
MOLECULAR MEDICINE REPORTS  24:  538,  2021

Abstract. Transforming growth factor‑β1 (TGF‑β1)‑induced 
epithelial‑mesenchymal transition (EMT) serves a significant 
role in pulmonary fibrosis (PF). Increasing evidence indicates 
that microRNAs (miRNAs or miRs) contribute to PF patho‑
genesis via EMT regulation. However, the role of miR‑483‑5p 
in PF remains unclear. Therefore, the present study investigated 
the potential effect of miR‑483‑5p on TGF‑β1‑induced EMT in 
PF. It was found that the expression of miR‑483‑5p was upregu‑
lated in both PF tissue and A549 cells treated with TGF‑β1, 
whereas expression of Rho GDP dissociation inhibitor  1 
(RhoGDI1) was downregulated. miR‑483‑5p mimic transfec‑
tion promoted TGF‑β1‑induced EMT; by contrast, miR‑483‑5p 
inhibitor inhibited TGF‑β1‑induced EMT. Also, miR‑483‑5p 
mimic decreased RhoGDI1 expression, whereas miR‑483‑5p 
inhibitor increased RhoGDI1 expression. Furthermore, 
dual‑luciferase reporter gene assay indicated that miR‑483‑5p 
directly regulated RhoGDI1. Moreover, RhoGDI1 knockdown 
eliminated the inhibitory effect of the miR‑483‑5p inhibitor 
on TGF‑β1‑induced EMT via the Rac family small GTPase 
(Rac)1/PI3K/AKT pathway. In conclusion, these data indicated 
that miR‑483‑5p inhibition ameliorated TGF‑β1‑induced 
EMT by targeting RhoGDI1 via the Rac1/PI3K/Akt signaling 
pathway in PF, suggesting a potential role of miR‑483‑5p in the 
prevention and treatment of PF.

Introduction

Pulmonary fibrosis (PF) is a chronic, progressive and fatal 
disease with an unclear etiology (1). The most common type 
of PF is idiopathic PF, with an annual incidence of 16.3‑17.4 

per 100,000 individuals, as determined using broad case 
definitions in the USA  (1). PF is characterized by repeti‑
tive alveolar epithelial cell injury, fibroblast activation and 
increased extracellular matrix deposition, resulting in lung 
function distortion (2‑4). While anti‑inflammatory and anti‑
fibrinolytics agents and glucocorticoids are utilized for PF, no 
effective lung fibrosis treatment exists and patients with PF 
have a median survival of only 2‑4 years (5). Therefore, eluci‑
dation of mechanisms underlying PF and the identification of 
potential early detection PF biomarkers are necessary.

Epithelial‑mesenchymal transition (EMT), characterized 
by loss of epithelial characteristics (E‑cadherin expression) 
and gain of mesenchymal features [vimentin and α‑smooth 
muscle actin (α‑SMA) expression], serves a key role in fibrosis 
pathogenesis (6). Transforming growth factor‑β1 (TGF‑β1) has 
been implicated as a ‘master switch’ in the induction of fibrosis 
in various organs, including the lung (7).

MicroRNAs (miRNAs or miRs) are a class of small, 
non‑coding RNAs that inhibit gene expression by binding 
to the 3'‑untranslated regions (3'‑UTRs) of target genes  (8). 
miRNAs have been implicated in various biological processes, 
including cell proliferation and differentiation (9). Accumulating 
evidence has shown that miRNAs are critical in the EMT and 
PF processes (10). For example, miR‑26a overexpression has 
been found to inhibit TGF‑β1‑induced EMT via the regulation 
of high‑mobility group protein A2 in PF (11). Wang et al (12) 
reported that a miR‑483‑5p inhibitor serves a role in lung cancer 
by targeting RBM5 to induce apoptosis. Another previous study 
indicated that miR‑483‑5p is upregulated in serum from patients 
with systemic sclerosis and is a potential fibrosis driver in systemic 
sclerosis (13). To the best of our knowledge, however, the under‑
lying role of miR‑483‑5p in PF development has not been studied. 

The present study aimed to determine the expression level 
of miR‑483‑5p in normal lung tissues and PF tissues. Then, 
the role of miR‑483‑5p in TGF‑β1‑induced EMT was exam‑
ined in A549 cells. Finally, the mechanism of miR‑483‑5p in 
TGF‑β1‑induced EMT was determined.

Materials and methods

Ethics statement. The present study was approved by 
the Ethics Committee of The First Affiliated Hospital of 
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Chongqing Medical University (approval no. 2020‑147) and 
was performed in accordance with the Declaration of Helsinki. 
All patients provided written informed consent.

Tissues, cell lines and cell culture. A total of 12 PF tissue 
samples were collected from patients undergoing lung biopsy 
(including 8 females and 4 males). A total of 17 control lung 
tissue samples (including 10  females and 7  males) were 
obtained from the normal areas of the peripheral lung removed 
during lung cancer resection. The average age of patients with 
PF was 60.5 years and control subjects was 55.5 years. Detailed 
information on the control subjects and patients with PF, 
who were diagnosed with PF via pathology examinations, is 
provided in Table SI. The inclusion criteria for control subjects 
was individuals who underwent the lung cancer resection and 
without other pulmonary disease, and the normal areas of the 
peripheral lung were collect. All tissue samples were collected 
between June 2020 and December 2020 at The First Affiliated 
Hospital of Chongqing Medical University. 

Human alveolar epithelial cells (A549) were purchased 
from the Cell Bank of the Chinese Academy of Sciences. 
The cells were maintained in RPMI‑1640 (Hyclone; Cytiva) 
medium containing 10% FBS (PAN‑Biotech GmbH), 
100 U/ml penicillin and 100 µg/ml streptomycin at 37˚C 
in a humidif﻿ied 5% CO2 atmosphere. The A549 cells were 
treated with 10 ng/ml TGF‑β1 (PeproTech, Inc.) at 37˚C 
for 48 h to establish the EMT cell model, as previously 
described (6,14).

Cell transfection. The A549 cells were transfected with 
either at the final concentration of 50  nM miR‑483‑5p 
mimic or inhibitor (Shanghai GenePharma Co., Ltd.) using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. The sequences 
of miR‑483‑5p mimic, inhibitor, and corresponding negative 
control (NC) are provided in Table  SII. In brief, miRNA 
and Lipofectamine 3000 were separately mixed with 250 µl 
RPMI‑1640 serum‑free medium. Then, both mixtures were 
combined and incubated for 15 min at room temperature. 
Finally, the Lipofectamine 3000 and miRNA mixture was 
added to the cells and incubated for 24 h at 37˚C. After 24 h 
transfection, the cells were treated in the presence or absence 
of 10 ng/ml TGF‑β1 for 48 h at  37˚C, then collected and 
utilized for further experiments.

Lentivirus transfection. In order to establish stable genetic 
Rho GDP dissociation inhibitor 1 (RhoGDI1) knockdown, 
lentivirus was utilized as a vector to carry the interference 
sequence. In brief, lentivirus vectors containing either the 
target gene or NC were constructed by Hanbio Biotechnology 
Co., Ltd. The lentiviral backbone used for short harpin 
(sh)RNA was pHBLV‑U6‑MCS‑CMV‑ZsGreen‑PGK‑PRUO 
(3rd). Sequences of RhoGDI1 and NC are listed in Table SII. 
In order to measure the infection efficiency and select the cells, 
each lentivirus vector expressed the green fluorescent protein 
and puromycin resistance gene. The multiplicity of infection 
for A549 cells is 50. A549 cells (1x105 per well) in the loga‑
rithmic growth phase were digested with trypsin and seeded in 
six‑well plates. The next day, the cells were incubated at 37˚C 
in 2 ml RPMI‑1640 complete medium containing lentivirus 

and 5 µg/ml Polybrene. After 24 h, the medium was replaced 
with fresh complete medium without both lentivirus and 
Polybrene, and cultured for another 48 h at 37˚C. Following 
this, expression of green fluorescent protein was observed via 
a fluorescence microscope (magnification, x20). The cells were 
cultured with 1 µg/ml puromycin to select stable knockdown 
lines. Finally, reverse transcription‑quantitative (RT‑q)PCR 
and western blot assay were utilized to determine the shRNA 
knockdown efficiency.

RT‑qPCR. In order to detect the mRNA or miRNA levels, total 
RNA from lung tissue or A549 cells was extracted using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions. The RNA concentration 
was determined via a NanoDrop 2000 micro‑spectrophotom‑
eter (Thermo Fisher Scientific, Inc.). Next, 1 µg total RNA 
was utilized to synthesize complementary (c)DNA via a 
PrimeScript RT Reagent kit (Takara Biotechnology Co., 
Ltd.). The gDNA elimination reaction was conducted at 42˚C 
for 2 min and reverse transcription was performed at 37˚C 
for 15 min and at 85˚C for 5 sec. Subsequently, cDNA was 
amplified via the TB Green Premix EX Taq II PCR kit (Takara 
Biotechnology Co., Ltd.). Amplification cycle included an 
initial 30 sec incubation at 95˚C for denaturation, followed by 
40 cycles of 5 sec at 95˚C for annealing and 30 sec at 60˚C for 
elongation. Small nuclear RNA U6 was utilized for the internal 
normalization of miR‑483‑5p, and GAPDH was utilized as 
a control for mRNA expression. Relative quantification was 
calculated via the 2‑ΔΔCq method (15). The primer sequences 
utilized are listed in Table SIII.

Western blot assay. Total protein was extracted from the A549 
cells using RIPA lysis buffer supplemented with protease 
and phosphatase inhibitor. The proteins were quantified via a 
bicinchoninic acid kit (Beyotime Institute of Biotechnology). 
Then, the proteins (25 µg) were separated via 10% SDS‑PAGE 
and transferred onto PVDF membranes (EMD Millipore). The 
membranes were blocked with 5% non‑fat milk at room temper‑
ature for 2 h, then incubated overnight with specific primary 
antibodies at 4˚C. The next day, membranes were washed three 
times with Tris‑buffered saline with 1% Tween‑20, then incu‑
bated with secondary antibodies (1:8,000; Zhong Shan‑Golden 
Bridge Biological Technology Co., Ltd.; cat. no. ZB‑2306) for 
1 h at room temperature. The proteins were visualized via 
an electrochemiluminescence kit (Wuhan Boster Biological 
Technology Ltd.). Images were captured with the use of an 
automatic Fusion FX Edge chemiluminescence image analysis 
system (Vilber Lourmat Sa). The Fusion Capt software v.18.06 
(Vilber Lourmat Sa) was used for the densitometric analysis 
of the blot images. The following primary antibodies were 
utilized: Anti‑E‑cadherin (1:10,000; Abcam; cat. no. ab40772), 
anti‑α‑SMA (1:2,000; Abcam; cat. no. ab32575), anti‑vimentin 
(1:3,000; Abcam; cat. no. ab92547), anti‑RhoGDI1 (1:7,000; 
Abcam; cat. no. ab133248), anti‑Rac family small GTPase 
(Rac)1 (1:1,000; Cell Signaling Technology, Inc.; cat. no. 4651), 
anti‑Akt (1:10,000; Abcam; cat. no. ab179463), anti‑phosphor‑
ylated (p)‑Akt (1:8,000; Abcam; cat. no. ab81283), anti‑p‑PI3K 
(1:2,000; GeneTex, Inc.; cat.  no.  GTx132597), anti‑PI3K 
(1:1,000; Abcam; cat.  no.  ab191606) and anti‑GAPDH 
(1:10,000; Abcam; cat. no. ab181602). 
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Rac activity assay. Rac activity was determined via a Rac 
activation assay kit (Cell Signaling Technology, Inc.) according 
to the manufacturer's instructions. In brief, the cells were 
washed twice with ice‑cold PBS and were harvested using 1X 
lysis/binding/wash buffer containing phenylmethanesulfonyl 
fluoride (PMSF). Then, the GST‑PAK1‑PBD fusion protein 
was used to bind the GTP‑bound Rac1, which was immuno‑
precipitated via glutathione resin. Finally, bound Rac1 protein 
was detected using western blot assay and anti‑Rac1 antibodies. 

Luciferase reporter assay. The potential target gene of 
miR‑483‑5p was identified using TargetScan (Version 7.2; 
http://www.targetscan.org/). The luciferase reporter assay 
was performed using a Dual‑Luciferase Reporter Assay 
System according to the manufacturer's instructions (Promega 
Corporation) to validate the target association between 
miR‑483‑5p and RhoGDI1. The RhoGDI1 wild‑type (wt) 
and mutant (mut) 3'‑UTRs were constructed and cloned 
from genomic DNA and inserted into the pSI‑Check2 
vector. The 293T cells were cultured in 96‑well plates and 
co‑transfected with miR‑483‑5p mimics/NC and wt or mut 
pSI‑Check2‑RhoGDI1‑3'‑UTR using Lipofectamine  3000 
(Invitrogen; Thermo Fisher Scientific, Inc.). After 48 h, the 
luciferase activity was detected via a dual‑luciferase reporter 
system (Promega Corporation). Luciferase activity was 
normalized to that of Renilla. 

Statistical analysis. Data were analyzed via SPSS 23.0 soft‑
ware (IBM Corp.). Data are presented as the mean ± SD (n=3). 
The comparisons between two groups were analyzed via 
unpaired Student's t‑test. Multiple comparisons were assessed 
via one‑way ANOVA followed by post hoc Tukey's test. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑483‑5p expression is upregulated and RhoGDI1 expres‑
sion is downregulated in PF tissue and TGF‑β1‑induced EMT 
in A549 cells. In order to investigate whether miR‑483‑5p 
participated in PF development, the expression of miR‑483‑5p 
in PF tissue and TGF‑β1‑induced EMT were detected. 
Expression of miR‑483‑5p was significantly increased in PF 
compared with control tissue (Fig. 1A). The expression of 
miR‑483‑5p in TGF‑β1 treated with A549 cells in vitro was 
determined; TGF‑β1 upregulated miR‑483‑5p expression 
compared with the control group (Fig. 1C). Subsequently, 
RhoGDI1 was predicted to be a miR‑483‑5p target gene via 
online tools. In order to validate this prediction, the expression 
of RhoGDI1 was detected in PF tissue and TGF‑β1‑treated 
A549 cells and was observed to be significantly decreased at 
both the mRNA and protein level in PF tissue and TGF‑β1 
treated A549 cells (Fig. 1B and D‑F). Considered together, 
these findings indicated that expression of miR‑483‑5p was 
upregulated in both the PF tissue and TGF‑β1‑stimulated A549 
cells, whereas the expression of RhoGDI1 was downregulated.

miR‑483‑5p promotes TGF‑β1‑induced EMT. In order to 
assess the role of miR‑483‑5p in TGF‑β1‑induced EMT in 
A549 cells, miR‑483‑5p mimics or inhibitors were trans‑
fected into A549 cells, which were then treated with TGF‑β1. 

miRNA transfection efficiency was assessed via RT‑qPCR. 
Following 24 h transfection, the miR‑483‑5p level increased by 
~90 times in the miR‑483‑5p mimics group compared with the 
mimic‑NC group (Fig. 2A). Additionally, the miR‑483‑5p level 
decreased by ~6 times in the miR‑483‑5p inhibitor‑transfected 
compared with the inhibitor‑NC group (Fig. 2G). These results 
indicated that the transfection was efficient. 

In order to investigate the functional effect of miR‑483‑5p 
on TGF‑β1‑induced EMT in A549 cells, EMT biomarkers, 
including E‑cadherin, vimentin and α‑SMA, were detected via 
RT‑qPCR and western blot assay. Upregulation of miR‑483‑5p 
inhibited TGF‑β1‑stimulated E‑cadherin expression but 
increased the expression of vimentin and α‑SMA at both the 
mRNA and protein levels (Fig.  2B‑F). Downregulation of 
miR‑483‑5p increased TGF‑β1‑induced E‑cadherin expression 
but decreased TGF‑β1‑induced vimentin and α‑SMA expression 
at both the mRNA and protein level (Fig. 2H‑L). Collectively, 
these findings suggested that upregulation of miR‑483‑5p 
promoted TGF‑β1‑induced EMT, whereas downregulation of 
miR‑483‑5p suppressed TGF‑β1‑induced EMT.

RhoGDI1 is a target gene of miR‑483‑5p. The miR‑483‑5p 
target gene was predicted via the online database 
TargetScan 7.2 and RhoGDI1 was identified as a potential 
miR‑483‑5p target gene (Fig. 3G). Therefore, the associa‑
tion between miR‑483‑5p and RhoGDI1 was determined via 
RT‑qPCR and western blot assay. Expression of RhoGDI1 was 
decreased in the miR‑483‑5p mimic group compared with 
the mimic‑NC group at both the mRNA and protein level, but 
was increased in the miR‑483‑5p inhibitor group compared 
with the inhibitor‑NC group, indicating a negative association 
between miR‑483‑5p and RhoGDI1 (Fig. 3A‑F). In order to 
confirm RhoGDI1 as a miR‑483‑5p target, luciferase reporter 
assays were performed. The results indicated that luciferase 
activity of the RhoGDI1‑wt vector was significantly decreased 
by co‑transfection with miR‑483‑5p mimics compared with 
the RhoGDI1‑mut group (Fig. 3H). These findings suggested 
that RhoGDI1 was directly regulated by miR‑483‑5p.

RhoGDI1 silencing eliminates the effect of the miR‑483‑5p 
inhibitor on TGF‑β1‑induced EMT. In order to confirm that 
the miR‑483‑5p inhibitor suppressed TGF‑β1‑induced EMT 
via a RhoGDI1‑dependent pathway, miR‑483‑5p inhibitor 
was transfected into A549 cells with RhoGDI1 knockdown. 
First, the knockdown efficiency in the A549 cells was tested. 
Expression of RhoGDI1 was significantly downregulated in the 
shRNA‑RhoGDI1 group compared with the shRNA‑NC group 
at both the mRNA and protein levels, which demonstrated 
that the knockdown was efficient (Fig. 4A‑C). The results of 
RT‑qPCR and western blot assay indicated that the expression 
of E‑cadherin was decreased, but expression of vimentin and 
α‑SMA increased, in the TGF‑β1 + miR‑483‑5p inhibitor + 
shRNA‑RhoGDI1 group compared with the TGF‑β1  + 
miR‑483‑5p inhibitor + shRNA‑NC group (Fig. 4D‑H). These 
findings indicated that RhoGDI1 knockdown eliminated the 
effect of miR‑483‑5p inhibitor on TGF‑β1‑induced EMT.

miR‑483‑5p inhibitor suppresses TGF‑β1‑induced EMT via 
the Rac1/PI3K/AKT signaling pathway. In order to elucidate 
the mechanism underlying suppression of TGF‑β1‑induced 
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EMT by miR‑483‑5p inhibitor, the RhoGDI1 downstream 
signaling pathway was detected. RhoGDI1 is a negative Rho 
GTPase regulator (16), which belongs to the Ras superfamily 
of small GTPases (17), and Rac1 is a family member of Rho 
GTPase. The PI3K/AKT axis is a key Ras effector  (18). 
Therefore, the expression levels of Rac1/PI3K/AKT 
pathway‑associated indicators were evaluated. Expressions 
of Rac1‑GTP, p‑PI3K and p‑AKT were significantly higher 
in the TGF‑β1 group than in the control group (Fig. 4I‑L). 
However, in the TGF‑β1  + miR‑483‑5p inhibitor + 
shRNA‑NC group, expression levels of Rac1‑GTP, p‑PI3K, 
and p‑AKT were lower than those in the TGF‑β1 group 
(Fig. 4I‑L). Furthermore, expression of Rac1‑GTP, p‑PI3K, 
and p‑AKT was significantly increased in the TGF‑β1  + 
miR‑483‑5p inhibitor + shRNA‑RhoGDI1 group compared 
with the TGF‑β1 + miR‑483‑5p inhibitor + shRNA‑NC group 
(Fig. 4I‑L). Considered together, these findings implied that 
miR‑483‑5p inhibition may suppress TGF‑β1‑induced EMT 
via the Rac1/PI3K/AKT signaling pathway in PF.

Discussion

PF is a progressive interstitial lung disease characterized by 
alveolar epithelial injury, fibroblast activation and extracel‑
lular matrix deposition (19). miRNAs are endogenous, small 
non‑coding RNA that modulate genes at the post‑transcription 
level in various physiological and pathological processes (20). 
Increasing evidence has indicated that miRNAs drive the 
onset and progression of PF (21,22). 

In the present study, upregulation of miR‑483‑5p was 
observed in human PF tissue, and the functional role of 
miR‑483‑5p and the underlying mechanism of its effect on 

PF were identified. The results demonstrated that TGF‑β1 
increased expression of miR‑483‑5p and decreased expres‑
sion of RhoGDI1 in A549 cells. Also, downregulation of 
miR‑483‑5p inhibited TGF‑β1‑induced EMT, which was 
regulated by targeting RhoGDI1. Upregulation of miR‑483‑5p 
promoted TGF‑β1‑induced EMT. 

EMT serves a key role in organ fibrosis, including kidney 
and lung fibrosis  (23). Moreover, TGF‑β1 is an important 
cytokine for EMT induction (24). In PF development, alveolar 
epithelial cells take on the characteristics of mesenchymal 
cells by undergoing EMT (25). Although A549 is a cancer 
cell line, these cells possess normal characteristics (26) of 
type II alveolar epithelial cells  (27), such as their general 
morphology, and have been utilized to investigate the mecha‑
nism of EMT in PF (28‑32). Therefore, the A549 cell line was 
utilized to establish an EMT model in the present study. In 
general, downregulated E‑cadherin and upregulated vimentin 
and α‑SMA are used in epithelial cells as reliable markers 
of EMT occurrence. As A549 is an epithelial cell line (27), 
it exhibits high basal expression levels of E‑cadherin, which 
is an epithelial cell marker (6,28). In A549 cells treated with 
TGF‑β1 at 10 ng/ml for 48 h, E‑cadherin was significantly 
downregulated, and vimentin and α‑SMA were upregulated. 
Western blotting showed that the E‑cadherin strip was thicker 
in control groups than in groups treated with TGF‑β1. The 
reason for this result may be that the final concentration of 
TGF‑β1 was relatively high when compared with the control 
group. These findings indicated that TGF‑β1 induced EMT, 
which was consistent with a previous study (6). Furthermore, 
overexpression of miR‑483‑5p promoted TGF‑β1‑induced 
EMT; by contrast, downregulation of miR‑483‑5p inhibited 
TGF‑β1‑induced EMT.

Figure 1. Expression of miR‑483‑5p and RhoGDI1 in human PF tissue and A549 cells treated with TGF‑β1. The relative expression of (A) miR‑483‑5p and 
(B) RhoGDI1in PF (n=12) and normal lung tissue (n=17) was determined by RT‑qPCR. *P<0.05 and **P<0.01. (C) Relative expression of miR‑483‑5p in A549 cells 
treated with 10 ng/ml TGF‑β1 for 48 h was determined by RT‑qPCR. The relative (D) mRNA and (E and F) protein expression of RhoGDI1 in A549 cells treated with 
10 ng/ml TGF‑β1 for 48 h were detected by RT‑qPCR and western blot. Data are presented as the mean ± SD (n=3). **P<0.01 vs. Ctrl. PF, pulmonary fibrosis; RhoGDI1, 
Rho GDP dissociation inhibitor 1; RT‑qPCR, reverse transcription‑quantitative PCR; TGF‑β1, transforming growth factor‑β1; miR, microRNA; Ctrl, control.
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Rho GDP dissociation inhibitors (RhoGDIs) are involved 
in various cell processes, including migration, adhesion 
and proliferation, via regulation of Rho GTPase family 
functions  (33). RhoGDIs contains three members, namely 
RhoGDI1, RhoGDI2 and RhoGDI3. RhoGDI1, also known as 
RhoGDIα or ARHGDIα, is ubiquitously expressed in many 
types of cell (34) and has been studied in different types of 
cancer. For instance, Song et al (35) reported that downregu‑
lation of RhoGDI1 promotes lung adenocarcinoma invasion 
and metastasis via EMT regulation. Jiang et al (36) reported 
that decreased expression of RhoGDI1 is correlated with 
nodal involvement and metastasis in human breast cancer. 
In the present study, RhoGDI1 was downregulated in PF 
tissue and TGF‑β1‑induced EMT in A549 cells. It was also 

directly regulated by miR‑483‑5p. Furthermore, RhoGDI1 
knockdown eliminated the effect of miR‑483‑5p inhibitor on 
TGF‑β1‑induced EMT. These results indicated that RhoGDI1 
participated in PF via the EMT process. 

Rac1, a member of the Rho family of small GTPases, 
is involved in a variety of dynamic biological cell processes, 
including proliferation, EMT, cell‑cell contact, motility and 
invasiveness (37). Rac1 activity is positively regulated by guanine 
nucleotide exchanges factors, which favor GDP/GTP exchange, 
GTPase‑activating proteins, which favor the switching on/off 
of GTP/GDP, and guanosine nucleotide dissociation inhibitor 
(GDI) that binds to GDP‑bound forms, preventing GDP/GTP 
exchange (off state) and sequestering small GTPases in the 
cytoplasm to form an inactive pool (37). Therefore, RhoGDI1 

Figure 2. Effect of miR‑483‑5p on TGF‑β1‑induced EMT. (A) Relative expression of miR‑483‑5p in A549 cells after 24 h transfection with miR‑483‑5p mimic 
was detected via RT‑qPCR. **P<0.01 vs. mimic NC. Following treatment with TGF‑β1 for 48 h, relative of expression of (B) E‑cadherin, (C) vimentin and 
(D) α‑SMA were determined by RT‑qPCR and (E and F) western blotting. A549 cells were transfected with miR‑483‑5p inhibitor for 24 h, and then treated 
with TGF‑β1 for 48 h. *P<0.05; **P<0.01. (G) Relative expression of miR‑483‑5p in A549 cells following transfection with inhibitor. **P<0.01 vs. inhibitor NC. 
The relative of expression of (H) E‑cadherin, (I) vimentin and (J) α‑SMA were determined by RT‑qPCR and (K and L) western blotting. Data are presented 
as the mean ± SD (n=3). *P<0.05; **P<0.01. NS, not significant; EMT, epithelial‑mesenchymal transition; TGF‑β1, transforming growth factor‑β1; α‑SMA, 
α‑smooth muscle actin; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control.
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Figure 4. miR‑483‑5p inhibitor inhibits TGF‑β1‑induced EMT by targeting RhoGDI1 via the Rac1/PI3K/AKT signaling pathway. The relative expression of RhoGDI1 
in A549 cells infected with lentivirus carrying the interference sequence of RhoGDI1 was detected by (A) RT‑qPCR and (B and C) western blotting. **P<0.01 vs. 
shRNA‑NC. A549 cells or A549 cells with shRNA‑RhoGDI1 silencing were transfected with miR‑483‑5p inhibitor for 24 h, and then treated with TGF‑β1 for 
48 h. The relative of expression of (D) E‑cadherin, (E) vimentin and (F) α‑SMA were determined by RT‑qPCR and (G and H) western blotting. (I) Expression of 
(J) Rac1‑GTP, Rac1, (K) p‑PI3K, PI3K, (L) p‑AKT and AKT were determined by western blot analysis. Data are presented as the mean ± SD (n=3). *P<0.05; **P<0.01. 
NS, not significant. 1=Ctrl, 2=TGF‑β1 group, 3=TGF‑β1+ miR‑483‑5p inhibitor+ shRNA‑NC group, 4=TGF‑β1+ miR‑483‑5p inhibitor + shRNA‑RhoGDI1 group. 
EMT, epithelial‑mesenchymal transition; RhoGDI1, Rho GDP dissociation inhibitor 1; TGF‑β1, transforming growth factor‑β1; α‑SMA, α‑smooth muscle actin; 
miR, microRNA; Rac1, Rac family small GTPase 1; RT‑q, reverse transcription‑quantitative; p‑, phosphorylated; sh, short hairpin; NC, negative control; Ctrl, control.

Figure 3. Identification of target gene for miR‑483‑5p. The relative expression of RhoGDI1 in A549 cells transfected with miR‑483‑5p mimic or mimic NC 
for 48 h was determined by (A) RT‑qPCR and (B and C) western blot analysis. *P<0.05; **P<0.01 vs. mimic NC. The relative expression of RhoGDI1 in A549 
cells transfected with miR‑483‑5p inhibitor or inhibitor NC for 48 h was determined by (D) RT‑qPCR and (E and F) western blotting. *P<0.05; **P<0.01 vs. 
inhibitor NC. (G) RhoGDI1 3'‑UTR region containing wt or mut binding site for miR‑483‑5p. (H) Luciferase activity resulting from the interaction between 
miR‑483‑5p and 3'UTR of RhoGDI1. Data are presented as the mean ± SD (n=3). **P<0.01. NS, not significant; RhoGDI1, Rho GDP dissociation inhibitor 1; 
UTR, untranslated region; NC, negative control; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; wt, wild‑type; mut, mutant.
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negatively regulates Rac1 by regulating the GDP/GTP 
exchange cycle (37). Numerous studies have indicated that the 
PI3K/AKT signaling pathway is essential in TGF‑β1‑induced 
EMT in PF (38,39), and PI3K activity can be stimulated via 
Rac1‑GTP  (40). Feng  et  al  (41) reported that miRNA‑630 
suppresses EMT by regulating forkhead box M1 via inactivation 
of the Rac1/PI3K/AKT pathway in gastric cancer. Shen et al (42) 
demonstrated that cigarette smoke induces EMT by activating 
the Rac1/PI3K/AKT signaling pathway in chronic obstructive 
pulmonary disease. Another study indicated that neogenin‑1 
promotes EMT by upregulating zinc finger E‑box‑binding 
homeobox 1 via activation of the Rac1/PI3K/AKT pathway 
in gastric cancer (43). In addition, Xu et al (44) reported that 
Rac1 promotes a fibrogenic phenotype in fibroblasts via 
PI3K/AKT, which results in fibrotic disease. Another study 
demonstrated that endothelin‑1 contributes to lung fibrosis 
through endothelin‑1 receptor via Rac/PI3K/AKT‑dependent 
signaling pathway (45). The results of the present study indicate 
that TGF‑β1 upregulated expression of GTP‑Rac1, p‑PI3K 
and p‑AKT, and that the miR‑483‑5p inhibitor downregulated 
levels of GTP‑Rac1, p‑PI3K and p‑AKT. Moreover, RhoGDI1 
knockdown reversed the effect of miR‑483‑5p inhibitor on the 
expression of GTP‑Rac1, p‑PI3K and p‑AKT, indicating that 
miR‑483‑5p inhibitor suppressed TGF‑β1‑induced EMT by 
targeting RhoGDI1 via Rac1/PI3K/AKT inactivation.

In conclusion, the present results suggested that miR‑483‑5p 
promoted TGF‑β1‑induced EMT in PF via RhoGDI1 inhibition; 
this effect may be due to activation of the Rac1/PI3K/AKT 
pathway. Therefore, miR‑483‑5p inhibition may provide a novel 
approached for the prevention and treatment of lung fibrosis.
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