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Abstract. – OBJECTIVE: To explore the role 
of microRNA-24 (miR-24) in the proliferation and 
apoptosis of lung carcinoma, and to investigate 
its underlying mechanism. 

PATIENTS AND METHODS: The expression 
level of miR-24 in 50 pairs of lung carcinoma tis-
sues and para-cancerous tissues was detect-
ed by quantitative Real-time polymerase chain 
reaction (qRT-PCR). The relationship between 
miR-24 expression and pathological indicators 
of lung carcinoma was analyzed. Meanwhile, the 
corresponding plasmids of miR-24 were con-
structed. The viability, proliferation, apopto-
sis and cell cycle of lung carcinoma cells after 
transfection with miR-24 plasmids were detect-
ed by cell counting kit-8 (CCK-8), colony forma-
tion assay, and flow cytometry, respectively. The 
binding condition of miR-24 and MAPK7 was 
predicted by bioinformatics and verified by Lu-
ciferase reporter gene assay. The regulatory ef-
fect of miR-24 on MAPK7 in lung carcinoma cells 
was further detected. 

RESULTS: MiR-24 was significantly overex-
pressed in lung carcinoma tissues than that of 
para-cancerous tissues. Compared with lung 
carcinoma patients with Grade I-II and tumor 
size smaller than 3 cm, upregulated miR-24 ex-
pression was observed in those with Grade III-
IV and tumor size larger than 3 cm. The over-
all survival (OS) of patients with higher miR-24 
expression was remarkably shorter than those 
with lower expression. Results of clinical da-
ta analysis suggested that miR-24 expression 
was correlated with tumor size and tumor node 
metastasis (TNM), whereas not correlated with 
age, gender and lymph node metastasis. In vi-
tro experiments demonstrated that miR-24 over-
expression promoted the viability, proliferation 
and cell cycle of lung carcinoma cells, whereas 
inhibited cell apoptosis. Furthermore, luciferase 
reporter gene assay indicated that miR-24 could 
bind to MAPK7. Meanwhile, overexpressed miR-
24 resulted in decreased mRNA and protein lev-
els of MAPK7. In addition, decreased apopto-
sis and increased cell cycle induced by miR-24 
overexpression could be partially reversed by 
MAPK7 overexpression. 

CONCLUSIONS: We found that miR-24 pro-
moted lung carcinoma development by increas-
ing cell proliferation and inhibiting cell apopto-
sis via targeting MAPK7.
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Introduction 

Lung carcinoma is one of the most common 
malignancies, which seriously threatens the heal-
th and life of the affected population. Globally, the 
mortality and mobility of lung carcinoma rank first 
among all malignant tumors1. Because of insidious 
onset and obscure symptoms, most lung carcino-
ma patients are already in an advanced stage when 
first diagnosed2. Meanwhile, there is still a lack of 
effective diagnosis and treatment for lung carcino-
ma. Therefore, it is of great significance to explore 
the occurrence and progression of lung carcinoma, 
eventually improving clinical outcomes. 

MicroRNAs (miRNAs) are a class of non-co-
ding small RNAs with 20-22 nucleotides in len-
gth. MiRNAs negatively regulate target genes at 
the post-transcriptional level by complementary 
base pairing3. Studies have found that miRNAs 
are related to various diseases, such as infectious 
diseases, vascular diseases, neurological diseases, 
diabetes, and tumors. MicroRNA-24 (MiR-24), 
which is conserved in many species, is expressed 
in adipose tissue, differentiated skeletal muscle 
tissue, breast tissue and kidney tissue4. Multiple 
studies have been performed to explore the role 
of miR-24 in malignant tumors5-7. However, the 
specific role of miR-24 in lung carcinoma has not 
been fully elucidated. 

Mitogen-activated protein kinases (MAPKs) 
are serine/threonine-specific protein kinases that 

European Review for Medical and Pharmacological Sciences 2018; 22: 6845-6852

N. ZHOU, H.-L. YAN

Department of Respiratory Medicine, Dongying People’s Hospital, Dongying, China

Corresponding Author: Hongling Yan, MM; e-mail: yanhouling@.163.com

MiR-24 promotes the proliferation and apoptosis 
of lung carcinoma via targeting MAPK7



N. Zhou, H.-L. Yan

6846

respond to extracellular stimulation. It has been 
found that MAPKs are involved in the biological 
processes of most non-nuclear oncogenes, inclu-
ding gene expression, mitosis, differentiation, 
proliferation, and cell survival/apoptosis8. Me-
anwhile, MAPK7 participates in the downstre-
am signaling processes of various receptor mo-
lecules, including receptor-type kinases and G 
protein-coupled receptors. Cytoplasmic MAPK7 
may translocate to the nucleus in response to ex-
tracellular signals. After that, nuclear MAPK7 
regulates gene expression by phosphorylation 
and activation of different transcription factors9. 
Moreover, MAPK7 is the target of multiple an-
ti-tumor strategies10. However, the correlation 
between MAPK7 expression and lung carcinoma 
has not been reported yet. 

In this study, we explored the regulatory role 
of miR-24 and MAPK7 in the lung carcinoma de-
velopment. Our results might provide a new di-
rection for clinical diagnosis of lung carcinoma. 

Patients and Methods 

Sample Collection 
From April 2015 to April 2017, a total of 50 lung 

carcinoma cases and 34 healthy controls were en-
rolled in this study. Resected lung tissue samples 
from two groups were harvested and stored in 
liquid nitrogen. All lung carcinoma tissue sam-
ples were pathologically confirmed. Meanwhile, 
all patients with lung carcinoma did not receive 
any preoperative anti-tumor treatment such as 
chemotherapy and radiotherapy. This study was 
approved by the Ethics Committee of Dongying 
People’s Hospital. The informed content was 
obtained from each patient before the study.

RNA Extraction and Quantitative 
Real-Time Polymerase Chain Reaction 
(qRT-PCR)

Total RNA in cells and tissues was extracted in 
accordance with TRIzol reagent (Invitrogen, Carl-
sbad, CA, USA). Reverse transcription was perfor-
med according to the instructions of PrimeScript 
RT reagent Kit (TaKaRa, Otsu, Shiga, Japan). The 
concentration of extracted RNA was detected by a 
spectrometer, and those with A260/A280 ratio of 
1.8-2.0 were selected for the following qRT-PCR 
reaction. QRT-PCR was then performed based 
on the instructions of SYBR Premix Ex Taq TM 
(TaKaRa, Otsu, Shiga, Japan), with 3 replica-
tes in each group. Relative gene expression was 

calculated by the 2-∆Ct method. Primers used in 
this study were as follows: MAPK-7, F: 5’-GGT-
GACTTTGGTATGGCTCGT-3’, R: 5’-CCA-
GAGGTCAATAGCCTGTGTA-3’; miR-24, F: 
5’-TGGCTCAGTTCAGCAGGAACAG-3’, R: 
5’-GCGGTCATCGACACGCTACGCAACG-3’; 
U6: F: 5’-GCTTCGGCAGCACATATACTAAA-
AT-3’, R: 5’-CGCTTCAGAATTTGCGTGTCAT-3’; 
GAPDH: F: 5’-CGCTCTCTGCTCCTCCTGT-
TC-3’, R: 5’-ATCCGTTGACTCCGACCTTCAC-3’.

Cell Culture and Transfection
Lung carcinoma cell lines were cultured in 

RPMI-1640 (Roswell Park Memorial Institu-
te-1640, Gibco, Grand Island, NY, USA) contai-
ning 10% fetal bovine serum (FBS), 100 U/mL 
penicillin and 100 μg/mL streptomycin (Hyclone, 
South Logan, UT, USA). All cells were grown in 
a 37°C, 5% CO2 incubator. For cell transfection, 
cells in the logarithmic growth phase were seeded 
into 6-well plates. When the confluence reached 
80%, cells were transfected with corresponding 
plasmids according to the instructions of Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA). 
Culture medium was replaced 6 h after tran-
sfection. 

Cell Counting Kit-8 (CCK-8) Assay  
Transfected cells were seeded into 96-well pla-

tes at a density of 2×103/μL. A total of 10 μL cell 
counting kit-8 (CCK-8) solution (Dojindo, Kuma-
moto, Japan) was added in each well after cell cul-
ture for 6, 24, 48, 72 and 96 h, respectively. The 
absorbance at 450 nm was measured by a micro-
plate reader (Bio-Rad, Hercules, CA, USA). Each 
group had 5 replicates. 

Colony Formation Assay 
Transfected cells were washed with phosphate 

buffer saline (PBS) and digested with trypsin, fol-
lowed by centrifugation at 100 rpm/min for 3 min. 
Then, the cells were seeded into 6-well plates at 
a density of 500 cells per well, with 3 replicates 
in each group. Subsequently, the cells were fixed 
with methanol and stained with 0.1% crystal vio-
let (Sigma-Aldrich, St. Louis, MO, USA). Finally, 
the number of colonies formed was counted.

Cell Apoptosis Detection 
Transfected cells were collected, washed with 

PBS twice and digested with trypsin. Then the 
cells were centrifuged at 1000 rpm/min for 5 min. 
After washing with pre-cooled PBS twice, the 
cells were re-suspended in PBS at a density of 1× 
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106/ mL. Subsequently, 10 μL propidium iodide 
(PI) and 5 μL Annexin V-FITC were added in 
100 μL cell suspension, followed by incubation at 
room temperature for 15 min in the dark. Final-
ly, cell apoptosis was analyzed by flow cytometry 
(Partec AG, Arlesheim, Switzerland). 

Cell Cycle Detection
A cell suspension was prepared, washed with 

Hanks buffer and centrifuged at 800 rpm/min 
for 5 min. After re-suspension in Roswell Park 
Memorial Institute 1640 (RPMI-1640), the cells 
were incubated with 70% pre-cooled ethanol at 
4°C overnight. Finally, the cells were stained with 
PI for 30 min, followed by cell cycle detection by 
flow cytometry.

Western Blot
Total protein of transfected cells was extracted 

by RIPA (radioimmunoprecipitation assay) solu-
tion (Beyotime, Shanghai, China). The concentra-
tion of total proteins was determined by the bi-
cinchoninic acid (BCA) protein assay kit (Pierce 
Biotechnology, Rockford, IL, USA). sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred onto polyvinyli-
dene difluoride (PVDF) membranes (Roche, 
Basel, Switzerland). After blocking with 5% skim 
milk at room temperature for 2 h, the membranes 
were incubated with primary antibodies (Cell Si-
gnaling Technology, Danvers, MA, USA) at 4°C 
overnight. After washing with Tris-buffered Sali-
ne with Tween 20 (TBST) (Beyotime, Shanghai, 
China) three times, the membranes were incuba-
ted with the corresponding secondary antibody 
at room temperature for 1 h. Immuno-reactive 
bands were exposed by enhanced chemilumine-
scence (ECL) method (Thermo Fisher Scientific, 
Waltham, MA, USA).

Luciferase Reporter Gene Assay 
Luciferase activity was detected according to 

the instructions of Dual-Luciferase detection kit 
(Promega, Madison, WI, USA). Briefly, the cells 
were collected and washed with PBS twice. A to-
tal of 100 μL cell lysate was added, followed by 
incubation at room temperature for 15 min. Sub-
sequently, 50 μL LAR II and 50 μL Stop/Glo were 
added into 20 μL cell lysate. Finally, Firefly-Luc/
Renilla Luc was detected. 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 Software (IBM, Armonk, NY, USA) 

was used for statistical analysis. Measurement 
data were expressed as mean ± standard deviation 
(x±s). The t-test was used to compare the diffe-
rence between the two groups. One-way ANO-
VA followed by Post-Hoc Test (Least Significant 
Difference) was performed to compare the diffe-
rences among different groups. p<0.05 was consi-
dered statistically significant (*p<0.05, **p<0.01, 
***p<0.001). 

Results 

MiR-24 was Overexpressed in Lung 
Carcinoma 

QRT-PCR indicated that the expression of 
miR-24 in lung carcinoma tissues was signifi-
cantly higher than that of para-cancerous tissues 
(Figure 1A). Further survival analysis showed 
that lung carcinoma patients with higher miR-24 
expression presented shorter OS than those with 
lower miR-24 expression (Figure 1B, p=0.0322, 
HR=2.392). Meanwhile, higher expression of 
miR-24 was observed in Grade III+IV lung carci-
noma patients than those with Grade I+II (Figure 
1C). The expression of miR-24 in lung carcinoma 
patients with tumor size larger than 3 cm was ob-
viously higher than those with tumor size smal-
ler than 3 cm (Figure 1D). Furthermore, clinical 
data analysis suggested that miR-24 expression 
was correlated with tumor size and TNM stage, 
whereas not correlated with age, gender and lym-
ph node metastasis (Table I). The above results 
demonstrated that miR-24 could promote the de-
velopment of lung carcinoma. 

Overexpressed miR-24 Promoted 
Proliferation and Inhibited Apoptosis 
of Lung Carcinoma Cells

MiR-24 was significantly overexpressed in 
lung carcinoma cell lines (A549, H1703, and 
H292) than that of normal lung epithelial cell line 
(BEAS-2B). Among the three lung carcinoma 
cell lines, A549 cells expressed the highest miR-
24 level, which were selected for the following 
experiments (Figure 2A). To verify the biologi-
cal function of miR-24, we first constructed the 
corresponding miR-24 plasmids. Transfection 
efficiency of these plasmids was verified by qRT-
PCR (Figure 2B). Results found that overexpres-
sed miR-24 resulted in increased viability and 
proliferation of A549 cells (Figure 2C and 2D). 
Meanwhile, miR-24 overexpression significantly 
inhibited apoptosis of lung carcinoma cells (Fi-
gure 2E). After miR-24 up-regulation, A549 cells 
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Table I. Correlation between microRNA-24 expression and clinical indicators of lung carcinoma patients (n = 50).

 miR-24 expression
  
Clinicopathologic Number Low  High
features of cases (n=25) (n=25) p-value

Age (years)    0.3946
 ≤56 27 12 15 
 >56 23 13 10 
Gender    0.5637
 Male 30 16 14 
 Female 20 9 11 
Tumor size    0.0235*
 ≤3CM 26 8 16 
 >3CM 24 17 9 
TNM stage    0.0227*
 I-II 22 7 15 
 III-IV 28 18 10 
Lymph node metastasis    0.5713
 Absent 24 11 13 
 Present 26 14 12

Figure 1. MiR-24 was overexpressed in lung carcinoma tissues. A, MiR-24 was overexpressed in lung carcinoma tissues than that of 
para-cancerous tissues. B, Lung carcinoma patients with higher level of miR-24 presented shorter OS than those with lower miR-24 
level. C, Higher expression of miR-24 was observed in Grade III+IV lung carcinoma patients than those with Grade I+II. D, The expres-
sion of miR-24 in lung carcinoma patients with tumor size larger than 3 cm was higher than those with tumor size smaller than 3 cm. 
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were remarkably arrested in S phase and G2/M 
phase, indicating that miR-24 promoted cell cycle 
(Figure 2F). 

MiR-24 Regulated Lung Carcinoma Via 
Targeting MAPK7

We first searched three online prediction websites 
including DIANA Tools, MiRanda and Pic Tar, and 

found that MAPK7 was the target gene of miR-24 
(Figure 3A). Luciferase reporter gene assay further 
verified the binding condition between miR-24 and 
MAPK7 (Figure 3B). We next explored the regu-
latory interaction between miR-24 and MAPK7. 
Results showed that both the mRNA and protein 
levels of MAPK7 were decreased after miR-24 
overexpression (Figure 3C and 3D), indicating that 

Figure 2. Overexpressed miR-24 promoted proliferation and inhibited apoptosis of lung carcinoma cells. A, MiR-24 was 
overexpressed in lung carcinoma cell lines (A549, H1703, and H292) than that of normal lung epithelial cell line (BEAS-2B). 
B, Transfection efficiency of corresponding miR-24 plasmids was verified by qRT-PCR. C, Overexpressed miR-24 increased 
the viability of A549 cells. D, Overexpressed miR-24 increased the proliferation of A549 cells. E, MiR-24 overexpression 
inhibited the apoptosis of lung carcinoma cells. F, A549 cells were remarkably arrested in S phase and G2/M phase after miR-
24 overexpression.
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miR-24 negatively regulated MAPK7. Rescue expe-
riments demonstrated that decreased apoptosis and 
promoted cell cycle induced by miR-24 overexpres-
sion could be partially reversed by MAPK7 up-re-
gulation (Figure 3E and 3F).

Discussion 

Malignant tumors are the leading cause of 
deaths worldwide. It is reported that non-small 

cell lung cancer (NSCLC) contributes to over 
80% of tumor deaths11. Although the treatment 
strategies for lung carcinoma have been greatly 
improved, the curative effect is still unsatisfac-
tory and the 5-year survival rate is as low as 
11%12. Only a small amount of lung carcinoma 
patients can be cured by surgical resection. 
Most patients can only receive chemotherapy 
to prolong survival and improve life quality. 
Therefore, it is urgent to find out effective tre-

Figure 3. MiR-24 regulated lung carcinoma via targeting MAPK7. A, The binding site of miR-24 and MAPK7. B, Luciferase 
reporter gene assay verified the binding condition between miR-24 and MAPK7. C, D, The mRNA (C) and protein (D) levels 
of MAPK7 were decreased after miR-24 overexpression. E, F, Decreased apoptosis (E) and promoted cell cycle (F) induced 
by miR-24 were partially reversed by MAPK7 overexpression.
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atment to improve the clinical outcomes of lung 
carcinoma. 

MiRNA expression is tissue-specific and is 
closely related to the occurrence and metastasis 
of malignant tumors13. Functionally, miRNAs 
regulate cell proliferation, apoptosis and tran-
sformation at the post-transcriptional level14. 
A large number of studies have confirmed that 
differentially expressed miRNAs play a key 
role in the development of lung carcinoma. 
For example, downregulated miR-497 promo-
tes cell growth and angiogenesis in NSCLC15. 
Downregulated miR-181b is closely correlated 
with tumor size, TNM stage and lymph node 
metastasis of NSCLC16. Moreover, the serum 
level of miR-24 is remarkably decreased after 
surgery in lung carcinoma patients than that of 
preoperative ones17. Current studies have found 
that miR-24 regulates disease progression 
mainly by modulating cell cycle and differen-
tiation18. A relevant work has demonstrated that 
miR-24 regulates cell cycle by inhibiting G2/M 
restriction sites CHEK1, BRCA1, CDKN1B and 
VHL, further promoting tumor development19. 

Some certain miRNAs and their target genes 
are thought to be involved in lung carcinoma de-
velopment, such as miR-7/Bcl2, miR-99b/FGF3 
and miR-196/HOXA520-22. MAPK7 is the target 
for multiple tumors23, which is overexpressed in 
prostate cancer and breast cancer24. Recent re-
searches have pointed out that MAPK7 expres-
sion is positively correlated with the prognosis, 
bone metastasis, and lymph node metastasis of 
tumor patients25. Moreover, it is suggested that 
MAPK7 may regulate the apoptosis and proli-
feration of tumor cells. For example, MAPK7 
promotes the proliferation of triple-negative 
breast cancer cells via promoting G1/G2 con-
version and inhibiting apoptosis26. In this study, 
we found that miR-24 promoted lung carcinoma 
development via targeting MAPK7.

Conclusions

We first found that miR-24 promoted lung car-
cinoma development by increasing proliferation 
and inhibiting apoptosis via targeting MAPK7, 
which might provide a theoretical basis for explo-
ring the pathogenesis and treatment of lung car-
cinoma.
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