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ABSTRACT – Background: Drug-induced lung injury leads to serious lung diseases, such as pulmonary fibrosis. 

We demonstrated in an alveolar epithelial cell line A549/ABCA3 that certain microRNAs were associated with 

bleomycin induced epithelial-mesenchymal transition (EMT) which is closely related to pulmonary fibrosis. In 

this study, we focused on the role of miR-484 in drug-induced EMT using A549/ABCA3 cells and a mouse lung 

injury model. Methods: The expression of EMT-related genes and miR-484 was detected by real-time polymerase 

chain reaction. miR-484-targeted proteins were analyzed by Western blot. Pulmonary fibrosis mouse model was 

prepared by the intratracheal administration of BLM. As miR-484 is known to target SMAD2 and zinc finger E-

box binding homeobox 1 (ZEB1), which are the well-known EMT-related transcription factors, we assessed the 

effects of a miR-484 inhibitor or mimic on the mRNA/protein expression of both the factors. Results: We found 

that bleomycin significantly suppressed the intracellular expression and extracellular release of miR-484 in 

A549/ABCA3 cells. Moreover, the miR-484 mimic and inhibitor showed no drastic effects on the expression of 

the EMT-related transcription factors. In addition, the miR-484 mimic had no effect on the bleomycin-induced 

altered mRNA expression of the α-smooth muscle actin, a representative EMT marker. This suggested that miR-

484 did not directly contribute to bleomycin-induced EMT in A549/ABCA3 cells. In contrast, the significant 

decrease in miR-484 expression in the lung tissue or plasma of bleomycin-administered mice suggested that miR-

484 expression was closely correlated with bleomycin-induced lung injury. Conclusions: These findings indicate 

that miR-484 could be a novel diagnostic indicator for drug-induced pulmonary fibrosis. 

 

INTRODUCTION 

MicroRNAs (miRNAs) are noncoding small RNAs 

that are approximately 18-25 nucleotides in length. 

Mature miRNAs have been recognized as important 

regulators of the corresponding gene expressions [1]. 

In general, miRNAs bind to the 3ʹ-untranslated 

regions (UTRs) of mRNAs and regulate subsequent 

protein synthesis. In addition, miRNAs interact with 

the 5'-UTR and the coding sequence of target 

mRNAs and thus lead to cleavage and degradation of 

the mRNAs. Thus, miRNAs are possibly associated 

with the regulation of gene expression and protein 

synthesis related to various physiological and/or 

pathophysiological reactions in the body. For 

instance, it has been reported that the miRNAs in 

exosomes secreted by various cells, including cancer 

cells, are involved in cancer progression and 

metastasis [2, 3]. Therefore, clinical applications of 

miRNAs as therapeutic agents or biomarkers in 

cancer treatment are currently under investigation. 

Pulmonary fibrosis (PF) is a chronic respiratory 

disease, in which the lung tissue is scarred, thickened, 

and stiff, resulting in reduced oxygen supply to the 

blood. Anticancer drugs, including bleomycin, 

induce PF more readily than other agents such as 

antimicrobial drugs, antirheumatic drugs, and 

interferons [4]. PF is commonly associated with 

abnormal tissue repair in damaged alveolar epithelial 

type Ⅱ cells [5]; an excessive extracellular matrix 

(ECM), including collagen, plays a crucial role in the 

pathogenesis of PF [6]. In this condition, 

myofibroblasts producing ECM are recruited from 

the damaged epithelial cells through the epithelial-

mesenchymal transition (EMT) [7]. Therefore, 

mechanistic investigation regarding the association 

of EMT with PF may lead to the development of a 

novel therapeutic approach against severe lung 

diseases. To date, however, the relationship between 

PF and EMT has not been fully elucidated. In 

particular, the concept of drug-induced EMT is not 

well understood. 

Recent studies have demonstrated alterations in 

the expression of several miRNAs in patients with PF 

[8, 9]. Moreover, increasing evidence suggests that 
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several miRNAs play an important role in EMT [10, 

11], suggesting that miRNAs could be the key factors 

to clarify the mechanism underlying drug-induced 

EMT. Notably, the miR-200 family is well known to 

suppress EMT via the regulation of EMT-related 

transcription factors, including zinc finger E-box-

binding homeobox (ZEB) 1 and 2 [12]. We have also 

demonstrated using several alveolar epithelial cell 

lines that miR-34a directly contributes to EMT 

induction [13, 14]. Thus, miRNAs should be 

highlighted as one of the crucial factors associated 

with drug-induced EMT. 

Recently, it has been reported that miR-484 

inhibits EMT by targeting EMT-related genes such as 

SMAD2 and ZEB1 in cervical cancer cells. In 

addition, the long noncoding RNA H19 has been 

reported to promote EMT in A549 cells by 

suppressing miR-484 expression [15, 16], thus 

suggesting a significant contribution of miR-484 to 

the EMT process. To date, however, the involvement 

of miR-484 in drug-induced EMT has not been 

examined. A549/ABCA3 cells are established by 

introducing a retrovirus vector that includes ABCA3 

gene into A549, a human-derived cultured alveolar 

epithelial cell line, and we have confirmed that 

upregulation of type II alveolar epithelium 

phenotypes such as increase in formation of lamellar 

bodies and peptide transporter 2 expression in the 

cells [14]. In addition, BLM significantly induces 

EMT in the cells [14], indicating that A549/ABCA3 

cells would be useful for evaluate drug-induced EMT 

in the lung. In the present study, we examined, for the 

first time, the role of miR-484 in bleomycin-induced 

EMT using an alveolar epithelial cell line, 

A549/ABCA3, and using the lung tissues of a mouse 

lung injury model established following the 

intratracheal administration of bleomycin. Our study 

provides novel findings concerning miR-484, which 

can be developed as a possible diagnostic indicator 

for drug-induced EMT and lung injury. 

 

MATERIALS AND METHODS 

 

Materials. Bleomycin was purchased from Tokyo 

Chemical Industry Co., LTD. (Tokyo, Japan). All the 

other chemicals used in the experiments were 

obtained from commercial sources and were of the 

highest purity. 

 

Cell culture. A549/ABCA3 cells was established by 

transfecting a plasmid DNA including the ABCA3 

gene into A549 cells, a lung alveolar epithelial cell 

line, using a retroviral vector; the cells were then 

cultured as reported previously [14]. 

 

Drug treatment and transfection with the miR-

484 mimic or inhibitor. A549/ABCA3 cells were 

cultivated on 12-well plates at a cell density of 1×105 

cells/well for real-time polymerase chain reaction 

(PCR) or in a 60-mm dish at a cell density of 5×105 

cells/dish for Western blot analysis. These cells were 

treated with 60-µM bleomycin for 72 h or 144 h. 

During cell seeding, 10 nM of a miR-484 mimic Hsa-

miR-484 (QIAGEN, Hilden, Germany) or 20 nM of 

an miR-484 inhibitor Anti-hsa-miR-484 (QIAGEN) 

were transfected using Lipofectamine2000 (Thermo 

Fisher Scientific Inc., MA) for 24 h. 

In the case of combinatorial drug treatment with a 

miR-484 mimic, the miR-484 mimic was first 

transfected for 24 h. After that, the cells were treated 

with 60-µM BLM for 48 h. 

 

Real-time PCR for miRNA detection. Detection of 

miRNAs was performed as reported previously [13, 

14]. Briefly, miRNA was extracted from 

A549/ABCA3 cells and lung tissues of mice using 

the High Pure miRNA Isolation Kit (Roche 

Diagnostics, Laval, QC, Canada) or from the 

supernatants of treated cells and plasma from mice 

using the miRNeasy Serum/Plasma Kit (QIAGEN). 

miRNA reverse transcription with complementary 

DNA and its quantitative real-time PCR were 

performed as reported previously [13, 14]. The 

primers for miR-484-5p, RNU6-2, and miR-39 

derived from Caenorhabditis elegans (spike-in 

control) were purchased from QIAGEN. The 

expression of miRNA was normalized to that of 

RNU6-2 or miR-39. 

 

Real-time PCR for mRNA detection. mRNA 

expression was assessed as reported previously [17]. 

The extraction of total RNA from the treated cells, 

reverse transcription, and amplification of the 

obtained cDNA were performed as reported 

previously [17]. The primers used were as follows: 

sense, 5'-AGCAGGAATTGAGCCACAGA-3' and 

antisense, 5'-CAGGGGAAAGAGTAGTAGGAGA-

3' for SMAD2; sense, 5'-

AGCTGCCAATAAGCAAACGA-3' and antisense, 

5'-TTTGGGCGGTGTAGAATCAG-3' for ZEB1. 

The primers for α-SMA and glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) were prepared 

as reported previously [14]. The expression of 

mRNA was normalized to that of GAPDH, a 

housekeeping gene. 
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Western blot analysis. Protein expression was 

examined by Western blot analysis. Briefly, proteins 

were extracted from A549/ABCA3 cells using 

radioimmunoprecipitation assay buffer (150-mM 

NaCl, 5-mM EDTA, 1-mM phenylmethanesulfonyl 

fluoride, 50-mM Tris, 1 % NP-40, 0.1 % sodium 

dodecyl sulfate [SDS], 1 % sodium deoxycholate; pH 

7.4). The protein extracts for SMAD2 or ZEB1 

analysis were first subjected to SDS-polyacrylamide 

gel electrophoresis using 10 % polyacrylamide gels 

and then transferred to the polyvinylidene difluoride 

membrane. After blotting, the membrane was 

blocked with 5 % skim milk and subsequently 

incubated for 2 h with primary antibodies against 

SMAD2 (1:300 dilution) (Santa Cruz Biotechnology, 

Inc., Dallas, TX, USA), ZEB1 (1:1000) (BIO-RAD, 

Tokyo, Japan), and GAPDH (1:5000) (Sigma-

Aldrich, St. Louis, MO, USA). The membrane was 

then washed three times using Tris-buffered saline 

with Tween (TBS-T) (20.5-mM Tris, 150-mM NaCl, 

0.05 % Tween 20; pH 7.5) and then incubated for 1 h 

with horseradish peroxidase (HRP)-labeled 

secondary antibodies (1:5000 dilution for GAPDH 

and ZEB1, 1:2500 dilution for SMAD2). After 

washing three times with TBS-T, the antibody 

complexes were visualized using Luminata Forte 

Western HRP substrate reagents (Merck Millipore). 

 

PF animal model. Male Slc ddy mice with ages of 3 

weeks were purchased from Japan SLC, Inc. 

(Hamamatsu, Shizuoka, Japan). The study protocol 

was approved by the Committee of Research 

Facilities for Laboratory Animal Sciences, 

Hiroshima University, and experiments with animals 

were performed in accordance with the Guide for 

Animal Experimentation from Hiroshima University. 

Briefly, Slc ddy mice (control; n=3, bleomycin; n=3-

4) were housed under standard conditions with free 

access to water and rodent food. Saline or bleomycin 

(5 mg/kg) were intratracheally administered into the 

mice at day 0 and sacrificed at day 14 or 21 for 

obtaining the lung tissue homogenates. 

 

Hydroxyproline assay. Collagen accumulation in 

the lungs was evaluated by measuring the amount of 

hydroxyproline using the hydroxyproline assay kit 

(Perchlorate-free) (CELL BIOLABS, INC.). Lung 

tissue homogenates were hydrolyzed in 12 N 

hydrochloric acid at 120 ℃ for 3 h. The solution was 

removed by blowing nitrogen gas, after which the 

Chloramine T Mixture (Chloramine T Reagent and 

Assay buffer) was added. The mixtures were 

incubated at room temperature (20-25 ℃) for 30 min 

and, finally, Ehrlich’s Reagent was added to each 

solution. The solutions were then heated at 60 °C for 

45 min, and the absorbance was read at 556 nm using 

a microplate reader. Hydroxyproline standard curve 

was plotted using serial dilutions in the concentration 

range of 0–100 µg/mL. 

 

Statistical analysis. Data are expressed as means 

± standard errors of the mean. Statistical analysis was 

performed using one-way analysis of variance 

followed by Tukey’s test for multiple comparisons or 

by the Student’s t-test. The level of significance was 

set at *p < 0.05 or **p < 0.01. 

 

RESULTS 

 

Effect of bleomycin on miR-484 expression in 

A549/ABCA3 cells and supernatants. The effect of 

BLM on the intracellular and extracellular 

expression of miR-484 was examined. In a previous 

report, we demonstrated that bleomycin induced 

EMT in A549/ABCA3 cells [14]. In this study, we 

observed significant decreases in the intracellular 

expression and extracellular release of miR-484 in 

bleomycin-treated cells (Figure 1), suggesting that 

bleomycin treatment may suppress the synthesis of 

miR-484, followed by the reduction of miR-484 

release in the extracellular space. 

 

Contribution of miR-484 to EMT-related factors 

in A549/ABCA3 cells. To investigate the 

contribution of miR-484 to the EMT process, the 

effect of an miR-484 inhibitor on EMT-related 

factors was examined. The introduction of an miR-

484 inhibitor into the A549/ABCA3 cells markedly 

decreased the miR-484 expression in the cells but 

showed no effect on the mRNA expression of α-

SMA (Figure 2A, B). As it has been reported that 

miR-484 regulates EMT via the control of SMAD2 

and ZEB1 (EMT-related transcription factors) 

expression [16], we further investigated the effect of 

the miR-484 inhibitor on the mRNA/protein 

expression of these transcription factors. However, 

SMAD2 and ZEB1 expression was not affected by 

transfection with a miR-484 inhibitor (Figure 2C, D, 

E). Next, the effect of miR-484 mimic transfection 

on EMT-related factors was examined. As shown in 

Figure 3A, the introduction of a miR-484 mimic 

markedly upregulated miR-484 expression level in 

A549/ABCA3 cells. However, no significant change 

was noted in α-SMA mRNA expression following 

transfection with the mimic (Figure 3B). 

Furthermore, the mimic had no effect on the 
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mRNA/protein expression of SMAD2 and ZEB1 

(Figure 3C, D, E). Therefore, the direct contributions 

of miR-484 to EMT-related factors were not 

observed under the conditions used in this study. 

 
 

Figure 1. Effect of bleomycin (60 µM) on intracellular 

and extracellular expression levels of miR-484 in 

A549/ABCA3 cells. The cells were treated with 60 µM 

bleomycin for 144 h (A) or 72 h (B). After bleomycin 

treatment, the cells or the supernatant components via 

lyophilization were dissolved with lysis buffer for 

preparation of total RNA, respectively. The miR-484 

expression level was measured by real-time PCR analysis 

as described in Materials and Methods. The dashed line 

indicates the control level. Each value represents the mean 

±S.E.M (n = 3). **p<0.01: significantly different from 

each control. 

 
Figure 2 continues … 

 

 

 
 

 

Figure 2. Effect of miR-484 inhibitor on the expressions 

of EMT-related factors in A549/ABCA3 cells. The cells 

were transfected with negative control (NC) or miR-484 

inhibitor (20 nM) for 24 h. After 72 h, the expression 

levels of miR-484 (A), and mRNAs of α-SMA (B), 

SMAD2 (C), and ZEB1 (D) were measured by real-time 

PCR analysis. (E) The protein expressions of SMAD2 and 

ZEB1 were measured by Western blot analysis. The 

dashed line indicates the negative control (NC) level. Each 

value represents the mean ± S.E.M (n = 3). **p < 0.01, 

significantly different from NC. 
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Figure 3 continues… 

 

 
 

Figure 3. Effect of miR-484 mimic on the expressions of 

EMT-related factors in A549/ABCA3 cells. The cells 

were transfected with negative control (NC) or miR-484 

mimic (10 nM) for 24 h. After 48 h, the expression levels 

of miR-484 (A), and mRNAs of α-SMA (B), SMAD2 (C), 

and ZEB1 (D) were measured by real-time PCR analysis. 

(E) The protein expressions of SMAD2 and ZEB1 were 

measured by Western blot analysis. The dashed line 

indicates the negative control (NC) level. Each value 

represents the mean ± S.E.M (n = 3). **p < 0.01, 

significantly different from NC. 

 

 

Role of miR-484 in bleomycin-induced EMT in 

A549/ABCA3 cells. To clarify the role of miR-484 

in bleomycin-induced EMT in A549/ABCA3 cells, 

we examined the effect of the miR-484 mimic on 

bleomycin-induced upregulation of α-SMA mRNA 

expression. As shown in Figure 4A, bleomycin had 

no effect on the increase in miR-484 expression 

induced by mimic introduction. In addition, 

bleomycin-induced increase in α-SMA mRNA 

expression was not affected by the introduction of the 

miR-484 mimic (Figure 4B). This indicated that 

miR-484 may not be involved in bleomycin-induced 

EMT in A549/ABCA3 cells. 

 

Relationship between EMT and miR-484 in 

bleomycin-treated lung injury mouse model. We 

established a mouse model of lung injury by 

intratracheally administering bleomycin. On day 14 

or 21 after the administration, lung tissues were 

obtained from the mice administered saline (control) 

or bleomycin. As shown in Figure 5A, the mRNA 

expression of col1a1, which encodes collagen type 

IA1, increased on day 21 in bleomycin-treated mice 

compared with that in control mice. In general, the 

level of hydroxyproline is regarded as an indicator of 

the collagen accumulation, because hydroxyproline  

is a major component of collagen [18]. The amounts 

of hydroxyproline in the lung tissue was also 

upregulated on day 21 (Figure 5B), indicating that 
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the bleomycin-induced lung injury mouse model was 

successfully established. In contrast, the mRNA 

expression of α-SMA increased on day 14, but not on 

day 21 (Figure 5C), which was not comparable to the 

trend observed for col1a1 and hydroxyproline. On 

day 21, the expression of miR-484 was examined in 

lung tissues and plasma. Significant decreases in the 

expression of miR-484 in lung tissues and plasma 

were observed (Figure 5D), indicating that miR-484 

might be related to bleomycin-induced lung injury. 

 

 
 

Figure 4. Role of miR-484 in bleomycin-induced EMT in 

A549/ABCA3 cells. The cells were transfected with 

negative control (-) or miR-484 mimic (+) for 24 h. After 

that, the cells were treated without (Control) or with 

bleomycin (60 µM) for 48 h. The expression levels of 

miR-484 (A) and α-SMA mRNA (B) were measured by 

real-time PCR analysis. The dashed line indicates the 

negative control (NC) in Control. Each value represents 

the mean ± S.E.M (n = 3). **p < 0.01, vs NC in control. 

 

DISCUSSION 

 

EMT is currently recognized as an important step that 

promotes the pathogenesis of severe lung diseases 

including PF. However, more research is required to 

fully understand the relationship between EMT and 

lung diseases. In particular, drug-induced EMT 

seems to have a complex mechanism owing to the 

interaction of the drug with various factors other than 

the EMT process. At present, there is limited 

information regarding the clinical therapy, 

preventive methods, and effective diagnosis for 

pulmonary disorders caused by drugs. Therefore, 

more evidence is required for the development of 

therapeutic agents, predictable biomarkers, and 

robust diagnosis indicators against drug-induced 

lung injuries. In contrast, miRNAs have been 

highlighted as therapeutic targets and effective 

biomarkers for various diseases [19, 20]. In addition,  

we have already demonstrated that miR-34a directly 

contributes to EMT promotion in A549/ABCA3 cells 

[14], suggesting that miRNAs are the key factors for 

clarifying the mechanism underlying drug-induced 

lung injury and a possible clinical tool. Here, we 

focused on the role of miR-484 in bleomycin-

induced EMT using an alveolar epithelial cell line, 

A549/ABCA3, and a bleomycin-induced mouse lung 

injury model. To the best of our knowledge, our study 

is the first to provide evidence concerning the 

relationship between miR-484 and drug-induced 

EMT in the lungs. 

 

 

 
Figure 5 continues… 
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Figure 5. Effect of intratracheal administration of 

bleomycin on the expression levels of COL1A1 mRNA 

(A), hydroxyproline (B), α-SMA mRNA (C), and miR-

484 (D) in the mice. 5 mg/kg bleomycin were administered 

into male Slc ddy mice at day 0, and sacrificed at day 14 

or 21. The expression of miR-484 and mRNA expression 

levels of COL1A1 and α-SMA were analyzed by real-time 

PCR. The amounts of hydroxyproline were evaluated by 

the assay kit as described in Materials and Methods. The 

dashed line indicates the control level. Each value 

represents the mean ±S.E.M (n = 3-4). *p<0.05: 

significantly different from the control. 

 

   Although several research groups, including our 

own, have elucidated bleomycin-induced EMT, 

different concentrations of bleomycin with a large 

range (0.4-120 µM) were used to induce EMT in 

those studies [14, 21-26]. For example, we used 60-

µM bleomycin to induce EMT in A549 and 

A549/ABCA3 cells [14, 24], while 0.4 µM-

bleomycin induced EMT-like phenotypical changes  

of RLE/Abca3 cells derived from rat normal alveolar 

epithelium [21]. In preliminary experiments, we 

confirmed that low concentrations (0.12-4 µM) of 

bleomycin had no effects on mRNA expression 

levels of EMT-related genes in A549 cells (data not 

shown). Therefore, EMT-inducing effect of 

bleomycin may depend on the property of the cell 

types. On the other hand, one clinical study reported 

that serum concentration of bleomycin after single 

bolus injection of bleomycin was 2.213 ± 0.0911 µM 

[27], which is quite different from the present 

experimental condition, whereas the higher 

concentration of bleomycin should be required to 

detect the EMT-like phenotypical changes under 

certain in vitro conditions. Thus, there remain 

limitations to fill the gap between the clinical 

situation and the experimental conditions regarding 

the bleomycin-induced EMT. 

 miR-484 has multifunctional characteristics and 

contributes to many physical and pathologic 

processes. For example, it has been reported that 

miR-484 enhances the sensitivity of several 

chemotherapeutic agents by targeting cytidine 

deaminase and vascular endothelial  growth factor in 

breast cancer cells and ovarian carcinomas, 

respectively [28,29]. In addition, it has been 

demonstrated that miR-484 inhibits the EMT process 

via the suppression of ZEB1 and SMAD2 expression 

in ovarian cancer cell lines [16]. These findings 

prompted us to examine the role of miR-484 in 

bleomycin-induced EMT in the alveolar epithelial 

cell line A549/ABCA3. As expected, bleomycin 

treatment significantly decreased the intracellular 

expression and extracellular release of miR-484 in 

the cells. However, treatment with the miR-484 

inhibitor and mimic had no effect on the mRNA 

expression of α-SMA, as well as on the 

mRNA/protein expression of ZEB1 and SMAD2. 

Furthermore, bleomycin-induced EMT was not 

affected by miR-484 mimic introduction, suggesting 

that miR-484 is not involved in the EMT process 

triggered by bleomycin in A549/ABCA3 cells, which 

is different from the observations in ovarian cancer 

cells. These differences may be attributed to the 

different types of cell lines, warranting investigation 

of mechanisms contributing to these differences in 

future studies. 

Considering that the intracellular expression and 

extracellular release of miR-484 are well correlated 

with bleomycin-induced EMT in A549/ABCA3 cells, 

miR-484 may serve as an effective indicator of drug-

induced lung injury. Accordingly, we established a 

bleomycin-induced lung injury mouse model and 

examined the expression of miR-484 in mouse lung 

tissue and plasma. Interestingly, the mRNA 

expression of α-SMA, an EMT indicator, was 

significantly higher in bleomycin-administered mice 

than that in the control mice on day 14 but not on day 

21. Conversely, the mRNA expression of col1a1 and 
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the level of hydroxyproline (fibrosis markers) 

increased in bleomycin-administered mice on day 21, 

but not on day 14, compared with those in control 

mice. These trends were comparable with those 

observed in previous reports [30, 31], suggesting the 

gap in the dynamics of EMT and the development of 

fibrosis. On day 21 after the intratracheal 

administration of bleomycin, miR-484 expression in 

lung tissues and plasma significantly decreased. 

Therefore, miR-484 could be developed as a novel 

diagnostic indicator for drug-induced lung injury. 

Furthermore, miR-34a expression was upregulated in 

the plasma of bleomycin-administered mice (data not 

shown), and this result was similar to that observed 

in our previous in vitro study [13, 14]. 

Recent studies have demonstrated that serum 

miR-484 is increased in patients with non-small cell 

lung carcinoma (NSCLC) [32] and that miR-484 

promotes the progression of NSCLC [33], indicating 

that this miRNA may be involved in cancer 

progression. Thus, miR-484 may be involved in 

various pathological conditions other than EMT-

related disorders. Therefore, the use of only miR-484 

as an indicator of drug-induced lung injury should be 

avoided. Moreover, we found that miR-34a was also 

increased in the plasma of bleomycin-treated model 

mice (data not shown). Thus, the use of multiple 

diagnostic markers, including several miRNAs 

related to the EMT process, may be an effective 

approach to determine the pathological status of lung 

injuries. Further studies are needed to establish 

effective and robust diagnostic methods using 

miRNAs for drug-induced lung injury. 

 

CONCLUSION 

 

Our study is the first to determine that bleomycin 

treatment induced a decrease in the intracellular 

expression and extracellular release of miR-484 in 

A549/ABCA3 cells. In contrast, the introduction of a 

miR-484 inhibitor or mimic into the cells had no 

effect on the mRNA/protein expression of EMT-

related factors such as zinc finger E-box binding 

homeobox 1 and SMAD2. In addition, bleomycin-

induced increase in the mRNA expression of α-

smooth muscle actin was not affected by the miR-484 

mimic. This suggested that miR-484 expression is 

associated with bleomycin-induced epithelial-

mesenchymal transition (EMT) and not with the 

EMT process triggered by bleomycin in cells; this is 

a unique and novel finding concerning the 

relationship between miR-484 and bleomycin-

induced EMT. Further in vivo study revealed that 

miR-484 expression significantly decreased in the 

lung tissues and plasma of bleomycin-induced mice 

with lung injury. These findings suggest that miR-

484 is a novel diagnostic indicator of drug-induced 

EMT, a precursor to serious lung diseases such as 

pulmonary fibrosis. 
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