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Background/Aims: MicroRNAs (miRNAs) play critical regulatory roles in the
pathogenesis of pulmonary fibrosis. The aim of this study was to explore whether
miRNA antagomirs could serve as potential therapeutic agents in interstitial lung
diseases.

Methods: A mouse model of pulmonary fibrosis was established by intratracheal
injection of bleomycin (BLM). Using microarray analysis, up-regulated miR-
NAs were identified during the development of pulmonary fibrosis. miR-155 was
chosen as the candidate miRNA. Fifteen mice were then randomized into the
following three groups: BLM + antagomiR-155 group, treated with BLM plus in-
travenously injected with antagomiR-155; BLM group, treated with intratracheal
BLM plus phosphate-buffered saline (PBS); and a control group, treated with PBS
only. Lung tissues were collected for histopathological analysis, hydroxyproline
measurement, and Western blotting. Enzyme-linked immunosorbent assays were
used for the measurement of cytokines associated with pulmonary fibrosis.
Results: Histological changes and hydroxyproline levels induced by BLM were
significantly inhibited by antagomiR-155. The levels of interleukin 4 (IL-4) and
transforming growth factor-p (TGF-p) expression were increased after BLM treat-
ment. However, miR-155 silencing decreased the expression of IL-4, TGF-f, and
interferon-y. TGF-B-activated kinase 1/mitogen-activated protein kinase kinase
kinase 7 (MAP3Ky)-binding protein 2 (TAB2) of the mitogen-activated protein
kinase (MAPK) signaling pathway, was activated by BLM and inhibited by in vivo
silencing of miR-155 via antagomiR-155.

Conclusions: In vivo treatment with antagomiR-155 alleviated the pathological
changes induced by BLM and may be a promising therapeutic strategy for pulmo-
nary fibrosis.
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INTRODUCTION

Interstitial lung diseases are diffuse parenchymal lung
disorders associated with lung inflammation and exces-
sive deposition of extracellular matrix, eventually lead-
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ing to the destruction of lung structure and loss of lung
function [1]. Among these diseases, idiopathic pulmonary
fibrosis (IPF) is the most lethal and presents with high
heterogeneity in its clinical manifestation, with a report-
ed median survival time of approximately 2.8 years [2].
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MicroRNAs (miRNAs) are a class of small noncoding
RNAs, approximately 18 to 22 nucleotides in length [3],
that regulate the expression of target genes involved in
various physiological processes.

It has been demonstrated that miRNAs play important
roles in the pathogenesis of pulmonary diseases [4]. The
therapeutic eftect of an antagomir targeting miR-30a, at
reducing pulmonary fibrosis, has been validated in vivo
[5], indicating that miRNAs may become the next class
of therapeutics. However, studies exploring the thera-
peutic efficacy of single-stranded miRNA inhibitors,
known as antagomirs, in IPF are lacking. In this study,
microarray analysis was used to investigate the changes
in miRNA expression in lung tissue in a mouse model
of IPF induced by bleomycin (BLM). miR-155 was identi-
fied as an miRNA up-regulated during the development
of pulmonary fibrosis. Therefore, we aimed to explore
whether in vivo silencing of miR-155, using a synthetic
miRNA inhibitor (antagomiR-155), could impede the de-
velopment of pulmonary fibrosis by targeting a certain
signaling pathway.

METHODS

Mice

Six-week-old male C57BL/6] (B6) mice were purchased
from The Jackson Laboratory (Bar Harbor, ME, USA)
and were housed in a pathogen-free environment in
the animal facilities of Renji Hospital, affiliated with
the Shanghai Jiaotong University School of Medicine
(Shanghai, China). All mouse procedures were approved
by the Animal Care and Use Committee of Renji Hos-
pital, Shanghai Jiaotong University, School of Medicine
(RJ-2018-03-05).

Mouse model of bleomycin-induced pulmonary
fibrosis

Six mice were randomly divided into the following two
groups: (1) a BLM group, treated with intratracheal injec-
tion of 5 mg/kg BLM (15 mg BLM dissolved in 15 mL of
phosphate-buffered saline [PBS]; Hisun-Pfizer Pharma-
ceuticals, Shanghai, China) on day 1 [6] and (2) a control
group, treated with intratracheal injection of the same
volume of PBS on day 1. Mice were sacrificed on day 18
after being anesthetized with an intraperitoneal injec-
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tion 0f 3% chloral hydrate (0.01 mL/g). The left lung lobe
was embedded in paraffin for sectioning, while the right
lung lobe was microdissected for total RNA extraction
and miRNA microarray analysis.

Histopathological analysis

Lung tissue samples were fixed with a 4% paraformalde-
hyde neutral buffer solution for 24 hours, dehydrated in
a graded ethanol series, embedded in paraffin, and sec-
tioned at a thickness of 2 to 3 pm. Paraffin sections were
processed with hematoxylin and eosin (H&E) and Mas-
son’s trichrome staining. Lung fibrosis was semi-quan-
tified by systematically scanning stained sections under
a microscope using 4%, and 10x objectives. Each succes-
sive field was individually assessed for the severity of
interstitial fibrosis and was allotted a score between o
(normal lung) and 8 (total coverage of the field with fi-
brous), using a predetermined Ashcroft scale of severity
[7]. After examining the entire section, the mean score of
all examined fields was taken as the fibrosis score for the
section. X.S. and D.T. assessed the sections and allotted
scores independently. Their results were then averaged
to determine the final fibrosis score. Both X.S. and D.T.
were blinded to the experimental groups.

Total RNA extraction and miRNA microarray analysis
Total RNA was isolated from mouse tissues using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA), according to
the manufacturer’s instructions. The quantity and in-
tegrity of the extracted RNA were assessed using a Qubit
2.0 instrument (Life Technologies, Carlsbad, CA, USA)
and an Agilent 2200 TapeStation (Agilent Technologies,
USA), respectively. One microgram of total RNA from
each sample was used to prepare RNA libraries using an
NEBNext Multiplex Small RNA Library Prep Set for Il-
lumina (New England Biolabs, Ipswich, MA, USA). RNA
samples extracted from 3 mice in the same group were
pooled and then assayed on a single microarray. The
libraries were sequenced on a HiSeq 2500 instrument
(Illumina, San Diego, CA, USA) with single-end 50-bp
reads, at Ribobio Co. Ltd. (Guangzhou, China).

Candidate miRNA selection

BLM induced significant, extensive alveolar wall thick-
ening; massive infiltration of inflammatory cells into
the interstitium; and collagen deposition at day 18
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(Supplementary Fig. 1B, 1D, 1F, and 1H), compared with
control group (Supplementary Fig. 1A, 1C, 1E, 1G). The
semi-quantitative fibrosis scores for the two groups are
presented in Supplementary Fig. 1.

Using a single miRNA microarray, 621 miRNAs were
found to be expressed above background and 64 miRNAs
showed [log2 (fold change)| = 1 and p < 0.05, after BLM
administration, when compared with the control group.
Among these miRNAs, 47 showed elevated expression in
the BLM group compared with the control group (Sup-
plementary Table 1, Supplementary Fig. 2). The results
of hierarchical clustering analysis are shown in Supple-
mentary Fig. 2. miR-155-3p and miR-155-5p showed high
levels of expression with |logz (fold change)| = 6.8786 and
1.6346, respectively (p < 0.05). Based on previous studies,
miR-155 was selected for further investigation.

AntagomiR-155 transfection.

AntagomiR-155 (5'>ACCCCUAUCACAAUUAGCAUUAA-3)
was purchased from Ribobio. The Entranster in vivo
transfection reagent was obtained from Engreen Bio-
system Co. Ltd. (Auckland, New Zealand). Following the
manufacturer’s instructions, we first prepared reagent
A by dissolving 85 nmol of antagomiR-155 in 570 pL of
autoclaved double-distilled H20 and then adding 570
pL of sterile 10% glucose and mixing well. Next, we pre-
pared reagent B by adding 570 pL of sterile 10% glucose
to 570 pL of Entranster in vivo transfection reagent and
mixing well. Finally, reagents A and B were mixed (1:1) to
yield the working solution. Each 330 pL aliquot of work-
ing solution contained 12 nmol of antagomiR-155.

Study design

Nineteen 6-week-old male mice were randomly divided
into the following three groups: 1) a BLM+antagomiR-155
group (n =7), treated with intratracheal injection of 5 mg/
kg BLM on day 1, plus intravenous injection of antago-
miR-155; 2) a BLM group (n = 7), treated with intratracheal
injection of BLM plus intravenous injection of PBS; and
3) a control group (n = 5), treated with intratracheal plus
intravenous injection of PBS. Mice in the BLM + antag-
omiR-155 group received tail vein injections of 330 pL of’
an antagomiR-155 working solution on day 2, 3, 4, 14, 15,
and 16 after BLM injection (Fig. 1). After sacrifice on day
18, serum samples were collected and stored at —20°C for
subsequent cytokine measurement. The left lung lobe
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Figure 1. Flowchart of the study. (A) Bleomycin (BLM) +
antagomiR-155 group. (B) BLM group. BLM, bleomycin;
it., intratracheal injection; i.v., intravenous injection; PBS,
phosphate-buffered saline.

was embedded in paraffin for further histological anal-
ysis and the right lung lobe was microdissected, placed
into liquid nitrogen, and stored at —-80°C for subsequent
polymerase chain reaction (PCR), hydroxyproline (Hyp)
measurement, and Western blotting.

Quantitative polymerase chain reaction

miRNA-155 was quantified in lung tissue by TagMan
quantitative polymerase chain reaction (QPCR), accord-
ing to the manufacturer’s protocol (Life Technologies).
UG, a reference small nucleolar RNA, was used as an
internal control. The primer sequences used were as
follows: 5'-TTAATGCTAATTGTGATAGGGGT-3' (miR-
NA-155); 5'-CGCAAATTCGTGAAGCGTTC-3' (U6). The
gPCR reactions were performed in a LightCycler 480
Real-Time PCR System (Roche Applied Science, Penz-
berg, Germany).

Hydroxyproline assessment

Lung tissue samples (30 to 100 mg wet weight) were
lysed in radioimmunoprecipitation assay lysis buffer
(JRDUN Bio Co., Ltd., Shanghai, China) at 4°C for 30
minutes. The resulting lysates were centrifuged at 3,500
xg at 4°C for 10 minutes and total protein levels in the
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supernatants were quantified using a bicinchoninic acid
(BCA) Protein assay kit (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). Hyp content in lung tissue extracts
was evaluated using a Hyp assay kit (Sengbeijia Bioen-
gineering Institute, Shanghai, China), according to the
manufacturer’s instructions and results were read on a
microplate reader (BioTek Instruments Inc., Winooski,
VT, USA) at a wavelength of 450 nm.

Measurement of cytokine levels in serum by ELISA
The serum concentrations of transforming growth fac-
tor-B (T'GE-f), interferon-y (IFN-y), and interleukin 4 (IL-
4) were measured using enzyme-linked immunosorbent
assay (ELISA) kits (Sigma, St Louis, MO, USA), according
to the manufacturer’s instructions.

Western blotting

The potential targets of miRNA-155 were predicted using
miRand, miRWalk 2.0, TargetScan, and miRbase [8,9].
Based on these analyses, SMAD2, TGF-f3-activated ki-
nase 1/mitogen-activated protein kinase kinase kinase 7
(MAP3Ky)-binding protein 2 (TAB2), and suppressor of
cytokine signaling 1 (SOCS1) were selected to investigate
the molecular signaling pathways underlying pulmo-
nary fibrosis.

Frozen lung tissues were homogenized in RIPA bufter
(pH 7.6) and total protein concentrations were quantified
by BCA assay. Equal amounts of protein (20 to 40 pg) were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and electrophoretically
transferred to a polyvinylidene difluoride membrane
(Millipore, Burlington, MA, USA). The membranes were
blocked and then incubated with primary antibodies
against TABz2 (1:1,000; Proteintech, Rosemont, IL, USA),
SOCS1 (1:1,000; Cell Signaling Technology, Danvers,
MA, USA), SMAD2 (1:1,000; Abways, Shanghai, China).
The relative levels of these proteins were determined
using image analysis software and were normalized to
the levels of B-actin (1:3,000; Abways). The experiments
were repeated three times.

Statistical analysis

Data analysis was performed using Prism software, ver-
sion 6.oc (GraphPad, San Diego, CA, USA). Continuous
variables are represented as the mean + SE or median.
A Student’s t test or one-way analysis of variance was
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Figure 2. Body weight changes in each group. BLM, bleo-
mycin.

used to determine the differences between mean values
for normally distributed variables. The nonparametric
Mann-Whitney U test or the Kruskal-Wallis test was
used to determine the differences between non-nor-
mally distributed variables. A p values less than o.05
(2-tailed) were considered statistically significant. For
microarray data, edgeR was used to compare miRNA
levels between the BLM group and the control group.
[logz (fold change)| = 1 and p < 0.05 were considered sta-
tistically significant.

RESULTS

Mouse survival and body weight

Two mice from the BLM group and two from the BLM+
antagomiR-155 group died at day 2 (before antago-
miR-155 injection) and were excluded from the study. At
the end of the study, the body weight of the BLM group
decreased from 20.6 + 0.4 g to 19.0 + 1.3 g, which was
significantly lower than the body weight of the BLM +
antagomiR-155 group (20.5 + 0.3 g, p = 0.01) and the con-
trol group (23.7 + 03 g, p < 0.001) (Fig. 2).

Attenuated bleomycin-induced pulmonary fibrosis
following in vivo silencing of miR-155
Histopathological analysis showed that compared with
control group (Fig. 34, 3D, 3G, 3J), all BLM-treated mice
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Figure 3. Representative histological lung sections from each group stained with hematoxylin-eosin (A, B, C, G, H, I) and
Masson’s trichrome stain (D, E, F, J, K. L). Left column: control group; Middle: bleomycin (BLM) group; right: BLM + antago-
miR-155 group (A-F: magnification x40, G-L: magnification x 100). BLM induced significant alveolar wall thickening, increased
inflammatory cell infiltration, and collagen deposition, which were attenuated by antagomiR-155.

developed pulmonary fibrosis (Fig. 3B, 3E, 3H, and 3K).
However, treatment with antagomiR-155 significantly
inhibited the alveolar wall thickening, infiltration of in-
flammatory cells into the interstitium, and reduction in
collagen deposition induced by BLM (Fig. 3C, 3F, 31, and

S164 www.kjim.org

3L). A comparison of Ashcroft scores demonstrated that
the degree of pulmonary fibrosis in the BLM group was
markedly greater than in the control group, but was im-
peded by antagomiR-155 treatment (Fig. 4A), indicating
that pathomorphological sequelae of BLM-induced pul-
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Figure 4. (A) Semi-quantitative analyses of lung tissues for each group using the Ashcroft score. (B) miR-155 expression in lung
tissues. AntagomiR-155 greatly reduced miR-155 expression compared with the bleomycin (BLM) group. (C) Hydroxyproline (Hyp)
levels in lung tissues of each group. Hyp levels were significantly reduced in the BLM + antagomiR-155 group (p < 0.001).
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Figure 5. Effect of antagomiR-155 on the bleomycin (BLM)-induced production of pro-fibrotic cytokines in serum. (A) Interleu-
kin 4 (IL-4), (B) interferon-y (IFN-y), (C) transforming growth factor-f (TGF-f). *p < 0.05, BLM group vs. BLM + antagomiR-155

group. “p < 0.05, normal group vs. BLM group.

monary fibrosis could be attenuated by in vivo silencing
of miR-155 with antagomiR-155.

Downregulated miRNA-155 expression in target tissues
As shown in Fig. 4B, antagomiR-155 significantly down-
regulated the expression levels of miR-155 in lung tissues
at day 18.

Hydroxyproline levels

Hyp content in lung tissues was measured as a repre-
sentative marker of collagen deposition. As demonstrat-
ed in Fig. 4C, Hyp levels were significantly elevated in
the BLM group (p < 0.001) and this effect was inhibited
by antagomiRNA-155 (p < 0.001).

Changes in serum cytokine levels

Serum levels of the profibrogenic cytokines, IL-4 and
TGF-f, were significantly increased in BLM-treated

https://doi.org/10.3904/kjim.2019.098

mice compared with control mice (68.99 + 12.03 pg/mL
VS. 52.53 * 5.94 pg/mL and 70.21 + 8.78 pg/mL vs. 56.97 +
5.13 pg/mL, respectively; p < 0.05 for both). However, af-
ter silencing miRNA-155 in vivo, IL-4, IEN-y, and TGF-f
levels were all decreased compared with their levels in
the BLM group (52.56 + 7.57 pg/mL vs. 68.99 + 12.03 pg/
mlL, 355.89 + 43.63 pg/mL vs. 406.24+25.57 pg/mL, and 57.15
+ 6.82 pg/mL vs. 70.21 + 8.78 pg/mL, respectively; p < 0.05
for all) (Fig. 5).

miRNA-155-associated molecular signaling pathways

underly bleomycin-induced pulmonary fibrosis in mice
We assessed the expression levels of proteins involved
in various signaling pathways (SMAD2, TAB2, SOCSz).
Among those tested, only TAB2 was found to be acti-
vated by BLM and inhibited by miR-155 silencing in vivo

(Fig. 6).
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Figure 6. Western blotting analysis. (A) Western blotting
analysis of TGF-B-activated kinase 1/mitogen-activated
protein kinase kinase kinase 7 (MAP3Ky)-binding protein 2
(TABz2), suppressor of cytokine signaling 1 (SOCS1), SMAD2
levels relative to B-actin in lung tissue from the three groups.
(B) TAB2 was activated by bleomycin and was inhibited by
in vivo silencing of miR-155 in mice by treatment with an-
tagomiR-155. (C ,D) SMAD2 and SOCS:1 showed no different
changes between three groups. BLM, bleomycin.
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DISCUSSION

Pulmonary fibrosis is characterized by the presence of’
fibroblastic foci and myofibroblasts that produce extra-
cellular matrix components, such as collagen type I and
IIT and fibronectin [10]. Intratracheal administration of
BLM in B6 mice is the most commonly used model of
pulmonary fibrosis and it may also mimic IPF. It has
been shown that pulmonary fibrosis develops within 4
weeks after BLM administration, with collagen deposi-
tion increasing rapidly after day 10 and peaking on day
21 [6]. However, the development of fibrosis is partially
reversible, independent of any intervention [11]. There-
fore, in the present study, we assessed the degree of pul-
monary fibrosis on day 18. Our analysis showed that lung
tissue structural damage, inflammatory cell infiltration,
and collagen deposition in the BLM-treated group were
similar to what has been reported in a previous study [6].
Studies on the pathogenesis of pulmonary fibrosis
have focused on mechanisms regulating the prolifera-
tion and activation of myofibroblasts. It is well accepted
that microRNAs are important players in the develop-
ment of fibrosis in multiple organs, including the heart,
liver, kidney, and lung [12,13]. Using microarray analysis
technology, approximately 10% of assayed microRNAs
have been reported to be significantly altered in IPF
lungs [4,14]. We demonstrated that miR-155 expression
was significantly increased during the development of
pulmonary fibrosis. Previously, we found that the pro-
gression of acute lung inflammation in lupus is reduced
in miR-155-/- mice and after in vivo silencing of miR-155
[15]. Other studies showed that miR-155 is closely asso-
ciated with epithelial-mesenchymal interactions [16].
In lung biopsies from patients with IPF, miR-155 is sig-
nificantly upregulated, in both rapidly progressing and
slowly progressing IPF [17]. High expression levels of
miR-155 are correlated with the development and the de-
gree of pulmonary fibrosis [12]. These previous results
prompted us to select miRNA-155 as a novel target.
Recent clinical efficacy data have underscored the rel-
evance of miRNAs to disease states and the potential for
miRNAs to become the next class of therapeutics [18].
Since a single miRNA can regulate numerous target
mRNAs within biological pathways, modulation of an
miRNA, in principle, allows for the influencing of an
entire gene network and the modifying of complex dis-
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ease phenotypes [19]. Antagomirs are synthetic miRNA
inhibitors that are considered to be powerful tools for
manipulating miRNA levels in vivo. Studies have shown
that the injection of antagomirs, in general, is a feasible
approach to efficiently down-regulate specific miRNAs
in target tissues in a variety of diseases [20,21]. In the
present study, repeated intravenous injections of antag-
omiR-155 significantly down-regulated the expression
levels of miR-155 in lungs, as assessed by qPCR. This at-
tenuated BLM-induced inflammation and pulmonary
fibrosis. To the best of our knowledge, our study is the
first to report the effect of antagomir-155 on BLM-in-
duced pulmonary fibrosis in vivo. Therefore, we propose
that antagomir injection is a feasible approach to inhibit
the expression of distinct miRNAs in target tissues and
antagomir-155 may provide a novel therapeutic strategy
for pulmonary fibrosis, by inhibiting miRNA-155 in pul-
monary tissues.

In view of the molecular pathogenesis of pulmonary
fibrosis, we further investigated changes in serum cy-
tokine levels during antagomiR-155 treatment of mice
with pulmonary fibrosis. The most important function
of CDg+ T cells is to produce a large quantity of various
cytokines, which may contribute to either the inhibition
or promotion of fibroblast proliferation, protein synthe-
sis, and collagen production [22]. In the present study,
we studied the following 3 cytokines: IL-4, an import-
ant initiator in the Th-2-dominated immune response,
inducing TGF- production; IFN-y, a positive feedback
that reinforces the Thi-dominated immune response,
inhibiting the production of anti-inflammatory cyto-
kines and promoting the secretion of proinflammato-
ry cytokines; and TGF-f, an important pro-fibrogenic
cytokine. All of these cytokines are essential players in
the proliferation and differentiation of fibroblasts, the
expression of collagen and fibronectin, tenascin syn-
thesis, and epithelial-mesenchymal transition [23-25).
We demonstrated that, after BLM exposure, IL-4 and
T'GF-p levels increased significantly, while IFEN-y levels
remained stable. This may be attributed to the small
study sample size. However, in the context of clinical
IPF, a number of studies of biopsy material have shown
that the overall cytokine pattern is more Th2-type than
Thi-type [26,27]. Wallace and Howie [26] immunohisto-
chemically examined diffusely infiltrating cells within
the interstitium of patients with IPF and showed that
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most of the diffusely infiltrating mononuclear cells were
positive for IL-4 and IL-5 and a small minority of the
cells were positive for IFN-y. This may partly explain the
different cytokine patterns induced by BLM. Recently,
emerging evidence has shown that miRNA-155, a typical
multifunctional miRNA, is involved in Th cell differen-
tiation, Thi and Th2 response regulation, and cytokine
production [28,29]. In our study, we showed that IL-4,
IEN-y, and TGF-f were all reduced by antagomir-155
treatment, which agrees with previous findings that
both the Thi-dominated and Th-2 dominated immune
responses are suppressed after miR-155 inhibition [30,31].
This may have contributed to the inhibitory effect of an-
tagomir-155 on pulmonary fibrosis.

TGF-B, which can be induced by IL-4, is a pivotal
pro-fibrogenic cytokine. Stimulation ofthe expression of
a number of proinflammatory and fibrogenic cytokines,
such as TNF-a and IL-6, by TGF-f-induced signaling,
is firmly established as a central mediator of pulmonary
fibrosis [32,33]. A growing body of evidence shows that
TGF- p1 activates various SMAD-independent signaling
pathways, with or without direct cross-talk with SMAD,
and that TGF-B-activated kinase 1 (TAK1)/MAP3Ky is
a major upstream signaling molecule in TGF-f-in-
duced type I collagen and fibronectin expression [34,35].
The interaction with TAK1/MAP3Ky-binding proteins
(TABs) is an essential step for TAK1 activation and is
necessary for TGF-f signal transduction, involved in the
activation of inflammatory pathways [36,37]. In the pres-
ent study, BLM led to a significant increase in the levels
of TGF-f and TAB2, which was in accordance with the
aforementioned studies [32,33), thus revealing the role of
the TGF-B/TAK1-TAB2 signaling pathway in BLM-in-
duced lung fibrosis. This effect could be significantly
suppressed by antagomiR-155 treatment. As previously
reported, miR-155 has a direct influence on TGF-f} levels
and the knockdown of miR-155 inhibits TGF-f1 signal-
ing activation, which may have contributed to the in-
hibitory eftect of antagomiR-155 on pulmonary fibrosis
[30,38].

In conclusion, our findings indicated that miR-155 en-
hanced the inflammatory responses during the develop-
ment of BLM-induced fibrosis, by regulating multiple
inflammatory factors and signaling pathways. We pro-
pose that miR-155 antagonists have a potential therapeu-
tic role in pulmonary fibrosis.
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KEY MESSAGE

1. Interleukin 4 (IL-4) and transforming growth
factor-B (TGF-B) expression increased and
TGF-B-activated kinase 1/MAP3Ky-binding
protein 2 (TAB2), of the mitogen-activated pro-
tein kinase (MAPK) signaling pathway, were
activated in a pulmonary fibrosis model.

2. Intravenous injection of antagomiR-155 re-
duced miRNA-155 levels in lung tissue.

3. AntagomiR-155 alleviated the pathological
changes of pulmonary fibrosis.

4. AntagomiR-155 inhibited IL-4, TGF-, and in-
terferon-y and TAB2 expression.
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Supplementary Table 1. 64 microRNA (miRNA) expression considered significant in miRNAs array
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miRNA ID Up/down Logz (fold change) pvalue
mmu-miR-3962 Down —4.7985 2.66E-07
mmu-miR-26a-1-3p Down —6.6486 3.69E-05
mmu-miR-676-3p Down —1.4751 0.000333276
mmu-miR-351-5p Down —-1.2299 0.000919868
mmu-miR-486a-5p Down —1.1037 0.001853524
mmu-miR-486b-5p Down —1.1037 0.001855498
mmu-let-7d-3p Down —1.2476 0.00295935
mmu-miR-6538 Down -6.5648 0.004969991
mmu-miR-615-3p Down -6.3219 0.007013723
mmu-miR-5122 Down —6.2225 0.008304311
mmu-miR-29c-3p Down -1.1487 0.008436648
mmu-miR-3097-5p Down —6.1225 0.010325417
mmu-miR-3086-5p Down —5.9619 0.010905805
mmu-miR-503-3p Down —1.0403 0.011217259
mmu-miR-8120 Down —5.9069 0.011612619
mmu-miR-505-5p Down —5.79 0.013595984
mmu-miR-1298-5p Down -1.1126 0.016513841
mmu-miR-147-5p Up 9.8765 1.10E-08
mmu-miR-380-3p Up 8.1615 5.68E-08
mmu-miR-217-5p Up 7.86 1.95E-06
mmu-miR-7b-5p Up 2.936 2.28E-06
mmu-miR-21a-5p Up 2.4333 6.56E-06
mmu-miR-677-5p Up 8.5622 1.03E-05
mmu-miR-147-3p Up 2.5974 0.00011343
mmu-miR-122-5p Up 3.03 0.000122172
mmu-miR-146b-5p Up 2.1576 0.000219567
mmu-miR-881-3p Up 7.7923 0.000357116
mmu-miR-199a-5p Up 2.0854 0.000401226
mmu-miR-21a-3p Up 2.7254 0.000413955
mmu-miR-19b-3p Up 33536 0.000576011
mmu-miR-132-3p Up 1.9601 0.000055514
mmu-miR-335-3p Up 1.9765 0.000907502
mmu-miR-146b-3p Up 1.7995 0.001346736
mmu-miR-493-5p Up 6.7638 0.00223029
mmu-miR-212-5p Up 2.019 0.0027599006
mmu-miR-184-3p Up 1.868 0.003005214
mmu-miR-1945 Up 6.4207 0.003958909
mmu-miR-19a-3p Up 2.6147 0.004468483
mmu-miR-155-3p Up 6.8786 0.004825971
mmu-miR-212-3p Up 2.0242 0.005300568
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Supplementary Table 1. Continued

> Up/down Log2 (fold change) pvalue
miRNA ID 6.0804 0.006724962
mmu-miR-466i-3p vp 67234 0.007484173
mmu-miR-377-3p up 6.0224 0.007778091
mmu-miR-6540-3p Up 65899 0.008034547
mmu-miR-6539 Up 1.8567 0.008982992
mmu-miR-145a-5p Up 1‘3876 0.009024278
mmu-miR-214-3p P 6.4919 0.009081962
mmu-miR-488-3p Up 5.9148 0.009166195
mmu-miR-1930-5p Up . 0.00922696
mmu-miR-218-1-3p VP SIQZ; 0.009371423
mmu-miR-3084-3p Up iz 403 0.012168791
mmu-miR-335-5p Up 1: 4216 0.01252695
mmu-miR-342-3p up 23083 0.013097159
mmu-miR-494-3p up 1.9201 0.015247416
mmu-miR-7a-5p up 1:5537 0.016350824
mmu-miR-298-5p Ep 1.6346 0.017597784
mmu-miR-155-5p B 3.5081 0.027910279
mmu-miR-511-5p UP 1.2500 0.030190829
mmu-miR-132-5p Up 13662 0.032459014
mmu-miR-96-5p Up e 0.038260701
mmu-miR-148a-5p up 1. 4601 0.042584605
mmu-miR-223-3p Up 1’2243 0.042721888
mmu-miR-152-5p vp 6.6629 0.044129757
mmu-miR-29b-1-5p P ' 8 0.047778651
mmu-miR-21c Up ~53%4
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Supplementary Figure 1. Representative histological lung sections
from normal and bleomycin (BLM) group at day 18. (A, E) Normal
group, stained with H&E stain, (B, F) BLM group, stained with
H&E stain, (C, G) normal group with Masson’s trichrome stain,
(D, H) BLM group with Masson’s trichrome stain (A-D: x40; E-H:
x100). (I) Semi-quantitative analyses of lung tissue for each group
using the Ashcroft score. BLM induced significant alveolar wall
thickening, increased inflammatory cells infiltration and colla-

gen deposit.
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Supplementary Figure 2. Clusters of differentially expressed mi-
croRNAs (miRNAs) in bleomycin (BLM)-induced lung fibrosis mice
comparing with normal ones. There were 621 miRNAs expressed
above background. Each row of the heat map represented one of the
differentially expressed miRNA gene, and each column represented a
sample. Red indicated an increase in miRNA gene expression, where-
as blue indicated a decrease. Samples were identified at the bottom.
Normal BLM miRNA names were listed to the right.
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