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ABSTRACT - PURPOSE. Several anticancer drugs including bleomycin (BLM) and methotrexate (MTX)
cause serious lung diseases such as pulmonary fibrosis. Although evidences showing the association of
epithelial-mesenchymal transition (EMT) with pulmonary fibrosis are increasing, the mechanism underlying
anticancer drug-induced EMT has been poorly understood. On the other hand, miR-34a, a non-coding small
RNA, has been highlighted as a key factor to regulate EMT in lung. In this study, we elucidated the role of
miR-34a in anticancer drug-induced EMT using A549/ABCA3 cells as a novel type Il alveolar epithelium
model. METHODS. Expression levels of a-smooth muscle actin (a-SMA) mRNA, miR-34a, and p53 were
evaluated by real-time PCR and western blot analysis, respectively. RESULTS. BLM and MTX induced
EMT-like morphological changes and increase in mRNA expression level of a-SMA, an EMT marker. Also,
both drugs increased the expression level of miR-34a. Furthermore, mRNA expression level of a-SMA was
enhanced by introduction of miR-34a mimic into A549/ABCA3 cells. To examine the mechanism underlying
drug-induced enhancement of miR-34a expression, we focused on p53/miR-34a axis. Both drugs upregulated
protein expression of p53, an inducer of miR-34a, as well as phosphorylation of Serl5 in p53.
CONCLUSIONS. These findings indicated that p53/miR-34a axis may contribute to anticancer drug-induced
EMT in type II alveolar epithelial cells.

INTRODUCTION MicroRNAs (miRNA) are small single-stranded
non-coding RNA of approximately 22 nucleotides

There are increasing drugs with capacity of inducing and regulate post-transcriptional activity of their
serious cytotoxic effects on lung such as pulmonary targeted genes by binding complementarily to the 3’
fibrosis as their adverse effects. In particular, untranslated regions (9). Current studies have
anticancer drugs including bleomycin (BLM) (1) demonstrated that a number of miRNAs have
and methotrexate (MTX) (2) have been reported to positive or negative effects on IPF via complicated
induce severe lung diseases such as acute interstitial transcriptional regulations (10). In particular, miR-
pneumonia and progressive pulmonary fibrosis. 200 family such as miR-200b and miR-200c inhibits
Although these serious pulmonary diseases carry EMT in RLE-6TN cells, by downregulating the
high mortality rates, development of the effective expression of several EMT inducing factors
treatment has not been achieved, partly due to poor including zinc finger E-box-binding homeobox
understanding of the drug-induced lung injury. (ZEB) 1/2 (11). On the other hand, miR-199a
Recently, there are several suggested schemes stimulates fibroblasts in response to transforming
concerning pathogenesis of serious pulmonary growth factor (TGF)-f1 via inhibitory effect on
diseases such as idiopathic pulmonary fibrosis (IPF) caveolin 1, a negative regulator of TGF-§ signaling

(3). In these schemes, excessive extracellular matrix pathway (12). Thus, certain miRNAs would be
(ECM) plays a crucial role in development of  considerable biomarkers or therapeutic targets for
pathogenic lung form. ECM is mainly produced by EMT-related diseases.

myofibroblasts, which are derived from fibroblasts In the lung, EMT occurs in type II alveolar
showing profibrotic phenotype (4, 5). When lung epithelial cells, as evidenced by several reports using
injury occurs, on the other hand, myofibroblasts are human primary type II alveolar epithelial cells and
also generated from injured type II alveolar lungs of patients with IPF (6, 13).

epithelial cells via epithelial-mesenchymal transition
(EMT) process (6). Therefore, EMT contributes to Corresponding Author: Prof. Mikihisa Takano, Department of
development of pulmonary fibrosis (7, 8), and may Pharmaceutics and Therapeutics, Graduate School of
be considered to be a possible therapeutic target to Biomedical & Health Sciences, Hiroshima University, 1-2-3

prevent the drug—induced lung injury. Kasumi, M.inam'i—ku, Hirboshima 734-8553, Japan; E-mail:
takanom@hiroshima-u.ac.jp
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So far, we established RLE/Abca3 cells by
introducing Abca3 gene into RLE-6TN cells (rat-
derived alveolar epithelial cells), and mRNA
expression levels of several type II alveolar
epithelial cell markers such as peptide transporter 2
(PEPT2) and formation of lamellar bodies were
higher in RLE/Abca3 cells than those in the wild-
type cells (14). In addition, we found that BLM and
MTX could induce EMT, and miR-34a upregulation
was observed in parallel with drug-induced EMT (14,
15). In this study, we attempted to establish a novel
type II alveolar epithelial cell line, A549/ABCA3
cells, by introducing ABCA3 gene into A549 cell
line like the case of RLE/Abca3 cells. Using this cell
line, we aimed to clarify the mechanism underlying
drug-induced EMT focusing on miR-34a. On the
other hand, it has been reported that p53 plays a
crucial role in regulation of miR-34a (16). In
addition, anticancer drugs such as BLM and MTX
are well-known to stimulate p53 activity (17, 18).
However, these findings were independently
reported, and evidence showing the relationship
between drug-induced EMT and p53/miR-34a axis
is still lacking. Therefore, we also aimed to clarify
the role of p53/miR-34a axis in drug-induced EMT
using A549/ABCA3 cells.

MATERIALS and METHODS

Materials

BLM was purchased from TOKYO CHEMICAL
INDUSTRY CO., LTD. (Tokyo, Japan). MTX and
PTX were purchased from Wako Pure Chemical Ind.
(Osaka, Japan). LysoTracker” Red as a selective
fluorescent probe for intracellular lipid droplets in
lamellar bodies was purchased from Life
Technologies (Carlsbad, CA, USA). All the other
chemicals used for the experiments were of the
highest purity that was commercially available.

Establishment of A549/ABCA3 cells and the cell
culture

Full-length human ABCA3 gene (accession No.
NM 001089) was constructed from two separated
fragments, A and B. The amplification of these
fragments were performed by using following

primers; ABCA3-fragment A-F663 (5’-
TCAGACCACCTACTTCTCTAGCAGC-3"),
ABCA3-fragment A-R3660 (5°-
GCAGTGCGTCTTTCAGATGCTCTG-3’),
ABCA3-fragment B-F3446 (5-
TTCCTGAAGAAGGCCGCATACAGC-3’), and
ABCA3-fragment B-R5962 (5-

CACTCGTCCATTCTGTGCATACTGC-3’). Each
fragment was amplified using ReverTra Dash

(TOYOBO Co. Ltd., Osaka, Japan). The PCR
conditions were as follows: initial denaturation in
one cycle of 5 min at 95°C, 30 cycles with 30 s at
95°C (denaturation), 30 s at 65°C (annealing), and 3
min at 72°C (extension). The purified fragment A
and B were cloned into pIRESpuro2 Vector and
pGEM-T Easy Vector, respectively. These plasmids
were digested by Psh AI and Not I, and isolated
fragment B was ligated into fragment A-containing
vector by T4 DNA ligase, followed by pIRESpuro2
Vector containing full-length human ABCA3 gene.
Finally, the plasmid was digested by EcoRI and
ABCA3 gene isolated was cloned into EcoRI site of
pMXs-Puro Retroviral Vector. Retrovirus infection
into A549 cells was performed as reported
previously (19). A5S49/ABCA3 cells were cultured in
DMEM containing 10 % FBS, 100 IU/mL penicillin,
and 100 mg/mL streptomycin in an atmosphere of
5% CO2/95 % air at 37 °C, and subcultured every 7
days using 0.25 % trypsin and 1 mM EDTA. Fresh
medium was replaced every 2-3 days.

Evaluation of mRNA expression

AS549/ABCA3 cells grown on 12-well plate were
treated with BLM (60 uM) and MTX (0.3 uM) for
144 h. Extraction of total RNA from the treated cells,
the reverse transcription, and the amplification of the
obtained c¢DNA were performed as reported
previously (20). The primers were: sense 5'-
CGGGAAGACCACGACTTT-3', and antisense, 5'-
GCTGCCGCACCTTTC-3" for ABCA3; sense 5'-
AGATCTACCTGTACACCTTGAATGACA-3', and
antisense, 5-CCATGATACCAGCAAGGAATTG-
3 for fibronectin; sense 5'-
AGGAAAATGGCTGTTGGTATGATC-3', and
antisense 5'-CGCAACTGCAAATGCCAG-3' for
PEPT2. The primers for collagen type Ial
(COL1A1), a-smooth muscle actin (a-SMA), and
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were prepared as reported previously (20,
21). The expression level of mRNA was normalized
as to that of GAPDH, a housekeeping gene.

Confocal Laser Scanning Microscopy

Staining of lamellar body and actin filaments were
performed as reported previously (19, 20). Each
florescence intensity in the cells was visualized by
confocal laser scanning microscopy (CLSM)
(OLYPUS FV1000D).

Evaluation of miRNA expression

AS549/ABCA3 cells grown on 12-well plate were
treated with BLM (60 uM) and MTX (0.3 uM) for
144 h. Quantitative evaluation of miR-34a
expression level by real-time PCR was performed
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using miScript Reverse Transcription Kit and
miScript SYBR Green PCR Kit (QIAGEN, Hilden,
Germany), as reported previously (14).

Transfection with the miR-34a Mimic
A549/ABCA3 cells grown on 12-well plates were
transfected with 21 nM of miRIDIAN microRNA
miR-34a-5p-mimic  or miRIDIAN microRNA
Mimic Negative control (GE Healthcare Japan)
using Lipofectamine™2000 (Thermo Fisher
Scientific Inc., Waltham, MA) for 24 hr. After 72 hr,
total RNA was obtained from the treated cells.

Preparation of cytoplasmic and nuclear protein
extracts

A549/ABCA3 cells grown on 100-mm culture dish
were treated with BLM (60 pM) and MTX (0.3 uM)
for 12 h. After that, preparation of cytoplasmic and
nuclear protein extracts was performed as reported
previously (22). Briefly, the treated cells were
washed two times with PBS buffer, scraped, and
collected by centrifugation at 500 X g for 5 min at
4°C. Cell lysis was performed in ice-cold hypotonic
lysis buffer (10 mM HEPES (pH 7.9), 10 mM KClI,
1 mM EDTA, 1 mM EGTA, 0.5 mM Na3;VOs, 0.5%
v/v NP-40, 10% v/v glycerol, 1 mM dithiothreitol, 1
mM  phenylmethanesulfonyl fluoride (PMSF)).
Nuclear and cytoplasmic fractions were separated by
centrifugation at 1000 x g for 5 min at 4°C. The
resulting supernatant (cytoplasmic fraction) was
stored at -80°C until further analysis. The membrane
pellet was then resuspended in ice-cold hypertonic
lysis buffer (20 mM HEPES (pH 7.9), 420 mM NaCl,
1 mM EDTA, 1 mM EGTA, 500 uM Na3VOs, 20%
v/v glycerol, 1 mM dithiothreitol, 1 mM PMSF), and
incubated with shaking for 15 min at 4°C. Soluble
compounds were then isolated by centrifugation at
12000 x g for 5 min at 4°C. The resulting supernatant
(nuclear fraction) was stored at -80°C until further
analysis.

Western Blotting

Western blot analysis was performed as reported
previously (21). Phospho-p53 (Serl5), p53, lamin
A/C, and a-tubulin were detected using antibodies
against rabbit anti-phospho-p53 (Serl5) (1:250
dilution, Cell Signaling Technology, Inc), mouse
anti-p53 (1:2000 dilution, Merck), Lamin A+C
(1:3000 dilution, Gene Tex), and alpha Tubulin 4a
(1:5000 dilution, GeneTex), respectively.

STATISTICAL ANALYSIS

Data are expressed as the mean + standard error of
the mean (S.E.M.). Statistical analysis was

performed using one-way ANOVA followed by
Tukey’s test for multiple comparisons. A p value <
0.05 indicated significance.

RESULTS

Establishment of A549/ABCA3 cells

At first, we tried to establish the A549/ABCA3 cells
as a novel type II alveolar epithelial cell line. So far,
we established RLE/Abca3 cells by introducing rat
abca3 gene into RLE-6TN cells and found that the
increases in type II-like phenotypes of the cells were
observed compared with those in the RLE/Vector
cells (19). Therefore, A549/ABCA3 cells were
prepared by introducing human ABCA3 gene into
AS549 cells with the same strategy to RLE/Abca3
cells as described in Materials and Methods. As
presented in Figure 1A, the expression of both type
IT alveolar epithelium markers, ABCA3 and PEPT?2,
were markedly higher in A549/ABCA3 than in
A549/Vector cells. Furthermore, LysoTracker” Red
staining revealed that formation of lamellar body-
like structures was enhanced in AS549/ABCA3
compared with A549/Vector cells (Figure 1B).
These results suggested that type II-like phenotypes
of AS549/ABCA3 cells were enhanced compared
with the wild type cells. Therefore, further
examination was proceeded using newly established
A549/ABCA3 cells.

EMT induction by various anticancer drugs in
A549/ABCA3 cells

EMT-inducing effect of BLM and MTX, anticancer
drugs having pulmonary toxic effect, on
AS549/ABCA3 cells was examined. As shown in
Figure 2A, after treatment with these drugs for 144
h, the morphology was drastically changed, and
actin filaments assembled into contractile stress
fibers were observed compared to the control. In
addition, both drugs significantly enhanced mRNA
expression level of a-SMA, an EMT marker, while
decreased that of ABCA3 (Figure 2B). Paclitaxel
(PTX) and gefitinib (GEF) are also well-known to
induce lung injury. Therefore, the effects of PTX and
GEF on mRNA expression level of a-SMA were
examined. Notably, both drugs led to increase in
mRNA expression of a-SMA in AS49/ABCA3 cells
(Figure 2C).

Role of miR-34a in drug-induced EMT process in
A549/ABCA3 cells

We already showed that miR-34a increased a-SMA
mRNA expression in RLE/Abca3 cells (14).
Therefore, role of miR-34a in drug-induced EMT
was also examined in A549/ABCA3 cells. BLM and
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MTX clearly upregulated the miR-34a expression in
AS549/ABCA3 cells (Figure 3A). In addition,
expression level of miR-34a was also enhanced by
PTX and GEF (Figure 3B). As miR-34a expression
was closely associated with a-SMA in drug-treated
A549/ABCA3 cells, the contribution of miR-34a to
a-SMA expression was examined. As shown in Fig.
3C, overexpression of miR-34a by introducing
mimic of miR-34a into the cells enhanced the
mRNA expression level of a-SMA, indicating that
miR-34a may induce EMT in A549/ABCA3 cells.
Furthermore, miR-34a mimic introduction led to
upregulation of mRNA expression levels of
extracellular matrix components such as COL1A1
and fibronectin (Figure 3D), indicating that miR-34a
may play an important role in production of
extracellular matrix through the EMT process.

Effects of BLM and MTX on phosphorylation of
pS3 at Serl5

Generally, BLM and MTX cause DNA damage,
followed by upregulation of p53. On the other hand,

Z

p53 regulates miR-34a expression by binding to the
promotor region (16). Considering those facts, we
hypothesized that drug-induced upregulation of
miR-34a is associated with p53. At first, the effects
of BLM and MTX on phosphorylation of p53 were
examined using Phos-tag~ SDS-PAGE system.
Several phosphorylated p53 bands at different
degree were observed, and all obtained bands tended
to be high in nucleus than in cytoplasmic fraction. In
both fractions, all bands were upregulated by the
treatment of A549/ABCA3 cells with BLM and
MTX (Figure 4A), indicating that both anticancer
drugs may lead to upregulation of p53. Furthermore,
using monoclonal antibody against phosphorylated
p53 at Serl5, phosphorylation of Serl5 in nucleus
fraction was upregulated by both drugs (Figure 4B),
indicating that these anticancer drugs may lead to
activation of p53 via phosphorylation of Ser15.
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Figure 1. Characterization of A549/ABCA3 cells as a newly established type II alveolar epithelial
cell line. A549 cells were transfected with retrovirus vector containing (A549/ABCA3) or not
containing (AS549/Vector) ABCA3 gene as described in Materials and Methods. (A) mRNA
expression levels of ABCA3 and PEPT2, a type II alveolar epithelial marker, was measured by real-
time PCR analysis. Each value represents the mean = S.EM. (n=3). * p<0.05, **p<0.01;
significantly different from A549/Vector cells. (B) Immuno fluorescence analysis for detection of
lamellar body in A549, A549/Vector and AS549/ABCA3 cells. The cells were treated with
LysoTracker® Red (red) and Hoechst33342 (blue) for staining of lamellar body and nucleus,

respectively.
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Figure 2. EMT-like phenotypical changes of
A549/ABCA3 cells induced by drugs having pulmonary
toxicity. AS549/ABCA3 cells were treated without
(Control) or with BLM (60 uM) and MTX (0.3 uM) for
144 h. (A) Morphology of A549/ABCA3 cells were
observed by confocal laser microscopy. Scale bars: 20
um (B) Effect of BLM and MTX on the expression of
a-SMA and ABCA3 mRNA was analyzed by real-time
PCR analysis. (C) The cells were treated without
(Control) or with GEF (100 uM) and PTX (30 nM) for
144 h, and mRNA expression of 0-SMA was analyzed
by real-time PCR. Each value represents the mean =+
SEM. (n = 3). * p<0.05, **p<0.01; significantly
different from Control.

considered to be one of the sources for active
myofibroblasts in the lung (7, 14). Therefore,

Several reports have indicated that myofibroblast-
induced ECM production would be one of critical
factors in the development of pulmonary fibrosis (5,
6). During normal wound healing, resident
fibroblasts are converted into active myofibroblasts,
while EMT contributes to abnormal recruitment of
myofibroblasts, followed by excessive ECM
production in pathological conditions (11). In
particular, type II alveolar epithelial cells are

suitable type II alveolar epithelium model has an
advantage in appropriate understanding on EMT in
clinical situation. In the present study,
A549/ABCA3 cells were newly established as a type
I alveolar epithelium model. So far, we experienced
that Abca3 gene introduction conferred type II
alveolar epithelium properties in RLE-6TN cells,
with increases in mRNA expression level of PEPT2
and lamellar body formation (19), which were
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comparable to current results in AS49/ABCA3 cells.
On the other hand, we previously demonstrated that
albumin transport capacity was higher in type II than
in type I-like alveolar epithelial cells using primary
cultured cells isolated from rat lung (23, 24).
Although albumin transport in RLE/Abca3 cells was
higher than that in the wild type cells in previous
studies (19), there were no differences in function of
albumin transport between A549/ABCA3 and the
wild type cells (data not shown). Other factors may
be needed to make A549/ABCA3 cells more
validated model for type II alveolar epithelial cells.
In A549/ABCA3 cells, BLM, MTX, PTX, and
GEF clearly induced EMT with increase in mRNA
expression level of a-SMA. However, differences in
effects of EMT-inducing drugs on AS549 and
AS549/ABCA3 cells have not been well examined.
Actually, we used A549 cells for investigations on
drug-induced EMT (20, 21), and observed similar
EMT-like changes to the present study. On the other
hand, ABCA3 plays an important role in regulation
of pulmonary surfactant homeostasis in the alveoli
(25). In A549/ABCA3 cells, nRNA expression level
of ABCA3 was suppressed by the treatment with
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BLM and MTX. Therefore, ABCA3 may be
considered to be a key factor associated with EMT
and use of AS49/ABCA3 cells may have advantage
in terms of investigations on drug-induced lung
injury.

BLM and MTX increased miR-34a expression
level in A549/ABCA3 cells, indicating that common
factors may be associated with drug-induced
increase in expression level of miR-34a. According
to the reports showing that both drugs enhanced p53
activity in A549 cells (26, 27), the upregulation of
phosphorylated p53 by BLM and MTX was
observed, which also corresponded to information
on miR-34a upregulation mediated by p53 (16, 28).
In addition, both drugs-induced increase in
phosphorylation of Serl5 in p53 was observed. N-
terminal phosphorylation at Serl5 has been
generally known to stabilize p53 by inhibiting the
interaction between p53 and MDM2, which is well-
known to be a negative regulator of p53 as an E3
ubiquitin ligase (29). Therefore, BLM and MTX
may increase miR-34a expression by stabilizing p53
in A549/ABCA3 cells.
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Figure 3. Role of miR-34a in BLM- and MTX-induced EMT. (A) A549/ABCA3 cells were treated without
(Control) or with BLM (60 uM) and MTX (0.3 uM) for 144 h. (B) The cells were treated without (Control)
or with GEF (100 uM) and PTX (30 nM) for 144 h. Expression level of miR-34a was measured by real-
time PCR analysis. Each value represents the mean = S.E.M. (n = 3). (C, D) The cells were transfected
with negative control (N.C.) or miR-34a mimic (21 nM) for 24 h. After 72 h, mRNA expression levels of o-
SMA (C), and COL1A1 and fibronectin (D) were measured by real-time PCR analysis. Each value
represents the mean &= S.EM. (n = 3). *p<0.05, **p<0.01; significantly different from Control or N.C.

521



J Pharm Pharm Sci (www.cspsCanada.org) 22, 516 - 524, 2019

(A) Nuclear Cytoplasm
Cont. BLM MTX Cont. BLM MTX
- -
-
Phosphorylated “ a -
pS3 at different =
degree
-
(B) Nuclear Cytoplasm
Cont. BLM MTX Cont. BLM MTX
Phospho-p53 (Ser15) - .

Lamin A/C W

a-Tubulin

Figure 4. Involvement of p53/miR-34a axis in drug-induced EMT in A549/ABCA3
cells. A549/ABCA3 cells were treated without (Cont.) or with BLM (60 uM) and
MTX (0.3 uM) for 12 h. Nuclear and cytoplasmic fraction were prepared as
described in Materials and Methods. Nuclear and cytoplasmic fractions (30 ng/well)
were subjected to (A) Phos-tag SDS-PAGE system containing 50 uM Phos-tag®
acrylamide and 100 uM MgCl, or (B) normal SDS-PAGE system. Phospho-p53
(Serl5), p53, Lamin A/C (Nuclear marker), and a-Tubulin (cytoplasmic marker) in
nuclear and cytoplasmic fraction were detected by western blot, respectively.

Taken together, using AS549/ABCA3 cells, we
clarified for the first time the significant relationship
between drug-induced EMT and upregulation of p53
activity and miR-34a expression.

As miR-34a mimic introduction led to
enhancement of a-SMA mRNA expression level in
A549/ABCA3 cells, miR-34a may have a capacity
to promote EMT. However, underlying mechanism
of miR-34a-induced EMT remains unclear at this
moment. Several reports indicated that miR-34a
inhibited EMT via direct suppression of Snail in
colorectal and ovarian cancer cell lines (30, 31), and
miR-34a is considered as a promising therapeutic
agent for malignant tumors (32), which is the
opposite information to our findings. Thus, the
present study would provide new findings
concerning the relationship between drug-induced
EMT and miR-34a in alveolar epithelial cells. On

one hand, it has been reported that miR-34a
enhanced alveolar epithelial cell apoptosis and
promoted BLM-induced pulmonary fibrosis in mice
(33). Furthermore, we found that miR-34a mimic
introduction increased mRNA expression level of
COLIAI1 and fibronectin in A549/ABCA3 cells,
which are critical extracellular matrix components in
pulmonary fibrosis, indicating that miR-34a may
contribute to the development of pulmonary fibrosis.
To clarify the net contribution of miR-34a to EMT
process and pulmonary fibrosis, further studies
should be required.

CONCLUSION
We established A549/ABCA3 cells as a novel type

I alveolar epithelial cell model, observing increase
in type Il features such as mRNA expression level of

522



J Pharm Pharm Sci (www.cspsCanada.org) 22, 516 - 524, 2019

PEPT?2, a type Il marker, and formation of lamellar
bodies compared to wild-type A549 cells. In this
model, the drugs having pulmonary toxicity
including BLM, MTX, GEF, and PTX induced the
remodeling of actin-filaments and increase in
mRNA expression of a-SMA, indicating that
A549/ABCA3 cells would be useful for EMT
studies. In addition, these drugs increased expression
level of miR-34a, and introduction of miR-34a
mimic into the cells led to induction of EMT,
suggesting that drug-induced EMT in A549/ABCA3
cells may be associated with miR-34a. Furthermore,
p53 was upregulated by BLM and MTX via increase
in phosphorylation of p53 at Ser15. Taken together,
A549/ABCA3 cells may be a useful cell model for
studying EMT process in type II alveolar epithelia,
and p53/miR-34a axis would be one of the
therapeutic target for drug-induced lung injury.
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