
Abstract. – OBJECTIVE: Down-regulation of
miR-138 is observed in a variety of cancers,
which suggests that miR-138 may be involved in
cancer pathogenesis. Our current work aimed to
evaluate the effects of miR-138 in adriamycin
(ADM)-resistant human NSCLC cells. 

MATERIALS AND METHODS: Cell prolifera-
tion was determined by MTT assay. Real-time
PCR and western blot were performed to detect
the mRNA and protein expression levels. The
target of miR-138 was validated by luciferase ac-
tivity assay.

RESULTS: Compared with the chemosensitive
parental cells, miR-138 was remarkably de-
creased in A549/ADM and NCI-H23/ADM cells.
Ectopic expression of miR-138 sensitized
chemoresistant tumor cells to ADM administra-
tion. In addition, the epithelial-mesenchymal
transition (EMT) related markers E-cadherin or
vimentin was up-regulated or down-regulated
upon the overexpression of miR-138 in NSCLC
cells. Further studies identified zinc finger E-
box-binding homeobox 2 (ZEB2) as the target of
miR-138 and up-regulation of miR-138 sup-
pressed the mRNA and protein expression of
ZEB2. Notably, luciferase reporter assay con-
firmed that ZEB2 was a direct target of miR-138. 

CONCLUSIONS: Our study demonstrates that
miR-138 sensitizes NSCLC cells to ADM via
EMT, suggesting that miR-138 might be a poten-
tial therapeutic target for drug-resistant NSCLC
patients.
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Introduction

Lung cancer remains as one of the leading
causes of cancer-related deaths worldwide, in
which 80% of lung cancers are non-small cell
lung cancer (NSCLC) with poor therapeutic effi-
cacy when diagnosed1. In addition to surgical re-
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section, chemotherapy has become one of the im-
portant adjuvant therapies for lung cancer. How-
ever, resistance to therapeutics is a great chal-
lenge in NSCLC treatment, which has drawn
much attention in recent years2,3. Thus, it is ur-
gent to develop new therapeutic strategies to
overcome the drug resistance of NSCLC.

Emerging evidence indicates that a wide range
of genetic and epigenetic alterations are involved
in the pathogenesis of NSCLC4. MicroRNAs
(miRNAs) are a class of 18 to 25 nucleotides sin-
gle-stranded non-coding RNA, and can transcrip-
tionally regulate genes expression5. In recent
year, it has been demonstrated that miRNAs play
diverse roles in tumor cell behaviors, including
cell growth, differentiation, migration, invasion,
apoptosis and drug resistance6. Several studies7-9

reported that miR-138 was down-regulated in
breast cancer, colorectal cancer, and head and
neck squamous cell carcinomas. Documented bi-
ological function of miR-138 includes induction
of apoptosis, and inhibition of tumor growth, inva-
sion and metastasis10-12. A recent study reported13

the regulatory role of miR-138-5p on drug resis-
tance in NSCLC through targeting G protein-cou-
pled receptor. However, to date, the role of miR-
138 on NSCLC cells chemoresistance has not
been fully elucidated. In the current study, we
aimed to evaluate the relevance of miR-138 in
drug resistance of NSCLC and further explore the
underlying molecular mechanism.

Materials and Methods

Cell Culture
The human NSCLC cell lines including A549

and NCI-H23 were purchased from the ATCC
(Manassas, VA, USA). ADM was purchased
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from Sigma-Aldrich (St. Louis, MO, USA). Mul-
tidrug resistant human NSCLC cell lines,
A549/adriamycin (ADM) and NCI-H23/ADM
were established by treating A549/WT and NCI-
H23/WT cells with stepwise increasing concen-
trations of ADM and removing the non-resistant
dead cells. All cells were maintained at 37°C in
5% CO2 incubator and cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplement-
ed with 10% fetal bovine serum (FBS) in an at-
mosphere containing 5% CO2 at 37°C.

Cell Proliferation Assay
Cell proliferation was measured by MTT (3-

[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl-
tetrazolium bromide) assay. To be brief, cultured
NSCLC cells were seeded into 96-well plates at
the density of 4 × 104 (cells/well). Then 10 ml of
5 mg/ml MTT was added and incubated in dark
at 37°C for another 2 h. The absorbance was de-
termined with the wavelength of 490 nm.

RNA Extraction, Real-Time PCR
NSCLC cells were seeded on to 12-well plates

and total RNAs were isolated by TRIzol reagent
(Invitrogen, Waltham, MA, USA) according to the
manufacturer’s protocol. Total RNA was used to
perform reverse transcription by One Step Prime-
Script miRNA cDNA Synthesis Kit (Takara,
Dalian, China). Real-time PCR was performed
with the SYBR green Premix Ex Taq II (Takara)
with StepOne Plus Real-Time PCR System (Ap-
plied Biosystems, Carlsband, CA, USA) with U6
or gapdh used as the endogenous control.

Luciferase Activity Assay
Luciferase reporters were generated based on

the firefly luciferase expressing vector pMIR-
REPORT (Ambion, Walthan, MA, USA). Cells
at the density of 5 ¥ 104 cells per well were seed-
ed in 24-well plates the day before transfection.
Luciferase reporter (500 ng), 50 pmol (miRNA-
138 mimic or control) and 40 ng of pRL-TK
were added in each well. Cells were collected 48
h after transfection and analyzed using the Dual-
Luciferase Reporter Assay System (Promega,
Madison, WI, USA).

Western Blot
NSCLC cells were lysed and protein concen-

tration was quantified with Pierce BCA Protein
Assay Kit (ThermoFisher Scientific, Waltham,
MA, USA). Protein samples were separated by
10% SDS-PAGE and transferred to polyvinyli-

dene difluoride (PVDF) membranes (Millipore,
Billerica, MA, USA). The membranes were then
incubated with anti-E-cadherin, anti-vimentin
and anti-zinc finger E-box-binding homeobox 2
(ZEB2) (Cell Signaling Technology, Danvers,
MA, USA) antibodies at 4°C overnight. The
membranes were washed three times with TBST
and then incubated with the appropriate HRP-
conjugated secondary antibodies for 1 h at room
temperature. Protein expression was detected by
chemiluminescence (GE Healthcare, Piscataway,
NJ, USA).

Statistical Analysis
Each experiment was performed in triplicate,

and repeated at least three times. All the data
were presented as means ± SD and treated for
statistics analysis by SPSS program. Comparison
between groups was made using ANOVA and
statistically significant difference was defined as
p < 0.05.

Results 

miR-138 is Down-Regulated in 
Chemoresistant NSCLC Cells

Firstly, NSCLC cells the ADM sensitivity of
A549 and NCI-H23 cells and showed that
A549/ADM cells were less sensitive to ADM
treatment compared with their parental cells
(Figure 1A). Similarly, we also found that NCI-
H23/ADM cells became more resistant to ADM
compared with NCI-H23 cells (Figure 1B). To
evaluate the biological relevance of miR-138 in
drug resistance, we measured the expression of
miR-138 in ADM sensitive/resistant NSCLC
cells. Data from real-time PCR showed that miR-
138 was significantly down-regulated in
A549/ADM and NCI-H23/ADM cells compared
with their parental cells (Figure 1C and D).
These results suggested that miR-138 might play
a critical role in the drug resistance of NSCLC
cells.

miR-138 is Involved in the 
Chemoresistance of NSCLC Cells

Next miR-138 mimic was transfected into
A549/ADM and NCI-H23/ADM cells to confirm
whether miR-138 was involved in the ADM sensi-
tivity in NSCLC cells. With transfection of miR-
138, real-time PCR showed that A549/ADM cells
transfected with miR-138 mimic exhibited in-
creased miR-138 levels compared to those trans-
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Figure 1. Down-regulation of miR-138 in chemoresistant NSCLC cells. ADM cytotoxicity on A549 and A549/ADM (A),
NCI-H23 and NCI-H23/ADM (B) cells was assessed by MTT assay. Real-time PCR was performed to measure the expression
of miR-138 in A549 and A549/ADM (C), NCI-H23 and NCI-H23/ADM (D) cells. **p < 0.01.

fected with negative controls (Figure 2A). As a re-
sult, ectopic expression of miR-138 remarkably
enhanced the ADM sensitivity in A549/ADM
cells transfected with miR-138 mimic (Figure 2B).
In addition, transfection of miR-138 mimic into
NCI-H23/ADM cells also augmented the expres-
sion of miR-138 and, consequently, suppressed
cells proliferation (Figure 2C and D). Taken to-
gether, these data indicated that up-regulation of
miR-138 contributed to the chemotherapeutics
sensitivity in NSCLC cells.

Effects of miR-138 on NSCLC Cell 
Epithelial-Mesenchymal Transition
(EMT) Program

The involvement of EMT has been reported in
many vital cellular processes in malignant tu-
mors, and thus we determined the association be-
tween miR-138 and EMT. Results showed that
ectopic expression of miR-138 in A549/ADM
cells led to up-regulation of E-cadherin and
down-regulation of vimentin at the mRNA levels
(Figure 3A and B). Moreover, Western blot

analysis revealed that the epithelial marker E-
cadherin was significantly up-regulated, and the
mesenchymal marker vimentin was down-regu-
lated in miR-138 mimic transfected NSCLC cells
(Figure 3C and D). These results suggested that
miR-138 functioned as a potential EMT-suppres-
sive miRNAs.

Up-regulation of miR-138 Inhibited ZEB2
Expression in NSCLC Cells

Further, we searched the potential targets of
miR-138 by performing computational predic-
tions, and found 3’UTR of ZEB2 containing the
conserved putative miRNA-138 binding sites.
A549/ADM cells were then transfected with
miR-138 mimic and negative control. Data from
real-time PCR showed that ectopic expression of
miR-138 inhibited the mRNA expression of
ZEB2 in A549/ADM cells (Figure 4A). Consis-
tently, the protein expression of ZEB2 was also
reduced in miR-138-transfected tumor cells (Fig-
ure 4B). Also, a marked reduction in luciferase
activity was observed in A549/ADM cells after
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Figure 2. miR-138 was involved in chemoresistance of NSCLC cells. A549/ADM (A) and NCI-H23/ADM cells (C) were
transfected with miR-138 mimic or negative control, and up-regulation of miR-138 was confirmed by real-time PCR. (B and
D) Cell viability was evaluated using MTT assay after transfection with miR-138 mimic. ***p < 0.001.

Previous studies16-18 have suggested that miR-
138 is down-regulated in several cancers such as
leukemia, esophageal squamous cell carcinoma,
anaplastic thyroid cancer. Documented biologi-
cal roles of miR-138 include inhibition of prolif-
eration, induction of apoptosis, and sensitization
to chemotherapeutics in cancer cells10,16,19. In ad-
dition, multiple miR-138-targeted genes and sig-
naling pathways have been identified including
RhoC, FAK, Src, ROCK2, and Erk1/2 which are
critical modulators in cellular behaviors20,21. Our
study indicated that miR-138 was down-regulat-
ed in chemoresistant NSCLCL cells and its up-
regulation inhibited tumor cell growth, implying
that miR-138 functioned as a tumor-suppressive
miRNA in NSCLC.

EMT refers to the complicated progress in
which tumor cell loses epithelial properties and
gains mesenchymal morphology with capacity

transfection with miR-138 mimic (Figure 4C).
These results indicated that ZEB2 was a direct
target of miR-138 in NSCLC cells.

Discussion

ADM-based chemotherapy serves as one of the
standard protocols for malignancies treatment, but
resistance to ADM usually results in failure in
clinical practice14. In recent years, increasing evi-
dence suggest that miRNAs are important regula-
tors of chemoresistance in a wide range of can-
cers15. Therefore, the revelation of the biological
roles of miRNAs may contribute to find novel
therapeutic targets in NSCLC treatment. In the
current work, we demonstrated that ectopic ex-
pression of miR-138 sensitized NSCLC cells to
ADM via reversing EMT program.
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Figure 3. miR-138 regulated EMT in NSCLC cells. The mRNA expression of EMT-related biomarkers including E-cadherin (A)
and vimentin (B) in A549/ADM cells were measured by real-time PCR. Western blot was used to measure the protein levels of E-
cadherin (C) and vimentin (D) in A549/ADM cells transfected with miR-138 mimic or negative control. *p < 0.05, **p < 0.01.

to chemotherapy of cancer26. Functioning as an
EMT inducer and E-cadherin repressor, inhibi-
tion of ZEB2 by several miRNAs could suppress
the migration, invasion and chemoresistance of
tumor cells25. For instance, miR-132 inhibits the
migratory and invasive abilities in lung cancer
cells through down-regulation of ZEB227. Anoth-
er study28 demonstrates that miR-335 inhibited
cell migration and invasion in vitro and lung
metastasis in vivo through targeting ZEB2, sug-
gesting that miR-335 may be a new potential
therapeutic target for colorectal cancer. Consis-
tent with these previous study, our study also
showed that ectopic expression of miR-138 de-
creased ZEB2 expression and inhibited the lu-
ciferase activity in chemoresistant tumor cells,
suggesting that miR-138 could regulate EMT, at
least partly, through targeting ZEB2 in NSCLC
cells.

for metastasis22. Previous studies23 have shown
that EMT is involved in stem cell behaviors,
wound healing, and development. Emerging evi-
dence suggest that EMT also plays diverse roles
in cancer cell growth, metastasis, invasion, and
resistance to chemotherapeutics24. An investiga-
tion25 of squamous cell carcinoma has revealed
that miR-138 serves as a multi-functional molec-
ular regulator and plays critical roles in EMT
program. In this current work, we found that up-
regulation of miR-138 promoted the epithelial
marker E-cadherin and suppressed the mes-
enchymal marker vimentin both at the mRNA
and protein levels, suggesting that miR-138
could serve as an EMT-suppressive miRNA in
NSCLC cells.

ZEB2, a member of the zinc finger E-box-
binding homeobox family, was closely associat-
ed with carcinogenesis, progression and response
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Figure 4. ZEB2 was a target of miR-138 in NSCLC cells. The mRNA (A) and protein (B) levels of ZEB2 in A549/ADM
cells were determined by real-time PCR and western blot, respectively. Luciferase reporter assay was performed to measure
the relative luciferase activity in miR-138-transfected A549/ADM cells (C). *p < 0.05.
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