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miR-641 Functions as a Tumor Suppressor by Targeting MDM2  
in Human Lung Cancer
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Lung cancer is the leading cause of deaths due to cancer. Studies suggest an important role of microRNAs 
(miRNAs) in a variety of cancers, including lung cancer. In the present study, we evaluated the role of miR-
641 in human lung cancer A549 cells. Quantitative RT-PCR and Western blot were used to measure mRNA 
and protein expression, respectively. Cell viability and cell apoptosis were respectively measured by MTT 
assay and flow cytometry. In addition, luciferase activity assay was used to identify the target of miR-641. 
The expression of miR-641 was downregulated in lung cancer tissues and lung cancer cell lines (p < 0.05 or 
p < 0.01). Overexpression of miR-641 significantly inhibited proliferation and induced apoptosis of lung cancer 
cells (p < 0.05, p < 0.01, or p < 0.001). MDM2 was identified as a direct target of miR-641. Overexpression of 
miR-641 decreased the expression of MDM2 and increased the expression of p53 in lung cancer cells.
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INTRODUCTION

Lung cancer is the leading cause of cancer deaths. 
It is histologically classified into small cell lung cancer 
(SCLC), which is a neuroendocrine tumor, and non-small 
cell lung cancer (NSCLC), which arises from epithe-
lial cells of the airways, and represents 80% of cases, 
including major subtypes such as lung adenocarcinoma 
(ADC), squamous cell carcinoma (SCC), and large cell 
carcinoma (LCC)1,2. By the time of diagnosis, most of the 
patients have developed an aggressive form of the dis-
ease, and it is often difficult to diagnose at late stages 
because it has metastasized to other organs. Therefore, it 
is necessary to explore novel biomarkers for early detec-
tion and diagnosis.

MicroRNAs (miRNAs) are a class of small (~22 nt), 
noncoding, endogenous single RNA molecules that play 
important roles in gene expression through binding to 
the 3¢-UTR of the target gene mRNA, leading to mRNA 
cleavage or translational repression3. Numerous studies 
have shown that miRNAs participate in various biological 
processes, such as cell differentiation, cell growth, apo-
ptosis, and development4,5. Aberrations in the expressions 
of miRNAs are associated with different diseases including 
cancer. About 50% of miRNAs are located in the cancer- 
related gene region or fragile region6,7. miRNA-99b acts 

as a tumor suppressor in NSCLC by directly targeting 
fibroblast growth factor receptor 38. miRNA-7 inhibits the 
growth of human NSCLC A549 cells through targeting 
Bcl-29. In a meta-analysis for miRNA expression profil-
ing between lung cancer tissues and normal tissues, many 
miRNAs were found to be deregulated in lung cancer10. 
Previous studies have demonstrated the role of miR-641 
in normal chondrocytes and in cervical tissues11,12; how-
ever, the potential role of miR-641 in lung cancer cells is 
still unclear.

Murine double minute 2 (MDM2) is an oncogene that 
was originally discovered in a locus amplified on double 
minute chromosomes in transformed mouse fibroblasts13. 
MDM2 contains several conserved functional domains, 
which provide the structural basis for MDM2’s onco-
genic properties. MDM2 expression is deregulated in a 
variety of human cancers. MDM2 exerts oncogenic activ-
ity predominantly by inhibiting the p53 tumor suppressor, 
which is essential for mediating apoptosis14.

In this study, we assessed the downregulation of 
miR-641 in lung cancer tissues. We also suggested that 
miR-641 plays antiproliferation and antimetastasis roles 
in lung cancer cells. We further identified MDM2 as a 
novel target of miR-641, which would help to explore the 
regulation mechanism of miR-641 in lung cancer.
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MATERIALS AND METHODS

Patients and Specimens

Seventy-five NSCLC tissues and matched neighboring 
normal tissues were obtained from the Dalian Municipal 
Central Hospital Affiliated to Dalian Medical University 
(Dalian, P.R. China) between January 2015 and April 
2017. Patients were diagnosed with NSCLC according 
to histopathological evaluation. The enrolled patients had 
not received preoperative radiotherapy or chemotherapy. 
There were a total of 40 male patients and 35 females, 
with an average age of 65.34 years. The collected tissue 
samples were immediately stored at liquid nitrogen until 
use. Informed consent was obtained from all patients. Our 
study was approved by the ethics committee of the Dalian 
Municipal Central Hospital Affiliated to Dalian Medical 
University, P.R. China.

Cell Culture

Human normal embryonic lung WI-38 cells and 
lung cancer cell lines H157, H4006, A549, H1299, and 
H1650 were purchased from the American Tissue Culture 
Collection (ATCC, Manassas, VA, USA). The cell lines 
were grown in RPMI medium (Life Technologies, Grand 
Island, NY, USA) supplemented with 10% (v/v) fetal 
bovine serum (FBS; Sigma-Aldrich, St. Louis, MO, 
USA) and penicillin/streptavidin (Sigma-Aldrich). All  
cells were grown at 37°C in a humidified incubator  
under 5% CO2.

Cell Proliferation

The MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2-H-tetrazolium bromide] assay was used to measure cell 
proliferation. On each day of the MTT assay, 100 µl of 
cells was taken from each of the culture conditions and 
placed in a 96-well plate, in triplicate. Fifty micrograms 
of MTT (Sigma-Aldrich) was added to each well, and this 
mix was incubated for 4 h at 37°C. At the end of incuba-
tion, 100 µl of 0.04 N HCl in 2-propanol was mixed thor-
oughly into each well. Plates were read on a Molecular 
Devices microplate reader (Sunnyvale, CA, USA) at 
a wavelength of 570 nm, with a background reading at 
650 nm subtracted. Triplicate readings for each sample 
were averaged.

MicroRNA Transfection

Synthetic miR-641 mimic and scrambled negative 
control RNA (control mimic and control inhibitor) were 
purchased from GenePharma (Shanghai, P.R. China). Cells 
were seeded in six-well plates and were transfected with 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) on 
the following day when the cells were approximately 
70% confluent. In each well, equal amounts (100 pmol) 
of miR-641 mimic or the scrambled negative control 

RNAs were used. The efficiency of downregulation or 
overexpression of miR-641 was evaluated by real-time 
polymerase chain reaction (RT-PCR).

Apoptosis Assay

Annexin V–fluorescein isothiocyanate (FITC)/
propidium iodide (PI) staining was used to measure 
cell apoptosis. Cells (3 ́  106) were stained using the 
FITC Annexin-V/Dead Cell Apoptosis Kit (V13242; 
Invitrogen) according to the manufacturer’s instructions. 
Stained cells were diluted in annexin V binding buffer  
(Invitrogen). Suspended cells were used to perform flow 
cytometry. Annexin V–FITC/PI-stained cells were ana-
lyzed using a BD FACSCalibur flow cytometer (BD 
Biosciences, Heidelberg, Germany). In total, 10,000 cells 
were analyzed per measurement. Data were analyzed 
using FlowJo 10.0.7 software (Treestar Inc., Ashland, 
OR, USA).

Western Blot Analysis

The cells were washed two times with PBS and then 
lysed with 1´ SDS loading buffer (50 mM Tris-Cl, pH 
6.8, 100 mM DTT, 2% SDS, 10% glycerol, and 0.1%  
bromophenol blue) as the whole-cell sample. The protein 
samples were subjected to SDS-PAGE gel electrophore-
sis. Immunoblotting was carried out with primary anti-
bodies. Anti-MDM2 (sc-812; 1:1,000), p53 (sc-47698; 
1:1,000), and anti-b-actin (sc-58673; 1:1,000) were 
purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). Anti-cleaved PARP (#9532; 1:1,000) and 
anti-caspase 3 (9662; 1:1,000) were both obtained from 
Cell Signaling Technology Inc. (Beverly, MA, USA). The 
proteins were detected by enhanced chemiluminescence 
(ECL Plus; Amersham Pharmacia Biotech, Piscataway, 
NJ, USA).

Quantitative Real-Time PCR RT-PCR Analysis

Total RNA was extracted using TRIzol reagent (Invi-
trogen, Grand Island, NY, USA). RNA (500 ng) was 
polyadenylated and reverse transcribed to cDNA using 
an N Code miRNA First-Strand cDNA Synthesis Kit 
(Invitrogen). cDNA was used as the template for RT-PCR 
FastStart Universal SYBR Green Master (Roche Applied 
Science, Indianapolis, IN, USA) with the universal reverse 
primer provided in the kit. RT-PCR was performed on 
Applied Biosystems real-time detection system (Applied 
Biosystems, Foster City, CA, USA), and the thermocy-
cling parameters were 95°C for 3 min and 40 cycles of 
95°C for 15 s followed by 60°C for 30 s. Each sample 
was run in triplicate and was normalized to U6 snRNA 
levels [U6 primers 5¢-CTTCGGCAGCACATATACT-3¢  
(forward) and 5¢-AAAATATGGAACGCTTCACG-3¢ (re-
verse)]. Melting curve analysis was performed to confirm 
the specificity of the PCR products. The replicates were 
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then averaged, and fold induction was determined by a 
DDCT-based fold change calculation.

Luciferase Activity Assay

The 3¢-UTR segment of the MDM2 gene, contain-
ing the miR-641 binding site, was amplified through 
PCR and inserted into the pmirGLO Dual-Luciferase 
miRNA Target Expression Vector (Promega, Madison, 
WI, USA) to form the reporter vector MDM2 wild type 
(MDM2-wt). To mutate the putative binding site of miR-
641 in the MDM2, the sequence of putative binding site 
was replaced, which was named MDM2 mutated type 
(MDM2-mt). Thereafter, A549 cells were cotransfected 
with the MDM2 3¢-UTR and miR-641 mimic or miR-NC 
using Lipofectamine 2000 (Invitrogen). The luciferase 
activity was analyzed at 48 h posttransfection using the 
Dual-Luciferase Reporter Assay System (Promega). For 
each transfection, the luciferase activity was averaged 
from three replicates.

Statistical Analysis

All experiments were repeated at least three times. 
Statistical analyses were performed using SPSS version 
17.0 software (SPSS Inc., Chicago, IL, USA). The data 
were presented as the mean ± standard derivation (SD), 
and the data were analyzed using independent two-tailed 
t-test one-way analysis of variance (ANOVA). A value of 
p < 0.05 was considered statistically significant.

RESULTS

miR-641 Expression Is Downregulated in Human 
Lung Cancer Tissues and Cell Lines

RNA was isolated from lung cancer, neighboring  
normal lung tissues, and cancer cell lines. The expres-
sion levels of miR-641 were measured by RT-PCR. As 
shown in Figure 1A, miR-641 expression was statistically 

Figure 1. MicroRNA-641 (miR-641) expression is downregu-
lated in human lung cancer tissues and cell lines. (A) miR-641 
expression is significantly downregulated in human lung can-
cer tissues, compared with neighboring normal lung tissues. 
(B) miR-641 expression is statistically downregulated in human 
lung cancer cell lines. *p < 0.05; **p < 0.01.

Figure 2. Overexpression of miR-641 inhibits the proliferation 
of lung cancer cells. (A) miR-641 was statistically increased 
in the mimic group compared to miR-NC. (B) Overexpression 
of miR-641 mimics inhibits the proliferation of human lung 
cancer A549 cells. Relative MTT absorbance. NC, negative 
control; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-
H-tetrazolium bromide. *p < 0.05; **p < 0.01; ***p < 0.001.
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downregulated in human lung cancer tissues compared 
to normal lung tissues (p < 0.01). In addition, the results 
showed that the expression levels of miR-641 were sig-
nificantly decreased in lung cancer cell lines compared 
to the normal embryonic lung WI-38 cells (p < 0.05 or 
p < 0.01). The results indicated that miR-641 might act as 
a tumor suppressor in lung cancer.

Overexpression of miR-641 Inhibits the Proliferation 
of Lung Cancer Cells

Control miR-NC and miR-641 mimics were trans-
fected into A549 cells, and the expression levels of miR-
641 were measured by RT-PCR (Fig. 2A). The results 
showed that miR-641 was statistically increased in the 
mimic group compared to miR-NC (p < 0.001). The 
results implied that the transfection efficiency was high. 
The cell proliferation was then determined using MTT 

assay (Fig. 2B). The results showed that overexpression 
of miR-641 significantly inhibited the proliferation of 
A549 cells compared to miR-NC (p < 0.05 or p < 0.01).

Overexpression of miR-641 Induces Apoptosis  
in Lung Cancer Cells

After transfection of miR-641 mimic into A549 cells, 
flow cytometric analysis was done to determine the 
percentage of apoptotic cell population (Fig. 3A). The 
apo ptotic cell percentage was increased in the miR-641 
mimics group compared to the miR-NC group (p < 0.001). 
The levels of cleaved PARP and caspase 3 were deter-
mined by Western blot and PCR to measure apoptosis. 
Western blotting results showed increased expression of 
cleaved PARP and caspase 3 in the miR-641 mimics group 
compared to the miR-NC group (Fig. 3B). Similarly, 
overexpression of miR-641 also significantly elevated 

Figure 3. Overexpression of miR-641 induces apoptosis in lung cancer cells. (A) Overexpression of miR-641 induces apoptotic 
cell death of human lung cancer A549 cells. (B) Overexpression of miR-641 induces apoptotic cell death of human lung cancer 
A549 cells. Western blotting analysis. (C) Overexpression of miR-641 induces apoptotic cell death of human lung cancer A549 cells. 
(D) Overexpression of miR-641 induces apoptotic cell death of human lung cancer A549 cells. PARP, poly ADP-ribose polymerase. 
***p < 0.001.
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the mRNA levels of PARP and caspase 3 (both p < 0.001) 
(Fig. 3C and D).

MDM2 Is a Direct Target of miR-641  
in Lung Cancer Cells

Bioinformatics analysis (Fig. 4A) showed that miR-
641 forms base pairs with the 3¢-UTR of MDM2. In fur-
ther experiments, miR-641 mimic or miR-NC and the 
3¢-UTR of MDM2 were cotransfected into A549 cells, 
and luciferase activities were then performed. We found 
that cotransfection with the miR-641 mimic and MDM2- 
wt significantly decreased the relative luciferase activity  
compared to the miR-NC group (p < 0.05) (Fig. 4B). 
These results suggested that miR-641 targets MDM2.

Overexpression of miR-641 Decreases MDM2 
Expression and Increases p53 Expression  
in Lung Cancer Cells

Western blot analysis and PCR were conducted to 
examine the expression levels of MDM2 and p53 in 
the cells. The results showed decreased expression of 
MDM2 and increased expression of p53 in the miR-641 
mimic group compared to miR-NC (Fig. 5A). Similar 
results were observed in Figure 5B and C; the expression 
of MDM2 was significantly decreased by the miR-641 
mimic (p < 0.001), and p53 was statistically increased by 

the overexpression of miR-641(p < 0.001). The results 
implied that miR-641 negatively regulated the expres-
sion of MDM2 and positively regulated the expression 
of p53.

DISCUSSION

Our data demonstrate that miR-641 may function as a 
tumor suppressor by negatively regulating the expression 
of MDM2, which is involved in the degradation of p53 
in human lung cancer. We showed that miR-641 expres-
sion is downregulated in human lung cancer tissues and 
cancer cell lines compared with normal lung tissues and 
cells (Fig. 1), and overexpression of miR-641 inhibits 
proliferation of human lung cancer A549 cells (Fig. 2), 
induces apoptosis (Fig. 3), downregulates the expression 
of MDM2 (Fig. 4), and increases the expression of p53 in 
the lung cancer cells (Fig. 5).

Expression of aberrant miRNAs occurs more frequently 
in human cancer, which play important roles in carcino-
genesis and tumor progression15,16. Kong et al. demonstrated 
that miRNA-140-3p inhibited proliferation, migration, 
and invasion of lung cancer cells by targeting ATP6AP21. 
Hence, it is necessary to evaluate the effects of the aber-
rant expression of miRNAs in cancers. The tumor sup-
pressor role of miR-641 has been suggested in a previous 

Figure 4. MDM2 is a direct target of miR-641 in lung cancer cells. (A) MDM2 is a direct target of miR-641 in human lung cancer 
A549 cells. (B) MDM2 is a direct target of miR-641 in human lung cancer A549 cells. MDM2, murine double minute 2; MUT, mutant 
type; WT, wide type. *p < 0.05.
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study: Yao et al. showed that overexpression of miR-
641 inhibited cell proliferation in cervical cancer cells12. 
According to the study by Richards et al., suppression of 
miR-641 sensitizes tumor cells to cisplatin-induced apo-
ptosis17. However, the role of miR-641 in lung cancer has 
not yet been studied. To our knowledge, this is the first 
study to evaluate the effects of miR-641 in lung cancer.

Our study results demonstrated that overexpression 
of miR-641 decreases MDM2 expression levels and 
increases p53 expression in human lung cancer cells. 
Also, expression of MDM2 varies in different types of 
cancer. MDM2 is classified as an oncogene. Previous 
studies have demonstrated overexpression of MDM2 in 
a variety of human tumors, including sarcoma, leukemia, 
breast carcinoma, melanoma, and glioblastoma18. MDM2 
acts as a negative regulator of p53; high expression levels 
of MDM2 decrease p53 protein levels and function. This 
in turn leads to increased risk of cancer and augmented 
tumor formation and progression. In human tumors, over-
expression of MDM2 and p53 mutations are often mutu-
ally exclusive19. This indicates that inactivation of p53 
by MDM2 contributes to the effect of MDM2 on tumor 
development. A previous study in mice and cultured cells 
showed that MDM2 has p53-independent oncogenic func-
tions, which control proliferation, apoptosis, and tumor 
invasion and metastasis18.

MDM2 is a key player in human cancer and is con-
sidered to be an important cancer therapeutic target. 
Higashiyama et al. reported that MDM2 gene amplifica-
tion and expression are considered as favorable prognos-
tic markers in NSCLC20. Increased expression of MDM2 
in human tumors is mainly caused by gene amplification. 
Increased transcription and/or enhanced translation of 
MDM2 also contribute to MDM2 overexpression in human 
tumors19. MDM2 is highly regulated at both the mRNA 
and protein levels in cells. MDM2 is a transcriptional 
target of p53. p53 binds to p53 consensus DNA-binding 
element in the first intron of the MDM2 gene to transcrip-
tionally induce the expression of MDM2 and forms an 
autoregulatory negative feedback loop with MDM221–23. 
MDM2 expression levels are also transcriptionally regu-
lated by various oncogenic and tumor-suppressive path-
ways. In addition, many stress signals, including DNA 
damage, oncogenic activation, ribosomal biogenesis, and 
chronic stress, and miRNAs regulate MDM2 protein 
levels, activity, and cellular localization24.

In conclusion, the present study showed that miR-641 
is downregulated in lung cancer cells, and overexpres-
sion of miR-641 inhibits cell growth and induces apo-
ptosis in lung cancer cells by decreasing the expression 
of MDM2 and increasing the expression of p53. These 
results suggest miR-641 as a novel therapeutic target for 
lung cancer.
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