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Abstract. The aim of this study was to investigate the function 
of miR-1244 in cisplatin-treated non-small cell lung cancer 
(NSCLC). The results of quantitative PCR analysis revealed 
that the expression levels of miR-1244 in cisplatin-treated 
A549 and NCI-H522 human lung cancer cell lines were lower 
than those in untreated A549 and NCI-H522 cells. Similarly, 
the expression level of miR-1244 in NSCLC tissue samples 
from cisplatin-treated patients was also lower than that in 
non-cisplatin-treated NSCLC patients. Notably, the overall 
survival times of cisplatin-treated NSCLC patients with 
high miR-1244 expression were superior to those patients 
with low miR-1244 expression. We found that overexpres-
sion of miR-1244 suppressed cell viability and increased 
LDH toxicity in cisplatin-treated A549 and NCI-H522 
cells. Additionally, overexpression of miR-1244 induced the 
apoptosis of cisplatin-treated A549 and NCI-H522 cells. 
Furthermore, overexpression of miR-1244 promoted caspase-3 
activity and p53 and Bax protein expression, and suppressed 
myocyte enhancer factor 2D (MEF2D) and cyclin D1 protein 
expression in cisplatin-treated A549 and NCI-H522 cells. 
Small interfering RNA (siRNA) targeting MEF2D suppressed 
the protein expression of MEF2D, and was able to decrease 
the proliferation, promote caspase-3 activity, p53 and Bax 
protein expression and inhibit cyclin D1 protein expression in 
cisplatin-treated A549 and NCI-H522 cells following the over-
expression of miR-1244. In summary, we found that miR-1244 
affected cisplatin-treated NSCLC via MEF2D expression.

Introduction

Non-small cell lung cancer (NSCLC) is a malignant tumor 
with one of the highest morbidity rates worldwide, and is the 

most common cause of malignant tumor-related death (1). With 
the improvements in living standards and health, the morbidity 
of NSCLC has been decreased in recent years (2). However, its 
morbidity in male patients still ranks second out of all types 
of malignant tumors. Furthermore, the incidence of NSCLC 
appears to be rising in females (3). Although the treatment of 
NSCLC has been constantly improving, the survival rate has 
not increased substantially. This may be due to common late 
diagnosis, late treatment and complexity (4). Therefore, it is 
necessary to explore the pathogenetic mechanisms underlying 
NSCLC and the potential modulatory mechanisms involved to 
facilitate its early diagnosis and early treatment.

In recent years, molecular diagnosis and targeted therapies 
have provided a new approach to the integrated control of 
NSCLC (5). Individual gene expression patterns, individual 
neoplasm staging and their relevance to patient prognosis have 
gradually become an area of interest in NSCLC research (6). 
The pathogenetic mechanism of NSCLC is associated with 
frequent mutation, amplification and epigenetic changes of 
tumor-related genes (7). Epigenetic alterations do not affect 
genomic sequence, but can cause protein expression changes 
that result in tumor development and progression (7). Studies 
of epigenetics mainly focus on DNA methylation, chromatin 
rearrangement, and changes to RNA editing. Furthermore, 
miRNAs are currently a hotspot for research into tumor-related 
changes (5,6). Recent research indicates that alterations to the 
regulation of miRNAs may to some extent contribute to the 
occurrence of malignant tumors. 

miRNAs are small non-coding RNA molecules that 
are processed by specific incision enzymes; transcriptional 
precursors consisting of double-stranded RNA (pri-miRNAs) 
are cleaved by Drosha and Dicer enzymes (8). miRNAs have 
complementary sequence to their target mRNA and base 
pair with the target sequence resulting in mRNA degrada-
tion or decreased translation, inducing gene silencing (9). 
Gene expression is negatively regulated by the interaction of 
a miRNA with the 3' non-coding region of the target gene 
mRNA. This regulation of protein translation by miRNAs 
influences a wide variety of physiological and abnormal cell 
processes (10). miRNAs are also highly specific; as biomarkers, 
they may have an important role in tumor prevention (11). In 
NSCLC, miRNAs have been shown to affect tumor formation, 
occurrence and development (11). Although in many cases the 
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precise functions of specific miRNAs are not clear, miRNAs 
are regarded as important contributors to various physiological 
and developmental processes (12). 

Myocyte enhancer factor 2D (MEF2D) is a gene of the 
MEF2 family, and contains a structural domain of the regula-
tory factor MCM1 (13). Its main function is to regulate the 
survival and differentiation of multiple cell types. Early studies 
on MEF2 were predominantly limited to its role in muscle 
and the nervous system (14). However, numerous studies have 
demonstrated that chromosome translocation in NSCLC may 
result in abnormally high expression of MEF2D and promote 
the formation and development of NSCLC (15). Meanwhile, 
MEF2D may play an important role in the NSCLC formative 
process (13). In the present study, we investigated the function 
of miR-1244 in cisplatin-treated NSCLC.

Materials and methods

Patient samples and follow-up. In total, 83 fresh tissue samples 
from cisplatin-induced NSCLC patients and 49 fresh tissue 
samples from non-cisplatin-induced NSCLC patients were 
collected at the Department of Thoracic Surgery of the Tumor 
Hospital of Yunnan Province (The Third Affiliated Hospital of 
Kunming Medical university) from April 2006 to December 
2006. The present study was performed with all the patients 
written informed consent and in accordance to the procedures 
approved by the Ethics Review Board at The Third Affiliated 
Hospital of Kunming Medical university. All patients 
underwent surgery, and subsequently received cisplatin or no 
treatment, and were monitored by chest, abdominal and pelvic 
computed tomography (CT). The overall survival (OS) time 
was assessed between surgery and cisplatin treatment.

Quantitative real-time RT-PCR (qRT-PCR). Total RNAs 
were extracted from the NSCLC tissues using TRIzol reagent 
(Invitrogen, Carlsbad, CA, uSA) according to the manufactur-
er's instructions. Total RNA (2 µg) was reversely-transcribed 
to cDNA using a First-Strand cDNA synthesis kit (OriGene 
Technologies, MD, uSA). qRT-PCR was conducted using 
SYBR Premix Taq (CWbio, Beijing, China) on a 7500 Fast 
PCR instrument (Applied Biosystems, Carlsbad, CA, uSA). 
The relative miR-1244 expression was normalized to U6, 
which was calculated using the 2-ΔΔCt method.

Cell culture and transfection. The human NSCLC cell lines 
A549 and NCI-H522 were purchased from the Shanghai Cell 
Bank of the Chinese Academy of Sciences, and cultured in 
RPMI-1640 medium supplemented with 10% fetal bovine 
serum (FBS; both from Gibco, Rockville, MD, USA), 100 U/ml 
penicillin G and 100 mg/ml streptomycin sulfate at 37̊C in a 
humidified 5% CO2 atmosphere. miR-1244 mimics, si-MEF2D 
or the negative control were constructed by Sangon Biological 
Engineering Co., Ltd. (Shanghai, China). miR-1244 mimics, 
si-MEF2D (30 nM) and the negative control (30 nM) were 
transfected into cells with Lipofectamine™ 2000 (Invitrogen).

MTT and LDH assays. For the MTT assay, transfected A549 
and H522 cells were seeded (2.5x103 cells/well) in 96-well 
plates and allowed to attach overnight. A549 and H522 cells 
were cultured with 10 µM of cisplatin for 0, 24, 48 and 72 h. 

MTT (20 µl at 5 mg/ml; Sigma-Aldrich, St. Louis, MO, 
USA) was added to the medium after treatment at 37̊C for 
4 h. The supernatant was aspirated, and 150 µl of dimethyl 
sulfoxide (DMSO) was added to each well to dissolve the 
precipitate at 37̊C for 20 min. The absorbance at 490 nm 
was assessed using a microplate reader (Molecular Devices, 
Sunnyvale, CA, uSA).

For the LDH assay, transfected A549 and H522 cells were 
seeded (2.5x103 cells/well) in 96-well plates and allowed to 
attach overnight. A549 and H522 cells were cultured with 
10 µM of cisplatin for 48 h. The supernatant was aspirated and 
150 µl of LDH releasing reagent was added into each well at 
37̊C for 1 h. The absorbance at 490 nm was assessed using a 
microplate reader (Molecular Devices).

Flow cytometry. Transfected A549 and H522 cells were 
seeded (5x106 cells/well) in 6-well plates and allowed to attach 
overnight. A549 and H522 cells were cultured with 10 µM 
of cisplatin for 48 h. The cells were then stained with an 
Annexin V-FITC and propidium iodide (PI) apoptosis detec-
tion kit (MultiSciences Biotech Co., Ltd., Hangzhou, China) 
at 4̊C for 20 min in the dark. Cell apoptosis was assessed on 
an LSR2 upgraded flow cytometer (BD Biosciences, San Jose, 
CA, uSA).

Western blotting. Transfected A549 and H522 cells were 
seeded (5x106 cells/well) in 6-well plates and allowed to attach 
overnight. A549 and H522 cells were cultured with 10 µM of 
cisplatin for 48 h. Then, cells were harvested at 3,000 x g for 
5 min and lysed in RIPA buffer in the presence of protease 
inhibitors (Roche, Mannheim, Germany) at 4̊C for 30 min. 
The protein concentration in the supernatants was quanti-
fied using the Enhanced BCA Protein Assay kit (Beyotime 
Biotechnology, Shanghai, China). Proteins (50-80 µg) were 
separated using 8-12% SDS-PAGE, and then transferred 
to polyvinylidene fluoride (PVDF) membranes (Millipore, 
Bedford, MA, uSA). The membranes were blocked using 5% 
non-fat milk in Tris-buffered saline with Tween-20 (TBST) for 
1 h at 37̊C, and incubated with the primary antibodies Bax, 
MEF2D, cyclin D1, p53 (all from Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) and GAPDH overnight at 4̊C. 
Subsequently the membranes were incubated with anti-rabbit 
horseradish peroxidase-conjugated secondary antibodies 
(Santa Cruz Biotechnology) and developed using an enhanced 
chemiluminescence (ECL) detection system (Invitrogen-Life 
Technologies, Carlsbad, CA, uSA).

Statistical analysis. The values in the present study are 
expressed as the means ± SD, and were analyzed by t-test 
or one-way ANOVA. Data were analyzed using SPSS soft-
ware 19.0 for Windows (SPSS, Inc., Chicago, IL, uSA). P<0.05 
was considered to indicate a statistically significant result.

Results

Expression of miR-1244 in cisplatin-treated NSCLC. Initially, 
we surveyed the expression of miR-1244 in cisplatin-treated 
or non-cisplatin-treated NSCLC tissues and cell lines. The 
miR-1244 expression of cisplatin-treated NSCLC patient 
tissues was lower than that of non-cisplatin-treated NSCLC 



ONCOLOGY REPORTS  37:  3475-3483,  2017 3477

patients (Fig. 1A). Consistently, the miR-1244 expression of 
cisplatin-treated A549 and NCI-H522 cells was also lower than 
those of the control A549 and NCI-H522 cells (Fig. 1B and C).

Overall survival (OS) of cisplatin-treated NSCLC patients. 
The OS of cisplatin-treated NSCLC patients was assessed. 
Among cisplatin-treated NSCLC patients, the OS time of 
patients with high miR-1244 expression was greater than that 
of patients with low miR-1244 expression (Fig. 2).

Overexpression of miR-1244 inhibits the growth of cisplatin-
treated NSCLC cells. MTT and LDH assays were used 
to investigate the effect of miR-1244 on the growth of 
cisplatin-treated NSCLC cells. The results demonstrated 
that the overexpression of miR-1244 significantly inhibited 
cell proliferation in cisplatin-treated A549 and NCI-H522 
cells (Fig. 3A and B). Additionally, overexpression of miR-1244 
significantly increased the LDH activity of cisplatin-treated 
A549 and NCI-H522 cells (Fig. 3C and D).

Overexpression of miR-1244 increases cisplatin-treated 
NSCLC cell death. The effect of miR-1244 on cisplatin-induced 
NSCLC cell death was explored using flow cytometry. There was 
a significant increase in apoptosis in cisplatin-treated A549 and 
NCI-H522 cells compared with untreated cells (Fig. 4A and B).

Overexpression of miR-1244 increases caspase-3 and Bax 
protein expression in cisplatin-treated NSCLC cells. We next 
explored the apoptosis-promoting mechanism of miR-1244 in 
cisplatin-treated NSCLC cells by assessing caspase-3 activity 
and Bax protein expression. As demonstrated in Fig. 5A and B, 
increased caspase-3 activity was observed in cisplatin-treated 
A549 and NCI-H522 cells compared with untreated cells. 
Furthermore, the induction of Bax protein expression 
was observed in cisplatin-treated A549 and NCI-H522 
cells (Fig. 5C and D and H and I, respectively).

Overexpression of miR-1244 decreases MEF2D protein 
expression in cisplatin-treated NSCLC cells. To study the 
role of MEF2D in the effect of miR-1244 on cisplatin-treated 
NSCLC, miR-1244 mimics were transfected into cisplatin-
treated A549 and NCI-H522 cells. As shown in Fig. 5D and E 
and H and J, respectively, overexpression of miR-1244 
significantly suppressed MEF2D protein expression in cispl-
atin-treated A549 and NCI-H522 cells.

Overexpression of miR-1244 suppresses cyclin D1 protein 
expression in cisplatin-treated NSCLC cells. Cyclin D1 
protein expression levels were evaluated to assess the apop-
tosis-promoting mechanism of miR-1244 in cisplatin-treated 
NSCLC cells. Fig. 5D, F, H and K demonstrate that overexpres-
sion of miR-1244 significantly suppressed cyclin D1 protein 
expression in cisplatin-treated A549 and NCI-H522 cells.

Overexpression of miR-1244 increases p53 protein expression 
in cisplatin-treated NSCLC cells. p53 protein expression was 
assessed in cisplatin-treated NSCLC cells in which miR-1244 
was overexpressed. Overexpression of miR-1244 significantly 
induced p53 protein expression in cisplatin-treated A549 and 
NCI-H522 cells (Fig. 5D, G, H and L).

MEF2D knockdown inhibits MEF2D protein expression in 
cisplatin-treated NSCLC cells following overexpression of 
miR-1244. In order to further confirm the role of MEF2D 
in the effect of miR-1244 on cisplatin-treated NSCLC cells, 
si-MEF2D was transfected into cisplatin-treated A549 and 
NCI-H522 cells following overexpression of miR-1244. 
si-MEF2D effectively inhibited MEF2D protein expres-
sion in cisplatin-treated miR-1244-overexpressing A549 

Figure 1. Expression of miR-1244 in cisplatin-induced NSCLC. Expression 
of miR-1244 in cisplatin or non-induced (A) NSCLC patient tissues 
and (B) A549 and (C) H522 cell lines; ##p<0.01 vs. the miR-NC group. 
NSCLC, non-small cell lung cancer.

Figure 2. Overall survival of cisplatin-induced NSCLC patients. NSCLC, 
non-small cell lung cancer.
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and NCI-H522 cells compared with the negative control 
group (Fig. 6A and B and F and G, respectively).

Inhibition of MEF2D decreases cisplatin-treated NSCLC cell 
growth following overexpression of miR-1244. The effects 
of MEF2D inhibition on the growth of cisplatin-treated 
miR-1244-overexpressing NSCLC cells were next investi-
gated. Fig. 7 shows that the inhibition of MEF2D significantly 
inhibited cell proliferation and increased LDH activity of 
cisplatin-treated A549 and NCI-H522 cells following over-
expression of miR-1244, compared with the negative control 
group in which MEF2D was not inhibited. 

Inhibition of MEF2D promotes cisplatin-treated NSCLC 
cell death following overexpression of miR-1244. We further 
explored the effects of MEF2D inhibition on cisplatin-treated 
NSCLC cell death following overexpression of miR-1244. As 
presented in Fig. 8, the inhibition of MEF2D significantly 
induced apoptosis of cisplatin-treated A549 and NCI-H522 
cells following overexpression of miR-1244, compared with 
the negative control group in which MEF2D was not inhibited.  

Inhibition of MEF2D promotes caspase-3 and Bax protein 
expression in cisplatin-treated NSCLC cells following 
overexpression of miR-1244. The inhibition of MEF2D 
significantly promoted caspase-3 activity in cisplatin-treated 

A549 and NCI-H522 cells following overexpression of 
miR-1244, compared with the negative control group (Fig. 9). 
Furthermore, as shown in Fig. 6B and C and G and H, 
respectively, the inhibition of MEF2D significantly increased 
Bax protein expression in cisplatin-treated A549 and NCI-H522 
cells following overexpression of miR-1244 compared with 
the cells in which MEF2D was not inhibited.

Inhibition of MEF2D suppresses cyclin D1 protein expression 
in cisplatin-treated NSCLC cells following overexpression of 
miR-1244. As shown Fig. 6B, D, G and I, in cisplatin-treated 
miR-1244-overexpressing A549 and NCI-H522 cells, inhibi-
tion of MEF2D significantly suppressed cyclin D1 protein 
expression compared with the negative control group.

Inhibition of MEF2D increases p53 protein expression in 
cisplatin-treated NSCLC cells following overexpression of 
miR-1244. As shown in Fig. 6B, E, G and J, in cisplatin-treated 
miR-1244-overexpressing A549 and NCI-H522 cells, the inhi-
bition of MEF2D significantly induced p53 protein expression 
compared with the negative control group.

Discussion

NSCLC is one of the most common malignant tumors, and 
accounts for 80-85% of all lung cancers (3). It has a high 

Figure 4. Overexpression of miR-1244 promotes cisplatin-induced NSCLC cell death. Overexpression of miR-1244 promotes cisplatin-induced (A) A549 
and (B) H522 cell death. miR-NC, miRNA-negative control; miR-1244, miRNA-1244 group; ##p<0.01 vs. the miR-NC group. NSCLC, non-small cell lung 
cancer.

Figure 3. Overexpression of miR-1244 suppresses cisplatin-induced NSCLC cell growth. Overexpression of miR-1244 suppresses (A) cisplatin-induced A549 
and (B) H522 cell proliferation as determined using an MTT assay, and LDH toxicity in (C) A549 and (D) H522 cells. miR-NC, miRNA-negative control; 
miR-1244, miRNA-1244; ##p<0.01 vs. the miR-NC. NSCLC, non-small cell lung cancer.
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Figure 5. Overexpression of miR-1244 affects caspase-3, Bax, MEF2D, cyclin D1 and p53 protein expression in cisplatin-induced NSCLC cells. 
(A and B) Overexpression of miR-1244 affects caspase-3 and (C, E-G and I-L) Bax, MEF2D, cyclin D1 and p53 protein expression using statistical 
analysis. (D and H) Western blot analysis of Bax, MEF2D, cyclin D1 and p53 protein expression in cisplatin-induced A549 and H522 cells. miR-NC, miRNA-
negative control; miR-1244, miRNA-1244 group; ##p<0.01 vs. the miR-NC group. MEF2D, myocyte enhancer factor 2D; NSCLC, non-small cell lung cancer.
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mortality rate and presents a significant threat to human life 
and health worldwide, with ~1.1 million patients each year 
succumbing to NSCLC (16). Despite extensive research efforts, 
the overall effects of NSCLC treatment remain unsatisfactory. 
In recent years, NSCLC has exhibited a rising morbidity rate. 
Furthermore, the pathogenesis of NSCLC has not been estab-
lished (17,18). Currently, it is believed that cell cycle control 

abnormalities are associated with the cancerous transformation 
of cells; malignant tumors may have a dysregulated cell cycle 
(17). In the present study, we observed that the expression levels 
of miR-1244 in the cisplatin-treated A549 and NCI-H522 cells 
were lower than those of the untreated A549 and NCI-H522 
cells, and that the OS time of the cisplatin-treated NSCLC 
patients with high miR-1244 expression was greater than the 

Figure 6. Inhibition of MEF2D affects MEF2D, Bax, cyclin D1 and p53 protein expression in cisplatin-induced NSCLC cells following overexpression of 
miR-1244. (A, C-F and H-J) Inhibition of MEF2D affects MEF2D, Bax, cyclin D1 and p53 protein expression using statistical analysis. (B and G) Western 
blot analysis of MEF2D protein expression in cisplatin-induced NSCLC following overexpression of miR-1244. miR-NC, miRNA-negative control; miR-1244, 
miRNA-1244; si-MEF2D, si-MEF2D group; ##p<0.01 vs. the miR-NC group; **p<0.01 vs. the miRNA-1244 group. MEF2D, myocyte enhancer factor 2D; 
NSCLC, non-small cell lung cancer.
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patients with low miR-1244 expression. Thus, miR-1244 may 
play an essential role in NSCLC development.

NSCLC is the most common cause of death resulting from 
a malignant tumor (19). Although diagnosis and treatment 
methods are improving constantly, the prognosis of patients 
with NSCLC remains poor (19). At present, clinical and 
pathological staging of NSCLC is the ideal method to evaluate 
NSCLC prognosis and select optimal treatment. The identifi-
cation of miRNAs in studies of tumors and other diseases has 
led to much research into the alterations in miRNA expression 
associated with NSCLC (20). In tumor subtype classification, 
abnormal miRNA expression profiles have been detected (8). 

Such reports are few in number at present; however, many 
miRNA alterations are being discovered constantly. The inte-
gration of miRNA expression analysis with NSCLC staging 
may improve the diagnosis and prognosis of NSCLC, and it 
may aid in the individual treatment of NSCLC (11). To the best 
of our knowledge, the present study is the first to show that 
the overexpression of miR-1244 can suppress cell viability, 
increase LDH toxicity, induce apoptosis, and promote caspase-3 
activity and Bax protein expression in cisplatin-treated A549 
and NCI-H522 cells. Notably, for the first time, we established 
the link between miR-1244 expression and cisplatin-treated 
NSCLC cell growth.

Figure 7. Inhibition of MEF2D affects cisplatin-induced NSCLC growth following overexpression of miR-1244. Inhibition of miR-1244 affects cispl-
atin-induced (A) A549 and (B) H522 cell proliferation using MTT assay, and LDH toxicity in (C) A549 and (D) H522 cells. miR-NC, miRNA-negative control; 
miR-1244, miRNA-1244; si-MEF2D, si-MEF2D group; ##p<0.01 vs. the miR-NC group; **p<0.01 vs. the miRNA-1244 group. MEF2D, myocyte enhancer 
factor 2D; NSCLC, non-small cell lung cancer.

Figure 8. Inhibition of MEF2D affects cisplatin-induced NSCLC cell death following overexpression of miR-1244. Inhibition of miR-1244 affects cispl-
atin-induced (A) A549 and (B) H522 cell death. miR-NC, miRNA-negative control; miR-1244, miRNA-1244; si-MEF2D, si-MEF2D group; ##p<0.01 vs. the 
miR-NC group; **p<0.01 vs. the miRNA-1244 group. MEF2D, myocyte enhancer factor 2D; NSCLC, non-small cell lung cancer.

Figure 9. Inhibition of MEF2D affects caspase-3 expression in cisplatin-induced NSCLC following overexpression of miR-1244. (A and B) Inhibition of 
miR-1244 affects caspase-3 in cisplatin-induced A549 and H522 cells. miR-NC, miRNA-negative control; miR-1244, miRNA-1244; si-MEF2D, si-MEF2D 
group; ##p<0.01 vs. the miR-NC group; **p<0.01 vs. the miRNA-1244 group. MEF2D, myocyte enhancer factor 2D; NSCLC, non-small cell lung cancer.
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MEF2D, a member of the myocyte enhancer factor 2 family 
of transcription factors, has been shown to be expressed in 
NSCLC cells and to increase the proliferation rate of cells by 
increasing G2/M transition (14). MEF2D is a target of miR-122 
(13). Thus, MEF2D may be a potential target for use in cancer 
treatments. This is consistent with our observation that the 
overexpression of miR-1244 significantly suppressed MEF2D 
protein expression in cisplatin-treated A549 and NCI-H522 
cells. These results indicated that miR-1244/MEF2D play an 
important role in the development of cisplatin resistance in 
NSCLC.

The cell cycle refers to the entire process between cell 
fission and the end of the next mitosis process, in which a 
parent cell is divided into two daughter cells (22). The cell 
cycle is composed of two main stages: interphase, which 
can be further divided into gap 1 (G1), DNA synthesis (S), 
and gap 2 (G2) phases (23); and mitosis, which is comprised 
of prophase, metaphase, anaphase and telophase, and is 
responsible for the division of a cell's genetic material prior 
to cytokinesis (24). The mechanisms involved in the control 
of the cell cycle have become an important area of research 
(23). In the present study, it was demonstrated that the over-
expression of miR-1244 significantly suppressed cyclin D1 
protein expression in cisplatin-treated A549 and NCI-H522 
cells, indicating that miR-1244/MEF2D may target cyclin D1, 
and that miR-1244 exerts its antitumor effect by suppressing 
the development of cisplatin resistance in NSCLC. Our study 
indicated that oncogenic MEF2D is also a target of miR-1244, 
and at least partially, miR-1244 exerts its antitumor effect by 
suppressing MEF2D expression.

Cyclins are proteins that contain a conserved cyclin 
box structure, and they participate in the regulation of the 
cell cycle (25). Cyclins and cyclin-dependent kinases form 

complexes that play roles in regulating different phases of cell 
division and allowing transitions at each checkpoint. Cyclin D 
is a subtype of the cyclin family (26). Cyclins B1 and D1 are 
involved in cell division and are important regulatory factors 
in the growth phases. The cyclin D family may play a role in 
cell cycle control and DNA repair and participate in apoptosis 
(27). In different types of tissue and tumor cells, its expression 
and biological functions vary (28).

In the present study, we also found that the overexpression 
of miR-1244 significantly induced p53 protein expression in 
cisplatin-treated A549 and NCI-H522 cells. Therefore, our 
study adds p53 to the list of miR-1244/MEF2D-regulated 
molecules that are involved in the development of cisplatin 
resistance in NSCLC. Further studies are required to explore 
the underlying mechanisms of miR-1244/MEF2D in cyclin 
D1-p53 signaling in cisplatin-treated NSCLC.

Finally, to explore the possible regulatory mechanism 
of MEF2D inhibition in cisplatin resistance in NSCLC, 
we found that siRNA-mediated knockdown suppressed the 
protein expression of MEF2D, and was able to decrease cell 
proliferation, promote caspase-3 activity, increase p53 and Bax 
protein expression, and inhibit cyclin D1 protein expression in 
cisplatin-treated A549 and NCI-H522 cells following overex-
pression of miR-1244. In conclusion, our study demonstrates 
that a miR-1244/MEF2D/cyclin D1-p53 signaling network 
contributes to the regulation of NSCLC cell growth, and 
provides a novel potential molecular target for future NSCLC 
cancer therapy (Fig. 10).
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