. Advance-
ments in local delivery of miRNAs increase the bioavail-
ability in target tissue and make miRNAs suitable therapeutic
. All rights reserved.
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miR-185 and miR-186 in IPF
targets in a number of neoplastic or nonneoplastic condi-
tions.11 Expression of a few miRNAs, such as miR-326 and
miR-154, have been reported to be altered in the lungs of IPF
patients and to play roles in the pathogenesis of fibrosis.12e15

Research characterizing distinct IPF-associated miRNAs is
still in its infancy. Because overexpression of Col(V) is a
relatively specific phenomenon in IPF, we hypothesize that
miRNAs regulating Col(V) expression show a dysregulated
pattern that is specific for IPF, and this altered miRNA
expression pattern may serve as a useful pathogenesis-related
biomarker and treatment target of IPF.
Materials and Methods

Patient Selection

Fifteen IPF patients with a clinical diagnosis of IPF and a
pathological diagnosis of UIP on open lung biopsy or lung
explant at Indiana University from 2008 to 2013 were
retrospectively collected as our study subjects. The patients’
demographic information and clinical data were obtained
from the electronic medical record. The clinical and histo-
logical characteristics of selected patients are summarized in
Table 1. Formalin-fixed, paraffin-embedded (FFPE) lung
tissue was used for nucleic acid extraction and subsequent
analyses. To ensure that tissue blocks selected show a similar
level of involvement and stage of fibrosis, all slides were
reviewed by a subspecialty-trained pulmonary pathologist
(C.Z.) and the tissue selected showed typical pathological
features of UIP, which include random patchy distribution of
old fibrosis in the form of scar with honeycomb change (no
more than 60% of total area), new fibrosis in the form of
fibroblast foci, and uninvolved lung parenchyma (at least
30% of total area). A representative image of the selected
Table 1 Clinical and Histological Characteristics of Patients with IPF/

Case no. Age (years) Sex Smoking status

Time f
initial
and bi

1 66 F Former smoker 36
2 62 F Nonsmoker 120
3 55 M Former smoker 108
4 67 M Former smoker 96
5 73 M Nonsmoker 36
6 66 M Former smoker 17
7 64 M Nonsmoker 22
8 65 M Former smoker 10
9 77 M Former smoker 30
10 46 M Former smoker 30
11 72 F Nonsmoker 4
12 68 F Former smoker 40
13 67 M Former smoker 144
14 56 F Nonsmoker 13
15 69 F Nonsmoker 18

*Degree of fibrosis: 1 Z 0% to 25%, 2 Z 26% to 50%, 3 Z 51% to 100%.
F, female; M, male; FVC, forced vital capacity; IPF, idiopathic pulmonary fibros
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tissue is shown in Figure 1. Normal appearing FFPE lung
tissue from age- and sex-matched group of 15 patients was
used as the normal control. The study was approved by the
Institutional Review Boards in accordance with the Institu-
tional Committee for the Protection of Human Subjects.

Cells, Plasmids, and Antibodies

Human HEK293 cell line was purchased from ATCC
(Manassas, VA) and maintained in Dulbecco’s modified
Eagle’s medium (Invitrogen, Carlsbad, CA) with 10% fetal
bovine serum (Sigma-Aldrich, St. Louis, MO). Human lung
alveolar epithelial cell lines A549 and HCC827 were also
purchased from ATCC and maintained in F-12K medium
(Gibco Products, Invitrogen) with 10% fetal bovine serum.
The COL5A1 30-UTR luciferase reporter plasmid and
miRNA mimics were purchased from Active Motif (Carls-
bad, CA). The predicted miR-185 binding site located in the
position 1502 to 1509 of COL5A1 30-UTR and the predicted
miR-186 binding site located in the position 2245 to 2251 of
COL5A1 30-UTR were mutated by a substitution of 4 bp
using the QuickChange Site-Directed Mutagenesis Kit from
Agilent Technologies Inc. (Santa Clara, CA). The miRNA
mimics are chemically optimized synthetic double-stranded
RNAs that act as functional equivalents to endogenous
human miRNAs. Antibodies against Col(V), E-cadherin
(E-cadherin), a-smooth muscle actin (a-SMA), and glycer-
aldehyde-3-phosphate dehydrogenase were obtained from
Cell Signaling Technology Inc. (Beverly, CA).

Real-Time PCR Assay

Total RNA was isolated from a 10-mm scroll of FFPE lung
tissue using the miRNeasy FFPE kit (Qiagen), and 100 ng of
UIP

rame between
symptom
opsy (month) FVC (%)

Biopsy
tissue type

Degree
of fibrosis*

1.60 (46) Explant 2
1.09 (41) Explant 3
1.84 (41) Explant 3
2.2 (55) Explant 3
NA Explant 3
1.67 (48) Explant 3
1.17 (32) Explant 2
1.63 (45) Explant 2
2.35 (58) Wedge 2
1.85 (35) Explant 3
NA Wedge 3
1.69 (56) Explant 3
2.38 (47) Explant 3
2.35 (67) Wedge 1
NA Wedge 2

is; NA, not available; UIP, usual interstitial pneumonia.
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Figure 1 Representative images of the tissue
selected for miRNA analysis. A: The tissue blocks
selected show typical histopathological pattern of
usual interstitial pneumonia: patchy distribution
of old fibrosis in the form of scar and honeycomb
change (boxed area), and new fibrosis in the form
of fibroblast focus (arrow), next to nonfibrotic
lung parenchyma. Hematoxylin and eosin (H&E)
was used. B: An enlarged image of a fibroblast
focus depicted by the arrow in A. H&E was used.
Original magnification: �40 (A); �100 (B).
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total RNA from each sample was used for reverse transcription
using the iScript cDNA synthesis kit (Bio-Rad, Hercules, CA).
Real-time RT-PCR for miRNAs was performed on a Rotor-
Gene Q (Qiagen) with a miScript Primer Assay and the
miScript SYBR Green PCR Kit (Qiagen). The miRNA
internal control Ct value for each samplewas the average value
of five individual assays using primers of the five small
nucleolar RNAs (SNORD61, SNORD68, SNORD72,
SNORD95, and SNORD96A). All PCRs were performed in
triplicate. Data from each sample were normalized to the
miRNA internal control and were shown as fold change
relative to the mean of control group using the 2�DDCt method.

Luciferase Reporter Assay of Candidate miRNAs

HEK293 cells were cotransfected with miRNA mimic or
nontargeting control miRNA and the LightSwitch 30-UTR
Reporter GoClone (Active Motif), using Dharma-FECT
Duo transfection reagent (Dharmacon, T-2010-01).
Twenty-four hours after transfection, cells were lysed, and
luciferase activity of cell lysates was determined by using
the LightSwitch Luciferase Assay Reagent (Active Motif)
and a luminometer. Each transfection experiment was
independently repeated three times. The means and SDs of
luciferase activity were calculated and compared between
the miRNA mimic group and control group.

A549 Cell and HCC827 Cell Transfection and TGF-b
Induction

The night before transfection, 5 � 104 cells were seeded in
each well of a 96-well plate and incubated overnight at 37�C
and 5% CO2. The cells were then transfected with miRNA
mimics or control miRNAs using Dharma-FECT Duo trans-
fection reagent (Dharmacon). Six hours after transfection, the
medium was replaced with complete medium containing 10
ng/mL of transforming growth factor (TGF)-b (R&DSystems,
Minneapolis, MN) or vehicle control. The cells were further
incubated for 24 hours at 37�C and 5% CO2.

Western Blot Analysis

After 24 hours of TGF-b induction, the cells were washed
twice with ice-cold phosphate-buffered saline and lysed
2312
with a protein extraction buffer (radioimmunoprecipitation
assay buffer: 25 mmol/L Tris-HCl, pH 7.6, 150 mmol/L
NaCl, 1% NP-40, 1% sodium deoxycholate) containing 1%
protease inhibitor cocktail (Sigma). Protein concentration
was determined by using the RC DC protein assay kit (Bio-
Rad). Equal amounts of protein from each sample were
electrophoresed in a 10% sodium dodecyl sulfate (SDS)
polyacrylamide gel. Protein levels of E-cadherin, a-SMA,
and Col(V) were determined by Western blotting using
respective antibodies and were normalized to that of glyc-
eraldehyde-3-phosphate dehydrogenase. Densitometry
analysis of results on X-ray films was performed by using
ImageJ software version 1.50c4 (NIH, Bethesda, MD;
http://rsb.info.nih.gov/ij). The density ratio of E-cadherin to
a-SMA was calculated and compared among groups.

Statistical Analysis

Continuous data were presented as means � SDs of the indi-
cated number of specimens/experiments. Differences between
groupswere determined using the two-tailMann-Whitney test
and were considered statistically significant if P was <0.05.
Statistical analysis was performed using the Prism software
version 6.0C (GraphPad Software, Inc., La Jolla, CA).

Results

Expressions of miR-185 and miR-186 Is Attenuated
during IPF

Col(V) exists in the lung as a heterotrimer of two a1 chains
and one a2 chain. The physiological activity of this heter-
otrimer is mainly attributed to the NH2-terminal 30-kDa
fragment of a1, which is encoded by the gene COL5A1.16 A
list of COL5A1-targeting miRNAs that are conserved
among mammals (Table 2) was generated using Target Scan
Human software version 5.2 (Whitehead Institute for
Biomedical Research, Cambridge, MA; http://www.
stargetscan.org) and the resources from http://www.
microRNA.org (last accessed April 20, 2016). Expression
level of each of the 23 miRNAs in the FFPE lung tissue was
determined by real-time RT-PCR and compared between
IPF and control groups. The P values between IPF and
control groups are listed in Table 2. Results showed that
ajp.amjpathol.org - The American Journal of Pathology
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Table 2 COL5A1 Targeting miRNAs Conserved among Mammals and Their P Values between IPF and Control Groups

miRNA

Conserved sites Poorly conserved sites

Total context score P valueTotal 8mer 7mer-m8 7mer-1A Total 8mer 7mer-m8 7mer-1A

miR-185-5p 0 0 0 0 1 1 0 0 �0.08 0.005*
miR-186-5p 1 0 1 0 1 0 0 1 �0.07 0.006*
miR-4306 0 0 0 0 1 1 0 0 �0.08 0.057
miR-495-5p 1 0 1 0 0 0 0 0 �0.02 0.111
miR-379-5p 0 0 0 0 1 0 0 1 �0.05 0.115
miR-335-5p 0 0 0 0 1 0 1 0 �0.08 0.145
miR-4644 0 0 0 0 1 1 0 0 �0.08 0.186
miR-874-3p 0 0 0 0 1 0 1 0 �0.04 0.190
miR-491-5p 0 0 0 0 1 0 1 0 �0.11 0.198
miR-488-5p 0 0 0 0 1 0 0 1 �0.01 0.198
miR-125a-3p 0 0 0 0 1 0 0 1 �0.10 0.229
miR-874-5p 0 0 0 0 1 0 1 0 �0.04 0.247
miR-495-3p 1 0 1 0 0 0 0 0 �0.02 0.408
miR-3529 0 0 0 0 1 0 0 1 �0.05 0.431
miR-542-3p 0 0 0 0 1 0 1 0 �0.13 0.431
miR-590-3p 1 1 0 0 0 0 0 0 �0.03 0.533
miR-379-3p 0 0 0 0 1 0 0 1 �0.05 0.645
miR-544a 1 1 0 0 0 0 0 0 �0.37 0.661
miR-543 1 0 1 0 1 0 0 1 �0.03 0.765
miR-539-5p 0 0 0 0 1 1 0 0 �0.03 0.859
miR-873-3p 0 0 0 0 1 1 0 0 �0.10 0.924
miR-873-5p 0 0 0 0 1 1 0 0 �0.10 0.956
miR-1193-5p 0 0 0 0 1 0 0 1 �0.05 0.959

*P < 0.05, compared to the control group.
IPF, idiopathic pulmonary fibrosis.

miR-185 and miR-186 in IPF
expression levels of miR-185 and miR-186 in IPF lungs
were significantly decreased compared with those in normal
lungs (P Z 0.005 and P Z 0.006, respectively) (Figure 2).
The expression levels of miR-185 (correlation coefficient
r Z 0.14, P Z 0.67) and miR-186 (correlation coefficient
rZ 0.11, PZ 0.74) did not correlate with disease severities
of IPF as indicated by patients’ forced vital capacity.

COL5A1 Is a Direct Target of miR-185 and miR-186

To determine whether miR-185 and miR-186 regulate the
translation of COL5A1, HEK293 cells were transiently
Figure 2 Decreased expression levels of miR-185 (A) and miR-186 (B)
in the lungs from patients with idiopathic pulmonary fibrosis (IPF)/usual
interstitial pneumonia (UIP). Total RNA was isolated from formalin-fixed,
paraffin-embedded lung tissue from 15 patients with IPF and 15 con-
trols. The expression levels of miR-185 and miR-186 were determined by
real-time RT-PCR and were normalized to those of the internal control. Fold
change relative to the mean of control group was calculated for each
specimen and is shown in a dot-plot form. *P < 0.05 versus control.
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transfected with synthetic miRNA mimics and a wild-type
or mutant (Figure 3A) 30-UTR Reporter GoClone contain-
ing a constitutively expressed luciferase reporter gene fused
with COL5A1 30-UTR. Functional miRNA mimics that
directly bind to COL5A1 30-UTR should decrease the tran-
script stability and/or translational efficiency of the lucif-
erase reporter gene, leading to decreased luciferase activity
in the cell lysates. The cells transfected with mimics of miR-
185 or miR-186 showed significantly decreased levels of
luciferase activities, compared with the cells transfected
with nontargeting control miRNA (P Z 0.009 and
P Z 0.005, respectively) (Figure 3B). This result suggests
that miR-185 and miR-186 bind to the 30-UTR of COL5A1.
The bindings of miR-185 and miR-186 were specific
because the COL5A1 30-UTR with mutations of predicted
binding sites did not respond to the corresponding mimics
(Figure 3B).
Mimics of miR-185 and miR-186 Block TGF-beInduced
Col(V) Overexpression in A549 Cells and HCC827 Cells

A549 cells expressed low levels of Col(V), and about
ninefold increase of Col(V) protein expression was seen
after 24 hours of TGF-b induction (Figure 4, A and B). To
investigate whether miR-185 and miR-186 regulate TGF-
beinduced col (V) protein overexpression, miR-185 and
miR-186 mimics were transfected into A549 cells 6 hours
2313
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Figure 3 miR-185 and miR-186 directly regulate COL5A1 gene. A: Pre-
dicted bindings of miR-185 and miR-186 to the 30-untranslated region (UTR)
of COL5A1 and introduction of a 4 bp mutation for ensuring specificity. The
bold letters represent the 4 bp substitutions in the mutant clones of COL5A1
3’-UTR. B: HEK293 cells were cotransfected with the wild-type or mutant
LightSwitch 30-UTR Reporter GoClone and miR-185 mimic, miR-186 mimic, or
nontargeting control miRNA. The luciferase activity was determined 24 hours
after transfection. The means and SDs of luciferase activity were calculated
from three independent experiments. *P < 0.05 versus control.

Figure 4 Mimics of miR-185 and miR-186 block transforming growth
factor (TGF)-beinduced type 5 collagen [Col(V)] overexpression in A549
cells. A549 cells were transfected with miR-185 mimic, miR-186 mimic, or
nontargeting control miRNA 6 hours before TGF-b induction. Western
blotting using anti-Col(V) and antieglyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) antibodies was performed after 24 hours of TGF-b in-
duction. A: Representative image of three independent experiments. B:
Densitometry analysis of Col(V)/GAPDH. *P < 0.05 versus control.

Lei et al
before TGF-b induction. The results showed that trans-
fection of miR-185 or miR-186 mimics lead to a near
complete blockage of TGF-beinduced Col(V) over-
expression in A549 cells. Transfection of the control non-
targeting miRNA had no effect on TGF-beinduced Col(V)
overexpression (Figure 4, A and B). The same experiment
was repeated using HCC827 cells with similar results
(Supplemental Figure S1).

Mimics of miR-185 and miR-186 Alleviate TGF-
beInduced EMT in A549 Cells and HCC827 Cells

Epithelial-mesenchymal transition (EMT), which is char-
acterized by loss of epithelial marker E-cadherin and
acquisition of mesenchymal marker a-SMA, plays patho-
genesis roles in IPF. The TGF-beinduced EMT cell culture
model was used to explore the possible roles of miR-185
and miR-186 in EMT. TGF-b induction caused approxi-
mately 80% reduction in the ratio of E-cadherin to a-SMA
2314
in untransfected A549 cells and in A549 cells transfected
with control miRNAs (Figure 5, A and B). In contrast, TGF-
b induction caused only approximately 40% and 27%
reduction of E-cadherin to a-SMA ratio in A549 cells
transfected with miR-185 mimic and miR-186 mimic,
respectively. The results suggest that miR-185 and miR-186
alleviated TGF-beinduced EMT in A549 cells. The same
experiment was repeated using HCC827 cells with similar
results (Supplemental Figure S2).

Discussion

As a sequestered antigen, Col(V) is normally expressed in
low levels and is hidden from the immune system. During
IPF, Col(V) is overexpressed in both mRNA and protein
levels in the lungs.6 The anti-Col(V) immunity has been
shown to play critical roles in the pathogenesis of IPF.6 A
mechanistic understanding of Col(V) overexpression could
be useful for the developments of biomarkers for early
detection and treatment of IPF. The possible mechanisms
leading to Col(V) overexpression include pretranscriptional
mechanisms, such as genetic mutations, single-nucleotide
polymorphism, DNA methylation and histone modifica-
tions, and posttranscriptional mechanisms such as miRNA
regulations. In this study, we aimed to study the dysregu-
lated miRNA related Col(V) overexpression during IPF, and
found that miR-185 and miR-186 were significantly
decreased in the lungs of patients with IPF (Figure 2). The
direct interactions of miR-185 and miR-186 with COL5A1
30-UTR were confirmed by using a 30-UTR luciferase re-
porter assay (Figure 3).
ajp.amjpathol.org - The American Journal of Pathology
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Figure 5 Mimics of miR-185 and miR-186 alleviate transforming growth
factor (TGF)-beinduced epithelial-mesenchymal transition (EMT) in A549
cells. A549 cells were transfected with miR-185 mimic, miR-186 mimic, or
nontargeting control miRNA 6 hours before TGF-b induction. A: Western
blotting using antieE-cadherin and antiea-smooth muscle actin (SMA)
antibodies was performed after 24 hours of TGF-b induction. B: The density
ratio of E-cadherin to a-SMA of each specimen was calculated after
densitometry analysis. The results are from the same experiment as
Figure 4, and the Western blot shown is representative of three indepen-
dent experiments. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

miR-185 and miR-186 in IPF
Furthermore, miR-185 and miR-186 were shown to pre-
vent the TGF-beinduced Col(V) overexpression in a lung
epithelial cell line. The biological roles of miR-185 and miR-
186 have been previously reported. Qadir et al17 reported that
miR-185 inhibits tumor cell growth by targeting the phos-
phatase and tensin homolog/AKT signaling pathway. Anto-
niou et al18 showed that miR-186 inhibits myogenic
differentiation; miR-186 has also been associated with
replicative senescence in human lung fibroblast cells.19 Our
study is the first to demonstrate the roles of miR-185 and
miR-186 in Col(V) expression.

TGF-b is known to signal through the Smad-mediated
and noneSmad-mediated pathways, such as phosphatidyli-
nositol 3-kinase/Akt, to induce the expression of fibrogenic
genes such as collagens and smooth muscle actin. The ef-
fects of miR-185 and miR-186 on Col(V) expression in our
study may be direct by targeting COL5A1 30-UTR, and may
also be indirect through the regulation of TGF-b signaling
pathways. The notion of indirect effects is supported by the
recent report that miR-185 inhibits Akt phosphorylation in
human hepatocellular carcinoma cells.17

In addition to inhibiting TGF-beinduced Col(V) over-
expression, miR-185 and miR-186 also alleviated TGF-
beinduced EMT (Figure 5). There have been evidences
indicating a pathogenesis role of EMT in IPF. Immunohis-
tochemical staining of lung biopsies from IPF patients
revealed fibroblast-like cells expressing the surfactant pro-
tein C that is normally synthesized and secreted by type II
The American Journal of Pathology - ajp.amjpathol.org
alveolar epithelial cells.20 Studies using lung biopsies from
IPF patients showed significantly increased TGF-b and a-
SMA expressions in type II alveolar epithelial cells and in
fibroblastic foci. The E-cadherin expression was maintained
in type II epithelial cell but was significantly decreased in
bronchiolar basal cells in IPF.20e22 The anti-Col(V) im-
munity through T helper cell 17emediated inflammatory
response has been shown to induce EMT in the disease
model of obliterative bronchiolitis. It is conceivable that
attenuated expressions of miR-185 and miR-186 lead to
overexpression of Col(V), which in turn induces EMT
through T helper cell 17emediated inflammatory response
in the IPF lungs. However, in our current in vitro study,
miR-185 and miR-186 directly inhibited the TGF-
beinduced EMT without the participation of T helper cell
17 cells. This observation suggests that miR-185 and miR-
186 suppressed EMT directly independent of the anti-
Col(V) autoimmunity. This possibility is supported by
previous reports of miR-185 and miR-186 inhibiting EMT-
related transcription factors STIM1 and TWIST1, respec-
tively.23,24 Our data suggest that treatment strategies using
miR-185 and miR-186 mimics may take effect through
Col(V)-dependent and Col(V)-independent mechanisms.

Although the down-regulation of miR-185 and miR-186
correlated with Col(V) overexpression in the lungs, it did
not correlate with disease severity of IPF. This is under-
standable since IPF pathogenesis mechanisms are multi-
faceted and are not limited to anti-Col(V) autoimmunity. On
the other hand, the consistent attenuation of miR-185 and
miR-186 not related to disease severity makes them good
candidates for early diagnostic biomarkers. Diagnosis of IPF
is usually not straightforward even with extensive physio-
logical and radiological studies. In patients failing to
demonstrate a typical IPF pattern on their chest radiographs,
IPF is diagnosed on the basis of surgical lung biopsy, which
is an invasive procedure with several known complications,
including persistent air leak, prolonged mechanical venti-
lation, pneumonia, and acute exacerbation of IPF.25,26

Furthermore, pathological diagnosis of IPF on surgical
lung biopsy can be challenging as varied levels of confi-
dence in the pathological diagnosis of IPF/UIP exist and
some patients may demonstrate an unclassifiable fibrotic
pattern. A reliable biomarker for diagnosis of IPF is needed.
The relatively stable nature of miRNAs makes them ideal
candidates for biomarker development. Current study sug-
gests that miR-185 and miR-186 could be used as bio-
markers on lung tissue for IPF. Future study will include
determining miR-185 and miR-186 levels in serum of IPF
patients and controls. This could enable identification of
viable circulating biomarkers for early detection of IPF and
would possibly eliminate the need for an invasive lung bi-
opsy in patients with characteristic symptoms.

In summary, our study showed that expression levels of
miR-185 and miR-186 were significantly decreased in the
lungs of IPF patients, and the levels of expression did not
correlate with disease severity. In addition to regulating the
2315
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expression of COL5A1, miR-185 and miR-186 also
prevented TGF-beinduced Col(V) expression and EMT.
Results of this study provided basis for the development of
a pathogenesis-related biomarker and therapeutic target
for IPF.
Supplemental Data

Supplemental material for this article can be found at
http://dx.doi.org/10.1016/j.ajpath.2016.04.015.
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