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Abstract. Drug resistance is one of the leading causes of 
chemotherapy failure in cancer treatment. MicroRNAs 
(miRNAs or miRs) are short non-coding RNA molecules 
that post-transcriptionally regulate gene expression and play a 
critical role in diverse biological processes. In this study, we 
report that miR-503 regulates the resistance of non-small cell 
lung cancer cells to cisplatin. The expression of miR-503 was 
decreased in the cisplatin-resistant non-small cell lung cancer 
cells, A549/CDDP, compared with the parental A549 cells. 
The overexpression of miR-503 sensitized the A549/CDDP 
cells to cisplatin, whereas the inhibition of miR-503 in the 
A549 cells increased resistance to cisplatin. Mechanistically, 
miR-503 specifically targeted Bcl-2, an anti-apoptotic protein 
upregulated in the A549/CDDP cells. The ectopic expression 
of miR-503 reduced the Bcl-2 protein level and sensitized 
the A549/CDDP cells to cisplatin-induced apoptosis. Taken 
together, our results suggest that miR-503 regulates cell apop-
tosis, at least in part by targeting Bcl-2, and thus modulates the 
resistance of non-small cell lung cancer cells to cisplatin.

Introduction

Lung cancer, predominantly non-small cell lung cancer, is 
the leading cause of cancer-related mortality worldwide. 
Patients with non-small cell lung cancer are mostly treated 
with platinum-based chemotherapy, often in combination with 
radiation therapy. However, the development of chemoresis-
tance, either intrinsic or acquired, is a major obstacle limiting 

successful treatment (1). Previous studies have indicated the 
cytological mechanisms of drug resistance in cancer cells, 
such as increased detoxification of anticancer drugs by the 
glutathione system, a defective apoptotic pathway, enhanced 
DNA repair or increased tolerance to DNA damage, decreased 
uptake of water-soluble drugs and enhanced drug efflux 
from cancer cells mediated by ATP-binding cassette (ABC) 
transporters (1-4). Studies have shown that epigenetic changes, 
including aberrant CpG island methylation, histone modifica-
tions and abnormal expression of microRNAs (miRNAs or 
miRs) may be responsible for the drug resistance of cancer 
cells. Specifically, epigenetic changes as opposed to genetic 
mutations may play a crucial role in the acquired drug resis-
tance of cancer cells (5-7). Among these, miRNAs, as a class 
of small non-coding RNAs of 18-24 nucleotides, are post-
transcriptional regulators that bind complementary sequences 
of target mRNAs, usually resulting in translational repression 
or target degradation and gene silencing (8). By regulating 
gene expression at the post-transcriptional level, miRNAs have 
been linked to pathways associated with cell differentiation, 
proliferation and survival, and their aberrant expression has 
been shown to be involved in drug resistance in different types 
of tumors (9), such as breast cancer, colorectal carcinoma, 
gastric cancer and glioblastoma multiforme (10-15).

Recently, there has been increasing interest in under-
standing the role of miR-503 in cancer. miR-503 has been 
shown to be downregulated in oral cancer cells and hepato-
cellular carcinoma cells (16,17), whereas it is overexpressed 
in parathyroid carcinoma, retinoblastoma and adrenocortical 
carcinoma (18-20). The upregulation of miR-503 is associated 
with a shorter overall survival rate among patients with adre-
nocortical carcinoma (18). A previous study demeonstrated that 
miR-503 is a novel regulator of RBP CUG-binding protein 1 
(CUGBP1) expression, and thus increases the sensitivity of 
intestinal epithelial cells to apoptosis (21). Moreover, miR-503 
has been shown to reduce the S phase cell population and to 
inhibit cell growth by suppressing endogenous CCND1 at the 
protein and mRNA level, suggesting that miR-503 is a putative 
tumor suppressor (22). miR-503 has also been shown to induce 
G1 phase arrest and to inhibit the migration and invasion of 
HCCLM3 hepatocellular carcinoma cells in vitro (16). The 
altered expression of miR-503 affects the immunity response to 
radiotherapy and is a negative regulator of CD40 in irradiated 
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U937 cells (23). However, little is known about the effects of 
miR-503 in the development of drug resistance in lung cancer.

In this study, we demonstrate that miR-503 is downregu-
lated in the drug-resistant A549/CDDP human non-small cell 
lung cancer cell line, compared with the parental A549 cell 
line. Our results suggest that miR-503 plays a role in the 
development of drug resistance in human non-small cell lung 
cancer cells, at least in part by targeting the anti-apoptotic 
protein, Bcl-2.

Materials and methods

Cell culture. The A549 human lung cancer cell line and its 
drug-resistant variant, A549/CDDP (both obtained from 
Biosis Biotechnology Co., Ltd., Shanghai, China), were 
cultured in RPMI-1640 medium supplemented with 10% fetal 
calf serum (Gibco-BRL, Grand Island, NY, USA) in a humidi-
fied atmosphere containing 5% CO2 at 37˚C. To maintain the 
drug-resistant phenotype, cisplatin (at a final concentration 
of 4 µg/ml) was added to the culture medium for the A549/
CDDP cells.

Real-time PCR analysis for miRNA. Total RNA from the 
A549 and A549/CDDP cells was isolated using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) and the miRNA fraction 
was further purified using a mirVana™ miRNA isolation kit 
(Ambion, Austin, TX, USA). The concentration and purity of 
the RNA samples were determined spectroscopically. Real-
time reverse transcription PCR (qRT-PCR) was performed 
using the ViiA 7 Real-Time PCR System with SYBR-Green 
Master Mix. As a control, the small housekeeping U6 gene 
was amplified and quantified. The EzOmics™ miRNA qPCR 
Detection Primer Set (cat no. BK1010) and the EzOmics™ 
One-Step qPCR kit (cat no. BK2100), which were purchased 
from Biomics Biotechnologies Co., Ltd. (Nantong, China), were 
used for real-time PCR analysis for miR-503 and U6 snRNA, 
respectively (24). The fold-change for miRNA from the A549/
CDDP cells relative to the control A549 cells was calculated 
using the 2-ΔΔCt method (25), where ΔΔCt = ΔCt A549/
CDDP - ΔCt A549 and ΔCt = Ct miRNA - Ct U6 small nuclear 
RNA (snRNA). PCR was performed in triplicate.

In vitro drug sensitivity assay. The A549/CDDP and A549 
cells were plated in 6-well plates (6x105 cells/well) and 100 nM 
of the miR-503 mimic or 100 nM miRNA mimic control were 
transfected into the A549/CDDP cells, while 100 nM of the 
miR-503 inhibitor or 100 nM miRNA inhibitor control were 
transfected into the A549 cells, using Lipofectamine-2000 
(Invitrogen, Grand Island, NY, USA) according to the manu-
facturer's instructions The miR-503 mimic, miRNA mimic 
control, 2'-O-methyl (2'-O-Me) modified miR-503 inhibitor, 
and miRNA inhibitor control were chemically synthesized by 
Shanghai GenePharma Co., Ltd. (Shanghai, China).

Twenty-four hours after transfection, the cells were seeded 
in 96-well plates (5x103 cells/well) for the following experi-
ment. After cellular adhesion, freshly prepared anticancer 
drug (cisplatin; Qilu Pharmaceutical Co., Ltd., Jiinan, China) 
was added at a final concentration of 0.01-, 0.1-, 1- and 10-fold 
higher than the human peak plasma concentration as previously 
described (24). The peak serum concentration was 2.0 µg/ml 

for cisplatin as previously described (26,27). Forty-eight hours 
after the addition of the drug, cell viability was assessed by the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide 
(MTT) assay. The absorbance at 490 nm (A490) of each well 
was read on a spectrophotometer. The concentration at which 
the drug produced 50% inhibition of growth (IC50) was 
estimated by the relative survival curve. Three independent 
experiments were performed in duplicate.

Dual luciferase activity assay. The 3'-UTR of human Bcl-2 
cDNA containing the putative target site for miR-503 was 
chemically synthesized and inserted into the XbaI site, 
immediately downstream of the luciferase gene in the pGL3-
control vector (Promega, Madison, WI, USA) by Biomics 
Biotechnologies Co., Ltd. Twenty-four hours prior to trans-
fection, the cells were plated at 1.5x105 cells/well in 24-well 
plates. Two hundred nanograms of pGL3-Bcl-2-3'-UTR plus 
80 ng pRL-TK (Promega) were transfected in combination 
with 60 pmol of the miR-503 mimic or miRNA mimic control 
using Lipofectamine 2000 (Invitrogen) according to the manu-
facturer's instructions as previously described (24). Luciferase 
activity was measured 24 h after transfection using the Dual 
Luciferase Reporter Assay System (Promega). Firefly lucif-
erase activity was normalized to Renilla luciferase activity for 
each transfected well. Three independent experiments were 
performed in duplicate.

Western blot analysis. A549/CDDP cells were plated in 6-well 
plates (6x105 cells/well). Seventy-two hours after the transfec-
tion of the miR-503 mimic or miRNA mimic control, the cells 
were harvested and homogenized with lysis buffer. Total protein 
was separated by denaturing on 10% SDS-polyacrylamide gel 
electrophoresis. Western blot analysis was performed as previ-
ously described (14). The primary antibodies against Bcl-2 and 
α-tubulin were purchased from Cell Signaling Technology 
(Danvers, MA, USA) and Bioworld Technology (Minneapolis, 
MN, USA), respectively. Protein levels were normalized to 
α-tubulin. Fold-changes were determined.

Apoptosis assay. Cells were plated in 6-well plates (6x105 cells/
well). Twenty-four hours after transfection, the A549/CDDP 
cells were treated with cisplatin at a final concentration of 
5 and 20 µg/ml. Forty-eight hours following treatment with 
cisplatin, flow cytometry was used to detect the apoptosis of 
the transfected A549/CDDP cells by determining the relative 
amount of Annexin V-FITC-positive-PI-negative cells as 
previously described (14).

Statistical analysis. Each experiment was repeated at least three 
times. Numerical data are presented as the means ± SD. The 
differences between means were analyzed using the Student's 
t-test. All statistical analyses were performed using SPSS 11.0 
software (SPSS Inc., Chicago, IL, USA). A P-value <0.01 was 
considered to indicate a statistically significant difference.

Results

miR-503 is downregulated in A549/CDDP cells compared with 
A549 cells. To determine whether miR-503 is involved in the 
development of drug resistance in non-small cell lung cancer 
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cells, the level of miR-503 was analyzed in the A549/CDDP 
cells compared with their parent cell line, A549. Real-time PCR 
for miR-503 verified that miR-503 was significantly downregu-
lated in the A549/CDDP cells compared with the parental cells, 
A549, and the decreased fold-change was 4.35±0.06 (Fig. 1).

miR-503 regulates the resistance of human lung cancer cells 
to cisplatin. In the A549/CDDP cells, MTT assay revealed 
that the cells transfected with the miR-503 mimic exhibited 
significantly decreased resistance to cisplatin compared with 
the miRNA mimic control-transfected cells (Fig. 2A); whereas 
in the A549 cells, the cells transfected with the miR-503 inhib-
itor exhibited significantly enhanced resistance to cisplatin 
compared with the miRNA inhibitor control-transfected cells 
(Fig. 2B). These results suggest that miR-503 regulates the 
resistance of human lung cancer cells to cisplatin.

Anti-apoptotic Bcl-2 is the target gene of miR-503. TargetScan 
Human 5.1 (http://www.targetscan.org) predicted that Bcl-2 is 
the target gene of miR-503 conserved between different species. 
To determine whether Bcl-2 is the target gene of miR-503, 
we constructed a luciferase reporter vector with the puta-
tive Bcl-2 3'-UTR target site for miR-503 downstream of the 
luciferase gene (pGL3-Bcl-2-3'-UTR). The luciferase reporter 
vector together with the miR-503 mimic or the miRNA mimic 
control was transfected into the A549 and A549/CDDP cells. 
In both cell lines, a significant decrease in relative luciferase 
activity was observed when the pGL3-Bcl-2-3'-UTR vector 
was co-transfected with the miR-503 mimic but not with the 

miRNA mimic control, suggesting that Bcl-2 is the target gene 
of miR-503 (Fig. 3).

miR-503 modulates resistance to cisplatin by suppressing 
Bcl-2 protein expression. A noteworthy observation was 
that the decreased expression of miR-503 in the A549/
CDDP cells was concurrent with the overexpression of Bcl-2 
protein, compared with the parental A549 cells in our study 

Figure 1. Real-time quantification of miR-503 by stem-loop reverse transcrip-
tion and real-time PCR (RT-PCR) showed that miR-503 was downregulated 
in the A549/CDDP cisplatin (CDDP)-resistant cell line compared with the 
A549 cell line. Triplicate assays were performed for each RNA sample, and 
the relative amount of miR-503 was normalized to U6 snRNA. Data are pre-
sented as fold-changes of miR-503 levels in the A549/CDDP cells relative to 
the A549 cells, which was set as 1 (means ± SD). *P<0.01.

Figure 2. miR-503 sensitizes A549/CDDP cells to cisplatin (CDDP). (A) In 
the A549/CDDP cells, the cells transfected with the miR-503 mimic exhib-
ited significantly decreased resistance to CDDP. (B) In the A549 cells, the 
cells transfected with the miR-503 inhibitor exhibited significantly enhanced 
resistance to CDDP. *P<0.01.
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(Fig. 4A and C). Since the anti-apoptotic Bcl-2 protein is the 
target of miR-503, we hypothesized that miR-503 may modu-
late the drug resistance of cancer cells by suppressing Bcl-2 
protein expression. To confirm our hypothesis, we transfected 
the miR-503 mimic and the control miRNA mimic into the 
A549/CDDP cells and detected changes in Bcl-2 expres-
sion levels. In the A549/CDDP cells, 72 h after transfection, 
western blot analysis revealed a significantly decreased Bcl-2 
protein expression level in the miR-503 mimic-transfected 
cells compared with the miRNA mimic control-transfected 
cells (Fig. 4B and C). These results demonstrate that miR-503 
modulates the resistance of cancer cells to cisplatin, at least in 
part by suppressing Bcl-2 protein expression.

miR-503 sensitizes A549/CDDP cells to CDDP-induced apop-
tosis. The development of drug resistance in various cancer 
cells has been linked to a reduced susceptibility to drug-induced 
apoptosis, which has been shown to be a consequence of the 
overexpression of anti-apoptotic proteins, such as Bcl-2 and 
Bcl-xL (10,28,29). Since miR-503 regulates the drug resistance 
of cancer cells, at least in part by suppressing Bcl-2 protein 
expression, considering the well-characterized role of Bcl-2 in 
apoptosis and drug resistance, we hypothesized that miR-503 
plays a role in the development of drug resistance, at least in 
part through the modulation of apoptosis by targeting Bcl-2. 
To confirm this hypothesis, we evaluated cisplatin-induced 
apoptosis following the transfection of A549/CDDP cells with 
the miR-503 mimic or the miRNA mimic control. In the A549/
CDDP cells, a marked increase in apoptosis, as assessed by flow 
cytometry, was observed in the miR-503 mimic-transfected 
cells following treatment with cisplatin, compared with the 
miRNA mimic control-transfected cells (Fig. 5).

Discussion

Platinum-based drugs, cisplatin in particular, are the major 
clinical treatment drugs for non-small cell lung cancer at 

present. Despite tremendous efforts, cisplatin treatment often 
results in the development of drug resistance, leading to thera-

Figure 3. Dual luciferase assay performed in A549 and A549/CDDP cells 
demonstrates that Bcl-2 is the target gene of miR-503. In the A549 and A549/
CDDP cells, a significant decrease in relative luciferase activity was noted 
when pGL3-Bcl-2-3'-UTR was co-transfected with the miR-503 mimic but 
not with the miRNA mimic control. *P<0.01.

Figure 4. (A) Anti-apoptotic Bcl-2 protein is overexpressed in A549/CDDP 
cells compared with the parental A549 cells. This was shown by western 
blot analysis; representative image is shown on the top left panel in (C). 
(B) In the A549/CDDP cells, 72 h after transfection, western blot analysis 
demonstrated a significantly decreased Bcl-2 protein level in the miR-503 
mimic-transfected cells compared with the miRNA mimic control-transfected 
cells. Representative image from western blot analysis is shown on the top right 
panel in (C). The results represent the means ± SD from three independent 
experiments. *P<0.01.
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peutic failure. Therefore, cisplatin drug resistance has become 
an important clinical issue which needs to be resolved. It has 
been suggested that the mechanisms of cisplatin resistance 
involve reduced intracellular cisplatin accumulation, increased 
inactivation of cisplatin by thiol-containing molecules, 
enhanced DNA damage repair and the inhibition of trans-
mitted DNA damage recognition to the apoptotic pathway (30). 
Among these, the acquired imbalance of apoptotic pathways 
is thought to be one of the most important mechanisms 
involved in drug resistance. Several apoptotic inhibitors have 
been associated with platinum resistance, including X-linked 
inhibitor of apoptosis (XIAP), Bcl-2 and Bcl-xL (31-34). Bcl-2 
is an important survival factor which suppresses apoptosis in a 
variety of cell systems and regulates cell death by controlling 
the mitochondrial membrane permeability. The resistance of 
cancer cells to cisplatin may be, in some cases, caused by the 
overexpression of Bcl-2 (31). Consistent with this, in our study, 
we found that the anti-apoptotic protein, Bcl-2, was upregulated 
in the cisplatin-resistant A549/CDDP cells compared with the 
A549 cells.

Since defective apoptosis may contribute to cisplatin drug 
resistance, miRNAs may modulate the drug sensitivity of 
cancer cells, at least in part through this mechanism (14,24,35). 
Of note, miR-503 was downregulated in the A549/CDDP cells 
and the elevated levels of miR-503 not only downregulated the 
expression of Bcl-2 protein but also increased the sensitivity 
of these cells to cisplatin. The data presented in this study, 
provide evidence that miR-503 may be involved in the devel-

opment of the resistance of non-small cell lung cancer cells to 
cisplatin by targeting Bcl-2.

miR-503 is located on chromosomal band Xq26.3, based 
on the sequence AGCAGC starting at the second nucleotide 
from the 5' end of the mature (~22 nt, single-stranded) miRNA, 
a motif which is referred to as AGC X2. As shown in previous 
studies, miR-503 is differentially expressed in different types 
of tumors, suggesting that the expression of miR-503 is tissue- 
specificity (16-20). In the present study, we found that miR-503 
was downregulated in the cisplatin resistant non-small cell lung 
cancer cells. A previous study demonstrated that epigenetic 
alterations promote the dysregulation of miRNAs (36). Among 
these, the DNA methylation of CpG islands has been observed 
in the promoter region of miRNAs with tumor suppressor 
functions in human cancer, such as miRNAs miR-497, miR-127 
and miR-1 (37-39). According to the data from the UCSC 
database (http://genome.ucsc.edu/cgi-bin/hgTracks?hgHub 
Connect.destUrl=..%2Fcgi-bin%2FhgTracks&clade=mammal
&org=Human&db=hg19&position=miR-503&hgt.positionInput 
=miR-503&hgt.suggestTrack=knownGene&Submit=submit& 
hgsid=298724897), the DNA methylation of CpG islands in the 
promoter region may lead to the downregulation of miR-503 in 
drug-resistant cells. However, further studies are required to 
elucidate the underlying mechanisms.

In conclusion, the data presented in this study provide 
evidence of the involvement of miR-503 in the development 
of the resistance of human non-small cell lung cancer cells 
to cisplatin. Hsa-miR-503 sensitizes human drug-resistant 

Figure 5. (A) miR-503 mimic sensitized A549/CDDP cells to cisplatin (CDDP)-induced apoptosis. (B) In the A549/CDDP cells, apoptosis was evaluated by 
flow cytometry. The results revealed a marked increase in apoptosis in miR-503 mimic-transfected cells following treatment with CDDP, compared with the 
miRNA mimic control-transfected cells. Representative flow cytometry report is shown beside the graph. The results shown represent the means ± SD from 
three independent experiments. *P<0.01.
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lung cancer cells to cisplatin, at least in part by targeting 
Bcl-2 expression. Our findings may contribute to the further 
understanding of the regulation of drug resistance in cancer 
cells. Therapeutic strategies targeting the miRNAs associated 
with drug resistance, such as hsa-miR-503, may prove to be 
a promising approach for the development of safe and effec-
tive clinical treatments. However, it should be noted that our 
data were derived from cell lines which have been removed 
from their in vivo context and cannot be considered accurate 
surrogates for clinical tumors. Thus, further clinical studies are 
warranted to assess the role of hsa-miR-503 in vivo.
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