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Abstract
Epithelial-to-mesenchymal transition (EMT) of epithelium and airway epithelial cell proliferation disorder are key events in
idiopathic pulmonary fibrosis (IPF) pathogenesis. During EMT, epithelial cell adhesion molecules (EpCAM, such as
E-cadherin) are downregulated, cytokeratin cytoskeletal transforms into vimentin-based cytoskeleton, and the epithelial cells
acquire mesenchymal morphology. In the present study, we show abnormal upregulation of tumor protein p63 (TP63) and
downregulation of miR-184 in IPF. Transforming growth factor beta 1 (TGF-β1) stimulation of BEAS-2B and A549 cell
lines significantly increased the protein levels of Tp63, alpha-smooth muscle actin (α-SMA), and vimentin, but decreased
EpCAM protein levels, and promoted viability of both BEAS-2B and A549 cell lines. TP63 knockdown in BEAS-2B and
A549 cell lines significantly attenuated above-described TGF-β1-induced fibrotic changes. miR-184 targeted TP63 3′-UTR
to inhibit Tp63 expression. miR-184 overexpression within BEAS-2B and A549 cell lines also attenuated TGF-β1-induced
fibrotic changes. miR-184 overexpression attenuated bleomycin-induced pulmonary fibrosis in mice. Moreover, TP63
overexpression aggravated TGF-β1-stimulated fibrotic alterations within BEAS-2B and A549 cells and significantly
reversed the effects of miR-184 overexpression, indicating miR-184 relieves TGF-β1-stimulated fibrotic alterations within
BEAS-2B and A549 cells by targeting TP63, while TP63 overexpression reversed miR-184 cellular functions. In conclusion,
the miR-184/TP63 axis modulates the TGF-β1-induced fibrotic alterations in epithelial cell lines and bleomycin-induced
pulmonary fibrosis in mice. Therefore, these results confirm that the miR-184/TP63 axis is involved in IPF progression.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, pro-
gressive, fibrosing interstitial pulmonary disease associated
with a high burden of disease and early death, characterized

by progressive scarring of the pulmonary parenchyma that
leads to progressive loss of lung function and respiratory
failure and death [1]. Usual interstitial pneumonia (UIP) is
one of the pathological changes of the pulmonary tissues in
IPF patients, in which different cellular events have been
involved, including disordered proliferation and epithelial-
to-mesenchymal transition (EMT) of epithelium [2, 3].
Thus, the important role of the lung epithelium as the pri-
mary cell target of injury has been proposed [4–6].

The main features of EMT are decreased expression
of epithelial cell adhesion molecules (EpCAM, such as
E-cadherin), cytokeratin cytoskeletal transforming into
vimentin-based cytoskeleton, and the acquisition of
mesenchymal morphology [7, 8]. Through EMT, epithelial
cells lose cell polarity, lose their attachment to the basement
membrane, and at the same time become more migrative,
invasive, and antiapoptotic [7, 8]. In the process of EMT
and the pathogenesis of IPF, numerous profibrotic cytokines
secreted via macrophages, alveolar epithelial cells, fibro-
blasts, and/or myofiblasts play a critical role, in particular,
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transforming growth factor β1 (TGF-β1) [9]. TGF-β1
induces myofibroblast phenotype, increases the collagen
synthesis, and reduces matrix metalloproteinase 1 synthesis
[9]. Notably, a previous study demonstrated a unique
expression signature within TGF-β1-mediated airway epi-
thelium, showing 20 specifically upregulated genes, such as
tumor protein p63 (TP63, ΔNp63α as the dominant iso-
form), jag 1 (jagged 1) and the genes of structural proteins
[10]. Inflammatory factors such as TGF-β1 stimulation
could elicit p63 expression as one of the early molecular
events of IPF epithelial cell abnormalities [10]. p63
expression within IPF squamous metaplasia showed to be
consistent with the previous immunohistochemical study of
IPF lungs which demonstrated ΔNp63 is expressed at
abnormal proliferation site at the junction of bronchioles
and alveoli including squamous metaplasia [11]. Thus, we
speculate that p63, encoded by TP63, plays a key role in
IPF pathogenesis. Searching for agents inhibiting abnormal
upregulation of TP63 might be a promising strategy of
improving IPF.

As previously reported, various miRNAs (microRNAs)
exert an important effect on both EMT and IPF [12–14].
For example, let-7d expression showed to be down-
regulated while HMGA2 expression showed to be upre-
gulated within TGF-β1-induced A549 alveolar epithelial
cells [15]. Another miRNA, miR-200c, which belongs to
the miR-200 family, could target the transcription factor
ZEB1, subsequently modulating E-cadherin expression
[16, 17]. miR-26a targeted the HMGA2 gene and inhib-
ited its expression to regulate EMT, therefore, reducing
the occurrence of IPF [18]. Since the partial or perfect
complementarity between miRNAs and target mRNAs
causes repression of translation or mRNA degradation
[19], herein, the study performed bioinformatics analysis
to search for miRNAs that might target TP63 to exert an
effect on EMT and IPF pathogenesis.

Herein, we validated the TP63 expression by bioin-
formatics and experimental analyses and examined the
specific functions of TP63 on TGF-β1-stimulated normal
bronchial epithelial cell line (BEAS-2B) and cancerous
alveolar epithelial cell line (A549). Next, we used online
tools to predict miRNAs that might target TP63; among
the candidate miRNAs, miR-184 has been regarded as one
of the differentially expressed miRNAs in IPF. We vali-
dated the putative miR-184 binding to TP63, and deter-
mined the specific roles of miR-184 in TGF-β1-stimulated
fibrotic alterations. Finally, the dynamic effects of miR-
184 and TP63 were examined in TGF-β1-stimulated
BEAS-2B and A549 cell lines. In summary, we provide
a mechanism of miR-184/TP63 axis modulating TGF-β1-
induced fibrotic changes in normal bronchial epithelial
cell line (BEAS-2B) and alveolar epithelial cell line
(A549).

Materials and methods

Tissue sampling

Twenty human IPF lung tissue samples obtained from the
patients who underwent surgical biopsy in Hunan Province
People’s Hospital. IPF was diagnosed in the patients based
on clinical–radiological criteria according to guidelines and
histologic confirmation of UIP pattern [20]. The healthy
control tissue samples were collected from autopsy. All
clinical sampling was performed under the approval of the
institutional review board and ethics committee of Hunan
Province People’s Hospital. All experiments were con-
ducted in accordance with the approved guidelines. Written
informed consents were obtained from all subjects. Tissues
were formalin-fixed and paraffin-embedded after sampling.

Hematoxylin & eosin (H&E) and Masson staining

Tissue samples were fixed with 10% formalin and embed-
ded in paraffin and then stained with H&E and Masson’s
trichrome to examine the degree of fibrosis. The collagen
was stained blue on a pale red background.

RNA fluorescence in situ hybridization (FISH)

A Specific DIG-labeled miR-184 probe was obtained
from Servicebio tech (Wuhan, China). After digested with
proteinase K, the tissue sections were prehybridized with a
hybridization solution and then incubated with miR-184
probes in hybridization buffer overnight at 37 °C. After
blocking with BSA, cells were incubated with anti-DIG-HRP
for 1 h at 37 °C. Then, cells were incubated with FITC-TSA
reagent for 5 min at room temperature. Cell nuclei were
stained with DAPI for 5 min at room temperature. The tissue
sections were imaged by fluorescence microscopy (Olympus).

Cell lines

A human bronchial epithelial cell/human pulmonary
epithelial cell ling, BEAS-2B, was obtained from ATCC
(CRL-9609™; Manassas, VA, USA) and cultured in
BEGM kit from Lonza (CC-3170; Basel, Switzerland). A
human lung adenocarcinoma cancer cell line (epithelioid),
A549, was obtained from ATCC (CCL-185™) and cultured
in ATCC-formulated F-12K Medium (30-2004, ATCC)
supplemented with 10% FBS (Invitrogen, Carlsbad, CA,
USA). All cells were cultured at 37 °C in 5% CO2.

Cell transfection

The exogenous overexpression or inhibition of miR-184
was achieved by transfection of miR-184 mimic or miR-184

miR-184 targets TP63 to block idiopathic pulmonary fibrosis by inhibiting proliferation and. . . 143



inhibitor (GenePharma, Shanghai, China). Tp63 knock-
down was achieved by the transfection of si-Tp63 1/2/3
(GenePharma). Tp63 overexpression was achieved by the
transfection of Tp63-overexpressing vector (GenePharma).
All transfections are performed using transfection agent
Lipofectamine 3000 (Invitrogen).

Immunofluorescence (IF) staining for lung tissues

For the detection of alpha-smooth muscle actin (α-SMA)
and Tp63 in lung tissues, tissue samples were fixed with
10% formalin and embedded and sectioned, then blocked
with 100 mM ammonium chloride buffer for 10 min to
minimize autofluorescence. Nonspecific binding sites were
blocked with PBS containing 10% horse serum followed by
an incubation with the primary antibody specific to α-SMA
(14395-1-AP, Proteintech, Wuhan, China) and Tp63
(bs-0723R, BIOSS, Woburn, MA, USA) overnight at 4 °C,
diluted in blocking solution. Then, the sections were incu-
bated with Alexa Fluor® 488-conjugated or Cy5-conjugated
goat antirabbit secondary antibody (Abcam) for 2 h at room
temperature. DAPI (Beyotime, China) was used to stain the
nucleus before capturing images. The images were acquired
using a fluorescence microscope (Nikon, Japan). The green
fluorescence indicates α-SMA, the red fluorescence indi-
cates Tp63 expression, and the blue fluorescence indicates
nucleus.

For the detection of α-SMA in cells, cells were seeded
onto coverslips overnight and fixed with 4% paraf-
ormaldehyde PBS and incubated with anti-α-SMA (14395-
1-AP, Proteintech) at 4 °C overnight. Cy5-conjugated goat
antirabbit IgG H&L secondary antibody (Abcam) was
incubated at room temperature for 1 h. The nuclei were
stained with DAPI (Beyotime). Images were taken with a
fluorescent microscope. The red fluorescence indicates
α-SMA expression, and the blue fluorescence indicates
nucleus.

Immunoblotting analysis for protein levels

Total proteins were extracted from transfected and/or trea-
ted cells, loaded (50 μg per lane) on 10% sodium dodecyl
sulfate-polyacrylamide gels, and transferred onto PVDF
membranes (Thermo Fisher Scientific), which were blocked
for 2 h at 37 °C with 5% nonfat milk in Tris-buffered saline
with Tween 20 (TBST) and then incubated overnight at
4 °C with primary antibodies listed below: α-SMA (14395-
1-AP, Proteintech), Tp63 (bs-0723R, BIOSS), vimentin
(60330-1-lg, Proteintech), EpCAM (ab71916, Abcam),
Tap63 (618901, BioLegend, USA), ΔNp63 (ZA-0483,
ZSGB-Bio, China), and GAPDH (T0004; Affinity,
Changzhou, China). Then, the membranes were incubated
with an HRP-conjugated secondary antibody for 1 h at

37 °C and then coated with ECL luminescence reagent
(Perkin-Elmer Inc., Waltham, USA). GAPDH was used as
an internal normalization.

Expression determined by polymerase chain
reaction (PCR)-based analysis

Total RNA was extracted from transfected and/or treated
cells Trizol reagent (Invitrogen) and treated with DNase I
(Invitrogen) following the protocols. Next, oligo (dT) 20
and Superscript II reverse transcriptase (Invitrogen) were
used for the synthesis of the first strand (cDNA). Finally,
the expression of mRNA and miRNA was detected using an
SYBR green PCR Master Mix (Qiagen) taking GAPDH (for
mRNA expression) or RNU6B (for miRNA expression) as
an endogenous control. The relative expression levels were
calculated using a 2−ΔΔCT method.

Cell viability determined by cell counting kit-8 (CCK-
8) analysis

Transfected and/or treated cells (1 × 104 cells/ml) were
seeded on 96-well cell culture plates for 24 h and then
added with 10 μl CCK-8 agent (03285; Merck, St. Louis,
MI, USA) in each well followed by another 2 h incubation
at 37 °C. Next, the optical density (value) was determined
at the wavelength of 450 nm in the microplate reader (Bio-
rad, USA).

miR-184 binding to Tp63 3′-UTR validated by
luciferase reporter assay

The Tp63 3′-UTR was amplified by PCR, cloned into the
downstream of the Renilla psiCHECK2 vector (Promega,
Madison, WI, USA), and named wt-Tp63 3′-UTR. The seed
region of the Tp63 3′-UTR containing the predicted miR-
184 binding site was mutated to construct the mutant-type
vector (mut-Tp63 3′-UTR). These reporter vectors were
then co-transfected into 293T cells with miR-184 mimic or
miR-184 inhibitor and the luciferase activity was deter-
mined 48 h after transfection using the Dual Luciferase
Reporter Assay System (Promega). Renilla luciferase
activity was normalized to Firefly luciferase activity for
each transfected well.

In vivo pulmonary fibrosis model in mice

Male C57BL/6 mice (6 weeks of age; 18–20 g) were
obtained from SLAC China (Changsha, China) and admi-
nistered with bleomycin (BLM) (Sigma, USA) intra-
tracheally at a dose of 5 mg/kg dissolved in a total of 100 μl
sterile saline. The control groups were treated with 100 μl of
sterile saline using the same method. For miR-184
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overexpression, mice were intravenously injected with
15 nmol agomir-184 (RiboBio, China) twice a week for
4 weeks. Each experimental group contained six mice. The
mice were sacrificed on day 28. The lung tissues were
collected for H&E, Masson’s, and Immunohistochemistry
(IHC) staining. All animal procedures were conducted in
accordance with humane animal care standards approved by
the Hunan Provincial People’s Hospital Medicine Ethics
Committee.

IHC staining

The tissue sections were undergoing heat-induced epitope
retrieval and then blocked in 3% H2O2 in methanol for
15 min at room temperature. After washed with distilled
H2O and PBS, tissue sections were incubated with anti-
Tp63 antibody (bs-0723R, BIOSS) at 4 °C overnight and
incubated with HRP-polymer-conjugated secondary anti-
body at 37 °C for 1 h. The nuclei were counterstained with
hematoxylin. Sections were observed and imaged under a
microscope.

Data processing and statistical analysis

Data processed and analyses were performed using
GraphPad software and data from three independent
experiments were presented as the mean ± SD. Differences
between two groups or among more groups were compared
using a Student t test or one-way ANOVA followed
Turkey’s test. P values of less than 0.05 are considered as
statistically significant.

Results

Tp63 expression within IPF and normal control
tissues according to online and experimental data

As we have mentioned, Tp63 is an early key molecule for
epithelial abnormalities in IPF [10, 21]. According to online
microarray expression profiles reporting the differentially
expressed genes in normal and IPF lung, including
GSE32537, GSE21369, and GSE2052, the expression of
Tp63 was significantly upregulated in IPF lung than that
within healthy normal lung (Fig. 1a). Herein, firstly, normal
control tissues and IPF tissues were collected and applied
for pathophysiological examinations by H&E staining and
Masson staining. The distortion of the lung could be
observed in both H&E and Masson’s trichrome-stained lung
sections while the lung sections in control group did not
show any lung damage, and normal histology with good
alveolar structure was observed (Fig. 1b, c). Fibrillar
collagen deposition as an indicator of lung fibrosis was

determined by Masson staining; in IPF lung sections, a
greater proportion of area was stained blue, indicating the
increases in collagen accumulation and deposition
(Fig. 1c). These observations were further confirmed by
the increased α-SMA, as revealed by IF staining (Fig. 1d)
and Immunoblotting (Fig. 1f). In the meantime, the pro-
tein content and the mRNA expression of TP63 were also
examined. Consistent with online data, Tp63 protein
levels (Fig. 1d, f) and mRNA expression (Fig. 1e) were
both significantly upregulated in IPF tissue samples,
compared to normal control tissues. TP63 gene encodes
two major protein isoforms TAp63 and ΔNp63, which
appear opposite effect on carcinogenesis [22]. In the
present study, the protein levels of Tp63 isoforms TAp63
and ΔNp63 were both increased in IPF tissue samples,
compared to normal control tissues (Fig. S1A). These data
further suggest that the abnormal upregulation of Tp63
might affect the IPF pathogenesis.

Specific role of Tp63 in TGF-β1-treated human
bronchial epithelial cells and epithelioid lung
adenocarcinoma cancer cells

After confirmed T63 abnormal upregulation in IPF, the
study further generated fibrotic cell models in human
bronchial epithelial cells (BEAS-2B) and human epithe-
lioid lung adenocarcinoma cancer cells (A549) by treating
them with 0.5 ng/ml TGF-β1 for 48 h to investigate the
specific effects of Tp63 on these cells. The fibrotic
cell models were validated by α-SMA protein level and
distribution, as examined by IF staining and Immuno-
blotting; the fluorescence intensity representing α-SMA
(Fig. 2a) and the protein levels of α-SMA (Fig. 2b) were
both dramatically upregulated under TGF-β1 stimulation.
In the meantime, the protein levels of Tp63 were also
remarkably enhanced in response to TGF-β1 stimulation
(Fig. 2b). Similarly, the TAp63 and ΔNp63 protein levels
were both increased in response to TGF-β1 stimulation
(Fig. S1B).

To investigate the cellular effects of Tp63 on fibrotic
cells, we transfected si-Tp63 1/2/3 to generate Tp63
knockdown in BEAS-2B and A549 cell lines, and per-
formed real-time PCR to verify the transfection efficiency;
we selected si-Tp63 1 for further experiments because of
better transfection efficiency (Fig. 2c). Next, we transfected
BEAS-2B and A549 cells with si-Tp63 with or without
0.5 ng/ml TGF-β1 treatment and examined for cell viability
the protein levels of Tp63 and fibrosis markers, including α-
SMA [23], vimentin [24], and EpCAM [25]. As revealed by
CCK-8 assay, TGF-β1 treatment significantly promoted,
while Tp63 knockdown inhibited the cell viability of both
cell lines, Tp63 knockdown significantly reversed the roles
of TGF-β1 treatment in cell viability (Fig. 2d). As for the
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fibrotic changes in cells, TGF-β1 treatment increased Tp63,
α-SMA, and vimentin protein contents while decreased
EpCAM protein content (Fig. 2e); on the contrary, Tp63
knockdown decreased Tp63, α-SMA, and vimentin protein
contents while increased EpCAM protein content (Fig. 2e).
Tp63 knockdown significantly attenuated the effects of
TGF-β1 treatment upon above mentioned proteins (Fig. 2e).
These data indicate that knocking down Tp63 could
attenuate TGF-β1-induced fibrotic changes within BEAS-
2B and A549 cell lines.

miR-184 suppresses the expression of Tp63 via
targeting its 3′-UTR

Based on the essential role of miRNAs in IPF, next, the
present study performed bioinformatics analysis attempting to
find miRNAs related to Tp63 functions in IPF. We predicted
miRNAs targeting Tp63 by two online tools, starBase V3 and
Targetscan 7, and found 11 miRNAs in total (miR-140–5p,
miR-216b-5p, miR-184, miR-143-3p, miR-223-3p, miR-
216a-5p, miR-139-5p, miR-128-3p, miR-129-5p, miR-217,

Fig. 1 Tp63 expression in idiopathic pulmonary fibrosis (IPF) and
normal control tissues according to online and experimental data.
a The expression of Tp63 in normal control tissues and IPF tissues
according to GSE32537, GSE21369, and GSE2052. b The histo-
pathology of collected samples examined by Hematoxylin & eosin
(H&E) staining. c The collagen deposition status in collected samples

examined by Masson staining. d The protein content and distribution
of α-SMA and Tp63 were examined by immunofluorescence (IF)
staining. e The expression of Tp63 was determined in 20 normal
control tissues and 20 IPF tissues by real-time PCR. f The protein
levels of α-SMA and Tp63 were examined in normal control tissues
and IPF tissues by Immunoblotting. **P < 0.01.
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Fig. 2 Specific role of Tp63 in TGF-β1-treated human bronchial
epithelial cell line and epithelioid lung adenocarcinoma cancer cell
line. A human bronchial epithelial cell line (BEAS-2B) and a human
epithelioid lung adenocarcinoma cancer cell line (A549) was treated
with 0.5 ng/ml TGF-β1 for 48 h to generate fibrotic cell models.
To validate the cell models, a the protein content and distribution of
α-SMA were examined by IF staining and b the protein levels of
α-SMA and Tp63 were examined by Immunoblotting. c TP63
knockdown was generated in BEAS-2B and A549 cells by the

transfection of si-Tp63 1/2/3 and the transfection efficiency was con-
firmed by real-time PCR. Si-Tp63 1 was selected for further experi-
ments because of better transfection efficiency. Next, BEAS-2B and
A549 cells were transfected with si-Tp63 in the presence or absence of
0.5 ng/ml TGF-β1 treatment and examined for (d) cell viability by
CCK-8 assay and (e) the protein levels of Tp63, α-SMA, vimentin, and
EpCAM by Immunoblotting. *P < 0.05; **P < 0.01, compared to the
control group; ##P < 0.01, compared to si-NC (negative control)+
TGF-β1 group.
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and miR-22-3p). Multiple sets of GEO chips (GSE13316,
GSE32538, GSE27430, and GSE24323) were downloaded
and analyzed for differentially expressed miRNAs in IPF.
According to these four sets of expression profiles, 5 of the 11
miRNAs were found to be downregulated or upregulated in
IPF (Table S1); among them, miR-184 was the only one
miRNA that downregulated in IPF according to the four GEO
chips (Figs. 3a and S2).

Before evaluating the specific effect of miR-184 on IPF,
the study first examined the expression of miR-184 in tissue
samples. FISH and RT-PCR results shown that the expression
of miR-184 showed to be indeed remarkably downregulated
within IPF tissue samples than that in normal tissue samples
(Fig. 3b, c). Within tissues, there was a negative correlation
between the expression of miR-184 and Tp63 (Fig. 3d). In
contrary to Tp63, the expression of miR-184 showed to be
considerably downregulated within BEAS-2B and A549 cell
lines under TGF-β1 treatment (Fig. 3e).

Next, we transfected miR-184 mimic/inhibitor to gen-
erate miR-184 overexpression or inhibition in BEAS-2B
and A549 cell lines, and performed real-time PCR to verify
the transfection efficiency (Fig. 3f). As predicted, miR-184
overexpression significantly inhibited, while miR-184
inhibition promoted Tp63 protein contents within BEAS-
2B and A549 cell lines (Fig. 3g). To validate the predicted
miR-184 binding to Tp63, based on the “Materials and
methods” section, we constructed two different types of
Tp63 3′-UTR reporter vectors, wild type and mutant type.
Next, we co-transfected these vectors in tool cell line 293T
with miR-184 mimic or miR-184 inhibitor, and examined
for the luciferase activity (Fig. 3h). As expected, wild-type
Tp63 3′-UTR luciferase activity showed to be dramatically
downregulated via the overexpression of miR-184 while
upregulated via the inhibition of miR-184; mutating the
putative miR-184 binding site could eliminate the altera-
tions within the luciferase activity (Fig. 3h). In summary,
miR-184 suppresses the expression of Tp63 via direct
binding to its 3′-UTR.

Effects of miR-184 on cellular fibrotic changes under
TGF-β1 treatment

After confirming miR-184 binding to Tp63 3′-UTR, the
study transfected BEAS-2B and A549 cells with miR-184
mimic with or without TGF-β1 treatment and examined for
the specific effects of miR-184 overexpression upon TGF-
β1-induced fibrotic changes. Similar to Tp63 knockdown,
miR-184 overexpression significantly inhibited TGF-β1-
induced cell viability of both BEAS-2B and A549 cells
(Fig. 4a). As for the fibrotic changes in cells, likewise, TGF-
β1 treatment enhanced Tp63, α-SMA, and vimentin protein
contents and inhibited EpCAM protein content (Fig. 4b),
while miR-184 overexpression exerted an opposing effect

(Fig. 4b). The overexpression of miR-184 significantly
attenuated the effects of TGF-β1 treatment upon above
mentioned proteins (Fig. 4b). In summary, miR-184 over-
expression exerts a similar effect on TGF-β1-induced
fibrotic cell lines. Since miR-184 directly binds to Tp63,
miR-184 might exert its functions through targeting Tp63.

Dynamic effects of miR-184 on cellular fibrotic
changes under TGF-β1 treatment

To validate the above-described speculation, the study co-
transfected BEAS-2B and A549 cells with miR-184 mimic
and Tp63-overexpressing vector under TGF-β1 stimulation
and examined for related indexes. In contrast to miR-184
overexpression, Tp63 overexpression aggravated TGF-β1-
induced fibrotic changes in both BEAS-2B and A549 cell
lines by promoting cell viability, increasing Tp63, α-SMA,
and vimentin protein levels, and decreasing EpCAM protein
levels (Fig. 5a, b). More importantly, the overexpression
of Tp63 partially reversed the roles of miR-184 over-
expression, indicating that miR-184 contributes to the
inducible effects of TGF-β1 treatment on fibrotic alterations
within both BEAS-2B and A549 cell lines through targeting
Tp63.

Effects of miR-184 on pulmonary fibrosis model in
mice

To further validation the function of miR-184/TP63 axis
in vivo, we established BLM-induced pulmonary fibrosis
model. As shown by HE and Masson’s staining, a typical
fibrosis changes were observed in the BLM-treated groups
(Fig. 6a, b, and d). Overexpression of miR-184 by agomir-
184 injection significantly attenuated the degree of pul-
monary fibrosis (Fig. 6a, b, and d). Moreover, the protein
levels of Tp63 were upregulated by BLM stimulation,
which could be reduced by miR-184 overexpression
(Fig. 6c, e). The level of miR-184 in lung tissues was
decreased by BLM which could be reversed by miR-184
overexpression (Fig. 6f). These results suggested that miR-
184 also plays antifibrosis function in vivo.

Discussion

Herein, we showed Tp63 abnormal upregulation and miR-
184 downregulation in IPF. TGF-β1 stimulation on BEAS-
2B and A549 cell lines significantly increased the protein
contents of Tp63, α-SMA, and vimentin while decreased
EpCAM protein level, and promoted the cell viability of
both BEAS-2B and A549 cell lines. TP63 knockdown in
BEAS-2B and A549 cell lines significantly attenuated
above-described TGF-β1-induced fibrotic changes. miR-
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Fig. 3 miR-184 binds to the 3′-UTR of Tp63 to inhibit its expres-
sion. a A schematic diagram showing the process of miRNA selection.
Two online tools, starBase V3 and Targetscan 7, were used to predict
miRNAs that might target Tp63 and a total of 11 miRNAs were found.
Multiple sets of GEO chips (GSE13316, GSE32538, GSE27430, and
GSE24323) were downloaded and analyzed for differentially expres-
sed miRNAs in IPF. Among significantly downregulated miRNAs in
IPF according to all these 4 expression profiles, miR-184 was 1 of the
11 miRNAs that could target Tp63 and downregulated in IPF. b The
expression of miR-184 was determined in normal control tissues and
IPF tissues by FISH. c The expression of miR-184 was determined in
20 normal control tissues and 20 IPF tissues by real-time PCR. d The

correlation of miR-184 and Tp63 expression in tissue samples was
analyzed by Pearson’s correlation analysis. e BEAS-2B and A549 cells
were treated with 0.5 ng/ml TGF-β1 for 48 h and examined for miR-
184 expression by real-time PCR. f miR-184 overexpression or inhi-
bition was generated in BEAS-2B and A549 cells by the transfection
of miR-184 mimic or miR-184 inhibitor, as confirmed by real-time
PCR. g BEAS-2B and A549 cells were transfected with miR-184
mimic or miR-184 inhibitor and examined for the protein levels of
Tp63 by Immunoblotting. h Luciferase reporter assay was performed
to validate the predicted binding between miR-184 and Tp63. **P <
0.01; #P < 0.05; ##P < 0.01, compared to the control group.
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184 targeted Tp63 3′-UTR to inhibit Tp63 expression. miR-
184 overexpression also attenuated TGF-β1-induced fibrotic
changes in vitro and BLM-induced pulmonary fibrosis
in vivo. Moreover, TP63 overexpression aggravated TGF-
β1-stimulated fibrotic alterations within BEAS-2B and
A549 cells and significantly reversed the effects of miR-184
overexpression, indicating miR-184 relieves TGF-β1-
stimulated fibrotic alterations within BEAS-2B and A549
cells through targeting Tp63, while Tp63 overexpression
could reverse miR-184 cellular functions.

Clearly, interactions between cells or cell and ECM
(extracellular matrix) play a crucial role in PF pathogenic
mechanism. The expression of CAMs (cell adhesion
molecules) is regarded as one of the basic mechanisms for

the interactions between cells and microenvironment [25].
During EMT within PF, EpCAM expression is decreased,
cytokeratin cytoskeletal transforms into vimentin-based
cytoskeleton, and the epithelial cells acquire the mesench-
ymal morphology [7, 8]. As we have mentioned, a large
number of factors could initiate and/or aggravate EMT to
promote PF; inflammatory factors like TGF-β1 stimulation
could elicit p63 expression, which is considered as one of
the early molecular events of IPF epithelial cell abnormal-
ities [10]. TP63 is known to be expressed in many epithelial
stem cells [26, 27], which has several isoforms. ΔNp63 is
the predominant isoform of p63 in epithelial cells, which
promote EMT resulting in lung fibrosis [10]. While full-
length forms of p63 (TAp63) usually exerted opposite

Fig. 4 Effects of miR-184 on
cellular fibrotic changes under
TGF-β1 treatment. BEAS-2B
and A549 cells were transfected
with miR-184 mimic in the
presence or absence of TGF-β1
and examined for (a) the cell
viability by CCK-8 assay and
(b) the protein levels of Tp63,
α-SMA, vimentin, and EpCAM
by Immunoblotting. *P < 0.05;
**P < 0.01, compared to the
control group. #P < 0.05;
##P < 0.01, compared to the NC
(negative control) mimic+
TGF-β1 group.
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effects to ΔNp63 on carcinogenesis [22]. In the present
study, based on both online microarray expression profiles
and experimental results, the mRNA expression and protein
levels of Tp63 (including TAp63 and ΔNp63) showed to be
dramatically upregulated within IPF tissues; in the mean-
time, the expression levels of fibrosis marker α-SMA was
also significantly increased in IPF tissues, suggesting
the potential role of TP63 in IPF. However, the specific
role of Tp63 isoform during IPF process needed further
investigation.

To address this speculation, the present study used two
cell models, TGF-β1-stimulated human bronchial epithelial
cells (BEAS-2B) and TGF-β1-stimulated human epithelioid
lung adenocarcinoma cancer cells (A549), for further
functional experiments. Consistent with previous studies,
TGF-β1 stimulation remarkably upregulated the protein
contents of fibrosis marker α-SMA in these two cell lines,

indicating the fibrotic changes in both cell lines [28, 29]. As
expected, after knocking down TP63 in any of the two cell
lines, TGF-β1-indcued fibrotic changes, including enhanced
cell proliferation, increased expression of mesenchymal
markers α-SMA [23] and vimentin [24], and decreased
expression of epithelial marker EpCAM [25], were all
attenuated. EMT has long been thought to be a process
leading to fibrosis during which epithelial cells lose their
differentiated characteristics and acquire mesenchymal
features, including destruction of epithelial cell morphol-
ogy, overexpression of α-SMA and vimentin, loss of
cell–cell adhesions through downregulation of E-cadherin,
basement membrane disruption, and elevated capacity of
cells to migrate and to invade [7, 30]. Thus, the suppressive
effects of TP63 knockdown on TGF-β1-indcued fibrotic
changes indicate the critical role of TP63 in epithelial cell
EMT and PF.

Fig. 5 Dynamic effects of miR-
184 on cellular fibrotic
changes under TGF-β1
treatment. BEAS-2B and A549
cells were co-transfected with
miR-184 mimic and Tp63-
overexpressing vector and
examined for (a) the cell
viability by CCK-8 assay and
(b) the protein levels of Tp63,
α-SMA, vimentin, and EpCAM
by Immunoblotting. *P < 0.05;
**P < 0.01, compared to the
control group. #P < 0.05; ##P <
0.01, compared to the NC
(negative control) mimic+
Tp63 group.
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IPF could be regulated by multiple factors, including
miRNAs, a series of short noncoding RNAs. The expression
of about 10% of the miRNAs is obviously different in lungs
with IPF. Among the significantly downregulated miRNAs
are members of let-7, miR-29, and miR-30 families as well
as miR-17∼92 cluster among the upregulated miR-155
and miR-21 [12]. The decrease in the members of let-7
family results in the alterations coincident with EMT
(epithelial–mesenchymal transition) within pulmonary epi-
thelium both in vitro and in vivo, while mir-21 inhibition
regulates fibrosis within PF BLM model [12]. Mechani-
cally, the partial or perfect complementarity between

miRNAs and target mRNAs causes repression of translation
or mRNA degradation [19]. Based on the observations that
TP63 knockdown attenuates TGF-β1-indcued fibrotic
changes in two epithelial cell lines, herein, we detected the
expression pattern of online microarray profiles for miR-
NAs which could be related to IPF and might target TP63,
and miR-184 was selected. Further experimental results
confirmed that miR-184 binds to TP63 to suppress its
expression.

The effect of miR-184 on TGF-β-induced fibrotic chan-
ges has been reported. In TGF-β1-stimulated human lens
epithelial cells, lentivirus-miRNA-184 infection could

Fig. 6 Effects of miR-184 on pulmonary fibrosis model in mice.
Mice were divided into four groups: control, bleomycin, bleomycin+
agomir-NC and bleomycin+ agomir-184 groups. Mice in each group
were treated as described in the “Materials and methods” section. The
histological changes of lung tissues were observed by (a) HE staining
and (b) Masson’s staining (200×). c the protein levels of Tp63 in lung

tissues were determined by IHC staining (400×). d The quantitative
analysis for Masson’ staining. e The quantitative analysis for IHC
staining. f the level of miR-184 in lung tissues was determined by RT-
PCR. N= 6 for each experimental group. **P < 0.01, compared to the
control group. ##P < 0.01, compared to the bleomycin+ agomir-
184 group.
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maintain the expression of epithelial marker gene CDH1
while reduce the expression of mesenchymal stem cell
marker genes VIM and α-SMA [31]. Herein, we also
observed miR-184 overexpression attenuated BLM-induced
pulmonary fibrosis in mice. Moreover, forced miR-184
overexpression within two epithelial cells significantly
inhibited TGF-β1-induced cell proliferation, reduced TGF-
β1-induced vimentin and α-SMA protein levels, and
increased TGF-β1-suppressed EpCAM protein level, indi-
cating that miR-184 overexpression also attenuates TGF-
β1-induced fibrotic changes in two epithelial cell lines.
Interestingly, miR-184 overexpression inhibited TGF-β1-
induced upregulation of TP63. We already confirmed miR-
184 targets Tp63 to inhibit its expression; next, we further
investigated whether miR-184 attenuates TGF-β1-induced
fibrotic changes through targeting TP63. Under TGF-β1 sti-
mulation, TP63 overexpression and miR-184 overexpression
exerted opposite effects upon TGF-β1-stimulated fibrotic
alterations within both epithelial cell lines; more importantly,
the roles of miR-184 overexpression showed to be obviously
reversed by the overexpression of its downstream target
TP63. In summary, the suppressive roles of miR-184 over-
expression in TGF-β1-stimulated fibrotic alterations are
mediated via TP63.

In conclusion, the miR-184/TP63 axis modulates the
TGF-β1 -induced fibrotic alterations in epithelial cell lines
and BLM-induced pulmonary fibrosis in mice. Therefore,
these results confirmed that miR-184/TP63 axis is involved
in IPF progression.
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