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Abstract: This study aimed to explore the effects of miR-27a-3p-mediated Smurf2 on bleomycin A5-induced pulmonary fibrosis in rats. Sixty clean-grade

SD rats were made into models of pulmonary fibrosis induced by bleomycin AS5. They were randomly divided into the control group (fed as usual), the
bleomycin A5 group, and the miR-27a-3p group according to the modeling. Pathological sections and morphological observations were performed on the lung
tissues of all rats, and the expression of miR-27a-3p, Smurf2 mRNA, Smurf2 protein, collagen type I (Col I), collagen type III (Col III), and related inflamma-
tory factors in lung tissues were measured. Dual fluorescein detection was performed for miR-27a-3p and Smurf2 in lung tissues. The lung tissue of rats in the
bleomycin A5 group showed obvious pathological changes. The degree of pulmonary fibrosis in the miR-27a-3p group was significantly lower than that in the
bleomycin A5 group. The expression levels of Smurf2 mRNA, Smurf2 protein, Col I, Col III, and related inflammatory factors in the lung tissue of rats in the
control group were notably lower than rats in the bleomycin A5 group and the miR-27a-3p group (levels of those factors in the miR-27a-3p group were lower than
the bleomycin A5 group). The expression level of miR-27a-3p in the lung tissue of rats in the control group was significantly higher than that in the bleomycin A5
group and the miR-27a-3p group (miR-27a-3p level in the miR-27a-3p group was significantly higher than in the bleomycin AS group). Results of dual fluorescein
detection demonstrated that Smurf2 was a direct target gene of miR-27a-3p, and the expression of miR-27a-3p negatively associated with Smurf2. Up-regulation
of miR-27a-3p expression can effectively improve the disease degree and inflammatory response in rats with pulmonary fibrosis. Its mechanism may be achieved
by regulating Smurf2.
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/
Introduction between miR-27a-3p and the occurrence of pulmonary
fibrosis has been noted. In the report by Cui (9), miR-
Pulmonary fibrosis has been known as a chronic pro- 27a-3p was able to inhibit the differentiation from lung
gressive disease, and its pathological changes mainly fibroblasts into myofibroblast, thus inhibiting pulmona-
involve the pulmonary blood vessels and the pulmonary ry fibrosis. Smad ubiquitin regulatory factor 2 (Smurf2)
interstitial (1). The pathological process of pulmonary has been known as an E3 ubiquitin ligase and the most
fibrosis mainly includes alveolitis and pulmonary fibro- critical factor in ubiquitination. It has been found to af-
sis. Pulmonary fibrosis occurs if alveolitis is not treated fect pulmonary fibrosis by regulating the TGF-f1/Smad
effectively and timely, leading to declining lung func- signaling pathway (10, 11). This study discovered that
tion and even respiratory failure or death (2, 3). Current Smurf2 is one of the target genes of miR-27a-3p accor-
treatment methods for pulmonary fibrosis are not effec- ding to TargetScan, suggesting that the regulation of
tive enough. Lung transplantation, despite its good effi- Smurf2 by miR-27a-3p is also one of the mechanisms
cacy for pulmonary fibrosis, the huge difficulty of donor of miR-27a-3p’s effect on pulmonary fibrosis.
collection and the postoperative immune rejection make This study established rat models of pulmonary fi-
its application a hard thing (4). Therefore, the search for brosis to investigate the effect of miR-27a-3p on pul-
a treatment that can effectively reduce the severity of monary fibrosis in rats. Also, this study established a
pulmonary fibrosis is of great clinical significance. lung fibroblast model to explore the action mechanism
Lately, a growing number of researches on the rela- of miR-27a-3p in pulmonary fibrosis, aiming to provide
tionship between miRNA and pulmonary fibrosis believe a more experimental basis for the target treatment of
that the deep exploration of the relationship between pulmonary fibrosis.
miRNA and pulmonary fibrosis may spark new ideas
on the targets for the treatment and prevent pulmonary Materials and Methods
fibrosis (5, 6). As a member of the miR-27 family, miR-
27a-3p is recently found to be abnormally expressed in Experimental animals and materials
various malignant tumors such as liver cancer (7) and Sixty clean-grade SD rats obtained from Laboratory
osteosarcoma (8). In recent years, the close relationship Animal Center of Sun Yat-sen University were toge-
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ther, with a body mass of about 205-245 g. They were
raised in an environment with a temperature of 20-25
°C and relative humidity of 40% to 70% in normal day/
night cycles, free to eat and drink. Bolezyme A5 was
purchased from Shanghai Hengfei Biotechnology Co.,
Ltd. Human embryonic lung fibroblast MRC-5 was
purchased from Shanghai Cell Bank of the Chinese
Academy of Sciences. IL-6 and IL-4 ELISA kits were
prepared from Shanghai Enzyme-linked Biotechnology
Co., Ltd. Col I, Col III, Smurf2, and GAPDH primary
antibodies were purchased from Abcam (USA). Horse-
radish peroxidase-labeled goat anti-rabbit IgG seconda-
ry antibody was purchased from Wuhan Boster Bioen-
gineering Co., Ltd. Lipofectamine 3000 was purchased
from Invitrogen, Thermo Fisher Scientific, Inc., USA).

Animal modeling

All rats were randomly and equally divided into the
control group, the bleomycin A5 group, and the miR-
27a-3p group. Bleomycin AS was used to induce pulmo-
nary fibrosis in rat models (12), and the procedures were
as follows: Firstly, rats in the bleomycin A5 group and
the miR-27a-3p group were anesthetized by an intrape-
ritoneal injection of 10% chloral hydrate at a dose of 3
ml/kg. After anesthesia, the rats underwent a tracheoto-
my and 0.2 mL of bleomycin A5 solution at a concentra-
tion of 5 mg/kg was injected once in the trachea of rats
in the bleomycin AS group and the miR-27a-3p group.
On the next day after modeling, 0.2 ml of normal saline
containing 40 nmoL of miR-27a-3p agomir was injected
into the tail vein of rats in the miR-27a-3p group. The
same dose of normal saline was injected into rats in the
bleating A5 group and the control group once every 3
days. After 15 days, the detection of factors was perfor-
med on rat models. All animal experiments were agreed
by the ethics committee of the Gaomi Hospital of Tradi-
tional Chinese Medicine and followed the guidelines for
the care and usage of laboratory animals. Great effort
was made to reduce the suffering of animals.

Collection of specimens

Twenty-four hours after the modeling, the
blood sample was collected from all rats through the
abdominal aorta and then centrifuged at 3000r/min for
Sminutes to obtain the serum for detections. Both lungs
of the rat were exacted after cervical dislocation. The
left lung was paraffin-embedded, sliced, and stained for
histopathological analysis. The right lung was ground to
prepare a tissue suspension for index detection.

Indicator detection
Observation of lung tissue lesions

HE and Masson staining were performed on the sec-
tion of the left lung according to the literature (11-13).
The degree of alveolitis was assessed by HE staining,

while the degree of pulmonary fibrosis by Masson stai-
ning.

RT-PCR detection of miR-27a-3p and Smurf2 expres-
sion in lung tissue of rats in each group

Total RNA was extracted by adding Trizol reagent
to the prepared tissue suspension, and the purity and
concentration of total RNA were examined using an
ultraviolet spectrophotometer. The total RNA of miR-
27a-3p and Smurf2 was reverse transcribed using the
SYBR-Green Realtime PCR Master mix in strict accor-
dance with the instruction of kits. The PCR amplifica-
tion was then performed. PCR reaction conditions were
as follows: 40 cycles of pre-denaturation at 95 °C for 35
minutes, annealing at 94 °C for 30 seconds and 60 °C
for 40 seconds, and a final extension at 72 °C for 30 se-
conds. Smurf2 reaction conditions were as follows: 40
cycles of pre-denaturation at 95 °C for 10 seconds, an-
nealing at 95 °C for 5 seconds and 60 °C for 30 seconds,
and a final extension at 60 °C for 30 seconds. Primers
were synthesized by Shanghai Bioengineering Co., Ltd.
More details are shown in Table 1. U6 was used as the
internal reference of miR-27a-3p, GAPDH was the in-
ternal reference of Smurf2. The relative mRNA expres-
sion was measured by 2-44¢,

Western blot analysis of Smurf2, Col 1, Col 111 protein
expression in rat lung tissue

RIPA lysis method was applied to purification the
total protein from the lung tissue suspension. Then the
BCA method was used for protein quantitative detec-
tion, and the protein concentration was adjusted to 5
pg/uL after the detection. The protein was then electro-
phoretically separated by 12% SDS-PAGE and transfer-
red to a PVDF membrane, and then blocked with 5%
skimmed milk powder for 2 hours at room temperature.
Then, rat monoclonal antibodies of Smurf2 primary an-
tibody (1:1000), Col I primary antibody (1:1000), Col
III primary antibody (1:1000) and GAPDH (1:1000)
were added and blocked overnight at 4 °C. After that,
the horseradish peroxidase-labeled goat anti-rabbit IgG
secondary antibody (dilution ratio of 1:3000) was added
and the liquid was incubated at 37 ° C for 1 hour. Final-
ly, ECL color development was performed. The experi-
ment was repeated three times.

Detection of related inflammatory factors in serum by
ELISA

The expression of inflammatory factors TGF-f1 and
IL-4 in rat lung tissue was examined in strict accordance
with the instructions of the ELISA kit.

Dual-luciferase reporter assay
A dual-luciferase reporter assay was performed to
determine if Smurf2 is a direct target gene for miR-27a-

Table 1. Related primers for amplification of miR-27a-3p, U6, Smurf2 and GAPDH.

Factors Forward primer Reverse primer

miR-27a-3p 5-TGCGGTTCACAGTGGCTAAG-3’ 5'-CTCAACTGGTGTCGTGGA-3’
U6 5'-CTCGCTTCGGCAGCACA-3 5'-AACGCTTCACGAATTTGCGT-3’
Smurf2 5'-GATCCAAAGTGGAATCAGCA-3' 5-TGGCATTGGAAAGAAGACG-3'
GAPDH 5'-CCATTTGCAGTGGCAAAG-3' 5'-CACCCCATTTGATGTTAGTG-3'
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3p. The Smurf2 3'UTR dual-luciferase reporter plasmid
(WT and MUT) was constructed by RiboBio. They were
cotransfected into human embryonic lung fibroblast
MRC-5 with miR-27a-3p mimetic or miR-NC through
Lipofectamine 3000. After 48 hours of incubation, luci-
ferase activity was identified by a dual-luciferase repor-
ter assay system (Promega Corp., Madison, WI, USA).

Statistical analysis

The experimental data were analyzed by SPSS19.0
and visualized by GraphPad Prism 6. The measurement
data were expressed by the mean =+ standard deviation
(SD + means) and compared between the two groups
using the independent sample t-test. One-way ANOVA
was used for comparison between multiple groups. The
LSD t-test was used post-hoc pairwise comparison. A
statistical difference was recognized if P< 0.05.

Results

The lung tissue lesions of rats in each group

After 15 days of modeling, the lung tissue morpholo-
gy of the rats in each group was observed. The lung tis-
sue of the control group had a clear structure and intact
alveolar wall, and no inflammatory cell infiltration was
observed. The lung tissue of the Bolezyme AS group
showed severely damaged structure, edema, shedding or
even necrosis in the epithelial cells of the bronchioles,
fibrotic wall, hyperplasia of the local type II alveolar
epithelial cells, congestion and widened alveolar sep-
tum with infiltration of a large number of inflammatory
cells and hyperplasia of fibroblast, and hyperplasia of
pulmonary interstitial fibrous tissue. Compared with the
bleating A5 group, the lung tissue of the miR-27a-3p
group had improved conditions, with reduced fibro-
blasts, collagen deposition, and inflammatory infiltra-
tion. The alveolitis score and pulmonary fibrosis score
of the control group were significantly lower than those
of the bleating A5 group and the miR-27a-3p group (the
miR-27a-3p group had lower alveolitis score and pul-
monary fibrosis score than the bleating AS group), and
the differences were statistically significant (P< 0.05)
based on Table 2.

Expression and correlation of miR-27a-3p and
Smurf2 RNA in lung tissues of rats in each group

The control group had markedly higher miR-27a-3p
level and lower Smurf2 RNA level in the lung tissue
than the bleating AS group and the miR-27a-3p group,
the miR-27a-3p group had significantly higher miR-
27a-3p level and lower Smurf2 RNA level than the
bleating AS group, and the differences were statistically
significant (P< 0.05). The expression of miR-27a-3p
and Smurf2 RNA in lung tissue of rats with pulmonary
fibrosis was negatively correlated (r=-0.661, P< 0.05)
based on Figure 1.

Table 2. Alveolitis score and pulmonary fibrosis score of all groups.

Expressions of Smurf2, Col I, Col III protein in rat
lung tissue of each group

The control group had markedly lower levels of
Smurf2, Col I, Col III protein than the bleating A5 group
and the miR-27a-3p group, the miR-27a-3p group had
significantly lower Smurf2, Col I, Col III protein than
the bleating A5 group, and the differences were signifi-
cant (P< 0.05) based on Figure 2.

Serum expressions of related inflammatory factors
in rats of each group

The control group had markedly lower levels of IL-6
and IL-4 than the bleating AS group and the miR-27a-3p
group, the miR-27a-3p group had significantly lower
IL-6 and IL-4 levels than the bleating AS group, and
the differences were significant (P< 0.05) according to
Figure 3.

Smurf2 is a direct target gene of miR-27a-3p

This study performed a bioinformatics analysis to
predict target genes for miR-27a-3p. Smurf2 was iden-
tified as the target gene of miR-27a-3p (Figure 4A). To
examine whether the 3'UTR of Smurf2 can be directly
targeted by miR-27a-3p, a luciferase reporter assay was
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Figure 1. Expression and correlation of miR-27a-3p and Smurf2
RNA in lung tissues of rats in each group. (A) The control group
had a markedly higher miR-27a-3p level in the lung tissue than the
bleating A5 group and the miR-27a-3p group, and the miR-27a-3p
level in the lung tissue of the miR-27a-3p group was significantly
higher than in the bleating A5 group. (B) The control group had
markedly lower Smurf2 RNA level in the lung tissue than the blea-
ting AS group and the miR-27a-3p group, and the Smurf2 RNA
level in the lung tissue of the miR-27a-3p group was significantly
lower than in the bleating A5 group. (C) The expression of miR-
27a-3p and Smurf2 RNA in lung tissue of rats with pulmonary
fibrosis was negatively correlated (r=-0.661, P< 0.05). * indicates
P <0.05.

Score Control group (n=20)  Bleating AS group (n=20) miR-27a-3p group (n=20) F P
Alveolitis score 0.06+0.01" 2.46+0.26™ 1.01+0.12" 1068 <0.001
Pulmonary . - "

fibrosis score 0.05+0.02 2.78+0.21 1.22+0.15 1680  <0.001
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Figure 2. Expressions of Smurf2, Col I, Col III protein in rat lung
tissue of each group. (A) The control group had markedly lower
Col I level in the lung tissue than the bleating A5 group and the
miR-27a-3p group, and the Col I level in the lung tissue of the
miR-27a-3p group was significantly lower than in the bleating A5
group. (B) The control group had markedly lower Col III level in
the lung tissue than the bleating A5 group and the miR-27a-3p
group, and the Col III level in the lung tissue of the miR-27a-3p
group was significantly lower than in the bleating A5 group. (C)
The control group had markedly lower Smurf2 level in the lung tis-
sue than the bleating A5 group and the miR-27a-3p group, and the
Smurf2 level in the lung tissue of the miR-27a-3p group was signi-

ficantly lower than in the bleating AS group. * indicates P < 0.05.
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Figure 3. Serum expressions of related inflammatory factors in
rats of each group. (A) The control group had markedly lower IL-6
level in the lung tissue than the bleating A5 group and the miR-
27a-3p group, and the IL-6 level in the lung tissue of the miR-27a-
3p group was significantly lower than in the bleating A5 group. (B)
The control group had markedly lower IL-4 level in the lung tissue
than the bleating A5 group and the miR-27a-3p group, and the I1L-4
level in the lung tissue of the miR-27a-3p group was significantly
lower than in the bleating A5 group. * indicates P< 0.05.

performed. Results of the luciferase reporter assay dis-
played that (Figure 4B) the overexpression of miR-27a-
3p inhibited the luciferase activity of Position 144-150
of Smurf23' UTR Wt (P< 0.05), but did not influence
the position 144-150 of Smurf2 3' UTR Mut. Western
blot showed that the expression of Smurf2 protein in
human embryonic lung fibroblast MRC-5 transfected
with miR-27a-3p mimetic (Figure 4C, P< 0.05).
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Figure 4. Target gene prediction of miR-27a-3p. (A) Sequence ali-
gnment of putative binding sites in miR-27a-3p and Smurf2 wild
type regions. (B) Dual-luciferase reporter assay indicated that the
miR-27a-3p mimetic reduced the fluorescence intensity of MRC-5
cells transfected with Smurf2-Wt, but did not affect the Smurf2-
mut vector. (C) The expression of Smurf2 protein in miR-27a-3p
mimetic-transfected MRC-5 cells was down-regulated. * indicates
P<0.05.

Discussion

As an interstitial disease, pulmonary fibrosis is
considered by inflammation of the alveoli and extensive
derivation of collagen fibers. Many patients with pul-
monary fibrosis die from respiratory failure (14, 15). In
recent years, a growing number of miRNAs are found
to be closely related to the occurrence and development
of pulmonary fibrosis (16). As a pleiotropic mRNA,
miR-27a-3p is also one of the most studied factors re-
cently (17). A study (18) found that overexpression of
miR-27a-3p can effectively inhibit the formation of Col
I in renal fibroblasts, thereby alleviating renal fibrosis
in mice. In this study, the expression of miR-27a-3p in
lung tissue of rats with pulmonary fibrosis induced by
bleomycin A5 was significantly reduced, and the degree
of pulmonary fibrosis in rats with up-regulated miR-
27a-3p expression was significantly lower than rats wit-
hout miR-27a-3p up-regulation. However, few efforts
have been made to study the effects of miR-27a-3p on
pulmonary fibrosis and its mechanism.

The pathogenesis of pulmonary fibrosis involves a
very wide range of signaling pathways. Recently the
transforming growth factor Bl (TGF-B1) signaling pa-
thway has been frequently studied (19). As a key factor
in the ubiquitin-proteasome pathway, Smurf2 is highly
expressed in pulmonary fibrosis tissue. Through the
selective degradation of key parts of the TGF-1/Smad
signaling pathway, Smurf2 can degrade Smad?7 protein
ubiquitination and regulates TGF-B1 signaling, causing
abnormalities in the conduction of the TGF-B1 signa-
ling pathway and ultimately leading to fibrosis (20, 21).
However, little is known on the way to regulate Smurf2.
One research (22) found that TGF-B1 can promote the
expression of Smurf2. But this is a negative feedback
regulation, which is considered as a result of the rela-
tionship between Smurf2 and TGF-1/Smad signaling
pathways. This study discovered that Smurf2 is one
of the target genes of miR-27a-3p according to Tar-
getScan, which led us to speculate whether miR-27a-3p
can affect lung fibrosis by regulating Smurf2. In this stu-
dy, the expression of Smurf2 in lung tissue of rats with
pulmonary fibrosis was significantly increased, but the
expression of Smurf2 was significantly decreased after
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the up-regulation of miR-27a-3p in rats with pulmonary
fibrosis. According to the dual-luciferase reporter assay,
the expression of Smurf2 protein was down-regulated
after the transfection of miR-27a-3p in human lung fi-
broblasts, which further supports our conjecture.

During the pathogenesis of pulmonary fibrosis, the
massive formation of extracellular matrices such as
Col I and Col III leads to massive deposition in lung
tissue, which is one of the major pathological changes
in pulmonary fibrosis (23). Alveolitis, one of the main
causes of pulmonary fibrosis, is mainly characterized by
the infiltration of inflammatory cells (24). Subsequently,
in order to further explore the effect of miR-27a-3p on
pulmonary fibrosis in rats, this study also quantified
Col I, Col III protein, and related serum inflammatory
factors in each group of rats. The results demonstrated
that the up-regulation of miR-27a-3p in rats with pul-
monary fibrosis can effectively reduce the expression
of Col I, Col III protein, and related inflammatory fac-
tors, suggesting that miR-27a-3p can not only perform a
negative regulation on the synthesis of the extracellular
matrix but also alleviate the inflammatory response. So
far few studies have been conducted on the regulation of
the extracellular matrix by miR-27a-3p. One literature
(25) reported that the expression of Col I protein is de-
creased when the expression of Smurf2 in human lung
fibroblasts is silenced, and speculated that the regulation
of Col I protein by Smurf2 is based on the regulation of
TGF-B1/Smad signaling pathway. The aforementioned
studies lead to speculation that miR-27a-3p can inhibit
the synthesis of the extracellular matrix by regulating
Smurf2. This speculation should be verified through in
vitro cell experiments, but it enlightens a new direction
for the study of the relationship between miR-27a-3p
and Smurf2 in pulmonary fibrosis (25-39).

In summary, the up-regulation of miR-27a-3p ex-
pression can effectively improve the disease degree and
inflammatory response in rats with pulmonary fibrosis.
Its mechanism may be achieved by regulating Smurf2.
However, this study is defective. For example, we did
not explore the effects of miR-27a-3p on the biologi-
cal functions of human lung fibers and failed to figure
out the specific mechanism of miR-27a-3p’s influences
on pulmonary fibrosis though its regulation of Smurf2,
which will be one of the focus of our future researches.
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