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Abstract: Idiopathic pulmonary fibrosis (IPF) is a devastating disease and the pathogenesis of IPF remains unclear. 
Our previous study indicated that miR-5100 promotes the proliferation and metastasis of lung epithelial cells. In 
this study, we investigated the effect and mechanism of miR-5100 on bleomycin (BLM)-induced mouse lung fibrosis 
and transforming growth factor β (TGF-β1) or epidermal growth factor (EGF) induced EMT-model in A549 and Beas-
2B cells. The elevated level of miR-5100 was observed in both the mouse lung fibrosis tissues and EMT cell model. 
Furthermore, the exogenous expression of miR-5100 promoted the EMT-related changes, enhanced TGF-β1 or EGF-
induced EMT and activated the smad2/3 in lung epithelial cells, while silencing miR-5100 had the converse effects. 
In addition, transwell assay showed that miR-5100 can enhance cell migration. Using target prediction software 
and luciferase reporter assays, we identified TOB2 as a specific target of miR-5100 and miR-5100 can decrease 
the accumulation of endogenous TOB2 in A549 and Beas-2B cells. Moreover, the exogenous expression of TOB2 
relieves the promotion of miR-5100 on EMT process and migration ability. Taken together, our results indicate that 
miR-5100 promotes the EMT process by targeting TOB2 associated with activating smad2/3 in lung epithlium cells. 
Our findings may provide novel insights into the pathogenesis of IPF.
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Introduction 

Idiopathic pulmonary fibrosis (IPF) is a chronic, 
progressive and devastating disease for which 
lung transplantation is considered the only via-
ble intervention [1]. The pathogenesis of IPF 
remains largely unknown. Accumulated evide- 
nces demonstrated that epithelial-mesenchy-
mal transition (EMT) plays a key role on patho-
genesis of IPF [2, 3].

Epithelial-mesenchymal transition (EMT), which 
is characterized by the loss of epithelial charac-
teristics (E-cadherin) and the acquisition of a 
mesenchymal phenotype [N-cadherin, vimen-
tin, and α-smooth muscle actin (α-SMA)], is a 
major contributor to the accumulation of myofi-
broblasts and fibroblasts on the site of tissue 

injury [4]. Accumulated myofibroblasts produce 
excessive extracellular matrix (ECM) compone- 
nts leading to progressive lung fibrosis [3]. In 
addition, as an inducer of EMT, transforming 
growth factor β (TGF-β1) has long been regard-
ed as a central mediator of tissue fibrosis in 
many organs, including the lung [5-7]. Moreover, 
large studies reported that the EMT was in- 
duced by TGF-β1 in various lung epithelial cell 
lines [8-10], indicating that the TGF-β1-induced 
EMT in epithelial cells can be used as an in vitro 
model to study the pathogenesis of pulmonary 
fibrosis.

MiRNA regulation is critical in the process of 
EMT and IPF [11-14]. In previous study, we dem-
onstrated that miR-5100 is overexpressed in 
lung cancer and it promoted cell proliferation in 
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vitro and tumor growth in vivo by targeting Rab6 
[15]. However, whether miR-5100 plays a role 
in the pulmonary fibrosis and the EMT process 
remain unknown. In this study, we first detected 
the expression of miR-5100 in BLM-induced 
mouse lung tissue and TGF-β1-induced cells, 
and then transfection of miR-5100 mimics or 
inhibitor, the expression of EMT-related mark-
ers was detected in lung epithelial (A549) cells 
and human bronchial epithelium (Beas-2B) 
cells both in basal condition and exposure  
to TGF-β1 by qRT-PCR and western blot. Cell 
immunofluorescence staining and transwell 
were also evaluated in miR-5100-overexpress-
ing cells. Then, we identified TOB2 as a direct 
target of miR-5100, and TOB2 can reverse miR-
5100 induced EMT process in A549 and Beas-
2B cells.

Materials and methods

Cell culture

Human lung epithelial cell lines (A549) and 
human bronchial epithelial cells (Beas-2B) were 
obtained from the Shanghai Cell Institute Co- 
untry Cell Bank (Shanghai, China). All cell lines 
were cultured in RPMI-1640 medium (Gibco/
BRL, MD, USA) supplemented with 10% fetal 
bovine serum (Gibco/BRL, MD, USA), 100 U/ml 
penicillin G, and 100 ug/ml streptomycin 
(Sigma-Aldrich Corp., St.Louis, MO, USA) cul-
tured at 37°C in a humidified atmosphere co- 
ntaining 5% CO2.

Bleomycin-induced lung fibrosis

To induce lung fibrosis, C57BL/6 male mice 
(8-12 weeks old, Guangdong Experimental Ani- 
mal Center, China) were anesthetized and sub-
jected to intratracheal administration of saline 
or a 5 mg/kg bleomycin sulfate saline solution. 
(CLEA Japan, Inc., Tokyo, Japan). After 21 days, 
lung tissues were quickly removed and pro-
cessed for further analysis. The present study 
was performed in accordance with the recom-
mendations of the Guide for the Care and Use 
of Laboratory Animals of the National Institutes 
of Health. The animal use protocol was reviewed 
and approved by the Institutional Animal Care 
and Use Committee of Guangdong Medical 
University (Zhanjiang, China).

The isolation of primary rat type II alveolar 
epithelial cell 

Primary rat type II alveolar epithelial (ATII) cells 
were isolated from fetal rats lung tissues. Lung 

tissues of 19-day fetal rats were digested with 
trypsin and collagenase, then purified for AT-II 
cells with different centrifugal force and repeat-
ed attachment. Purified AT-II cells were cultured 
in DMEM-F12 medium (Gibco/BRL, MA, USA) 
with 10% fetal bovine serum and for subse-
quent experiments.

RNA extraction and quantitative real-time PCR 
assay

The total RNA was extracted from cultured cells 
or lung tissues using TRIZOL reagent (Invitrogen 
Life Technologies, Carlsbad, CA, USA) accord-
ing to the manufacturer’s protocol. Following 
extraction, all RNA samples were stored at 
-80°C until use. The cDNA was synthesized 
using a miRcute miRNA First-strand cDNA Sy- 
nthesis kit (TIANGEN BIOTECH, Beijing, China) 
and real-time PCR was performed using the 
miRcute miRNA qPCR Detection kit (SYBR 
Green) (TIANGEN BIOTECH, Beijing, China) on 
an ABI PRISM 7500 instrument (Applied Bio- 
systems, Foster, CA, USA). All primers were 
designed by TIANGEN BIOTECH Co, Ltd. miR-
5100 expression was normalized with the 
endogenous control snRNA U6 and the fold-
change of the target genes was calculated 
using the 2-ΔΔCT method.

Cell transfection

The miRNA mimics, inhibitor and negative con-
trols were synthesized by Gene Pharma (Shang- 
hai, China). The cells were performed in serum-
free medium 24 h after plating, then transfect-
ed with miR-5100 mimics, miR-5100 inhibitor,  
or a negative control (NC) using Lipofectamine 
2000 (Invitrogen, USA). Mimic sequences were: 
miR-5100 mimic sense, 5’-UUCAGAUCCCAGC- 
GGUGCCUCU-3’ and anti-sense, 5’-AGGCACCG- 
CUGGGAUCUGAAUU-3’; miR-5100 inhibitor se- 
nse 5’-AGAGGCACCGCUGGGAUCUGAA-3’, neg-
ative control sense, 5’-UUCUCCGAACGUGUCA- 
CGUTT-3’ and anti-sense, 5’-ACGUGACACGUU- 
CGGAGAATT-3’. The mixture was then added to 
cells; after incubation at 37°C for 4 h, the me- 
dium was changed to complete medium and 
cultured for a further 48 h. The cells were then 
collected for further analysis.

EMT induction

The cells were kept for overnight serum starva-
tion after they reached 70-80% confluence or 
transfected 24 h later, and then treated with 
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TGF-β1 (PeproTech, USA) or EGF (PeproTech, 
USA) at final concentration of 5 ng/ml or 25 ng/
ml for 24 h or 48 h. The total RNA and proteins 
were collected for use in subsequent experi- 
ments.

Immunofluorescence staining

Cells were washed with cold PBS and then fixed 
with 4% paraformaldehyde for 15 min at room 
temperature. After fixation, the cells blocking  
in TBS solution supplemented with 1% Triton 
X-100 (TBS-Triton) and 2.5% milk for 20 min. 
Then cells were incubated with primary an- 
tibodies against SMA (1:100 dilutions, Sam- 
ta Cruz, USA) overnight at 4°C. Followed by  
five washes with PBS, cells then incubated  
with goat anti-mouse CY5 secondary antibody 
(1:400 dilutions, BOSTER Biological Technology, 
USA) for 1h at room temperature. The nucleus 
was stained with 4’, 6-diamidino-2-phenylindo- 
le (DAPI) (Beyotime Biotechnology, Shanghai, 
China) for 5 min. Images were recorded with a 
confocal microscope (Leica, German).

Transwell assay

Cell transwell was examined using 24-well tran-
swell chambers (BD Falcon, USA), according to 
the manufacturer’s protocol. In total, 5×104 

A549 or Beas-2B cells were seeded into the 
upper well of the chamber in RPMI-1640 medi-
um without fetal bovine serum. RPMI-1640 
medium containing 10% fetal bovine serum 
was added to the lower well to stimulate tran-
swell. Following incubation for 18 h, the cells 
remaining on at the upper well were removed 
while the bottom cells were fixed with 4% 
Paraformaldehyde (Sangon Biotech, Shanghai, 
China) and then stained with 0.1% crystal vio-
let. The number of transwelled cells was cal- 
culated with an inverted microscope (DMI30- 
00B, Leica, Germany) using 5 randomly-select-
ed fields of view at a ×10 magnification.

Western blot analysis

Cultured cells were washed twice using ice-cold 
PBS and lysed on ice using RIPA buffer con- 
taining protease inhibitors (Beyotime Biotech- 
nology, Shanghai, China). And the homogenate 
was centrifuged at 10,000 g for 15 min at 4°C. 
The protein concentration of the lysates was 
quantified using a BCA Protein Assay kit (Bey- 
otime Biotechnology, Shanghai, China). Equal 
amounts of the protein lysates (40 ug) from 
each sample was electrophoretically separat- 

ed by 12% SDS-PAGE gels and transferred  
to PVDF membranes (Millipore, MA, USA). The 
membranes were blocked with 5% non-fat milk 
at room temperature for 2 h,and then incubat-
ed overnight at 4°C with the primary antibod-
ies: E-cadherin (1:1000 dilution; Cell Signaling 
Technology, USA), N-cadherin (1:1000 dilution; 
ABGENT, USA), Vimentin (1:1000 dilution; Cell 
Signaling Technology, USA), α-SMA (1:500 di- 
lution; Santa Cruz Biotechnology, USA) and 
GAPDH (1:1000 dilution; ABGENT, USA). After 
washing 3 times, horseradish peroxidase-con-
jugated secondary antibody was added for 1 h 
at room temperature, the protein bands were 
visualized with enhanced chemiluminescence 
reagents (Pierce, CA, USA). GAPDH was used as 
the loading control.

MiRNA target prediction

Online program miRBase (http://www.mirbase.
org/) were used to predict potential targets of 
miR-5100.

Luciferase assays

293T cells were seeded in 96-well plates at 
3000 cells per well, the day before transfec-
tion. The predicted miR-5100 binding site in the 
3’UTR of the TOB2 mRNA was cloned into psi-
CHECK2 reporter vector and a corresponding 
mutant was constructed. A mixture of 100 ng 
psi-TOB2 3’UTR and 200 ng of NC or miR-5100 
mimics was transfected into 293T cells with 
Lipofectamine 2000. 48 hours later, Firefly and 
Renilla luciferase activities were measured 
with a Dual-Luciferase Reporter System (Pro- 
mega Corporation, USA) according to the manu-
facturer’s protocol.

Statistical analysis

The statistical analysis results are expressed 
as the means ± standard deviation (SD) at le- 
ast from three independent experiments. The 
Student’s t test was used to determine signifi-
cant differences between various experimental 
groups. P value <0.05 was considered statisti-
cally significant.

Results

Expressions of miR-5100 is increased in BLM-
induced mouse pulmonary fibrosis tissues and 
TGF-β1 or EGF-induced cells

To study the mechanism of miR-5100 in the 
context of pulmonary fibrosis, we first detected 
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the expression of miR-5100 in BLM-induced 
mouse pulmonary fibrosis tissues by qRT-PCR. 
The elevated level of miR-5100 was observed 
in the BLM-induced mouse pulmonary fibrosis 
tissues compared with the control tissues 
(Figure 1A). Then we used the TGF-β1 and  
EGF-induced cell EMT models, as EMT can be 
induced by a variety of growth factors, including 
TGF-β1 and EGF [16, 17]. A549 and Beas-2B 
cells were treated with TGF-β1 or/and EGF, 
western blotting analysis showed that the 
expression of E-carderin was downregulated in 
TGF-β1 or/and EGF treated group compared 

with the control group, and the expression  
of N-carderin and vimentin was upregulated 
(Figure 1B, 1C), indicating that TGF-β1 or EGF-
induced EMT in lung epithelial cells were con-
sistent with previous study [8-10, 18]. Addi- 
tionally, qRT-PCR analysis showed that the ex- 
pression of miR-5100 is upregulated in A549 
and Beas-2B cells following TGF-β1 and EGF 
treatment for 24 h and 48 h (Figure 1D, 1E). 
Collectively, these results indicate that miR- 
5100 was increased in BLM-induced mouse 
pulmonary fibrosis tissues and TGF-β1 or EGF-
induced cells.

Figure 1. Expression of miR-5100 in BLM-induced mouse lung tissue and TGF-β1 or EGF- induced lung cells [Hu-
man lung epithelial cell lines A549 and human bronchial epithelial cells Beas-2B]. (A) qRT-PCR analysis of miR-
5100 expression in saline or belomycin induced mouse lung tissues. Data are presented as the means ± SD, n=6. 
***P<0.001 versus control. (B) A549 and Beas-2B cells were first stimulated with TGF-β1 (5 ng/ml) or EGF (25 ng/
ml) for 24 h. Representative western blot show the protein expression of N-cadherin, E-cadherin and vimentin. (C) 
The results in panel B were quantified using Image J software. (D, E) qRT-PCR analysis of miR-5100 expression in 
A549 and Beas-2B cells treated with TGF-β1 or/and EGF for 24 h or 48 h. U6 was used as an internal control. Data 
are presented as the means ± SD n=3. (*P<0.05, **P<0.01, ***P<0.001 versus CK).
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Exogenous miR-5100 promotes cell migration 
ability

To evaluate the potential function of miR-5100 
on cell motility and migration, we assessed the 
effect of miR-5100 in lung epithelial cells by 
transwell assay. Control non-targeting miRNA 
(NC), miR-5100 mimics, or miR-5100 inhibitor 
were used to transfected in cells and the effi-
ciency of mimics and inhibitor in modulating 
miR-5100 expression were determined by qRT-
PCR (Figure 2A). In both A549 and Beas-2B 
cells, exogenous expression of miR-5100 pro-
moted the cell migration as assessed by tras-
well assay, while miR-5100 inhibitor caused a 

slight inhibition of cell migration (Figure 2B, 
2C). These data indicate that miR-5100 plays a 
role on promoting the migration of cells.

The mimics of miR-5100 promoted the EMT in 
A549 and Beas-2B cells and rats’ primary ATII 
cells

To investigate the effects of miR-5100 on EMT 
process in vitro model, A549 and Beas-2B cells 
were transfected with miR-5100 mimics or 
inhibitor and the expression of EMT-related 
markers were measured by qRT-PCR and west-
ern blot analysis. The qRT-PCR data show- 
ed that E-cadherin (CDH1) was significantly 

Figure 2. Effects of miR-5100 on cell migration of lung cells. A549 and Beas-2B cells were transfected with nega-
tive control (NC), miR-5100 mimics (5100-Mimics), or miR -5100 inhibitor (5100-Inhibitor). (A) qRT-PCR analysis of  
miR-5100 expression in A549 and Beas-2B cells. U6 was used as an internal control and data were standardized 
to an average of 1.0 in NC-transfected cells. (B, C) Cell migration ability of A549 and Beas-2B was assessed by 
transwell assay at the indicated times. The data are expressed as the means ± SD (n=3). (**P<0.01, **P<0.01 
versus NC).
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Figure 3. MiR-5100 promotes EMT process in lung epithelial cells. Lung epithelial cells were transfected with miR-5100 mimics or miR-5100 inhibitor before treated 
with TGF-β1 (5 ng/ml) or EGF (25 ng/ml) for 24 h. (A-C) The transcription level of epithelial phenotypic marker E-cadherin (CDH1) and mesenchymal phenotypic 
markers N-cadherin (CDH2) and vimentin were measured by qRT-PCR in A549 and Beas-2B cells. (D, E) Immunofluorescence staining of A549 and Beas-2B  
cells showing positive staining for α-SMA. Scale bars =50 um. Red indicates the protein of SMA, and blue indicates the cell nucleus. (F-H) The protein expres- 
sion of E-cadherin, vimentin, N-cadherin or α-SMA was measured by western blot in A549, Beas-2B, and primary ATII cells. GAPDH was tested as a loading con-
trol. (I, J) Expression of miR-5100 significantly affects protein expression of P-smad2/3 as assesed by western blot in A549 and Beas-2B cells. Quantification of  
E-cadherin, vimentin, N-cadherin, α-SMA and P-smad2/3 in lung cells were carried out using Image J software. Mean optical densities were measured. All data 
are shown as the mean ± SD (n=3). (*P<0.05, **P<0.01, ***P<0.001 versus NC; ##P<0.01, ###P<0.001 versus NC+TGF-β1; $$P<0.01, $$$P<0.001 versus 
NC+EGF).
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decreased whereas N-cadherin (CDH2) and 
vimentin were significantly increased after ov- 
erexpression of miR-5100 in the cells. And the 
preceding markers showed the opposite trend 
after transfection of miR-5100 inhibitor (Figure 
3A). When the cells were treated with TGF-β1 or 
EGF, similar results were observed, that is miR-
5100 mimics promoted the EMT-related chang-
es and the miR-5100 inhibitor suppressed the 
EMT-related changes (Figure 3B, 3C). Further- 
more, immunofluorescence staining results 
showed the protein expression of α-SMA was 
increased by miR-5100 mimics and decreased 
by miR-5100 inhibitor in A549 and Beas-2B 
cells (Figure 3D, 3E).

In addition, western blot analysis revealed simi-
lar results to those observed in the qRT-PCR 
results. The expression of E-caderin was decr- 
eased, whereas the vimentin, N-cadherin or 
α-SMA were increased in A549, Beas-2B and 
primary ATII cells following transfection with 
miR-5100 mimics, compared with the control 
group, and miR-5100 mimics can aggravate 
the EMT processes when the cells were treated 
with TGF-β1 or EGF (Figure 3F-H). Taken togeth-
er, these findings demonstrated that miR-5100 
promoted the EMT at both the transcriptional 
and translational level in A549, Beas-2B and 
primary rat ATII cells.

The effect of miR-5100 on the activation of 
TGF-β1/Smad2/3 signaling pathway was also 
evaluated by western blot analysis. The expres-
sion of the mesenchymal protein vimentin and 
the p-Smad2/3 was significantly upregulated in 
A549 (Figure 3I) and Beas-2B (Figure 3J) cells 
following miR-5100 mimics transfection, and 
the above proteins were increased more ob- 
viously when the cells treated with TGF-β1, 
whereas no changes were observed in Smad3 
expression. These results suggested that miR-
5100 promoted the EMT process probably by 
activating the TGF-β1/Smad pathway.

MiR-5100 translationally represses TOB2 by 
targeting specific sequences in the 3’UTR of 
TOB2

To investigate the underlying molecular mecha-
nisms by which miR-5100 mediate the regula-
tion of EMT, the potential targets of miR-5100 
were identified by the miRNA target prediction 
tool miRBase. TOB2 was predicted to be a 
potential target of miR-5100 (Figure 4A). To 
validate TOB2 is the target of miR-5100; we 
first performed a luciferase activity assay. We 

constructed and verified the wild-type Tob2 
3’UTR luciferase reporter plasmid and the mu- 
tant, which were then used for cotransfection 
of 293T cells with miR-5100 mimics or the neg-
ative control. Compared with the negative con-
trol cells, the cells cotransfected with the wild 
type and the miR-5100 mimics exhibited signi- 
ficantly inhibited luciferase activity after 48 h 
(Figure 4B). Otherwise, we used western blot to 
further evaluate the target, and we found that 
the overexpression of miR-5100 significantly 
suppressed the TOB2 protein level, whereas 
the inhibition of miR-5100 had no effect on the 
expression of TOB2 in A549 and Beas-2B cells 
(Figure 4C, 4D). These results indicate that 
TOB2 was the target of negative regulation by 
miR-5100, and affecting the translational level.

Exogenous expression of TOB2 compromises 
the effects of miR-5100 on cell migration and 
EMT process

In order to verify that miR-5100 regulates EMT 
through its target TOB2, we constructed the 
overexpression plasmid of pCMV-TOB2-HA and 
then cotransfected A549 and Beas-2B cells 
with miR-5100 mimics. The results showed 
that the migration ability of miR-5100 mimics 
transfected cells was significantly increased in 
A549 and Beas-2B cells (Figure 5A, 5B), com-
pared with the control group. The migration 
ability of the cotransfected group was signifi-
cantly decreased compared with the miR-5100 
mimics alone group. And this process was more 
obvious in the cells treated with TGF-β1 for 16 
h.

In addition, western blot was used to examine 
the effects of upregulating TOB2 on the EMT-
related proteins. The expression of E-cadherin 
was downregulated, and the interstitial marker 
proteins N-cadherin and vimentin were upregu-
lated in A549 and Beas-2B cells transfected 
with miR-5100 mimics compared with the con-
trol group (Figure 5C, 5D); but miR-5100 mim-
ics and TOB2 cotransfected cells reverse the 
EMT process which caused by miR-5100 mim-
ics. These results suggest that exogenous 
expression of TOB2 compromises the ability of 
miR-5100 to promote cell migration and EMT 
process.

Discussion

Recently, numerous miRNAs have been report-
ed to involve in the pathogenesis of IPF in vari-
ous pathways. EMT reportedly plays a critical 
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role in the pathogenesis of pulmonary fibrosis, 
and miRNAs regulate lung fibrosis via EMT [19, 
20]. BLM-induced mouse model of pulmonary 
fibrosis is the most commonly used model of 
IPF for studying disease pathogenesis and for 
testing novel pharmaceutical compounds [21]. 
In the current study, we observed that miR-
5100 was upregulated in BLM-induced mouse 
lung tissue and TGF-β1 or EGF-induced cells 
(Figure 1), indicating that miR-5100 may plays 
an important role in pulmonary fibrosis. Pre- 
viously we have reported that miR-5100 pro-
moted the tumor growth and metastasis in lung 
cancer [15]. The cancer metastasis was also in- 
volved the EMT process and EMT is an accept-
ed biological process in cancer progression 
and is an appealing concept in IPF because of 
the unique features of fibroblastic foci [22]. 
Thus, we hypothesis that miR-5100 play a regu-
latory role in the pathogenesis of pulmonary 
fibrosis by influencing the EMT process.

To confirm the hypothesis, we examined the 
role of miR-5100 on EMT in lung epithelial cells 
including human lung cancer cell lines A549 
and human bronchial epithelium cells Beas-2B. 
We found that miR-5100 promoted cell migra-

tion (Figure 2) and the EMT-related proteins 
were changed (Figure 3A-G) in A549 and Beas-
2B cells both in basal condition and exposure 
to TGF-β1 or EGF. In this study, we also observed 
that miR-5100 had the similar effects on the 
EMT process in primary rat ATII cells (Figure 
3H).

EMT is a process in which epithelial cells lose 
their epithelial phenotype, acquire mesenchy-
mal properties, and display reduced cell adhe-
sion and increased motility [2, 3]. Many growth 
factors such as TGF-β1 and EGF have been 
identified to be widely associated with EMT 
induction [16, 17]. The present study, both TGF-
β1 and EGF-induced EMT process was con-
firmed in A549 and Beas-2B cells (Figure 1B, 
1C), the endogenous expression of miR-5100 
was upreregulated in TGF-β1 or EGF-induced 
cells (Figure 1D, 1E) and exogenous miR-5100 
promoted EMT and aggravated the EMT pro-
cess of the cells treated with TGF-β1 or EGF 
(Figure 3A-H).

As TGF-β1 is a key regulator of EMT in pulmo-
nary fibrosis [23] and the TGF-β/smad signal-
ling pathway plays a key role in both EMT and 

Figure 4. MiR-5100 inhibits the expression of TOB2 by binding its 3’UTR. (A) A putative miR-5100 binding site in the 
TOB2 3’UTR is indicated with overstriking characters. This site was identified using miRBase. (B) Luciferase reporter 
assay of 293T cells transfected with a psiCheck2 vector with an inserted TOB2 3’UTR sequence (TOB2 3’UTR) or a 
vector with an inserted mutated 3’UTR sequence (3’UTR mutant), together with either negative control miRNA (NC) 
or miR-5100 (mimics). The luciferase activity was normalized to firefly luciferase activity. (C) The protein levels of 
TOB2 was examined by Western blotting for two cell lines infected with NC, 5100-Mimic or 5100-Inhibitor. (D) Quan-
tification of the results in panel C were carried out using Image J software. The data are expressed as the means ± 
SEM (n=3), (**P<0.01 versus NC).
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Figure 5. TOB2 attenuated miR-5100 induced EMT-relatd changes in A549 and Beas-2B cells. A549 and Beas-2B 
cells were transfected with a negative control (NC), miR-5100 mimics (5100-mimics) or mi5100-mimics and TOB2 
expression plasmid (5100-mimics+TOB2). (A, B) Cell migration ability of A549 and Beas-2B cells was assessed by 
an transwell assay at the indicated times. (C) Expression of E-cadherin, N-cadherin and vimentin was assesed by 
western blot in A549 and Beas-2B cells. (D) Quantification of the results in C was carried out using Image J software. 
The data are expressed as the mean ± SD (n=3). (**P<0.01, ***P<0.001 versus NC; ##P<0.01 versus 5100-mim-
ics).
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fibrosis [5, 24], we also examed the effect of 
miR-5100 on p-smad2/3 protein and found 
that exogenous miR-5100 leds to the elevated 
level of p-smad2/3 in A549 and Beas-2B cells 
both in basal condition and exposure to TGF-β1 
(Figure 3G, 3H). On the other hand, these re- 
sults indicated that miR-5100 promoted the 
EMT process and aggravated the TGF-β1-
induced EMT in pulmonary fibrosis involved in 
activating the TGF-β/smad pathway. Many 
reporters have showed that EGF induce EMT 
via activation of JAK/STAT3 and integrin-linked 
kinase (ILK) and ERK1/2-phospho-smad2/3-
snail signaling pathway [25-27]. While our 
results showed miR-5100 activated p-smad2/3, 
further indicated miR-5100 regulates directly 
or indirectly TGF-β1-induced EMT process 
involving TGF-β/smad signaling pathway.

TOB2 has been reported to be regulated by a 
variety of miRNAs that play a role in a variety of 
tumors and was considered to be a potential 
tumor suppressor [28, 29]. It has also been 
reported that miR-5100 promoted osteogenic 
differentiation by targeting TOB2 [30]. However, 
the function of TOB2 on the EMT or pulmonary 
fibrosis remains unclear. In this study, for the 
first time to the best of our knowledge, we con-
firmed that miR-5100 participated in promoting 
EMT process by downregulating TOB2 (Figure 
4) and exogenous expression of TOB2 relieved 
the promotion of miR-5100 on EMT process 
and migration ability in A549 and Beas-2B cells 
(Figure 5), indicating the role of miR-5100 on 
EMT process and migration ability are at least 
partly via TOB2.

There are some limitations of our study. Firstly, 
it is unknown whether the dysregulation of miR-
5100 is a cause or consequence of pulmonary 
fibrosis, as we did not verify the results from 
the clinical samples of patients with IPF, so clin-
ical samples are required to confirm these data 
in following study. In addition, as miRNAs have 
multiple targets and individual gene being re- 
gulated by various miRNAs [31], the miR-5100 
and TOB2 themselves could cover the regula-
tion of EMT, the miR-5100 play a regulatory role 
in EMT is limited.

In conclusion, miR-5100 promoted occurrence 
of EMT and mediated the TGF-β1-induced EMT 
in lung epithelial cells through downregulation 
of its target, TOB2, and associated with activat-
ing the TGF-β1/Smad signaling pathway. Our 

findings may provide a potential target for ther-
apy of IPF in future.
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