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Background: Non-small cell lung cancer (NSCLC) is a heterogeneous tumor that accounts 
for approximately 85% of all lung cancer cases worldwide. microRNAs (miRNAs) are 
believed to play an important role in regulating a variety of biological processes, including 
immunity and cancer. We investigated the effect of miR-519d-3p on the mitigation of 
NSCLC in vitro and in vivo.
Methods: RT-PCR or immunohistochemical assays were used to assess the expression of 
miR-519d-3p. Colony formation, flow cytometry, and transwell assay were respectively used 
to detect proliferation, apoptosis, and invasion of A549 and NCI-H661 cell lines. Luciferase 
reporter assay was used to verify targeting the relationship between mir-519d-3p and 
VEGFA. Western blot was used to examine the expression of Ki67, caspase-3, E-cadherin, 
N-cadherin, VEGF, P38, and PI3K/AKT. Animal models were established by BABL/c mice 
to research the effect of mir-519d-3p overexpression in vivo.
Results: In vitro, miR-519d-3p overexpression inhibited A549 and NCI-H661 cells prolif
eration, invasion, and also promoted apoptosis. In addition, miR-519d-3p overexpression 
downregulated VEGFA expression and decreased the P38 and PI3K/AKT phosphorylation 
level. In vivo, miR-519d-3p overexpression significantly restrained tumor volume (2087 
±265 mm3 vs 599±135 mm3, *P< 0.05) and tumor weight (0.45±0.08 g vs 0.13±0.06 g, 
*P<0.05) compared with the control group. Overexpression of miR-519d-3p downregulated 
levels of Ki67 and N-cadherin significantly.
Conclusion: The data indicated that miR-519d-3p could be a novel therapy or adjuvant 
against NSCLC.
Keywords: miR-519d-3p, invasion, non-small cell lung cancer, A549 cells, apoptosis

Introduction
Currently, the prominent reason of cancer-related death in the world is lung cancer. 
The total number of lung cancer deaths accounted for about 23% of total cancer 
deaths in 2015 in China.1 Approximately 80% of lung cancers are classified as non- 
small cell lung cancer (NSCLC) and are clinically and pathologically different from 
small cell lung cancer (SCLC).2 NSCLC is a heterogeneous tumor that accounts for 
about 85% of all lung cancer cases worldwide.3 The reasons for these phenomena 
are usually due to the later appearance of lung cancer and the lack of treatment 
options.4 Where feasible, surgical resection is still the most consistent and 

Correspondence: Jiahui Du  
Email zhanggz45@sina.com

OncoTargets and Therapy                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com OncoTargets and Therapy 2020:13 10257–10266                                                         10257

http://doi.org/10.2147/OTT.S252795 

DovePress © 2020 Zhang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:zhanggz45@sina.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


successful treatment. Nevertheless, nearly 70% of lung 
cancer patients have local advanced or metastatic disease 
at the time of diagnosis.4 Therefore, it is urgent to find new 
drugs and therapeutic strategies. In recent years, targeted 
therapy has emerged as an important mean of the disease 
management for NSCLC.5

MicroRNAs (miRNAs) are endogenous non-coding 
RNAs with about 22 nucleotides. They regulate gene 
expression by binding to the 3′untranslated region (3′ 
UTR) of mRNAs, thus inhibiting the translation or induc
tion of mRNA disruption.6 miRNAs have been deemed to 
be critical in the regulation of a variety of biology, includ
ing immunity and cancer.7,8 In recent years, researchon 
miRNA regulating NSCLC development has been fruitful. 
Shantanu et al8 reported that miR-34a and miR-16 can 
coordinately control the cell cycle checkpoint in NSCLC 
cells to intervene in cell fate mechanisms of NSCLC cells. 
Articles reports that miR-519 was involved in the regula
tion of lung cancer processes.9, 10 Cheng et al 11 reported 
that knockdown of LINC01419 inhibited cell proliferation 
and metastasis in lung adenocarcinoma via upregulating 
miR-519b-3p.

Tumor growth requires angiogenesis to remodel blood 
vessels and further to provide a pathway for metastatic 
tumor cells.12 Vascular endothelial growth factor (VEGF), 
highly expressed in cancers, plays an important role in 
angiogenesis. VEGF was considered as an attractive ther
apeutic target for anti-angiogenic therapy. VEGF is 
a member of the platelet-derived growth factor family, 
including VEGFA, VEGFB, VEGFC, VEGFD, and 
VEGFE.13 Upregulation of the VEGFA was deemed to 
be a poor prognostic factor for tumor-free survival of 
osteosarcoma.14 Hence, VEGFA can be regarded as 
a potential target of cancer therapy. Meade et al15 reported 
that VEGFA strengthened coexpression of the inhibitory 
receptor TIM-3 on T cells and the combined use of anti- 
PD-L1 and anti-VEGF therapy may be an effective treat
ment strategy for SCLC patients. Reports suggested that 
VEGF functioned through the PI3K/Akt and p38 MAPK 
signaling pathways in some cancer development pro
cesses. For example, VEGFA/VEGF 2 axis accelerates 
the migration of dental pulp stem cell through the p38 
MAPK and FAK/PI3K/Akt signaling pathways.16

Despite miR-519 being involved in lung cancer regula
tion, it is not clear whether miR-519 plays an inhibitory 
role through VEGFA and PI3K/AKT and P38 pathways. In 
this study, A549 and NCI-H661 cells were used as experi
mental cell lines to investigate the anti-tumor effect of 

miR-519d-3p on lung cancer in vitro. Of course, experi
ments in vivo were conducted on transplanted tumor mod
els which were set up by BABL/c female nude mice.

Materials and Methods
Cell Culture
The lung cell lines A549 and NCI-H661 cells were pur
chased from American Type Culture Collection (ATCC, 
Manassas, VA). A549 cells were cultured in F12 Kaighn’s 
Medium (Invitrogen, Carlsbad, CA) with 10% FBS, 100 
U/mL penicillin, and 100 U/mL streptomycin under stan
dard culture conditions and activated for 2–3 passages. 
NCI-H661 was cultured in RPMI 1640 (Invitrogen) with 
the same conditions. The cultures were incubated at 37°C 
in 5% CO2 under 95% humidified air.

Cell Transfection
miR-519d-3p mimics, miR-519d-3p inhibitor, pcDNA 
VEGFA, and shVEGFA were designed and synthesized 
by Molbase biological (Henan, China). Upon PCR ampli
fication, pcDNA VEGFA was inserted into the pcDNA3.1 
plasmid. A549 and NCI-H661 cells were respectively 
inoculated into 6-well plates. As 70–80% fusion, the 
cells were transfected with mimics, inhibitor, pcDNA 
VEGFA, and shVEGFA (Molbase, Henan, China), respec
tively. After 6 hours of transfection, the fresh medium was 
replaced. Forty-eight hours after transfection, the cells 
were harvested. RT-PCR and Western blot were used to 
confirm the transfection efficiency.

Groups: the control group, mimic-NC group, miR- 
519d-3p mimic group, miR-519d-3p inhibitor group, 
pcDNA group, shVEGFA group, pcDNA-VEGFA group, 
miR-519d-3p mimic + pcDNA-VEGFA (mimic + 
VEGFA) group.

Colony Formation Assay
NCI-H661 and 5×103 A549 cells were seeded into 6-well 
plates overnight to detect colony formation. After being in 
culture for 10 days, visible cells were washed with phos
phate-buffered saline (PBS), fixed with methanol, and 
stained with Giemsa. Finally, the colonies about 50 cells 
were counted.

Transwell Assay
After being diluted with serum-free medium, matrigel was 
applied to the bottom of the superior cavity and dried at 
room temperature for later use. After incubation in serum- 
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free medium for 24 hours, the cell suspension was added 
to the upper chamber (200 mL each chamber). The lower 
chambers were filled with 600 μL medium containing 10% 
FBS. After incubation at 37°C for 24 hours, the incubator 
was taken out and washed twice with PBS. The residual 
cells were removed by a cotton bud. The cells were fixed 
with 95% ethanol and stained with crystal violet. The 
average number of invasive cells was recorded by micro
scope (Leica, Germany).

Flow Cytometry
Upon 48 hours transfection, cells were harvested to detect 
cell apoptosis. The cells were washed three times with pre- 
cooled PBS, and then resuspended with a binding buffer of 
1×106/mL to 5×106/mL. Next, 100 µL suspension was trans
ferred into a 5-mL test tube, to which 5 µL of Annexin V/ 
fluorescein isothiocyanate (FITC) and 5 µL of propidium 
iodide (PI) were added, and the tube was incubated in the 
dark for 15 minutes. Then, 400 µL of 1× Annexin V binding 
buffer was added into the tube. Cell apoptosis was analyzed 
using a FACScan flow cytometer (BD Biosciences, USA).

RT-PCR
The total RNAs were extracted using the TRIzolTM kit 
(Invitrogen; Waltham, MA, USA). Upon quantification, 
the cDNA synthesis Kit (Invitrogen) was used to synthe
size cDNA with 0.5 μg RNA from each group. MiR-519d- 
3p and VEGFA levels were measured by SYBR PCR 
MasterMix kit (Invitrogen). The GAPDH was treated as 
an internal reference to standardize expression of the 
tested gene following the 2−ΔΔCt method.17

Luciferase Reporter Assay
TargetScan software showed that VEGFA and miR- 
519d-3p have a good targeting relationship. The wild- 
type (wt) fragments from VEGFA (VEGFA-wt) with the 
potential binding sites and mutant type (mut) fragments 
from VEGFA (VEGFA-mut) and miR-519d-3p were 
inserted into the pMIR-report plasmid vector (Promega, 
USA) to generate the VEGFA luciferase reporter con
struct. Next, the miR-519d-3p mimic and vectors were 
co-transfected into A549 cells using Lipofectamine 2000 
reagent (Invitrogen, Carlsbad, CA, USA).18 Upon trans
fection for 24 hours, the cells were detected using 
a luciferase detection kit (Promega). The ratio of Rluc/ 
Luc was recorded.

Tumor Formation Assay
Four week old BABL/C female nude mice were used to 
establish the animal model. None of the mice had 
a specific pathogen. A549 cells transfected with mir- 
519d-3p lentivirus or empty vector were injected into the 
right dorsal side of BABL/C nude mice. The volume of 
tumor was detected every 5 days. The animals were killed 
at 30 days after injection, the transplanted tumor was 
dissected and weighed, and RT-PCR and immunohisto
chemistry were performed. All the animal experiments 
were approved by the Institutional Animal Care and Use 
Committee of the Henan Chest Hospital and were con
ducted strictly in accordance with the guidelines of 
International Guiding Principles for Animal Research.

Immunohistochemistry (IHC)
The IHC analysis was operated as previously reported.19 

Tumor tissue was fixed with 4% formalin and embedded 
with paraffin. The tissue embedded with paraffin was cut 
into 3 μm thick sections. Then, the sections were deparaffi
nized in xylene and rehydrated in an alcohol gradient routi
nely. Tissue antigen was retrieved by heating in sodium 
citrate (pH 6.0) for 10 minutes and sections were sealed 
with 5% normal goat serum for 1 hour and co-incubation 
with primary antibodies Ki67 (ab15580, 1:500), N-cadherin 
(ab76011, 1:1000) overnight at 4°C. After been washed three 
times in PBS, the sections were incubated with secondary 
antibody (ZSGB-BIO, Beijing, China) for 30 minutes at 
room temperature. Then, sections were stained using 
a SignalStain DAB Substrate Kit (Invitrogen; Waltham, 
MA, USA) and analyzed by Olympus BX-UCB light-field 
microscope (Shinjuku, Tokyo, Japan).

Western Blot Analysis
Western blot analysis was operated following the previous 
report.20 Briefly, tissues (0.1 g) were homogenized in 1 mL 
protein extraction buffer. Then, centrifugation and collected 
supernatant detected the protein with a BCA assay kit. The 
total protein samples (20 µg) were put into 10% sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS 
PAGE) loading buffer and afterwards were transferred to 
polyvinylidene difluoride (PVDF) membranes. The mem
branes were sealed up in 5% skimmed milk for 120 minutes 
at 37°C. Then, the following primary antibodies were incu
bated overnight at 4°C: caspase-3 (ab13847, 1:500), Ki-67 
(ab15580, 1:500), N-cadherin (ab18203, 1:300), E-cadherin 
(ab1416, 1:50), VEGFA (ab52917, 1:1000), P38MAPK 
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(ab31828, 1:1000), PI3K (ab140307, 1:2000), and AKT 
(ab8805, 1:500). The protein levels were analyzed by 
ImageJ software.

Statistical Analysis
Analyses were performed using SPSS 21.0 (SPSS, Inc, 
Chicago, IL, USA). One-way ANOVA was performed to 
assess multiple sets of data, as indicated. Data were pre
sented as the mean±SD. The difference was statistically 
significant when P<0.05.

Results
Overexpression of miR-519d-3p Inhibits 
the Growth of A549 and NCI-H661
From Figure 1A, miR-519d-3p successfully overexpressed 
in A549 and NCI-H661 cells. The introduction of miR- 
519d-3p mimics significantly increased the expression of 
mir-519d-3p (Figure 1A). It indicated that stable lung 
cancer cell lines transfected with miR-519d-3p was set up.

Compared with the control group, colony the formation 
rate of miR-519d-3p mimic group was inhibited signifi
cantly in A549 and NCI-H661 cells (Figure 1B and C). As 
shown in Figure 1D and E, overexpression of miR-519d-3p 
markedly accelerated cell apoptosis. From Figure 1F, miR- 
519d-3p overexpression markedly decreased Ki67 level in 
A549 and NCI-H661, with the increasing of cleaved cas3/ 
cas3. These findings indicate that miR-519d-3p overexpres
sion has negative effects on colony formation, proliferation, 
and apoptosis of A549 and NCI-H661.

Overexpression of miR-519d-3p Inhibits 
the Invasion of A549 and NCI-H661
From Figure 2A and B, overexpression of miR-519d-3p 
markedly lessened the invasive cells number. In addition, 
overexpression of miR-519d-3p markedly upregulated 
E-cadherin level in A549 and NCI-H661 accompanied 
with significant decreasing of N-cadherin level (Figure 
2C). These findings indicate that miR-519d-3p overexpres
sion inhibited invasion of A549 and NCI-H661.

miR-519d-3p Suppresses the 
Proliferation, Invasion, and Promotes 
Apoptosis of A549 by Targeting VEGFA
Since miR-519d-3p expression is negatively 
correlated with the malignant biological behavior of lung 
cancer cells, we used loss-of-function experiments to 

confirm whether it influences proliferation, migration, 
and apoptosis of A549 cells by targeting VEGFA. 
Western blot assays and RT-PCR were used to evaluate 
VEDFA expression in A549 cells. The results showed that 
VEDFA expression was decreased or increased after A549 
cells were transfected with miR-519d-3p mimic or inhibi
tor, respectively (Figure 3A and B). Results of RT-PCR 
assay revealed that VEGFA was successfully knocked 
down in A549 cells (Figure 3C). Knockdown of VEGFA 
results in marked upregulation of miR-519d-3p, whereas 
its overexpression led to the miR-519d-3p downregulation 
(Figure 3D). TargetScan search software further predicts 
that miR-519d-3p can bind to the 3′-UTR region of 
VEGFA directly (Figure 3E). In order to obtain direct 
evidence of the interaction between VEGFA and miR- 
519d-3p, we subcloned the VEGFA-wt, VEGFA-mut, 
and miR-519d-3p binding site into dual-luciferase repor
ters. From Figure 3F, the relative luciferase activity of 
VEGFA-wt in A549 cells was evidently decreased after 
co-transfection of miR-519d-3p mimic, while it did not 
change mutant vector activation, which indicated that 
miR-519d-3p is a direct target of VEGFA. As expected, 
compared with the miR-519d-3p mimic group, the excel
lent colony-forming ability of VEGFA was inhibited in the 
miR-519d-3p mimic and pcDNA-VEGFA co-transfection 
groups (Figure 3G). Consistently, compared with the miR- 
519d-3p mimic group, the group co-transfected with 
VEGFA and miR-519d-3p mimic also inhibited cell inva
sion ability and promoted apoptosis (Figure 3H and I). 
These findings indicate that miR-519d-3p inhibits the pro
liferation and invasion, and promotes apoptosis of A549 
by targeting VEGFA.

miR-519d-3p Inhibits P38 and PI3K/AKT 
Pathway
In this part, the activation of the P38 and PI3K/AKT 
pathway were detected by Western blot assay. From 
Figure 4A, compared with the control group, the phos
phorylation of P38MAPK, PI3K, and AKT were signifi
cantly inhibited in the miR-519d-3p mimic group. In 
addition, the ratios of p-P38MAPK/P38MAPK, p-PI3K/ 
PI3K, and p-AKT/AKT in the miR-519d-3p mimic and 
pcDNA-VEGFA co-transfection groups were significantly 
reduced compared with the miR-519d-3p mimic group 
(Figure 4B–D). These findings suggest that miR-519d-3p 
inhibits the P38 and PI3K/AKT pathway by targeting 
VEGFA.
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Figure 1 Overexpression of miR-519d-3p inhibits the growth of lung cancer cells A549 and NCI-H661. (A) Establishment of lung cancer cell lines with miR-519d-3p 
overexpression. (B) Typical image of colony formation assay. (C) Percentage of colony formation rate. (D) Typical image of flow cytometry. (E) Percentage of colony 
formation rate cell apoptosis rate. (F) MiR-519d-3p overexpression inhibited the proliferation of lung cancer cells A549 and NCI-H661 (*P<0.05 vs control).
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miR-519d-3p Affects Tumor Formation 
in vivo
In our study, the tumor model was established by female 
nude mice. Obviously, compared with the control group, 
transplanted tumors in the miR-519d-3p group were smal
ler in volume and lighter in weight (Figure 5A–C). 
Immunohistochemical results showed that the percentage 
of Ki67 and N-cadherin positive cells in the miR-519d-3p 
group were significantly higher than the control group 
(Figure 5D–F). These findings indicate that miR-519d-3p 
overexpression inhibits tumor formation in vivo.

Discussion
Lung cancer is still the most commonly diagnosed cancer 
and the main cause of cancer death in the world. Among 
all lung cancers, NSCLC accounts for 80–85%, and most 
patients have locally advanced or metastatic disease at first 
diagnosis.4 The progressof lung cancer is rapid, and multi
ple metastases occur in advanced stages. Tumor metastasis 

requires multiple molecular mechanisms that trigger can
cer cells, including angiogenesis, vascular remodeling, and 
immune escape. MirRNA has been extensively used in the 
diagnosis and treatment of lung cancer.21–23 The results of 
this study revealed that overexpressed miR-519d-3p inhib
ited tumor growth and progression by modulating angio
genesis via targeting VEGF. It is well known that 
angiogenesis is an important process of tumor cell prolif
eration and viability. Blocking VEGF/VEGFR signaling 
can destroy vascular supply and make tumor lack of nutri
tion and oxygen.24 In addition, research has shown that the 
VEGFA/VEGF receptor 2 axis exerted function via the 
FAK/PI3K/Akt and p38 MAPK signaling pathways. In 
this study, miR-519d-3p overexpression suppressed 
VEGFA expression and further inhibited the P38 and 
PI3K/AKT pathway to fade the malignant biological beha
vior of lung cancer. Stated thus, miR-519d-3p can be 
a novel treatment for lung cancer.

The regulation of mir-519d-3p is considered to be 
a potential strategy for the treatment of a variety of 

Figure 2 Overexpression of miR-519d-3p inhibits the invasion of lung cancer cells A549 and NCI-H661. (A) Typical image of transwell assay. (B) Invasive cells per field. (C) 
MiR-519d-3p overexpression increased the expression of E-cadherin and decreased the expression of N-cadherin in lung cancer cells A549 and NCI-H661. Data are 
expressed as mean±SD of three independent experiments (*P<0.05 vs control).
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cancers. Ma and Li25 reported that miR-519d-3p expres
sion was significantly reduced in glioma cell lines and 
tissues, while overexpression of miR-519d-3p inhibited 
cell proliferation and induced cell cycle G0/G1 arrest. 
Liang et al26 reported that miR-591d-3p expressed lowly 
in pancreatic cancer cell lines and tissues, and overexpres
sion of miR-519d-3p significantly inhibited the prolifera
tion of pancreatic cancer cells and Wnt/β-catenin signaling 
via targeting RPS15A. Ye and Lv17 reported that miR- 
519d-3p inhibited the proliferation and migration of color
ectal cancer cells through targeting TROAP. In the present 
study, miR-519d-3p was expressed lowly in A549 and 
NCI-H661. Compared with the control group, miR-519d- 
3p overexpression suppressed Ki67 expression and colony 
formation rate in the miR-519d-3p mimic transfected 
group of A549 and NCI-H661 significantly.

Overexpression of miR-519d-3p in A549 and NCI- 
H661 elevated cleaved cas3/cas3 and expedited cell apop
tosis significantly. Simultaneously, overexpression of 
miR-519d-3p enhanced E-cadherin expression signifi
cantly accompanied with significant decreasing of 
N-cadherin expression in A549 and NCI-H661 cells. 
Overall, our findings suggested that miR-519d-3p over
expression suppressed cell proliferation, invasion, and 
expedited apoptosis of A549 and NCI-H661 cells.

VEGF is a highly specific pro-vascular endothelial 
growth factor that promotes increased vascular permeabil
ity, extracellular matrix degeneration, vascular endothelial 
cell migration, proliferation, and angiogenesis. VEGFA 
and VEGFR2 are critical molecules for angiogenesis.27

Using mirRNAs to regulate VEGF to inhibit angiogen
esis and further to block cancer development has become 

Figure 3 MiR-519d-3p inhibits the proliferation and invasion, and promotes apoptosis of lung cancer cell A549 by targeting VEGFA. (A) Relative protein level of VEGFA in 
A549 cell transfected with miR-519d-3p mimic and inhibitor. (B) Relative mRNA level of VEGFA in A549 cell transfected with miR-519d-3p mimic and inhibitor. (C) Relative 
mRNA level of VEGFA in A549 cell transfected with pcDNA-VEGFA and shVEGFA. (D) Relative mRNA level of miR-519d-3p in A549 cell transfected with pcDNA-VEGFA 
and shVEGFA. (E) TargetScan search software predicts that miR-519d-3p can directly bind to the 3′-UTR region of VEGFA gene. (F) Luciferase activity (R/F ratio). (G) 
Colony formation assay. (H) Flow cytometry. (I) Transwell assay (*P<0.05 vs control; #P<0.05 vs miR-519d-3p mimic).
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Figure 4 MiR-519d-3p inhibits P38 and PI3K/AKT pathway. (A) Typical image of Western blot assay. (B) The ratio of p-P38MAPK and P38MAPK. (C) The ratio of p-PI3K 
and PI3K. (D) The ratio of p-AKT and AKT. Data are expressed as mean±SD of three independent experiments (*P<0.05 vs control; #P<0.05 vs miR-519d-3p mimic).

Figure 5 miR-519d-3p affects tumor formation in vivo. (A) Tumor tissue. (B) Tumor volume. (C) Tumor weight. (D) Immunohistochemistry typical images of Ki67 and 
N-cadherin in tumor tissue. (E) Percentage of Ki67 positive cells. (F) Percentage of N-cadherin positive cells. Data are expressed as mean±SD of three independent 
experiments (*P<0.05 vs control).
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a new research direction. Rosano et al28 revealed that miR- 
29a-3p can identify patients with colorectal cancer who are 
responding to anti-angiogenic therapy. Zhang et al29 

reported that miR-34a played an anti-tumor role by inhi
biting the expression of VEGF in colorectal cancer. 
Double luciferase reporter assay revealed that miR-519d- 
3p could inhibit the fluorescence intensity of VEGF 3ʹ- 
UTR-wt vector significantly, but not VEGF 3ʹ-UTR-mut 
vector.

Compared with the pcDNA-VEGF transfected group, 
the invasive cells number and colony forming rate were 
reduced significantly in the co-transfected group, however, 
the apoptosis rate was significantly enhanced. These find
ings suggest that miR-519d-3p inhibits the proliferation, 
invasion, and promotes apoptosis of lung cancer cells by 
targeting VEGF.

The PI3K/AKT pathway plays an important role in 
cancer stem cells (CSCs), including maintaining the abil
ity of colony formation and proliferation.30 In addition, 
targeting the PI3K/AKT pathway could extremely 
decrease bulk tumor burden and retard metabolism of 
CSCs.31,32 Wang et al33 found that curcumin suppressed 
cell invasion and migration of NSCLC by elevating miR- 
206 expression which further inhibited PI3K/AKT/ 
mTOR pathway activation. p38MARK is also involved 
in the regulation of NSCLC. Boueroy et al34 found that 
aurisin A could inhibit migration of cancer cells and 
decrease the expression of epidermal growth factor 
receptor (EGFR) and phosphorylated p38 (pp38). Xu et 
al35 reported that TGFβRII knockdown can inhibit cell 
proliferation, invasion, and induce apoptosis by inhibit
ing PI3K/Akt and p38 MAPK pathway, and inhibit 
MMPs and VEGF expression in A549 cells. In the pre
sent study, the ratios of p-P38MAPK/P38MAPK, 
p-PI3K/PI3K, and p-AKT/AKT in the co-transfection 
group were reduced significantly compared with the 
pcDNA-VEGF transfection group. These data indicated 
that miR-519d-3p inhibits the P38 and PI3K/AKT path
way by targeting VEGF.

Conclusion
Overexpression of miR-519d-3p inhibits P38 and PI3K/ 
AKT pathway to attenuate the progress of lung cancer via 
targeting VEGFA. In vivo, compared with the control 
group, the miR-519d-3p group had smaller tumor volume 
and lighter weight. The results were consistent with the 
results of experiments in vitro. Therefore, miR-519d-3p 
might be a promising therapy of lung cancer.
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