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Abstract. – OBJECTIVE: We aimed to detect 
the role and function of microRNA-431 (miR-431) 
in lung cancer, and to investigate the underly-
ing mechanism in regulating the development of 
lung cancer. 

PATIENTS AND METHODS: Quantitative Re-
al-time polymerase chain reaction (qRT-PCR) was 
utilized to measure the relative expression level 
of miR-431 in lung cancer tissues and cell lines. 
Cell counting kit-8 (CCK-8) and colony formation 
assays were employed to measure the prolifera-
tive ability of lung cancer cells. Meanwhile, tran-
swell assay was recruited to detect the invasive 
and migratory abilities of lung cancer cells. Fur-
thermore, dual-luciferase reporter gene assay 
was designed to verify the target gene of miR-
431. Western blot assay was used to gauge the 
protein level of DDX5 (DEAD box polypeptide 5).

RESULTS: MiR-431 expression was signifi-
cantly lower in 122 lung cancer tissue samples 
or cell lines compared to the adjacent normal tis-
sues or lung bronchial epithelial cell line, respec-
tively. Over-expression of miR-431 significantly 
inhibited proliferation, invasion and migration of 
A549 cells. Down-regulation of miR-431 acceler-
ated cell growth and metastasis of H1650 cells. 
DDX5 was proved to be a direct target for miR-
431 in lung cancer.

CONCLUSIONS: MiR-431 expression de-
creased in lung cancer tissues and cells. MiR-431 
suppressed proliferation, invasion and migration 
of lung cancer cells via inhibiting the expression 
of DDX5. Our study might provide a novel target 
for the biological therapy of lung cancer.
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Introduction

According to the latest global tumor data, the 
global morbidity and mortality rate of lung can-
cer still ranked the first place1. Cancer statistics 
of US in 2018 showed that lung cancer accounted 

for the second highest rate of cancer incidence in 
the United States. However, it was slightly lower 
than that in 2017, but its mortality rate was still 
the first in malignant tumors2. These data indi-
cated that improvement of diagnosis and treat-
ment of lung cancer are urgently needed. With 
the gradual realization of genetic engineering, 
many non-coding RNAs including microRNAs 
(miRNAs) have been found to be involved in the 
regulation of several biological behaviors of tu-
mors. MiRNAs are small RNAs with about 19-22 
nucleotides in length that do not have protein-en-
coding function3. They could inhibit the expres-
sions of their target genes via combining with the 
3’-untranslated region (3’-UTR) of them, which in 
turn affect cell proliferation, apoptosis, autopha-
gy, and metastasis4. For examples, miR-1258 was 
up-regulated and inhibited cell proliferation thou-
gh directly repressing E2F8 in colorectal cancer5. 
In gastric cancer, miR-487a directly targeted 
TIA1 to promote tumor progression6. In ovarian 
cancer, epithelial mesenchymal transition (EMT) 
was inhibited by miR-122 via regulating P4HA17. 
In breast cancer, tumor invasion and migration 
were initiated by miR-10b8. Also, miRNAs have 
been found to participate in the tumorigenesis and 
progression of lung cancer. Over-expressed miR-
143/145 promoted neoangiogenesis of lung can-
cer9. MiR-494, which was regulated by ERK1/2, 
down-regulated BMI expression and modulated 
TRAIL-induced cell apoptosis of non-small-cell 
lung cancer (NSCLC)10. MiRNA-431 was identi-
fied as a tumor suppressor in several tumors. For 
example, miR-431 inhibited cell invasion and its 
expression was negatively correlated to lymph 
node metastasis in papillary thyroid carcinoma11. 
In colorectal cancer, miR-431 decreased cell me-
tastasis by repressing CUL4B12. In hepatocellular 
carcinoma, miR-431 reduced the ZEB1-mediated 
EMT, thus inhibiting cell invasion and migration 
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and was correlated with clinicopathological si-
gnificance13,14. However, the expression level of 
miR-431 in lung cancer has not been mentioned 
and its mechanism in lung cancer still remains 
to be understood. Herein, we first examined the 
expression level of miR-431 in 122 paired lung 
cancer tissues and adjacent normal tissues. We 
found that the expression level of miR-431 in 
lung cancer tissues was remarkably lower than 
the matched normal tissues. At the same time, the 
expression levels of miR-431 in four different lung 
cancer-derived cell lines (A549, SPCA1, H1650, 
H1299) significantly decreased comparing to the 
normal lung bronchial epithelial cell line (BE-
AS-2B) as well. The influences of miR-431 on in 
vitro proliferation, invasion and migration of lung 
cancer cells were subsequently explored through 
a series of functional experiments. Furthermore, 
we found that miR-431 exerted its anti-cancer ef-
fect in lung cancer by inhibiting the expression of 
DDX5 (DEAD box polypeptide 5).

Patients and Methods

Clinical Species
All 122 pairs of lung cancer and adjacent nor-

mal tissues were derived from lung cancer pa-
tients who underwent surgery at The First People 
Hospital of Zhangjiagang City from 2010 to 2015. 
None of enrolled patients received preoperative 
radiotherapy or chemotherapy prior to surgery. 
Surgical specimens were stored directly in liquid 
nitrogen before use. Both the patients and their 
families signed an informed consent form and 
the experiment was approved by the First People 
Hospital of Zhangjiagang City Ethics Committee 
(Zhangjiagang, China).

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

All RNAs in lung cancer tissues and cells were 
extracted using TRIzol reagent (Invitrogen, Carl-
sbad, CA, USA). After extraction, the concentra-
tion of RNA was detected and reverse transcrip-
tion was done using Reverse Transcription Kit 
(TaKaRa, Otsu, Shiga, Japan). Thereafter, SYBR 
Green Master Mix II (TaKaRa, Otsu, Shiga, Ja-
pan) was used to measure the relative expression 
of miR-431 using ABI 7600 (ABI, Foster City, 
CA, USA). U6 was used as an internal control. 
Expression level of miR-431 was calculated using 
the 2-ΔΔt method. Primer sequences used in this 

study were as follows: miR-431, 5’- CAGGCC-
GTCATGCAAA-3’; U6: F: 5’-GCTTCGGCA-
GCACATATACTAAAAT-3’, R: 5’-CGCTTCA-
GAATTTGCGTGTCAT-3.

Cell Culture
All cell lines, including four lung cancer cell 

lines (H1650, A549, SPCA1, H1299) and one nor-
mal lung bronchial epithelial cell line (BEAS-2B), 
were purchased from the Shanghai Academy of 
Sciences (Shanghai, China). The cells were main-
tained in Roswell Park Memorial Institute 1640 
(RPMI-1640) medium (Gibco, Rockville, MD, 
USA) containing 10% fetal bovine serum (FBS) 
(Gibco, Rockville, MD, USA) and 1% strep-
tomycin (Gibco, Rockville, MD, USA). Cells 
were cultured in an incubator at 37°C and contai-
ning 5% carbon dioxide in humidity air.

Cell Transfection
The miR-431 mimics, negative control (NC), 

inhibitor, inhibitor negative control (INC) used in 
transfected cells was purchased from Ribobio Co. 
(Guangzhou, China). Cell transfection was car-
ried out using Lipofectamine 3000 (Invitrogen, 
Carlsbad, CA, USA) following the instructions. 
After transfection, transfection efficiency was de-
tected by qRT-PCR. The plasmid over-expressing 
DDX5 (pcDNA-DDX5) and its control were tran-
sfected into the cells in the same manner.

Cell Counting Kit-8 (CCK-8) Assay
Cell Counting Kit-8 (Dojindo, Tokyo, Japan) 

was used to detect cell proliferative ability. Trea-
ted cells were plated into 96-well plates at a den-
sity of 1000 cells per well and cultured in 100 μL 
of medium. Prior to observation at 0, 1, 2 and 3 
days after culture, each well was added with 10 
μL of CCK-8 reagent. The absorbance at 470 nm 
was determined and recorded after 2 hours. Each 
experiment was repeated at least three times.

Colony Formation Assay
For colony formation assay, a total of 1×103 

transfected cells were stained with crystal violet 
staining solution (Beyotime, Shanghai, China) for 
20 minutes, and colonies containing more than 50 
cells were measured. Each experiment was repea-
ted at least three times.

Transwell Assay
The effect of miR-431 on invasive and migra-

tory abilities was detected using Transwell assay. 
The 8-μm chambers (Millipore, Billerica, MA, 
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USA) were bought to carry out the transwell 
assay. For migration assay, a total of 1×105 cells 
suspended in serum-free Roswell Park Memorial 
Institute-1640 (RPMI-1640) medium were plated 
in the top chamber of the insert. RPMI-1640 me-
dium supplemented with 10% fetal bovine serum 
(FBS) was added in the lower chamber. Then, 
cells were incubated for 48 hours. Cells that fai-
led to pass through the membrane in the upper 
layer of the inserts were wiped off using a cotton 
swab. Cells migrating through membrane to the 
other side of the insert were stained with crystal 
violet and counted in 6 random visions per well 
(magnification × 100). For invasion, the inserts 
were coated by matrigel (BD, Franklin Lakes, NJ, 
USA), and the other steps were the same with the 
migration assay.

Dual-Luciferase Reporter Gene Assay
Dual-Luciferase Reporter Assay System Kit 

(Promega, Madison, WI, USA) was bought to 
verify the potential target of miR-431 according 
to the manufactures’ instructions. Two specific 
luciferase reporter vectors inserting with the re-
gion of the DDX5-3ʹ-UTR carrying the mutant or 
wild type miR-431 binding site were constructed, 
respectively. A549 cells were used to complete 
the assay using Lipofectamine 3000 (Invitrogen, 
Carlsbad, CA, USA). The luciferase activity was 
measured and the experiment was repeated for 
three times.

Western-Blot Assay
Radioimmunoprecipitation assay (RIPA) 

(Beyotime, Shanghai, China) was used to me-
asure protein expression levels after cells were 
washed with phosphate-buffered saline (PBS). A 
bicinchoninic acid (BCA) protein assay kit (Beyo-
time, Shanghai, China) was utilized to calculate 
the concentration of collected protein. Protein 
samples were separated with a 10% sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred to polyvinyli-
dene difluoride (PVDF) membranes (Millipore, 
Billerica, MA, USA). The membranes were then 
immersed in the 5% bovine serum albumin (BSA) 
(Sigma-Aldrich, St. Louis, MO, USA) overnight 
at 4°C containing the specific primary antibo-
dy against DDX5 (Abnova, Taiwan) or glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) 
(Abcam, Cambridge, MA, USA) relatively, after 
blocking non-specific protein sites. Next, the 
membranes were cultured with horseradish pe-
roxide (HRP) conjugated secondary antibody 

(Abnova, Taiwan) for 2 hours after washed using 
Tris-buffered saline-tween (TBST) buffer for 10 
min × 3 times. At last, the membranes were de-
tected using enhanced chemiluminescence (ECL) 
Kit (Millipore, Billerica, MA, USA) following the 
instructions.

Statistical Analysis
STATA 13.0 and Statistical Product and Ser-

vice Solutions (SPSS) 20.0 (IBM, Armonk, NY, 
USA) software were employed for statistical 
analysis. The independent samples t-test was used 
to measure statistical analysis. Data were showed 
using GraphPad prism 5.0 software (La Jolla, CA, 
USA) and presented as mean ± SD. p<0.05 was 
considered having significant difference.

Results

MiR-431 was Down-Regulated in Lung 
Cancer Tissue Samples and Cell Lines

To investigate the expression of miR-431 in 
lung cancer, we used qRT-PCR to detect the le-
vel of miR-431 in 122 cases of lung cancer tissues 
and their adjacent normal tissues. We found that 
the expression of miR-431 in lung cancer tissues 
was significantly lower than that in adjacent nor-
mal tissues (p<0.001) (Figure 1A). At the same 
time, we also found the expression of miR-431 in 
four-lung cancer cell lines (A549, SPCA1, H1650, 
H1299) decreased compared with the normal lung 
bronchial epithelial cell line BEAS-2B (Figure 
1B). These results indicated that miR-431 might 
play a role as a tumor-suppressor gene in lung 
cancer. To further investigate the specific fun-
ction of miR-431 in lung cancer, overexpression 
and knockdown of miR-431 were performed in 
A549 cells and H1650 cells, respectively. MiR-
431 level in A549 cells was significantly elevated 
after transfection of miR-431 mimics, while miR-
431 expression in H1650 cells was significantly 
reduced by transfection of miR-431 inhibitor (Fi-
gure 1C, 1D).

MiR-431 Inhibited Cell Proliferation 
of Lung Cancer

To examine the function of miR-431 on the 
proliferation of lung cancer cells, CCK-8 assay 
and colony formation assay were conducted. 
Up-regulation of miR-431 markedly inhibited 
proliferation of A549 cells, while knockdown 
of miR-431 significantly promoted proliferation 
of H1650 cells comparing with their respecti-
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ve control groups (Figure 2A, 2B). Similarly, 
the number of colonies formed by A549 cells 
transfected with miR-431 mimics was signifi-
cantly reduced, while H1650 cells showed more 
colonies after transfection of miR-431 inhibitor 
compared with the respective control groups 
(Figure 2C, 2D, 2E). These results indicated 
that miR-431 reduced cell proliferative ability 
of lung cancer.

Abnormal Expression of miR-431 
Influenced Cell Invasion and Migration 
of Lung Cancer

Further, we explored the effect of miR-431 
on invasive and migratory abilities of lung 
cancer cells. Transwell invasion assay showed 
that after over-expressing miR-431, the num-
ber of A549 cells passing through the transwell 

chamber was significantly less than the control 
group, while knockdown of miR-431 in H1650 
cells showed a completely opposite trend (Figu-
re 3A). On the other hand, the migratory abili-
ty of A549 cells was also remarkably inhibited 
by transfection of miR-431 mimics, whereas it 
was significantly enhanced in H1650 cells tran-
sfected with miR-431 inhibitor (Figure 3B). 
The above results indicated that miR-431 could 
inhibit the invasion and migration of lung can-
cer cells.

DDX5 Functioned as a Direct Target of 
miR-431 in Lung Cancer

We have discovered that miR-431 could af-
fect the proliferation and metastasis of lung 
cancer cells. Next, we further explored the me-
chanism of its anti-cancer effect. Since miR-

Figure 1. MiR-431 expression decreased in lung cancer tissues and cell lines. A, Analysis of the expression level of miR-431 
in 122 lung cancer samples and adjacent normal tissues. B, Analysis of miR-431 expression level in lung cancer cell lines 
(A549, SPCA1, H1299, H1650) and human normal lung bronchial epithelial cell line BEAS-2B. C, Expression of miR-431 in 
A549 cells transfected with miR-431 mimics. D, Expression of miR-431 in H1650 cells transfected with miR-431 inhibitor. 
*p<0.05, **p<0.01, ***p<0.001.
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NAs could function by binding to the 3’-UTR 
of their target genes, we found DDX5 as a tar-
get gene of miR-431 through searching several 
databases (PiTar, miRase, TargetScan) (Figure 
4A). To confirm our hypothesis, we constructed 
two luciferase vectors to execute the dual-luci-
ferase reporter gene assay and found that the 
activity of the mutant DDX5 3’-UTR group had 
no change, while the wild type group was mar-
kedly lower than the control group (Figure 4B). 
It indicated that miR-431 could directly bind to 
DDX5 to play its biological function. Next, we 
examined the protein level of DDX5 in establi-
shed cells, and found that the protein expres-
sion of DDX5 in A549 cells over-expressing 
miR-431 significantly decreased when com-

paring to the NC group. DDX5 level in H1650 
cells knocking down miR-431 was higher than 
that of the INC group (Figure 4C, 4D). These 
data suggested DDX5 was a direct downstream 
target for miR-431 in lung cancer.

MiR-431 Functioned as a Tumor 
Suppressor in Lung Cancer Via 
Down-Regulating DDX5

To further validate the conformability of DDX5 
as a miR-431 target gene, we constructed a DDX5 
over-expression plasmid (pcDNA-DDX5) to im-
plement the rescue test. Figure 5A showed that 
DDX5 expression significantly increased in A549 
cells co-transfected with miR-431 mimics and 
pcDNA-DDX5 compared to the miR-431 mimics 

Figure 2. MiR-431 affected the proliferation of lung cancer cells. A, B, CCK-8 assay was performed to determine the proli-
feration of A549 (A) or H1650 (B) cells transfected with miR-431 mimics or inhibitors compared to each negative control. C, 
D, E, Colony formation assay was performed to determine the growth of A549 (C, D) or H1650 (C, E) cells transfected with 
mimics or inhibitor, respectively. *p<0.05, ** p<0.01, ***p<0.001.
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ars, with the development of epigenetics, the 
role of miRNA in diseases has attracted more 
and more attention15, 16. Researches17,18 have re-
vealed that miRNAs are abnormally expres-
sed in many types of tumors, and they play 
important roles in the tumorigenesis and pro-
gression of malignant tumors. Current studies 
found that the abnormal expression of miR-
431 was closely involved in the incidence and 
process of malignant tumors. However, few 
studies have been conducted to analyzing the 
relationship between miR-431 expression and 
the development of lung cancer. In this study, 
miR-431 expression in 122 cases of lung can-
cer tissues and adjacent normal tissues, four 
human lung cancer-derived cell lines (H1650, 
A549, SPCA1, H1299) and human normal lung 
bronchial epithelial cell line BEAS-2B was de-
tected by qRT-PCR. The expression level of 
miR-431 significantly decreased in lung cancer 

group. Thereafter, by the CCK8 assay, we found 
that the cell proliferative ability inhibited by miR-
431 was significantly restored by over-expression 
of DDX5 (Figure 5B). Transwelll assay also de-
monstrated that overexpression of DDX5 signi-
ficantly impaired the ability of miR-431 ove-
rexpression to inhibit cell metastasis (Figure 5C). 
These results indicated that miR-431 exerted its 
anti-cancer effect by inhibiting the expression of 
DDX5.

Discussion

Lung cancer is a kind of high-grade mali-
gnant tumor. The occurrence and progression 
of lung cancer are complex processes invol-
ving multiple genetic changes and multiple 
steps2. The specific molecular mechanism of 
its development is still unclear. In recent ye-

Figure 3. MiR-431 affected the invasion and migration of lung cancer cells. A, Transwell invasion assay was used to 
detect the invasive ability of miR-431 in A549 cells and H1650 cells. B, Transwell migration assay was used to detect the 
migration ability of miR-431 in A549 cells and H1650 cells. Data were presented as the mean ± SD of three independent 
experiments. *p<0.05, **p<0.01.
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tissues and lung cancer cell lines. Meanwhi-
le, functions and mechanisms of miR-431 on 
the proliferation and metastasis of lung cancer 
cells have not been reported. In order to study 
the inf luence of miR-431 on the proliferation 
of lung cancer cells, miR-431 mimics or inhi-
bitor was successfully transfected into A549 
or H1650 cells, respectively. Functional expe-
riments showed that up-regulation of miR-431 
significantly inhibited the proliferation and 
metastasis of A549 cells, while down-regula-
tion of miR-431 accelerated cell growth, inva-
sion, and migration of H1650 cells, indicating 
that miR-431 belonged to the “tumor-suppres-
sor gene” of lung cancer. One miRNA could 
be involved in the regulation of multiple tar-
get genes, and each target gene could in turn 
be regulated by multiple miRNAs. The roles 
of miRNAs in tumors depend primarily on the 
biological effects of their downstream target 
genes19, 20. To investigate the possible mecha-
nism by which miR-431 inhibited proliferation 
and metastasis of lung cancer cells, several tar-
get gene prediction databases were searched. 

Combined with functional analysis of genes, 
DDX5 was predicted to be the possible target 
gene of miR-431. DDX5 (DEAD-box helicase 
5), also named p68, participates in the process 
transcription to translation, RNA decay, and 
miRNA processing. Several studies21-23 have 
identified DDX5 as a tumor-promoting factor. 
For example, DDX5 regulated mTOR signa-
ling pathway to promote in vitro and in vivo 
cell growth of gastric cancer24. In esophageal 
cancer, down-regulation of DDX5 inhibited the 
growth and tumorigenesis25. In lung cancer, 
DDX5 promoted cell proliferation and deve-
lopment though activating β-catenin signaling 
axis26. We showed that miR-431 could speci-
fically bind to the 3’-UTR region of DDX5 by 
dual-luciferase reporter gene assay. Western 
blot analysis showed that over-expression of 
miR-431 could down-regulate the expression 
of DDX5, indicating that miR-431 negatively 
regulated its target gene DDX5. We demon-
strated that miR-431 was down-regulated in 
lung cancer tissues and cells, and DDX5 was 
a direct regulatory target of miR-431. Further-

Figure 4. DDX5 was the direct target of miR-431. A, The predicted binding sites of miR-431 in the 3’-UTR of DDX5. B, 
Dual-luciferase reporter gene assay was used to determine the binding site. C, D, Levels of DDX5 and GAPDH in A549 cells 
overexpressing miR-431 (C) and H1650 cells knocking down miR-431 (D)were measured by Western-blot. The relative protein 
level of DDX5 was compared to GAPHD. Data were presented as the mean ± SD of three independent experiments. *p<0.05, 
**p<0.01, ns: non-sense.
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more, miR-431 inhibited the proliferation and 
metastasis of lung cancer cells by negatively 
regulating the expression of DDX5. Our results 
provided a new research target for treatment of 
lung cancer and might become a potential tar-
get for future lung cancer gene therapy.

Conclusions

We found that miR-431 inhibited lung cancer 
by decreasing the expression of DDX5. Our study 
might provide a novel target for the treatment of 
lung cancer.

Figure 5. DDX5 rescued the effects of miR-431 mimics in A549 cells. A, Western-blot analyses of DDX5. GAPDH was used 
as an internal control. B, Analysis of the cell proliferation ability by CCK-8 assay in control, mimics, or mimics+DDX5 tre-
ated A549 cells; C, Cell invasion ability was measured by Transwell assay; Data were represented as the mean ± SD of three 
replicates. *p<0.05, **p<0.01, ***p<0.001.
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