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MicroRNA-641 inhibits lung cancer cells  
proliferation, metastasis but promotes  
apoptosis in cells by targeting PDCD4
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Abstract: Dysregulation of microRNAs (miRNAs) are found in various human cancers, but the roles of miR-641 in 
lung cancer are still unclear. Our purpose is to explore miR-641 effects on the cellular behavior of A549 cells and the 
related molecular mechanisms. RT-qPCR assay was conducted to examine the expression of miR-641 in lung cancer 
and normal lung cell lines. A549 cells were transfected with miR-641 mimic and inhibitor, programmed cell death 
4 (PDCD4) targeted siRNA and corresponding controls. Then, cell viability, migration, invasion and apoptosis were 
analyzed by Cell Counting Kit-8 (CCK-8), Transwell and flow cytometry assays. The expression of apoptosis-related 
factors and epithelial mesenchymal transition (EMT)-related factors were detected by western blot and RT-qPCR. A 
target gene of miR-641 was validated by dual-luciferase assay. Besides, the main factors expressions of JAK/STAT 
and PI3K/AKT signal pathways were measured by western blot. Results showed that miR-641 was low expressed in 
A549, H1650 and H1299 cells compared to WI-38 and HEL-1 cells. MiR-641 overexpression inhibited cell viability, 
migration, invasion but promoted apoptosis and apoptosis-related factors levels. Moreover, miR-641 overexpres-
sion inhibited TGF-β1-induced EMT in A549 cells. Additionally, PDCD4 was a direct target of miR-641 and PDCD4 
silencing notably induced apoptosis, and relieved miR-641 suppressing promoted cell viability, migration and inva-
sion. Finally, PDCD4 silencing blocked miR-641 suppression-induced activations of JAK/STAT and PI3K/AKT signal 
pathways. In conclusion, miR-641 inhibited cell proliferation and metastasis but promoted apoptosis in lung cancer 
cells by targeting PDCD4 and blocking JAK/STAT and PI3K/AKT signal pathways.
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Introduction

Lung cancer is a malignant tumor which char-
acterized by uncontrolled cell growth in tissues 
of the lung [1]. According to their unique clinic-
pathological features, lung cancer is divided 
into two types: small cell lung carcinoma (SCLC) 
and non-small cell lung carcinoma (NSCLC) [2, 
3]. Among them, NSCLC is the most common 
subtype accounting for 85-90% of all cases [4]. 
If not treated promptly, lung cancer tumor cells 
will spread to other tissues through the cancer 
metastasis and which will serious threat to 
human health. Although the current study has 
confirmed that adjuvant chemotherapy can 
improve the survival rate of lung cancer, how-
ever, only 5-15% of treatment patients finally 
benefit [5, 6]. Therefore, it is urgent needed to 

develop a new therapeutic method and strate-
gy for treatment of lung cancer.

Recently, many studies concentrated on explo-
ration of cancer molecular mechanisms by 
investigating miRNAs functions in various 
human cancers [7]. Increasing evidences sug-
gested that the expression of miRNAs were 
great difference between in normal tissues and 
tumor tissues [8]. In addition, miRNAs could 
regulate diverse cellular functions including 
proliferation, differentiation, metastasis and 
apoptosis [9, 10]. In lung cancer, abnormal 
expression of miRNAs including miR-34a, miR-7 
and miR-25 have been reported to involve in 
regulation of cell proliferation, migration and 
apoptosis [11-13]. To our best knowledge, the 
functions of miR-641 have only been found in 
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ovarian cancer and hepatocellular cancer (HCC) 
[14, 15]. Whether miR-641 involved in the regu-
lation of lung cancer has not been proved. 

Programmed cell death 4 (PDCD4) is a novel 
tumor suppressor gene which inhibits tumor 
progression, invasion and apoptosis [16]. Pre- 
vious study showed that miR-183 could inhibit 
apoptosis by repressing the PDCD4 expression 
in HCC [17]. Ying et al. demonstrated that miR-
208a-3p promoted cell growth but suppressed 
apoptosis by targeting PDCD4 in gastric cancer 
[18]. However, there is no report about a possi-
ble correlation between PDCD4 and miR-641 in 
lung cancer.

In our study, we addressed these points by 
investigating the effect of miR-641 on lung can-
cer. The expression of miR-641 was examined 
in lung cancer and normal lung cell lines. Cell 
viability, migration, invasion, apoptosis as well 
as the expression levels of apoptosis-related 
factors and epithelial mesenchymal transition 
(EMT)-related factors were analyzed in A549 
cells after transfection with miR-641 mimic, 
inhibitor and their corresponding controls. 
Moreover, a target of miR-641 was predicated 
and their interaction was confirmed by lucifer-
ase reporter assay. Furthermore, the important 
factors of Janus kinase (JAK)/signal transducer 
and activator of transcription (STAT) and phos-
phatidylinositol 3 kinase (PI3K)/protein kinase 
B (AKT) signal pathways were detected to 
explore the potential mechanisms. This study 
will provide new molecular therapeutic targets 
for human lung cancer. 

Materials and methods

Cell culture and treatment

Human lung cancer cell lines A549, H1650 and 
H1299 were obtained from American Type 
Culture Collection (ATCC, Manassas, VA, USA). 
The WI-38 and HEL-1 human diploid cell lines 
from normal embryonic (3 month gestation) 
lung tissues were also purchased from ATCC. 
These cells were grown in Roswell Park Memo- 
rial Institute (RPMI)-1640 (Gibco, Grand Island, 
NY) medium supplemented with 1 × antibiotic-
antimycotic mixture (Invitrogen, Carlsbad, CA, 
USA) and 10% fetal bovine serum (FBS, Hyclone 
Laboratories, Logan, UT) and maintained at 
37°C in an atmosphere of 5% CO2 and 95% air. 
And 10 ng/ml of transforming growth factor-

beta 1 (TGF-β1, Pepro Tech, Rocky Hill, NJ, USA) 
was used to induce EMT.

Cell transfection

MiR-641 mimic, miR-641 inhibitor, their corre-
sponding controls (mimic control and inhibitor 
control) and PDCD4 target siRNA were synthe-
sized by GenePharma Co. (Shanghai, China). 
A549 cell line was used for cellular plasmid 
transfection. In brief, A549 cells were cultured 
in 6-well plate at a density of 2 × 105 cells per 
well. Subsequently, cell transfections were  
conducted using Lipofectamine 3000 reagent 
(Invitrogen) following the manufacturer’s pro- 
tocol. 

Cell viability assay

Cells were seeded in 96-well plate with 5000 
cells/well, and cell viability was assessed by a 
Cell Counting Kit-8 (CCK-8, Dojindo Molecular 
Technologies, Gaithersburg, MD). Briefly, A549 
cells were transfected with miR-641 mimic, 
miR-641 inhibitor and their corresponding con-
trols. After 48 h transfection, the 10 μl CCK-8 
solution was added to the culture medium, and 
the cultures were incubated for 1 h at 37°C in 
humidified 5% CO2 and 95% air. The absor-
bance was measured at 450 nm using a 
Microplate Reader (Bio-Rad, Hercules, CA).

Migration and invasion assay

For migration assay, cell migration was deter-
mined by using a modified two-chamber migra-
tion assay with an 8-mm size of pore (Greiner 
662638). Briefly, cells suspension with 200 μl 
of serum-free medium were seeded on the 
upper compartment of 24-well Transwell cul-
ture chamber and 600 μl of complete medium 
was added to the lower compartment. After 24 
h of incubation at 37°C, the migrated cells were 
fixed with 70% methanol (NIST, USA) for 30 min. 
Non-traversed cells were removed from the 
upper surface of the filter carefully with a cot-
ton swab. Traversed cells on the lower side of 
the filter were stained with 0.1% crystal violet 
(Merck, Darmstadt, Germany) for 15-20 min 
and counted under microscope (Leica Micro- 
systems, Wetzlar, Germany). The invasion assay 
of A549 cells were determined using 24-well 
Millicell Hanging Cell Culture inserts with 8 mm 
PET membranes (Millipore, Bedford, Massa- 
chusetts, USA). Invasion capacity detection 
was performed the same as migration assay.
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Apoptosis assay

Analysis of cell apoptosis was performed using 
propidium iodide (PI) and fluorescein isothio- 
cynate (FITC)-conjugated Annexin V staining 
(Beijing Biosea Biotechnology, Beijing, China). 
Briefly, suspended cells were washed twice in 
phosphate buffered saline (PBS), and then 
added 100 μl Binging Buffer and 10 μl FITC-
Annexin V (20 μg/ml) and incubated for 30 min 
at room temperature in the dark. After this, 5 μl 
PI (50 μg/ml) was added to the above solution 
and incubated for other 5 min. Subsequently, 
flow cytometry analysis was done by using a 
FACS can (Beckman Coulter, Fullerton, CA, 
USA). The data were analyzed by using FlowJo 
software version 9 (Tree Star, Inc., Ashland, OR, 
USA).

Dual luciferase activity assay

The 3’untranslated region (3’UTR) target site 
was generated by PCR and the luciferase 
reporter constructs with the PDCD4 3’UTR car-
rying a putative miR-641-binding site into pMiR-
report vector were amplified by PCR. Cells were 
co-transfected with the reporter construct,  
control vector and miR-641 mimic or corre-
sponding controls using Lipofectamine 3000 
(Invitrogen). Reporter assays were done using 
the dual-luciferase assay system (Promega, 
Fitchburg, WI, USA) following to the manufac-
turer’s information.

Real-time quantitative PCR (RT-qPCR) 

Total RNA was extracted from cells by using 
Trizol reagent (Life Technologies Corporation, 
Carlsbad, CA, USA) according to the manufac-
turer’s instructions. First-strand complementa-
ry DNAs (cDNAs) were synthesized using 1 μg 
RNAs by PrimeScript 1st Strand cDNA Synthesis 
Kit (TaKaRa, Dalian, China). The One Step 
SYBR® PrimeScript® PLUS RT-RNA PCR Kit 
(TaKaRa) was used for the Real-Time PCR anal-
ysis to test the expression levels of miR-641 in 
cells. U6 was used as the endogenous control. 
Data were analyzed with the 2-ΔΔCt method.

Western blot

The protein used for western blot was extracted 
using radio immunoprecipitation assay (RIPA) 
lysis buffer (Beyotime Biotechnology, Shanghai, 
China) supplemented with protease inhibitors 
(Roche, Basle, Switzerland). The proteins were 
quantified using the BCA™ Protein Assay Kit 
(Pierce, Appleton, WI, USA). The western blot 
system was established using a Bio-Rad  
Bis-Tris Gel system according to the manufac-
turer’s instructions. Primary antibodies of B-cell 
lymphoma 2 (Bcl-2; ab32124), Bcl-2-associated 
X (Bax, ab32503), pro-caspase-3 (ab32150), 
cleaved caspase-3 (ab13585), pro-caspase-9 
(ab32068), E-cadherin (ab1416), N-cadherin 
(ab18203), Vimentin (ab92547), Snail (ab53- 
519), PDCD4 (ab51495), JAK (ab47435), phos-
phorylated (p)-JAK (ab138005), STAT1 (ab31- 
369), p-STAT1 (ab30645), STAT2 (ab93445), 
p-STAT2 (ab53132), GAPDH (ab8245, Abcam, 
Cambridge, UK) and cleaved caspase-9 (#95- 
01), Zinc finger E-box-binding homeobox 1 
(ZEB1; #3396), AKT (#9272), p-AKT (#4060), 
PI3K (#4292) and p-PI3K (#13857, Cell signal-
ing Technology) were prepared in 5% blocking 
buffer at a dilution of 1:1,000. Primary antibod-
ies were incubated with the membrane at 4°C 
overnight, followed by wash and incubation 
with secondary antibody (1:5000, Abcam, USA) 
marked by horseradish peroxidase for 1 h at 
room temperature. After rinsing, the Polyviny- 
lidene Difluoride (PVDF) membrane carried 
blots and antibodies were transferred into the 
Bio-Rad ChemiDoc™ XRS system, and then 
200 μl Immobilon Western Chemiluminescent 
HRP Substrate (Millipore, MA, USA) was added 
to cover the membrane surface. The signals 
were captured and the intensity of the bands 
was quantified using Image Lab™ Software 
(Bio-Rad, Shanghai, China).

Figure 1. MiR-641 was low expressed in lung can-
cer cells. The expressions of miR-641 in human lung 
cancer cell lines (A549, H1650 and H1299) and 
normal embryonic lung tissue cell lines (WI-38 and 
HEL-1) were detected by RT-qPCR. MiR-641: microR-
NA-641; RT-qPCR: real-time quantitative PCR; *, P < 
0.05, **, P < 0.01 when compared with WI-38 cell 
line; #, P < 0.05, ##, P < 0.01 when compared with 
HEL-1 cell line.
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Statistical analysis

All experiments were repeated three times. The 
results of multiple experiments are presented 
as the mean ± standard deviation (SD). Stati- 
stical analyses were performed using SPSS 

ing controls were transfected into A549 cells. 
After transfection for 48 h, cells were collected 
for texting miR-641 expression level by RT- 
qPCR. Results showed that miR-641 mimic sig-
nificantly promoted miR-641 expression in 
A549 cells, but miR-641 inhibitor suppressed 

Figure 2. MiR-641 inhibited A549 cells viability, migration, invasion but promoted apoptosis. A549 cells were trans-
fected with miR-641 mimic, miR-641 inhibitor and their corresponding controls. A. Relative miR-641 expression. B. 
Cell viability. C. Migration. D. Invasion. E. Apoptosis and apoptosis-related genes expressions were respectively as-
sessed by RT-qPCR, CCK-8, Transwell, flow cytometry and western blot. MiR-641: microRNA-641; RT-qPCR: real-time 
quantitative PCR; CCK-8: Cell Counting Kit-8; *, P < 0.05, **, P < 0.01, ***, P < 0.001.

Figure 3. MiR-641 inhibited EMT process in A549 cells. A549 cells were 
transfected with miR-641 mimic, miR-641 inhibitor and their correspond-
ing controls. After inducing by 10 ng/ml of TGF-β1, A. The mRNAs and B. 
The protein levels of E-cadherin, N-cadherin, Vimentin, ZEB1 and Snail were 
detected by RT-qPCR and western blot. MiR-641: microRNA-641; EMT: epi-
thelial mesenchymal transition; TGF-β1: transforming growth factor-beta 1; 
ZEB1: Zinc finger E-box-binding homeobox 1; RT-qPCR: real-time quantitative 
PCR; *, P < 0.05. 

19.0 for Windows statistical 
software (SPSS Inc., Chicago, 
IL). The P-values were calcu-
lated using a one-way analysis 
of variance (ANOVA). Statisti- 
cal significance was declared 
at P < 0.05.

Results

MiR-641 was low expressed 
in lung cancer cells

In order to reveal the role of 
miR-641 in human lung can-
cer cells, we conducted RT- 
qPCR to evaluate the expres-
sion levels of miR-641 in the 
lung cancer cell lines (A549, 
H1650 and H1299) and nor-
mal embryonic lung tissue cell 
lines (WI-38 and HEL-1). As 
displayed in Figure 1, miR-
641 expression levels in three 
lung cancer cell lines were 
remarkably lower than in their 
two normal groups (P < 0.05 
or P < 0.01). Thus, the result 
illustrated that the expression 
of miR-641 might be involved 
in pathogenesis of lung can-
cer. Additionally, lung cancer 
cell line A549 was selected for 
further investigations.

MiR-641 inhibited A549 cells 
viability, migration, invasion 
but promoted apoptosis

To explore the function of miR-
641 in lung cancer cells gro- 
wth and metastasis, the spe-
cific miR-641 mimic, miR-641 
inhibitor and their correspond-
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miR-641 expression (P < 0.01 or P < 0.001, 
Figure 2A). 

The effects of miR-641 on cell proliferation, 
migration and invasion were detected by CCK-8 
and Transwell assays in vitro. Results showed 
in Figure 2B-D, miR-641 overexpression obvi-
ously inhibited cell viability, migration and inva-
sion compared with its control, while miR-641 
suppression resulted in an opposite effect (P < 
0.05). In addition, flow cytometry and western 
blot assay were used to detect cell apoptosis 
and their relative gene expressions. As showed 

in Figure 2E, cell apoptosis remarkably incre- 
ased by miR-641 overexpression, but decre- 
ased by miR-641 suppression (P < 0.05 or P < 
0.001). Western blot showed that miR-641 
overexpression up-regulated Bax, cleaved cas-
pase-3 and cleaved caspase-9 expressions, 
but down-regulated Bcl-2 expression. The pro-
tein levels of pro-caspase-3 and pro-caspase-9 
were not significantly regulated by miR-641. 
Above all, these results suggested that miR-
641 might be act as a tumor suppressor gene 
in lung cancer A549 cells which inhibited cell 
growth and metastasis.

MiR-641 inhibited EMT in lung cancer A549 
cells

Our results from Transwell assay have proved 
that miR-641 signally inhibited cell migration 
and invasion. However, whether miR-641 also 
disrupted the EMT process is unclear. RT-qPCR 
and western blot results showed in Figure 3A 
and 3B, miR-641 overexpression increased the 
expression of the epithelial marker E-cadherin, 
but reduced those of mesenchymal markers of 
N-cadherin and Vimentin and transcription 
markers of ZEB1 and Snail (P < 0.05). Reverse 
results were obtained by miR-641 suppression. 
These results suggested that miR-641 would 
disrupt A549 cells metastasis via EMT process 
in lung cancer.

PDCD4 was a direct target of miR-641

PDCD4 is one of the targets of some oncogene 
miRNAs which have been reported previously 
[19]. Whereas, if PDCD4 as a putative target of 
miR-641 still remains unclear. RT-qPCR and 
western blot assay were used to examine the 
PDCD4 expression level in miR-641 mimic, 
miR-641 inhibitor and their corresponding con-
trol transfected cells. Results demonstrated 
that the mRNA and protein expression levels of 
PDCD4 were significantly down-regulated in 
miR-641 overexpressing-cells, but were up-reg-
ulated in miR-641 suppressing-cells (P < 0.05 
or P < 0.01 Figure 4A), which suggested that 
PDCD4 was negatively regulated by miR-641. 

Next, we verified PDCD4 as a target of miR-641 
by performing dual luciferase report assay. 
A549 cells were co-transfected with miR-641 
mimic and PDCD4 wild-type (PDCD4-wt) or 
PDCD4 mutant-type (PDCD4-mt) 3’UTR plas-
mids. The results in Figure 4B showed that co-

Figure 4. PDCD4 was a direct target of miR-641. 
A549 cells were transfected with miR-641 mimic, 
miR-641 inhibitor and their corresponding controls. 
A. The mRNA and protein levels of PDCD4 were de-
termined by RT-qPCR and western blot. B. A target 
gene of miR-641 was analyzed by dual-luciferase 
assay. PDCD4: programmed cell death 4; miR-641: 
microRNA-641; RT-qPCR: real-time quantitative PCR; 
*, P < 0.05, **, P < 0.01.
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transfected with miR-641 and PDCD4-wt nota-
bly reduced the luciferase active compared 
with their control groups (P < 0.01). But the 
luciferase activity revealed no significant differ-
ence in co-transfected with miR-641 and 
PDCD-mt cells. Above all, these results con-
firmed that PDCD4 might be a direct target of 
miR-641 and was negatively regulated by 
miR-641.

MiR-641 inhibited A549 cells viability, migra-
tion, invasion but promoted apoptosis by 
down-regulation of PDCD4

To define whether PDCD4 was participated in 
miR-641-mediated biological behavior, PDCD4 
target siRNA was transfected into A549 cells 
and used to inhibit PDCD4 expression. Western 
blot result showed in Figure 5A, co-transfected 
with miR-641 inhibitor and PDCD4 silence  
significantly suppressed PDCD4 expression. 
Cellular function results showed that co-trans-
fected with miR-641 inhibitor and PDCD4 
silence markedly depressed cell viability, migra-
tion and invasion compared with miR-641 
inhibitor group (P < 0.05 or P < 0.01, Figure 
5B-D). Nevertheless, cell apoptosis was strik-
ingly enhanced by miR-641 inhibitor together 
with PDCD4 silence (P < 0.001, Figure 5E). 

In addition, the expressions of apoptosis-relat-
ed factors were further confirmed the effect of 
miR-641 and PDCD4 on apoptosis. The results 
demonstrated that co-transfected with miR-
641 inhibitor and PDCD4 silence up-regulated 
pro-apoptosis gene of Bax expression, while 
down-regulated anti-apoptosis gene of Bcl-2 
expression. The protein level of cleaved cas-
pase-3 and cleaved caspase-9 were obviously 

Figure 5. MiR-641 inhibited cell viability, migration, invasion but promoted apoptosis by down-regulation of PDCD4. 
A549 cells were co-transfected with miR-641 inhibitor and PDCD4 silence, then A. The protein level of PDCD4 was 
examined by western blot; and B. Cell viability. C. Migration. D. Invasion. E. Apoptosis and F. Apoptosis-related genes 
expressions were analyzed by CCK-8, Transwell, flow cytometry and western blot. MiR-641: microRNA-641; PDCD4: 
programmed cell death 4; CCK-8: Cell Counting Kit-8; *, P < 0.05, **, P < 0.01, ***, P < 0.001.

Figure 6. MiR-641 blocked JAK/STAT and PI3K/AKT 
signal pathways by down-regulation of PDCD4. A549 
cells were transfected with miR-641 mimic, miR-641 
inhibitor, co-transfected with miR-641 inhibitor and 
PDCD4 silence and their corresponding controls. A. 
The protein levels of JAK/STAT signal pathway fac-
tors and B. The protein levels of PI3K/AKT pathway 
factors were detected by western blot. MiR-641: mi-
croRNA-641; PDCD4: programmed cell death 4; JAK: 
Janus kinase; STAT: signal transducer and activator 
of transcription; PI3K: phosphatidylinositol 3 kinase; 
AKT: protein kinase B.
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up-regulated by miR-641 suppression together 
with PDCD4 silence. No obvious change in pro-
caspase-3 and pro-caspase-9 were found 
(Figure 5F). In sum, the data uncovered that 
miR-641 could inhibit cell viability, migration, 
invasion but promoted apoptosis by down-regu-
lation of PDCD4.

MiR-641 blocked JAK/STAT and PI3K/AKT sig-
nal pathways by regulation of PDCD4

Our finding showed that miR-641 dramatically 
suppressed cell proliferation, migration, inva-
sion as well as promoted apoptosis in A549 
cells. JAK/STAT and PI3K/AKT signal pathways 
have been found to be involved in regulating 
cellular processes including proliferation, meta- 
stasis and apoptosis [20]. However, the signal 
mechanisms responsible for the effect of miR-
641 on lung cancer A549 cells remain to be 
elucidated. In JAK/STAT signal pathway, the 
result showed that expression of p-JAK, p-STAT1 
and p-STAT2 were down-regulated by miR-641 
overexpression, and up-regulated by miR-641 
suppression. MiR-641 suppression together 
with PDCD4 silence abolished the promoting 
effect of miR-641 suppression on these three 
factors. JAK, STAT1 and STAT2 have no signifi-
cant changes in different groups (Figure 6A). 
Similar results were found in PI3K/AKT signal 
pathway, miR-641 overexpression down-regu-
lated p-PI3K, p-AKT and AKT, but miR-641 sup-
pression up-regulated these three factors. 
Moreover, miR-641 suppression plus PDCD4 
silence could weaken miR-641 suppression-
induced up-regulations of these three factors. 
No obvious changes in PI3K expression were 
found in miR-641 and PDCD4 modified cells 
(Figure 6B). In a word, miR-641 blocked JAK/
STAT and PI3K/AKT signal pathways by regula-
tion of PDCD4.

Discussion

In this study, we explored the function and 
mechanism of miR-641 in lung cancer A549 
cell. We found that miR-641 was low expressed 
in lung cancer cell lines and overexpression of 
miR-641 inhibited cell viability, migration and 
invasion but promoted apoptosis. In addition, 
PDCD4 as a direct target of miR-641 was con-
formed and PDCD4 was negatively regulated by 
miR-641. Besides, PDCD4 could alleviate the 
suppressive effects of miR-641 on cells prolif-
eration, metastasis and apoptosis. Further in 

vitro investigations displayed that miR-641 
could block JAK/STAT and PI3K/AKT signal 
pathways in lung cancer A549 cells.

Mounting evidence indicated the importance of 
miRNAs in the progression of different kind of 
human tumors [21]. Accordingly, multiple miR-
NAs have been implicated in key biomarkers 
and involved in various biological processes in 
lung cancer [22, 23]. A recent study confirmed 
that miR-494-3p improved cell growth and 
metastasis in lung cancer A549 cells [24]. In 
addition, the novel miR-9501 inhibited cell pro-
liferation, migration and activated apoptosis in 
lung cancer [25]. So far, no beneficial studies 
were focused on the functions of miR-641 in 
lung cancer. In our study, we first confirmed 
that miR-641 was low expressed in lung cancer 
cell lines and inhibited cell viability, migration, 
invasion, EMT as well as promoted apoptosis in 
lung cancer. Similar with these results, Li et al. 
reported that miR-641 promoted cell prolifera-
tion, migration, invasion, EMT and cell growth in 
ovarian cancer [26].

As an important tumor suppressor, PDCD4 
influenced transcription and translation of mul-
tiple genes and modulates different signal 
transduction pathways [27]. Until now, PDCD4 
has been verified as a direct target of miR-499-
5p, miR-106a and miR-155 respectively in 
colorectal cancer, ovarian cancer and oral  
cancer cells [28-30]. In terms of lung cancer, 
Ning et al. demonstrated that PDCD4 was a tar-
get of miR-182 and responsible for the miR-
182-induced resistance in lung cancer [31]. 
However, whether miR-641 was another poten-
tial PDCD4-targeting miRNA have not been 
defined. In the present study, we demonstrated 
that PDCD4 was a direct target of miR-641 and 
was negatively regulated by miR-641. Moreover, 
we found that PDCD4 silencing notably induced 
apoptosis, and relieved miR-641 suppressing 
promoted cell viability, migration and invasion. 
Therefore, our data provided comprehensive 
evidence that PDCD4 was a direct target of 
miR-641 and participated in regulating cell 
growth and metastasis in lung cancer. 

PI3K/AKT and JAK/STAT signal pathways were 
pivotal signal transduction pathways which 
were stimulated by cytokines [32]. Accumulating 
evidences indicated that PI3K/AKT and JAK/
STAT signal pathways were linked to the forma-
tion, metastasis and apoptosis of tumors [33]. 
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As Li et al. displayed that miR-294 promoted 
cellular proliferation and motility through the 
PI3K/AKT and JAK/STAT pathways by up-regu-
lation of NRAS in bladder cancer [20]. Xia  
et al. reported that miR-107 inhibited tumor 
growth and metastasis by targeting the BDNF-
mediated PI3K/AKT pathway in lung cancer 
[34]. Our data showed that miR-641 blocked 
JAK/STAT and PI3K/AKT signal pathways by 
regulation of PDCD4, and further regulated cell 
growth and metastasis.

In conclusion, all our results demonstrated that 
miR-641 as a tumor suppressive gene inhibited 
cell proliferation, metastasis but promoted 
apoptosis by targeting PDCD4 and inactivating 
JAK/STAT and PI3K/AKT signal pathways in 
A549 cells. This study provides a novel ther- 
apeutic strategy focusing on miR-641 and 
PDCD4 for lung cancer treatment. But the in-
depth molecular mechanisms underlying lung 
cancer require further research.
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