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Abstract: Idiopathic pulmonary fibrosis (IPF) is a progressive and fatal lung disease characterized by the replace-
ment of normal lung parenchyma with fibrotic tissue. Epithelial to mesenchymal transition (EMT), due to its close 
relationship with the process of tissue fibrosis, has been reported to play a crucial role in regulation of pulmonary 
fibrosis. Recently, miR-128, a brain-enriched microRNA, has been reported to be involved in EMT and tumorigenesis. 
However, the roles of miR-128 in pulmonary fibrosis have not yet been studied. The current study reports, for the 
first time, that miR-128 is downregulated in bleomycin (BLM)-induced pulmonary fibrosis and overexpression of it 
could significantly inhibit the progression of pulmonary fibrosis and EMT. Furthermore, this study shows that CDH11, 
a crucial regulator in progression of pulmonary fibrosis, is a direct target of miR-128. This direct interaction is crucial 
for their function in BLM-induced EMT and pulmonary fibrosis. Moreover, present results reveal that upregulation 
of miR-128 could prevent BLM-induced pulmonary fibrosis and EMT in vitro and in vivo. Taken together, the current 
study indicates that miR-128 may be a potential therapeutic target for treatment of IPF.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, 
devastating, and irreversible lung disease. It is 
characterized by the replacement of normal 
lung parenchyma with fibrotic tissue [1, 2]. The 
crude incidence rate of IPF has been estimated 
between 4.3 to 4.9 per 100,000 person-years. 
It is more prevalent in women and older people, 
based on a UK analysis of general practice 
database [3]. IPF was once thought to be a 
developing inflammatory process involved with 
fibroblast proliferation and excessive collagen 
deposition [4-6]. However, accumulating evi-
dence has demonstrated that pulmonary fibro-
sis is driven by abnormal alveolar epithelial 
cells, which produce effective mediators that 
induce pathological stimulation of epithelial to 
mesenchymal transition (EMT) [7-9]. EMT, in 
which the acquisition of a mesenchymal pheno-
type [N-cadherin and α-smooth muscle actin 
(α-SMA)] and the loss of epithelial characteris-
tics (E-cadherin) are involved, occurs in both 

tissue development during embryogenesis and 
pathological processes, including wound heal-
ing, organ fibrosis, and tumorigenesis [10-13].

MicroRNAs (miRNAs) are endogenous small 
non-protein-coding RNA molecules that consist 
of approximate 22 nucleotides. They play an 
important role in genetic regulation via directly 
binding to targeted mRNA [14-16]. Numerous 
studies have revealed that miRNAs are involved 
in various biological processes, including cell 
proliferation, tumorigenesis, and tissue fibrosis 
[17-20]. For example, in non-small-cell lung can-
cer cells, miR-149 inhibit the invasive capability 
and EMT via targeting FOXM1, a potential me- 
tastasis promoter [21]. miR-192, a microRNA 
highly expressed in fibrotic kidneys, may medi-
ate renal fibrosis in a TGF-β/Smad3-dependent 
manner [22].

miR-128, a brain-enriched microRNA, could re- 
gulate apoptosis, proliferation, and chemosen-
sitivity in glioblastomas and ovarian cancer [23-
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25]. Moreover, Liu et al. demonstrated that 
overexpression of miR-128 suppressed EMT 
development, migration, and invasion by direct-
ly targeting integrin α2 in osteosarcoma cells 
[26]. However, the roles of miR-128 in pulmo-
nary fibrosis have not been elucidated.

The present study determined the expression 
patterns of miR-128 in bleomycin-induced pul-
monary fibrosis and EMT of alveolar epithelial 
A549 cells and its function in bleomycin (BLM)-
induced invasion and EMT of A549 cells in vitro. 
Moreover, this study found that Cadherin-11 
(CDH11), a crucial regulator in progression of 
pulmonary fibrosis, is a direct target of miR-
128, revealing the significance of miR-128/ 
CDH11 interaction in BLM-induced pulmonary 
fibrosis in vivo.

Materials and methods

Animals and models of BLM-induced pulmo-
nary fibrosis

Male Wistar rats (age, 8 weeks; weight, 200-
240 g) were provided by Shanghai Laboratory 
Animal Center (SLAC), Chinese Academy of 
Sciences (Shanghai, China), and maintained in 
pathogen-free conditions. Before BLM treat-
ment, the rats were acclimated to the environ-
ment for 1 week. They were injected intratra-
cheally with BLM (Nippon Kayaku; Tokyo, Japan) 
at a dose of 5 mg/kg, dissolved in a total of 2 
mL of sterile saline or 2 mL of sterile saline for 
control groups. The rats were killed at days 0, 7, 
14, and 21 (n = 6 for each time point). All ani-
mal experiments were reviewed and permitted 
by the Animal Care and Use Committee of 
Central South University.

Cell culture and treatment

The alveolar epithelial A549 cell line was pro-
vided by Auragene Bioscience (Changsha, 
China). The cell line was maintained in Du- 
lbecco’s modified Eagle’s medium (Hyclone; 
Logan, UT) supplemented with 10% fetal Calf 
serum (Gibco; Grand Island, NY), 100 mg/mL 
streptomycin (Gibco; Gaithersburg, MD), and 
100 U/mL penicillin G at 37°C with 5% CO2. 
Cells at a density of 1×105 cells per well we- 
re seeded into 6-well plates and treated with 
serum-free medium with or without 20 μg/mL 
BLM for 48 hours.

Histological analysis

For histological study, rat lungs were fixed in 4% 
paraformaldehyde and embedded in paraffin. 

They were cut into sections and stained with 
hematoxylin and eosin (HE), according to stan-
dard protocol.

RNA extraction and qRT-PCR analyses

TRIZOL Reagent (Invitrogen; Carlsbad, CA) was 
used to extract total RNA. The Reverse 
Transcription Kit (Takara; Dalian, China) was 
used to synthesize the cDNA. Quantitative 
RT-PCR (qRT-PCR) analyses were performed 
using SYBR Green Master (Roche; Indianapolis, 
IN), according to manufacturer recommenda-
tions. Transcription levels of β-actin and U6 
were used to normalize expression levels of  
target genes and miR-128, respectively. Data 
were analyzed using an ABI 7300 instrument 
(Thermo Fisher Scientific; Waltham, MA). Pri- 
mers for qRT-PCR were synthesized by Invitro- 
gen (Shanghai, China). Sequences were: CD- 
H11 sense, 5’-ATTGTGATTAGCGATGGTGGCA-3’ 
and antisense, 5’-TCAGACCGGCATTCAGGATG- 
TA-3’; α-SMA sense, 5’-CCCAGATTATGTTTGAG- 
ACCTTCA3’ and antisense, 5’-TCAGACCGGCA- 
TTCAGGATGTA-3’; E-cadherin sense, 5’-TGCC- 
CAGAAAATGAAAAAGG-3’ and antisense, 5’-GT- 
GTATGTGGCAATGCGTTC-3’; N-cadherin sense, 
5’-ATGACAATCCTCCAGAGTTTA-3’ and antisen- 
se, 5’-ATCCTTATCGGTCACAGTTAG-3’; β-actin 
sense, 5’-AGGGGCCGGACTCGTCATACT-3’ and 
antisense, 5’-GGCGGCACCACCATGTACCCT-3’.

Wound healing assay 

A549 cells were grown to confluent monolayer 
in 6-well plates for 48 hours. They were sc- 
ratched with a 200 μl pipette tip. Subsequently, 
plates were washed twice with PBS and incu-
bated with the complete growth medium with-
out FBS. After 0 and 24 hours of incubation, the 
wounded area was photographed by microsco-
py (magnification, ×40) for wound closure an- 
alysis.

Matrigel invasion assay

Matrigel invasion assay was performed using 
24-well Transwell plates (Corning; Lowell, MA). 
Briefly, the treated 2×105 cells in DMEM media 
were added to the upper chamber containing 
8-μm pore size filters. This was coated with 1 
mg/mL matrigel. The invasion process lasted 
for 24 hours at 37°C in a CO2 incubator. 
Subsequently, non-invasive cells on the upper 
surface of the membranes were scrubbed with 
a cotton-tipped swab. Invading cells were on 
the lower surface of filters. They were fixed and 
stained with 0.5% crystal violet for 10 minutes 
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at room temperature. Images of the random 
fields (five per membrane) were photographed 
by microscopy (magnification, ×100) for calcu-
lation of the cell number.

Dual luciferase reporter assay

Fragments from CDH11 containing the predict-
ed miR-128 binding site or mutant sequence  
of miR-128 binding site were synthesized and 
cloned into the luciferase construct psi-
CHECK2. The resulting vector CDH11-3’UTR-
psi-CHECK2 and corresponding mutant were 
called WT 3’UTR and Mut 3’UTR, respectively. 
Transfection reagent (Invitrogen; Carlsbad, CA) 
was used for transfection. Forty-eight hours 
after transfection, luciferase activities in cell 
lysates were measured using the Dual-Luci- 
ferase Reporter Assay Kit (Promega, Madison, 
Wisconsin, USA).

Statistical analysis

Statistical analyses were performed using 
SPSS 20.0 (SPSS; Chicago, IL). Figures were 
processed with GraphPad Prism 5 (GraphPad 
Software; La Jolla, CA). Paired Student’s t-test 
was used for statistical analyses between two 
groups. Data are expressed as mean ± stan-
dard deviation (SD) from at least three indepen-
dent experiments. P < 0.05 indicates statistical 
significance.

Results

miR-128 was downregulated and CDH11 was 
upregulated in BLM-induced pulmonary fibro-
sis and EMT of alveolar epithelial A549 cells

The current study established a rat model of 
BLM-induced pulmonary fibrosis. After 7, 14, 
and 21 days of treatment, the structures of the 
alveolar and air-blood barriers were severely 
damaged (Figure 1A). These histological chang-
es were also supported by increased levels of 
mesenchymal cell markers (α-SMA, N-cadherin), 
along with decreased levels of epithelial cell 
markers (E-cadherin) (Figure 1A). Moreover, 
qRT-PCR analysis revealed that miR-128 levels 
on days 7, 14, and 21 after BLM treatment 
were decreased, compared with the control 
group (Figure 1B). Additionally, CDH11 expres-
sion was significantly upregulated (Figure 1C). 
Furthermore, it was observed that BLM could 
induce EMT of alveolar epithelial A549 cells. 
miR-128 was downregulated and CDH11 was 
upregulated in BLM-induced EMT (Figure 1D). 
Taken together, present data suggests a poten-

tial link between dysregulation of miR-128 and 
CDH11 and BLM-induced pulmonary fibrosis 
and EMT.

miR-128 restoration and CDH11 silencing at-
tenuated BLM-induced invasion and EMT of 
A549 cells in vitro

To investigate the roles of miR-128 and CDH11 
in BLM-induced EMT of A549 cells, this study 
restored miR-128 by confecting miR-128 mim-
ics and inhibited CDH11 by specific small inter-
fering RNAs. Wound healing and Matrigel inva-
sion assays showed that miR-128 restoration 
(Figure 2A, 2B) and knockdown of CDH11 
(Figure 2C, 2D) significantly inhibited cell inva-
sion and migration ability of A549 cells, respec-
tively. In addition, miR-128 restoration and 
CDH11 silencing attenuated EMT related mark-
ers (Figure 2E, 2F). Results indicate that miR-
128 and CDH11 played an opposite role in the 
regulation of BLM-induced cell invasion and 
EMT of A549 cells in vitro.

miR-128 directly inhibited CDH11 expression 
in A549 cells

A reverse relation of miR-128 and CDH11 ex- 
pression was observed in BLM-induced pulmo-
nary fibrosis and EMT of alveolar epithelial 
A549 cells. Moreover, in silico prediction for 
microRNA target (Figure 3A) suggests that 
CDH11 might be a target of miR-128. Previously, 
CDH11 has been reported to contribute to TGF-
β-induced EMT and bleomycin-induced pul- 
monary fibrosis [27]. To validate targeting of 
CDH11 by miR-128, luciferase reporter assays 
were conducted. The co-transfection of miR-
128 mimics with CDH11 Wt-3’UTR showed sig-
nificant decreased luciferase activity, com-
pared with the control group. However, lucifer-
ase activity of CDH11 Mut-3’UTR was not chan- 
ged (Figure 3B). In addition, qRT-PCR analysis 
revealed that miR-128 mimic significantly redu- 
ced expression of CDH11, while miR-128 inhibi-
tor increased CDH11 expression in A549 cells 
(Figure 3C). Together, results reveal that miR-
128 directly inhibited CDH11 expression in 
lung cells.

miR-128 prevented BLM-induced pulmonary 
fibrosis by suppressing CDH11-mediated EMT 
in vivo

To explore the potential roles of miR-128 in 
BLM-induced pulmonary fibrosis, this study co-
injected the miR-128 agomir at day 0 and via 
the tail veins of rat at days 7 and 14 after BLM 
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Figure 1. miR-128 was downregulated and CDH11 was upregulated in BLM-induced pulmonary fibrosis and EMT 
of alveolar epithelial A549 cells. A. H&E staining was applied to show pulmonary fibrosis in lung tissues after 7, 
14, and 21 days of BLM treatment. qRT-PCR was used to indicate expressional changes of EMT-related markers 
(E-cadherin, α-SMA, and N-cadherin). B and C. Relative expression levels of miR-128 and CDH11 were examined in 
lung tissues of rat models of bleomycin induced pulmonary fibrosis and control groups. D. BLM was used to induce 
the EMT of alveolar epithelial A549 cells and relative expression of EMT-related markers, miR-128, and CDH11 was 
examined in these cells with qRT-PCR. (*P value < 0.05).

treatment. At day 21, the lungs were harvest- 
ed. Histological examination via H&E staining 
showed that alveolar and air-blood barriers 

were severely damaged in the BLM treatment 
group, but slightly damaged in the BLM plus 
miR-128 treatment group (Figure 4A), suggest-
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ing that miR-128 may prevent BLM-induced 
pulmonary fibrosis in vivo. Twenty-one days 
after BLM treatment, miR-128 expression lev-
els were decreased, while miR-128 agomir 
treatment increased expression of miR-128 
(Figure 4B). Additionally, the presence of miR-
128 agomir attenuated BLM-induced inhibition 
on E-cadherin and CDH11 (Figure 4C). Together, 
results indicate that miR-128 might prevent 
BLM-induced pulmonary fibrosis by suppress-
ing CDH11-mediated EMT in vivo.

Discussion

Alveolar epithelial cell injuries, damage to air-
blood barriers, and subsequent uncontrolled 
accumulation of fibroblasts and collagen are 
the major pathological processes in IPF pa- 
tients [28, 29]. EMT, due to its relationship with 
process of tissue fibrosis, has been reported to 
play an important role in regulation of pulmo-
nary fibrosis [30-32]. It has been demonstrated 
that approximately 33% of pulmonary fibrosis 

Figure 2. miR-128 restoration and CDH11 silencing attenuated BLM-induced invasion and EMT of A549 cells in 
vitro. A. Monolayers of treated A549 cells were scraped with a 200 μl pipette tips and the number of cells in the 
denuded zone was photographed and quantified after 0 and 24 hours of incubation. B. Matrigel invasion assay was 
performed using Transwell plates. Representative photomicrographs of the invading cells were assayed by 0.5% 
crystal violet stain. C and D. Wound healing assays and Matrigel invasion assays were also conducted to CDH11 
silencing A549 cells and the control groups. E and F. Expression of EMT-related markers (E-cadherin, α-SMA and 
N-cadherin) in each group was examined by qRT-PCR. (*P value < 0.05).
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of an experimental IPF model originated from 
cells undergoing EMT [33, 34]. In this study, 
increased levels of mesenchymal cell markers 
(α-SMA, N-cadherin), along with decreased lev-
els of epithelial cell markers (E-cadherin), were 
observed in the rat model of BLM-induced pul-
monary fibrosis. Results suggest that induction 
of EMT was involved in BLM-induced pulmonary 
fibrosis.

MicroRNAs have been identified to be differen-
tially expressed in pulmonary fibrosis. These 
miRNAs are involved in regulations of apopto- 
sis and TGF-β-mediated EMT [35]. A study on 
human osteosarcomas demonstrated that miR-
128 overexpression could suppress cell migra-
tion and invasion and EMT of human osteosar-
coma cells by inhibiting its target gene integrin 
α2 [26]. However, the roles of miR-128 in pul-

process of fibrosis by inducing the differentia-
tion of resident tissue fibroblasts into myofibro-
blasts [27, 44, 45]. Present results also indi-
cate that expression of CDH11 was significant- 
ly upregulated in BLM-induced pulmonary fibro-
sis and EMT. Since this in silico study predict- 
ed that CDH11 might be a target of miR-128, 
further exploration on the roles of miR-128 in 
pulmonary fibrosis is critical to the understand-
ing of IPF initiation and progression. In the pres-
ent study, according to the dual luciferase re- 
porter assay, it was found that CDH11 was a 
target of miR-128 in alveolar epithelial cells. 
Further transgenic analysis validated the direct 
interaction.

Since upregulation of CDH11 could contribute 
to EMT progression and pulmonary fibrosis, it 
was hypothesized that upregulation of miR-128 

Figure 3. miR-128 directly inhibited CDH11 expression in A549 cells. A. In 
silico prediction the binding sites between miR-128 and CDH11. B. Rela-
tive luciferase activities were measured using the Dual-Luciferase Reporter 
Assay Kit in indicated cells, which were transfected with WT or Mut CDH11 
3’UTR luciferase reporter plasmid with or without miR-128. C. mRNA expres-
sion of CDH11 was detected in A549 cells transfected with miR-128 mimics 
or inhibitors using qRT-PCR. (*P value < 0.05).

monary fibrosis have not be- 
en reported yet. Present data 
revealed, for the first time, 
that miR-128 was downregu-
lated in bleomycin induced 
pulmonary fibrosis and EMT  
of alveolar epithelial A549 
cells and that miR-128 resto-
ration could attenuate BLM-
induced invasion and EMT of 
A549 cells. Present results 
suggest that miR-128 may 
play a similar role in the regu-
lation of BLM-induced pulmo-
nary fibrosis and EMT.

Previously, many target genes 
of miR-128 have been identi-
fied in different types of hu- 
man tumors. These genes are 
widely involved in cancer-
related biological processes, 
including cell proliferation, dif-
ferentiation, cellular motility, 
and adhesion [36-40]. CDH11 
is a cell-to-cell adhesion mol-
ecule functioning in many bio-
logical functions, including cy- 
toskeletal organization, extra-
cellular matrix-mediated tis-
sue remodeling, and cellular 
migration and invasion [41-
43]. Moreover, CDH11 has 
been found to be upregula- 
ted in lung tissues from IPF 
patients. It may promote the 
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might prevent EMT progression and BLM-indu- 
ced pulmonary fibrosis via suppressing CDH11 
expression [43]. To validate this hypothesis, 
this study co-injected miR-128 agomir into 
BLM-treated rats via intratracheal instillation. 
Results indicated that miR-128 could prevent 
both of bleomycin-induced pulmonary fibrosis 
and expression of CDH11 and EMT-related 
marker genes in vivo.

Conclusion

Taken together, the current study demonstra- 
tes, for the first time, that miR-128 is down- 
regulated in BLM-induced pulmonary fibrosis 

and EMT and that miR-128 restoration could 
significantly inhibit the progression of pulmo-
nary fibrosis and EMT in vitro and in vivo, at 
least in part by regulating CHD11. Therefore, 
present findings indicate that miR-128/CDH11 
interaction might be a potential therapeutic tar-
get for treatment of IPF in the future.
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Figure 4. miR-128 prevented BLM-induced 
pulmonary fibrosis by suppressing CDH11-
mediated EMT in vivo. A. Pulmonary fibro-
sis of lungs tissues from each group was 
histologically examined by H&E staining. B. 
qRT-PCR was used to indicate expressional 
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levels of EMT-related markers (E-cadherin, 
α-SMA, and N-cadherin) and CDH11 were 
assessed in each group with qRT-PCR. (*P 
value < 0.05, #P value < 0.001).
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