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Abstract: Objective: This study aimed to investigate the expressions of miR-146b and miR-503 in the lung of pulmo-
nary fibrosis (PF) mice and their influence on the PF. Methods: Female C57BL/6 mice aged 7 weeks were random-
ized into control group (n=10) and PF group (n=20). PF was induced by intratracheal administration of bleomycin. 
The lung was collected for hematoxylin-eosin staining, Masson’s trichrome staining and detection of genes related 
to PF. RT-PCR was employed to detect the miR-146b expression. Bioinformatics was used to predict the target genes 
of miR-146b. RT-PCR and Western blot assay were conducted to validate the expressions of these target genes in 
the lung of PF mice. Results: miR-146b expression increased significantly in the lung of PF mice as compared to 
control group (P<0.01). Target genes of miR-146b included irak, siah2, klf4, mmp16, notch1 and foxO3. In PF mice, 
the expressions of foxO3 and siah2 reduced markedly and were negatively related to the miR-146b expression. 
Conclusion: In mice with bleomycin induced PF, miR-146b expression increases significantly in the lung and may 
exert its biological effects via targeting foxO3 and siah2.
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Introduction

Systemic sclerosis (SSc) is a connective tissue 
disease of unknown causes and characterized 
by multiple-organ fibrosis secondary to vascu-
lar and immune dysfunction as well as excess 
proliferation of fibroblasts. Pulmonary fibrosis 
(PF) is one of major causes of death in SSc 
patients. PF is characterized by alveolar epithe-
lial injury, infiltration of inflammatory cells, 
excess proliferation of fibroblasts and deposi-
tion of excess collagens in the pulmonary intes-
titium. Currently, there are no specific drugs 
used for the therapy of PF and thus PF has a 
poor prognosis. miRNA may regulate almost all 
the cellular processes. Available studies have 
shown that several miRNAs including miR-21, 
miR-29, miR-145, miR-31 and miR-26a are 
closely related to the PF. miR-21 expression 
increases significantly in the lung of mice with 
bleomycin induced PF and PF patients. miR-21 
can act on smad7 to attenuate the negative 
regulation of TGF-β signaling pathway, an 

important pathway involved in the pathogene-
sis of PF [1]. However, miR-29 expression reduc-
es in the PF. In fibroblasts with miR-29 knock-
out, the expressions of genes related to collagen 
generation and extracellular matrix (ECM; such 
as laminin and integrins) remodeling increased. 
In addition, miR-29 is also regulated by the 
TGF-β signaling pathway [2]. miR-145 is involved 
in the differentiation of myofibroblasts and can 
act on KLF4 to promote the expression of 
α-SMA, a myofibroblast specific protein. In the 
lung of PF patients, miR-145 expression 
increases, while miR-145-/- mice are resistant to 
bleomycin induced PF [3]. miR-31 is a miRNA 
which can inhibit PF. miR-31 may directly act on 
integrin α and RhoA to inhibit the activation of 
fibroblasts [4]. miR-26a expression reduces in 
PF, and CTGF is a target gene of miR-26a. The 
down-regulated miR-26a expression significant-
ly increases CTGF protein expression, which 
leads to the excess production of collagens, 
resulting in PF [5]. Our previous study showed 6 
differentially expressed miRNAs in the fibrotic 
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skins of scleroderma patients: miR-21, miR-31, 
miR-146b, miR-503, miR-145 and miR-29b [6]. 
However, the expressions of these miRNAs are 
different from those in PF (Table 1). miR-146b 
expression has never been studied in PF. This 
study aimed to investigate the miR-146b 
expression and its significance in PF, which may 
help to understand the role of regulatory net-
work of miRNAs in SSc. 

Materials and methods 

Materials

Specific pathogen-free (SPF) female C57BL/6 
mice (n=30) aged 7 weeks and weighing 48-22 
g were purchased from the SLAC Animal Center 
(Hunan). Following reagents were used in the 
present study: bleomycin hydrochloride injec-
tion (Nippon Kayaku Co., Ltd.), Masson solution 
and hematoxylin-eosin (H-E) staining solution 
(Nanjing Jiancheng Biotechnology Institute), 
microRNA reverse transcription kit (Qiagen 
Sample & Assay Technologies, USA), microRNA 
SYBR Premix Ex Taq (Qiagen Sample & Assay 
Technologies, USA), RNA reverse transcription 
kit (TAKARA, Japan), SYBR Premix Ex Taq 
(TAKARA, Japan), DNA Marker (Sigma, USA), 
TEMED (Sigma, USA), RIPA lysis buffer and 
PMSF (Beijing Beyotime Biotechnology Insti- 
tute), rabbit anti-GAPDH, irak, siah2, klf4, 
mmp16, notch1 and foxO3 antibodies (CST, 
USA), goat anti-rabbit IgG (Wuhan Boster 
Biotechnology Co., Ltd), thermal cycler (Swift 
MaxPro; Perkin-Elmer, USA), fluorescence ther-
mal cycler (Applied Biosystems 7500; ABI, 
USA). 

Methods

Animals were randomly assigned into control 
group (n=10) and PF group (n=20). After anes-
thesia, a middle incision was made at the neck 
and the muscles were separated to expose the 
trachea. Then, 100 μl of normal saline (control 

group) or bleomycin solution (3.5 mg/kg; PF 
group) was administered into the trachea. The 
mouse was rapidly rotated for 1 min to allow 
the normal saline or bleomycin solution to be 
evenly distributed in the lung. After wound clo-
sure, animals were placed back to cages. Body 
weight was monitored once weekly. The lung 
was collected under an aseptic condition and 
processed for HE staining, Masson’s trichrome 
staining and detection of mRNA expressions of 
genes related to PF (COL1A1, COL1A2, Fn and 
α-SMA), aiming to validate whether the animal 
model was successfully established.

HE staining: The lung was cut into 2-3 mm 
blocks, embedded in paraffin and sectioned. 
Lung sections were subjected to sequential 
treatment with xylene, ethanol, ethanol, 80% 
ethanol, 70% ethanol, and double-distilled 
water for deparaffinization. After hydration and 
counterstaining with hematoxylin, sections 
were dehydrated and mounted, and observed 
under a light microscope. 

Masson’s trichrome staining: After deparaf-
finization and hydration, sections were subject-
ed to Masson’s trichrome staining. In brief, sec-
tions were treated with a solution containing 
hematoxylin and ferric oxide for 10 min after 
hydration. After treatment with ethanol-hydro-
chloride treatment, washing with double-dis-
tilled water, treatment with ammonia solution, 
washing with double-distilled water for 1 min, 
and Acid Fuchsin staining for 10 min, sections 
were treated with acetic acid solution for 1 min, 
phosphomolybdic acid solution for 2 min, ace-
tic acid solution for 1 min and then aniline blue 
for 2 min. Following treatment with acetic acid 
solution for 1 min, 95% ethanol for 5 min and 
100% ethanol for 5 min, sections were incubat-
ed with xylene for 5 min thrice and finally 
mounted with neutral gum.

Real-time fluorescence PCR: Total RNA was 
extracted with Trizol reagent and subjected to 
agarose gel electrophoresis to examine the 
integrity and purity of total RNA. RNA concen-
tration was determined by ultraviolet spectro-
photometry (Q3000 spectrophotometer). In 
brief, 2 μl of total RNA was collected, and the 
A260 and A280 were determined at 260 nm 
and 280 nm, respectively. The A260/A280 was 
calculated. RNA with A260/A280 at 1.8-2.0 
was used in following experiments. Then, 1 μg 
of total RNA was used in PCR. Mixture (20 μl) 
for reverse transcription was prepared accord-

Table 1. Expressions of miRNAs in the fibrotic 
skin and fibrotic lung 
miRNA Skin Lung Target gene
miR-21 [16] ↑ ↑ Smad7
miR-31 [17] ↑ ↓ Integrinα rhoA
miR-145 [18] ↓ ↑ KLF4
miR-29b [19] ↓ ↓ LN, integrin et al
miR-503 ↑ -
miR-146b ↑ -
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ing to the manufacturer’s instructions. This 
mixture was incubated at 37°C for 60 and then 
95°C for 5 min. SYBR Green was used to label 
DNA (QIAGEN miScript SYBR Green PCR). 
Primers for miR-146b were synthesized in 
QIAGEN (Table 2). Applied Biosystems 7500 
Real-time PCR System was employed for 
RT-PCR. Conditions for RT-PCR were as follows: 
95°C for 15 min, 40 cycles of 94°C for 15 s 
(denaturation), 55°C for 30 s (annealing) and 
70°C for 30 s (extension). The melting curve 
was obtained, and Ct value determined. Data 
were analyzed with 2-ΔΔCT method.

Detection of protein expression by Western blot 
assay: Tissues were collected and lysed in RIPA 
lysis buffer (1 mg of tissues per 10 μl of RIPA 
buffer) and protease inhibitor PMSF (1:100). 
After centrifugation, protein concentration was 
determined via ultraviolet spectrophotometry. 
Then, 20 μg of proteins per sample were loaded 
and separated by SDS-PAGE and then trans-
ferred onto PVDF membrane. The membrane 
was incubated in 5% non-fat milk and then 
treated with primary antibody at 4°C over night 
according to manufacturer’s instructions. After 
incubation with HRP conjugated secondary 
antibody (1:3000), the membrane was washed 

ation (X ± S). F test was employed for the exami-
nation of normal distribution of quantitative 
data, and t test for the comparisons of data 
with normal distribution between two groups. 
Wilcoxon rank sum test was used for compari-
sons of data with abnormal distribution. A value 
of P<0.05 was considered statistically 
significant. 

Results 

Lung morphology of PF mice 

In control group, HE staining and Masson’s tri-
chrome staining showed the lung structure was 
clear, alveolar terminal bronchioles, alveolar 
ducts and alveolar sacs were regularly arranged, 
there was no interstitial thickening, no infiltra-
tion of inflammatory cells and no deposition of 
collagens. In PF group, HE staining showed the 
lung structure was disordered, tissue consoli-
dation was found in a fraction of lung tissues, 
and some normal alveoli were replaced with 
merged, cystic cavities where were surrounded 
by thickened fibrous tissues. Masson’s tri-
chrome staining revealed a large amount of 
blue collagens in the lung intestitium, (P<0.05) 
(Figures 1 and 2). 

Table 2. Primers used in the present study
Genes Primers
miR-146b 5’-UGAGAACUGAAUUCCAUAGGCU-3’
GAPDH Forward: 5’-TGTCTCCGTCGTGGATGTCA-3’

Reverse: 5’-TTGCAGTTGAAGTCGCAGGAG-3’
COL1A1 Forward: 5’-GACATGTTCAGCTTTGTGGACCTC-3’,

Reverse: 5’-GGGACCCTTAGGCCATTGTGTA-3’
COL1A12 Forward: 5’-TGCTTGCAGTAACTTCGTGCCTA-3’,

Reverse: 5’-CATGGGACCATCAACACCATC-3’
Fibronectin Forward: 5’-GCTTTGGCAGTGGTCATTTCAG-3’

Reverse: 5’-ATTCCCGAGGCATGTGCAG-3’
α-SMA Forward: 5’-AAGAGCATCCGACACTGCTGAC-3’

Reverse: 5’-AGCACAGCCTGAATAGCCACATAC-3’
KLF4 Forward: 5’-GCCCAACACACACGACTTC-3’

Reverse: 5’-GGCAGGAAAGGAGGGTAGTT-3’
MMP16 Forward: 5’-TGGAAGAAGGTTGGATTTCG-3’

Reverse: 5’-GTCAGTCGGTGGAAGGTAGC-3’
NOTCH1 Forward: 5’-AACAGTGCCGAATGTGAGTG-3’

Reverse: 5’-CGCAGAAAGTGGAAGGAGTT-3’
FOXO3 Forward: 5’-TACCGTGTTTGGACCTTCGT-3’

Reverse: 5’-TACCGTGTTTGGACCTTCGT-3’
IRAK1 Forward: 5’-TACCGTGTTTGGACCTTCGT-3’

Reverse: 5’-TACCGTGTTTGGACCTTCGT-3
SIAH2 Forward: 5’-CTGTGGACTGGGTGATGATG-3’

Reverse: 5’-CCAATGAGGAGGACGATGG-3’

and subsequently treated with ECL 
chemiluminescence solution for 3 
min. After exposure to a film, the pro-
tein bands were scanned into a com-
puter and analyzed with Quantity 
One.  

Bioinformatics and morphological 
examination: The prediction and sc- 
reening of target genes were con-
ducted with online databases Tar- 
getscan (www.targetscan.org), mi- 
Randa (http://www.microrna.org/mi- 
crorna/home.do), PicTar (http://pic-
tar.mdc-berlin.de/) and PubMed. PF 
was evaluated after Masson’s tri-
chrome staining with Image-Pro Plus 
6.0. In brief, 5 fields were randomly 
selected from each section rich in 
collagens (200×), and the proportion 
of positive area was determined, fol-
lowed by averaging. 

Statistical analysis

Statistical analysis was performed 
with SPSS version 18.0 and data are 
expressed as mean ± standard devi-
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Up-regulated expressions of proteins related to 
fibrosis

Above findings confirmed that the bleomycin 
induced PF was successfully established in 
mice by macroscopical and histological exami-
nation. Then, the expressions of genes related 
to fibrosis (COL1A1, COL1A2, Fibronectin and 

α-SMA) were detected in the lung. Results 
showed the mRNA expressions COL1A1, 
COL1A2, fibronectin and α-SMA increased dra-
matically in the lung of PF mice as compared to 
mice in control group (P<0.05) (Figure 3). 

Up-regulated miR-146b expression in the lung 
of PF mice 

Real time PCR showed the miR-146b expres-
sion in the lung of PF mice was significantly 
higher than in control mice (P<0.01) (Figure 4). 

Target genes of miR-146b 

In the present study, the target genes of miR-
146b were predicted with Targetscan (www.
targetscan.org) and miRanda (http://www.
microrna.org/), and PicTar (http://pictar.mdc-
berlin.de/), and nucleotide database of NCBI 
(http://www.ncbi.nlm.nih.gov/) and relevant lit-
eratures in the PubMed were searched. Finally, 

Figure 1. HE staining and Masson’s trichrome staining of the lung in both groups. A: HE staining of control group 
(×200); B: Masson’s trichrome staining of control group (×200); C: HE staining of PF group (×200); D: Masson’s 
trichrome staining of PF group (×200).

Figure 2. Collagen content in the lung of mice in both 
groups. Note: Proportion of collagens in the lung 
(**P<0.01 vs control group).
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6 genes related to fibrosis were identified: irak, 
siah2, klf4, mmp16, notch1 and foxO3 (Figure 
5). 

Down-regulated foxO3 expression in the lung 
of PF mice

We further detected the mRNA expressions of 
predicted target genes of miR-146b. Our results 
showed significant differences in the mRNA 
expressions of foxO3, siah2 and mmp16 
between two groups (Figure 6) (P<0.05). In PF 
group, the mRNA expressions of foxO3 and 
siah2 reduced markedly and were negatively 
related to miR-146b expression, but mmp16 

expression increased dramatically in PF group. 
Significant difference was not found in the 
mRNA expressions of other target genes of 
miR-146b (Figure 7). 

miRNA may inhibit the translation of target 
genes, only leading to the reduced protein 
expression of target genes. Thus, the protein 
expressions of mmp16 and foxO3 were also 
detected in the lung. Results showed the 
mmp16 protein expression was comparable 
between two groups (Figure 8), but foxO3 pro-
tein expression reduced markedly in PF group 
(P<0.05 vs control group) (Figure 9). 

Discussion

Bleomycin induced PF is characterized by 
alveolitis at early stage, which then progresses 
into chronic fibrosis without treatment. 
Bleomycin induced PF may effectively mimic 
the progression of interstitial lung diseases in 
human and thus often used to investigate 
molecular signaling pathways involved in the 
pathogenesis of PF. Mice may develop body 
weight loss at 1 week after bleomycin induced 
PF and thereafter, body weight increases and 
restores to normal. In the present study, the 

Figure 3. mRNA expressions of genes related to fibrosis in the lung (real time PCR). A: α-SMA; B: Fn; C: COL1A1; D: 
COL1A2. (**P<0.01). 

Figure 4. miR-146b expression in the lung of mice 
(real time PCR). **P<0.01 vs control group.
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body weight in PF mice reduced significantly 
when compared with control group. HE staining 
showed the lung structure was disordered, 
some alveoli merged, and a fraction of lung tis-
sues consolidated. Masson’s trichrome stain-
ing showed a large amount of blue collagens 
which corresponded to the red collagens in HE 
staining. Moreover, we also detected the mRNA 
expressions of fibrosis related genes in the 
lung. Results showed the mRNA expressions of 
α-SMA, Fn, CLO1A1 and COL1A2 increased sig-
nificantly in mice after intratracheal administra-
tion of bleomycin. These findings suggest that 
PF animal model was successfully established.

In the fibrotic skins, the expressions of miR-21, 
miR-31, miR-146b and miR-503 increase sig-
nificantly, but those of miR-145 and miR-29b 
are down-regulated. There is evidence showing 
that the expressions of miR-31 and miR-145 in 
the PF show different tendency from those in 
the fibrotic skins. Our results showed miR-146b 
expression increased significantly in the PF, as 
observed in the fibrotic skins. miR-146b has 
been found to be related to inflammation: the 
presence of inflammation is usually accompa-
nied by the increase in miR-146b expression, 
and pro-inflammatory cytokines may up-regu-
late the miR-146b expression [7-10]. It has 
been proposed the miR-146b may inhibit  
the interleukin-1 receptor-associated kinase 
(IRAK1) and TNF receptor-associated factor 
(TRAF6) to negatively regulate inflammation [7]. 
In recent years, studies reveal that miR-146b 
plays an important role in the myocardial fibro-
sis and phenotypic conversion of fibroblasts 
[11, 12]. In the present study, results showed 
miR-146b expression increased significantly in 
PF mice, and remained at a high level. Generally, 

miR-146b may also act on ubiquitin related pro-
tein UBE2D2 and matrix metalloproteinases 
MMP16 to inhibit the degradation of ECM [11, 
13]. In our study, bioinformatics was employed 
to predict target genes of miR-146b and a total 
of 6 genes were identified. Of them, the mRNA 
expressions of foxO3 and siah2 reduced, but 
mmp16 mRNA expression increased, and sig-
nificant difference was not observed in other 
genes. Further validation with Western blot 
assay revealed that mmp16 protein expression 
remained unchanged. Thus, the role of mmp16 
as a target gene of miR-146b could be exclud-
ed. siah2 is an E3 ubiquitin ligase and siah2 
activation may promote the degradation of 
smad7 in the TGF-β signaling pathway [14], 
leading to the inhibition of fibrosis because 
smad7 is able to negatively regulate the pro-
fibrotic activity of TGF-β. Forkhead box protein 
foxO3 is a transcriptional activator related to 
apoptosis. In idiopathic pulmonary fibrosis, the 
FOXO3 activity reduces in the fibroblasts [15]. 
Low FOXO3 activity may down-regulate CAV-1 to 
inhibit Fas expression, reducing the collagen-
mediated apoptosis of fibroblasts. In our study, 
the FOXO3 expression reduced significantly in 
the lung of PF mice and was negatively related 
to miR-146b expression. Thus, we speculate 
that pro-inflammatory cytokines in the stage of 
inflammation up-regulate the miR-146b expres-
sion in fibroblasts, which inhibits the FOXO3 
transcription and then decrease Fas expres-
sion, leading to the inhibition of fibroblasts. 
However, in late stage (stage of fibrosis), TGF-β 
may stimulate the sustained expression of miR-
146b, which further increases fibroblasts, 
forming a positive feedback and resulting in PF. 
Of note, we can not deny the negative regula-
tion of miR-146b on inflammation and fibrosis. 

Figure 5. Potential binding sites of miR-146b to predicted target genes (target 
scan).

the lung injury in PF within 
1-7 days is characterized by 
alveolitis, and chronic fibro-
sis is present at 14 d. Thus, 
the sustained increase in 
miR-146b expression may 
not completely explained 
by the inflammation alone. 
We speculate that the increa- 
sed miR-146b plays a cru-
cial role in the transforma-
tion from inflammation into 
fibrosis. Fibroblasts expre- 
ss miR-146b, which is regu-
lated by TGF-β. In addition, 
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miR-146b may act on SIAH2 to up-regulate 
smad7 expression and inhibit the TGF-β-
induced production of ECM, which also sup-

presses the ECM induced apoptosis of 
fibroblasts. Several studies have confirmed 
that miR-146b may act on IRAK1 to inhibit 

Figure 6. mRNA expressions of foxO3 and siah2 in the lung. **P<0.01 vs control group.

Figure 7. mRNA expressions of irak, notch1, mmp16 and klf4 in the lung. *P<0.05 vs control group.

Figure 8. mmp16 protein expression (Western blot 
assay).

Figure 9. foxO3 protein expression in the lung (West-
ern blot assay). **P<0.01 vs control group.
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inflammation. However, in the present study, 
the mRNA expression of orak1 remained 
unchanged in the lung of PF mice. It is possible 
that miR-146b is mainly expressed in the fibro-
blasts during the stage of fibrosis and the tar-
get genes of miR-146b are cell-specific. 

Although miRNAs have the potential in the ther-
apy of diseases, it has a long way to go before 
anti-fibrotic therapy is conducted targeting miR-
146b. In the inflammation related to interstitial 
lung diseases, which inflammation related sig-
naling pathway is mainly regulated by miR-146 
and the clinical significance of this pathway are 
largely unclear. In addition, whether increased 
miR-146 expression in the inflammation may 
further induce fibrosis and whether inhibition of 
miR-146 expression may deteriorate inflamma-
tion are still needed to be elucidated. There is 
evidence showing that the miRNA expressing 
profile is different between fibrotic tissues, 
which might be helpful for the prediction of 
fibrosis in different tissues. Currently, most 
studies on miR-146 are observational, and 
more studies are required before the applica-
tion of miR-146 as a target in the therapy of PF. 

Conclusion

In bleomycin induced PF, miR-146b expression 
increases significantly, but foxO3 expression 
reduces dramatically in the lung, and bioinfor-
matics analysis shows foxO3 is a target gene of 
miR-146b. Thus, miR-146b may inhibit foxO3 
expression to facilitate PF. 
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