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Background: Lung cancer is the most frequently diagnosed cancer. Of all lung cancers, 
80–85% are verified as non-small-cell lung cancer (NSCLC). Just proximal to X-inactive 
specific transcript (JPX), functions as lncRNA, contributed to tumor progression and sug-
gested a poor prognosis in NSCLC. However, the pathogenesis of JPX involved in NSCLC is 
still unclear.
Methods: The expressions of JPX, miR-5195-3p, and Vascular endothelial growth 
factor A (VEGFA) were detected by real-time quantitative polymerase chain reaction 
(RT-qPCR). Proliferation, colony number, apoptosis, invasion, and migration were 
analyzed by Cell Counting Kit-8 (CCK-8), colony formation, flow cytometry, transwell, 
and wound healing assays, severally. The protein levels of VEGFA, E-cadherin, 
N-cadherin, and Vimentin were detected by Western blot assay. The interaction between 
JPX, miR-5195-3p and VEGFA was predicted by starBase, and then verified by the 
dual-luciferase reporter, RNA Immunoprecipitation (RIP) and RNA pull-down assay. 
The biological role of JPX on NSCLC tumor growth was assessed by the xenograft 
tumor model in vivo.
Results: JPX and VEGFA were upregulated, and miR-5195-3p was downregulated in 
NSCLC. JPX induced proliferation, colony number, invasion, migration, epithelial–mesench-
ymal transition (EMT), and inhibited apoptosis of NSCLC cells. JPX is directly bound to 
miR-5195-3p. JPX regulated NSCLC cell proliferation, apoptosis and EMT by modulating 
miR-5195-3p. miR-5195-3p hindered NSCLC cells proliferation, EMT and accelerated 
apoptosis by directly targeting VEGFA. JPX silencing hindered the cell growth of NSCLC 
in vivo.
Conclusion: JPX facilitated proliferation, colony number, invasion, migration, EMT, and 
repressed apoptosis by miR-5195-3p/VEGFA axis, offering a possible therapeutic strategy 
for NSCLC.
Keywords: lncRNA JPX, miR-5195-3p, VEGFA, lung cancer, proliferation, apoptosis, EMT

Introduction
Lung cancer, an incurable malignancy, is the leading cause of cancer death in adults 
worldwide. According to statistics in 2018, about 2.1 million new lung cancer cases 
and 1.8 million deaths occurred in the world.1 Noteworthy, 80–85% of all lung cancers 
were identified as non-small-cell lung cancer (NSCLC).2 Despite the substantial 
progress in detection and therapeutic approaches, the 5-year survival rate of lung 
cancer patients was less than 15%.3 Undoubtedly, the exploration of the molecular 
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miR-5195-3p/VEGFA in Non-Small Cell Lung 
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mechanism underlying NSCLC progression for identifying 
potential novel therapeutic targets is highly desirable.

Long non-coding RNA (lncRNA) is identified as 
a vital subgroup of non-coding RNA, which is longer 
than 200 nucleotides in length with no or a limited pro-
tein-coding capacity.4 Accumulating evidence indicated 
lncRNA is closely related to a serial of biological and 
cellular processes, such as gene expression, protein activ-
ity, tumorigenesis, and metastasis.5,6 Previous reporters 
have shown that lncRNAs could exert the function as 
oncogenes or tumor suppressions in a variety of human 
cancers,7 including NSCLC. For example, Dong et al con-
firmed that knockdown of lncRNA Gm15290 inhibited 
NSCLC cell development by binding to miR-615-5p.8 

Miao et al reported that lncRNA HAND2-AS1 could act 
as an inhibitory effect by suppressing cell migration and 
invasion in NSCLC progression.9 Just proximal to 
X-inactive specific transcript (JPX), functions as 
lncRNA, has been proposed to activate (X-inactive speci-
fic transcript) XIST expression and is a crucial molecular 
switch in the inactivation of X-chromosome.10,11 

Furthermore, a prior reporter has suggested that the over-
expression of JPX contributed to tumor progression in 
NSCLC.12 However, the pathogenesis of JPX involved 
in NSCLC has not yet been fully elucidated.

MicroRNAs (miRNAs), short non-coding RNAs that con-
sist of about 22 nucleotides, are implicated in the regulation of 
gene expression through mRNA degradation and gene transla-
tion repression.13 Accumulating reporters disclosed that 
miRNAs are extensively involved in multiple processes of 
diverse tumors, including NSCLC.14–16 Some studies dis-
played that miR-5195-3p are closely concerned with the 
tumor development in ovarian cancer and bladder 
cancer.17,18 Moreover, recent research confirmed that miR- 
5195-3p could hinder proliferation, migration, and invasion 
of NSCLC cells, implying that miR-5195-3p acted as an 
inhibiting effect in NSCLC development.19 Nevertheless, the 
potential mechanism of miR-5195-3p in NSCLC requires 
further investigation.

Vascular endothelial growth factor A (VEGFA), an 
endothelial cell-specific mitogen, plays a crucial role in 
angiogenesis.20,21 Some studies showed that VEGFA was 
associated with tumor progression in colorectal cancer and 
breast cancer.22,23 Additionally, VEGFA was reported to 
act as a carcinogenic factor by regulating cell growth and 
invasion in NSCLC,24 indicating the fatal role of VEGFA 
in NSCLC pathogenesis.

In this paper, we verified the relationship between JPX, 
miR-5195-3p, and VEGFA and investigated whether the 
involvement of JPX in NSCLC function was mediated by 
miR-5195-3p/VEGFA axis.

Materials and Methods
Clinical Specimens and Cell Culture
Sample of the NSCLC tissues (n=45) and corresponding 
normal lung tissues (n=45) were obtained from NSCLC 
patients who underwent surgical resection at the People’s 
Hospital of Shouguang. And the clinicopathological fea-
tures of these patients are presented in Table 1. This work 
got approved by the ethics committee of the People’s 
Hospital of Shouguang and written informed consent was 
signed by every participant.

Normal human lung cell line (BEAS-2B) was provided 
by Cell Bank of Chinese Academy of Sciences Committee 
on Type Culture Collection (Shanghai, China). NSCLC 
cell lines (NCI-H1299, A549, and NCI-H460) were 
acquired from the American Type Culture Collection 
(ATCC, Manassas, VA, USA). All NSCLC cells were 
incubated at 37°C with5% CO2 in a humidified air atmo-
sphere and maintained in Dulbecco’s modified Eagle’s 
medium (DMEM) (Invitrogen) supplemented with 10% 
FBS (Gibco). BEAS-2B was cultured in Roswell Park 

Table 1 Correlation Between lncRNA JPX Expression and 
Clinicopathological Parameters of NSCLC Patients (n = 45)

Clinical Features hsa_circ_0043265

n High Low *P -value

Age 0.2860

≥60 25 14 11
<60 20 8 12

Gender 0.8615
Man 26 13 13

Woman 19 9 10

Tumor size 0.0350
≥3cm 30 18 12

<3cm 15 4 11

TNM state 0.0041
III+IV 25 17 8
I+II 20 5 15

Lymph node metastasis 0.0251
Negative 22 7 15

Positive 23 15 8

Note: Bold font presented as *p<0.05.
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Memorial Institute 1640 medium (RPMI 1640) 
(Invitrogen, Carlsbad, CA, USA) plus 10% fetal bovine 
serum (FBS) (Gibco, Carlsbad, CA, USA) at 37°C under 
5% CO2 condition.

Cell Transfection
JPX siRNAs (si-JPX) and negative control si-RNA control 
(si-NC) were collected from RiboBio (Guangzhou, China). 
miR-5195-3p mimic (miR-5195-3p), miR-5195-3p inhibi-
tor (anti-miR-5195-3p) and their corresponding negative 
controls (NC, anti-NC) were synthesized and purified by 
Genechem (Suzhou China). JPX or VEGFA overexpres-
sion vector was generated by inserting a full-length of JPX 
or VEGFA cDNA sequence into pcDNA3.1 empty vector 
(pcDNA, Invitrogen, Carlsbad, CA, USA), named as JPX- 
pcDNA3.1 (pcDNA-JPX), VEGFA-pcDNA3.1 (VEGFA). 
All oligonucleotides and plasmids were transfected into 
NCI-H1299 and A549 in line with the manufacturer’s 
protocol of Lipofectamine 2000 reagents (Invitrogen).

RNA Extraction and Real-Time 
Quantitative Polymerase Chain Reaction 
(RT-qPCR)
Total RNA was isolated from NSCLC samples and cell 
lines referring to the producer’s instructions of TRIzol 
reagent (Invitrogen). Then, Moloney murine leukemia 
virus (M-MLV) reverse transcriptase (Takara, Shiga, 
Japan) was applied to synthesize cDNA. The RT-qPCR 
analysis was implemented on a StepOne Real-time PCR 
System (Applied Biosystems, Foster City, CA, USA) by 
using SYBR® PremixEx TaqTM kit (Takara) or the 
SYBRPrimeScriptTM miRNA RT-qPCR Kit (Takara). The 
2–∆∆Ct method was executed to process the relative gene 
expression levels. House-keeping gene glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH) or U6 small nuclear 
RNA (snRNA) acted as an internal control. The primer 
sequences in RT-qPCR were listed as follows:

JPX: 5ʹ-GCACCACCAGGCTTCTGTAAC-3ʹ (sense), 
5ʹ-GGGCATGTTCATTAATTGGCCAG-3ʹ (antisense);

miR-5195-3p: 5ʹ-TAGCAGACTCTTATGATG −3ʹ 
(sense), 5ʹ-TGGTGGAGTCGTCGTG-3ʹ (antisense);

VEGFA: 5ʹ-TTTCTGCTGTCTTGGGTGCATTGG-3ʹ 
(sense), 5ʹ-ACCACTTCGTGATGATTCTGCCCT −3ʹ 
(antisense);

U6: 5ʹ-CTCGCTTCGGCAGCACA-3ʹ (sense), 5ʹ- 
AACGCTTCACGAATTTGCGT-3ʹ (antisense);

GAPDH: 5ʹ-GTGGACCTGACCTGCCGTCT-3ʹ 
(sense), 5ʹ-GGAGGAGTGGGTGTCGCTGT-3ʹ 
(antisense).

Cell Viability Assay
In this study, the Cell Counting Kit-8 (CCK-8) assay 
(Beyotime Institute of Biotechnology, Shanghai, China) 
was employed to assess cell viability in NSCLC cells in 
line with the supplier’s direction. After transfection, 3 × 
103 cells/well NCI-H1299 and A549 cells were seeded 
into 96-well plates and cultured incubated for 0 h, 24 h, 
48 h, or 72 h, severally. Next, these cells were treated with 
10µL CCK-8 solution (Beyotime Institute of 
Biotechnology) for another 4 h. Finally, the optical density 
(OD) value was measured by using microplate reader.

Colony Formation Assay
In short, transfected NCI-H1299 and A549 cells (5×102 

cells/well) in six-well plates were incubated for 2 weeks at 
37°C. After discarding the medium, the cells were fixed 
with methyl alcohol for 15 min at −20°C, and then stained 
in 0.1% crystal violet (Sigma-Aldrich, St. Louis, MO, 
USA) for 30 min at 37°C. Finally, a microscopy (Nikon, 
Tokyo, Japan) was used to acquire the image of the visible 
colonies per well, followed by calculation with Image 
J (NIH, Bethesda, MD, USA).

Cell Apoptosis Assay
The apoptosis rate of NCI-H1299 and A549 cells was 
detected by Annexin (V-fluorescein isothiocyanate) 
V-FITC/Propidium Iodide (PI) (Selleck, Shanghai, China) 
as per the user’s guidebook. Generally, transfected NCI- 
H1299 and A549 cells were pelleted and washed twice 
with pre-cold phosphate-buffered saline (PBS, Invitrogen). 
After resuspension in binding buffer, 5 μL Annexin 
V-FITC/PI (Selleck) was applied to the stain cells. At 
last, apoptosis NSCLC cells were measured with 
FACSan flow cytometry (BD Bioscience, San Jose, CA, 
USA) referring to the user’s guidebook.

Cell Invasion Assay
In this assay, the measurement of invasion was conducted 
using 24-well transwell chambers (Costar, Cambridge, 
Massachusetts, USA) coated with Matrigel (BD 
Bioscience, Franklin Lakes, NJ, USA). In general, trans-
fected cells were resuspended in a serum-free medium at 
a density of 1×106 cells/well, followed by an introduction 
into the upper chamber. And the lower counterparts were 
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filled up with the medium containing10% FBS (as 
a chemoattractant). Twenty-four hour later, the invading 
cells on the lower membrane surface were stained with 
0.1%crystal violet (Sigma-Aldrich) for 15 min being fixed 
in 4% paraformaldehyde (Sigma-Aldrich) for 15 min. At 
last, a microscope (Nikon, magnification×100) was per-
formed to photograph and count the stained cells.

Wound Healing Assay
The assessment of migratory rate in NCI-H1299 and A549 
cells was carried out using a wound-healing assay. Briefly, 
transfected cells were plated into 6-well plates at 90–95% 
confluency. And then, wounds were scratched with 
a sterile pipette tip (record 0 h), followed by washing 
twice with PBS. After addition to the serum-free culture 
medium for 24 h, the analysis of the wound closing pro-
cedure was conducted with a light microscope (Nikon) and 
Image J (NIH).

Western Blot Assay
In brief, NCI-H1299 and A549 cells were collected and 
then lysed by using RIPA buffer (Beyotime, Shanghai, 
China) for obtaining total protein. Afterward, denatured 
proteins were incubated with sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE, 10%), 
transferred onto polyvinylidene fluoride (PVDF) mem-
branes (Amer-sham Pharmacia, Piscataway, NJ, USA), 
and incubated with primary antibody against VEGFA 
(1:200, ab31745, Abcam, Cambridge, UK), E-cadherin 
(1:1000, sc-7870, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA), N-cadherin (1:200, sc-7939, Santa Cruz 
Biotechnology), Vimentin (1:500, sc-5565, Santa Cruz 
Biotechnology) and GAPDH (1:5000, ab8245, Abcam) 
all-night at 4°C. The next day, the proteins were incubated 
with horseradish peroxidase (HRP)-conjugated secondary 
antibodies (Abcam) and detected by enhanced chemilumi-
nescence (Applygen Technologies, Beijing, China).

Dual-Luciferase Reporter Assay
Partial sequences of JPX and VEGFA 3ʹUTR possessing 
wild-type or mutant-type putative miR-5195-3p targeting 
sites were amplified and cloned into luciferase reporter 
pmirGLO vector (Promega, Madison, Wisconsin, USA), 
termed JPX-wt/mut, VEGFA-wt/mut 3ʹUTR reporter plas-
mids. Subsequently, NCI-H1299 and A549 cells co- 
transfected with the constructed reporter plasmids and 
miR-5195-3p or anti-miR-5195-3p by Lipofectamine 
2000 reagents (Invitrogen). Analysis of their luciferase 

activities was performed by using a dual-luciferase repor-
ter assay kit (Beckman Coulter, Fullerton, CA, USA) at 48 
h post-transfection.

RNA Immunoprecipitation (RIP) and 
RNA-IP Assays
To validate the interaction between miR-5195-3p and JPX 
or VEGFA, RIP assays were performed in accordance with 
the user’s guidebook of the Magna RIP RNA-binding 
protein Immunoprecipitation kit (Millipore, Billerica, 
MA, USA). NCI-H1299 and A549 cells were cultured 
for 48 h, and lysed with RIP lysis buffer embracing mag-
netic beads conjugated with anti-Argonaute2 (Ago2) anti-
body (1: 1000, ab32381, Abcam) or negative control IgG 
(Millipore) at 4°C for 6 h. After the digestion of proteinase 
K, immunoprecipitated RNA was segregated. RT-qPCR 
was used for analyzing the purified RNA. For RNA-IP 
assay, cells were lysed with RIP lysis buffer, followed by 
incubation with the beads conjugated with VEGFA anti-
body (1:1000, ab39250, Abcam) or IgG at 4°C overnight. 
And the following steps are consistent with the RIP assay.

RNA Pull-Down Assay
Generally, NCI-H1299 and A549 cells were transfected 
with biotinylated miR-5195-3p (bio-miR-5195-3p) or con-
trol NC (bio-NC) by Lipofectamine RNAiMax Reagent 
(Thermo Fisher Scientific). And then these transfected 
cells were harvested and sonicated. Remaining cell lysates 
were maintained with C-1 Magnetic Beads (Thermo Fisher 
Scientific) for 2 h at 4°C to pull down the biotin-coupled 
RNA complex. An RNeasy Mini Kit (Qiagen, Hilden, 
Germany) was used to purify these mixtures. At last, the 
RNA enrichment was detected using RT-qPCR.

In vivo Assay
Five-week-old male BALB/C nude mice were purchased 
from the Vital River Laboratory (Beijing, China) in this 
vivo experiment, which was approved by the Animal 
Ethics Committee of the People’s Hospital of 
Shouguang. Whereafter, a total of 5×106 NCI-H1299 
cells stably transfected with LV-sh-NC or LV-sh-JPX 
(Genechem) were injected subcutaneously into the flank 
of the nude mice with 6 mice in each group, and the tumor 
volume every 5 days. A month later, all mice were sacri-
ficed, and the resected tumor masses were harvested for 
weighting and further analysis.
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Statistical Analysis
Every experiment was independently repeated three times. 
The values were presented as mean ± standard deviation 
(SD). Data were analyzed with SPSS 18.0 software (IBM, 
Chicago, IL, USA). Expression association of JPX, miR- 
5195-3p, and VEGFA was analyzed using Pearson correlation 
analysis. Student’s t-test or one way of variance (ANOVA) 
was implemented for analysis of significant difference 
(P< 0.05).

Results
JPX Induced Proliferation, Invasion, 
Migration, EMT, and Inhibited Apoptosis 
of NSCLC Cells in vitro
We first investigated the level of JPX in NSCLC tissues 
and normal tissues. As compared with normal tissues 
(n=45), JPX expression was notably elevated in NSCLC 
tumor tissues (n=45) (Figure 1A). Analyzing the clinical 
data of NSCLC patients, we found that the expression of 
JPX was correlated with the patient’s tumor size, TNM 
state, and lymph node metastasis (Table 1). Moreover, we 
further validated that JPX expression was remarkably 
increased in NSCLC cell lines (NCI-H1299, A549, NCI- 
H460) in contrast to normal human lung cell line (BEAS- 
2B) (Figure 1B). Then, to further explore the effect of JPX 
on NSCLC cells, we knocked down JPX in NCI-H1299 
and A549 cells. As displayed in Figure 1C, JPX level was 
markedly downregulated in si-JPX-transfected NCI-H1299 
and A549 cells versus si-NC-transfected cells. Thus, we 
further explored the biological function of JPX in NSCLC 
progression by knocking down systems. The results of 
CCK-8 and cell colony formation showed that depletion 
of JPX strikingly repressed the proliferative ability of 
NCI-H1299 and A549 cells (Figure 1D and E). 
Moreover, flow cytometry assay revealed that cell apopto-
sis was apparently improved after downregulating the 
expression of JPX in NCI-H1299 and A549 cells (Figure 
1F). Apart from that, the reduced invasion and migration 
were viewed due to the deficiency of JPX in NCI-H1299 
and A549 cells (Figure 1G and H). Whereafter, we further 
probed that the role of JPX on epithelial–mesenchymal 
transition (EMT) of NCI-H1299 and A549 cells. The 
results presented that knockdown of JPX led to an evident 
enhancement in E-cadherin protein level, and an obvious 
reduction in N-cadherin and Vimentin protein levels, indi-
cating JPX promoted EMT in NCI-H1299 and A549 cells 
(Figure 1I and J). On the contrary, our data indicated that 

the overexpression of JPX promoted cell proliferation 
ability, invasion, migration, and repressed apoptosis of 
NCI-H1299 and A549 cells (Figure S1). Overall, these 
data indicated that the dysregulation of JPX might be 
involved with the NSCLC progression.

MiR-5195-3p Was a Direct Target of JPX 
in NSCLC Cells
Accumulative evidence has suggested that lncRNAs 
serve as miRNA sponges to modulate gene expression 
post-transcriptional.25 Therefore, we investigated 
whether JPX regulated NSCLC development in 
a miRNA-mRNA dependent manner. First of all, we 
observed miR-5195-3p was lower expressed in NSCLC 
tissues and cells versus respective control groups 
(Figure 2A and C). Synchronously, miR-5195-3p level 
was inversely related to the level of JPX in NSCLC 
tissues (Figure 2B). Next, to ascertain whether JPX 
works as a molecular sponge of miR-5195-3p in 
NSCLC, bioinformatics analysis was carried out by 
starBase software. As illustrated in Figure 2D, miR- 
5195-3p harbored some complementary binding sites 
with JPX. To verify the interaction of miR-5195-3p 
with JPX was mediated by the putative binding site, 
a dual-luciferase reporter assay was performed in 
NSCLC. Data suggested that miR-5195-3p downregu-
lation restrained the luciferase activity of JPX-wt 
reporter and miR-5195-3p overexpression reinforced 
the luciferase activity of JPX-wt reporter, however, 
overexpression and downregulation of miR-5195-3p 
had little effect on the luciferase activity of JPX-mut 
in NCI-H1299 and A549 cells (Figure 2E and F). 
Moreover, previous studies have suggested that 
lncRNA negatively regulated miRNA expression by 
combining with Ago2-containing RNA-induced silen-
cing complex (RISC).26 To confirm the binding 
between JPX and miR-5195-3p, RIP assay was carried 
out in NCI-H1299 and A549 cells. Compared with 
anti-normal IgG group, cell extracts between JPX and 
miR-5195-3p were apparently enriched in anti-Ago2 
group (Figure 2G and H), supporting the binding 
between JPX and miR-5195-3p. Besides, we conducted 
RNA pull-down assay to further determine the interac-
tion between JPX and miR-5195-3p. Consistent with 
bioinformatics analysis, luciferase assay and RIP assay, 
we found that JPX enrichments were distinctly upregu-
lated in miR-5195-3p group in comparison with NC 
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group (Figure 2I), identifying the interaction existed 
between them. In addition, RT-qPCR results also 
demonstrated that the negative correlation between 

JPX and miR-5195-3p in NCI-H1299 and A549 cells 
(Figure 2J). Thus, JPX interacts with miR-5195-3p to 
repress its expression.

Figure 1 JPX induced NSCLC cells proliferation and EMT, and inhibited apoptosis. (A) RT-qPCR assays were carried out to detect JPX expression in NSCLC tumor tissues 
(n=25) and adjacent normal tissues (n=25). (B) Expression level of JPX in NSCLC cell lines (NCI-H1299, A549, and NCI-H460) and normal human lung cell line (BEAS-2B) 
were measured by RT-qPCR assays. (C) Knockdown efficiency of si-JPX in NCI-H1299 and A549 cells. (D) CCK-8 analysis of proliferation in transfected NCI-H1299 and 
A549 cells. (E) Cell colony formation analysis of clone number in transfected NCI-H1299 and A549 cells. (F) Flow cytometry analysis of apoptosis in transfected NCI-H1299 
and A549 cells. (G) Transwell analysis of invasion in transfected NCI-H1299 and A549 cells. (H) Wound healing analysis of migratory rate in transfected NCI-H1299 and 
A549 cells. (I and J) EMT-related protein expressions (E-cadherin, N-cadherin and Vimentin) were detected by Western blot assay in transfected NCI-H1299 and A549 cells. 
*P <0.05.
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MiR-5195-3p Partially Reversed the Effect 
of JPX on Proliferation, Apoptosis and 
EMT of NSCLC Cells
Next, to further probe the mechanism of JPX involved in 
NSCLC progression, NCI-H1299 and A549 cells were 
transfected with si-JPX and anti-miR-5195-3p. The trans-
fection efficiency was measured and exhibited in Figure 
3A. Functionally, data presented that cell proliferative 
ability impaired by knocking-down of JPX was partly 
recovered by the downregulation of miR-5195-3p in NCI- 
H1299 and A549 cells (Figure 3B and C). Then, flow 
cytometry analysis showed that silencing of miR-5195-3p 
partially abrogated the positive effect of JPX depletion on 
cell apoptosis of NCI-H1299 and A549 cells (Figure 3D). 
Meanwhile, si-JPX mediated declined in the abilities of 
invasion and migration was significantly mitigate by the 
deficiency of JPX in NCI-H1299 and A549 cells (Figure 
3E and F). In addition, Western blot results pointed out 
that JPX downregulation accelerated E-cadherin protein 

level and reduced N-cadherin and Vimentin protein level, 
which was attenuated by suppression of miR-5195-3p 
(Figure 3G and H). Collectively, these data suggested 
that JPX contributed to NSCLC progression by targeting 
miR-5195-3p.

VEGFA as a Target of miR-5195-3p
Additionally, recent studies reported that VEGFA is 
highly expressed in lung cancer,27 which was also con-
firmed by our research. As presented in Figure 4A, 
VEGFA expression was upregulated in NSCLC tumor 
tissues in comparison to corresponding non-cancerous 
tissues. Similarly, we acknowledged that both mRNA 
level and protein level of VEGFA were increased in NCI- 
H1299 and A549 cells versus BEAS-2B cell (Figure 4C 
and D). Furthermore, the inverse relationship between 
miR-5195-3p and VEGFA was observed in NSCLC tis-
sues (Figure 4B). Thus, we used online publicly available 
database starBase to predict the relationship between 
VEGFA and miR-5195-3p. As indicated in Figure 4E, 

Figure 2 MiR-5195-3p was a direct target of JPX in NSCLC cells. (A) The relative expression of miR-5195-3p was detected by RT-qPCR in NSCLC tissues (n=45) and 
normal tissues (n=45). (B) Expression correlation between JPX and miR-5195-3p was analyzed with Pearson correlation analysis. (C) miR-5195-3p level in NCI-H1299, 
A549, NCI-H460, and BEAS-2B cells was tested by RT-qPCR assays. (D) Schematic of a putative target sequence for miR-5195-3p in JPX and mutated miR-5195-3p-binding 
sites. (E and F) The interactions between JPX and miR-5195-3p were confirmed by luciferase activity analysis. (G and H) The binding between miR-5195-3p and JPX was 
tested by RIP assay (I) RNA pull-down assay proved the physical interactions between JPX and miR-5195-3p. (J) The effect of JPX on miR-5195-3p level was detected by RT- 
qPCR assay. *P <0.05.
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VEGFA was found to have some binding sequences of 
miR-5195-3p. Then, luciferase activity analysis was used 
to validate the potential interaction. The luciferase repor-
ter vectors both VEGFA-wt 3ʹUTR and VEGFA-mut 
3ʹUTR were co-transfected with NC or miR-5195-3p 
into NCI-H1299 and A549 cells. Subsequent luciferase 
assays showed that ectopic expression of miR-5195-3p 
reduced the luciferase activity of VEGFA-wt, but had no 
obvious effect on the luciferase activity of VEGFA-mut 
(Figure 4F). Synchronously, to further confirm the bind-
ing between miR-5195-3p and VEGFA, we implemented 
RIP assays to pull down miRNA concerned with VEGFA 
by antibodies against Ago 2 in NCI-H1299 and A549 
cells. As a result, miR-5195-3p and VEGFA were strik-
ingly enriched in Ago 2 pellets when compared with the 
IgG control group (Figure 4G). Also, RNA-IP assay was 
performed to prove the interaction among VEGFA and 

miR-5195-3p or JPX. As displayed in Figure 4H, the 
enrichment of miR-5195-3p and JPX was improved in 
the anti-VEGFA groups relative to the IgG groups in 
NCI-H1299 and A549 cells. In a word, VEGFA could 
directly bind to miR-5195-3p and JPX in NSCLC cells. 
What’s more, we found that VEGFA expression level was 
positively correlated with JPX in NSCLC tissues (Figure 
4I). Meanwhile, our data suggested that the overexpres-
sion of JPX could boost VEGFA protein level, inversely, 
the knockdown of JPX could dampen VEGFA level in 
NCI-H1299 and A549 cells (Figure 4J). Importantly, 
Western blot results revealed that reintroduction of JPX 
effectively counteracted miR-5195-3p overexpression- 
caused decline in VEGFA protein level in NCI-H1299 
and A549 cells (Figure 4K), suggesting that JPX could 
positively regulate VEGFA by interacting with miR- 
5195-3p.

Figure 3 MiR-5195-3p partially reversed the effect of JPX on proliferation, apoptosis and EMT of NSCLC cells in vitro. (A) Expression level of miR-5195-3p was detected by 
RT-qPCR assay in NCI-H1299 and A549 cells transfected with si-NC, si-JPX, si-JPX + anti-NC and si-JPX + anti-miR-5195-3p. (B) Proliferation was measured by CCK-8 
assay in transfected NCI-H1299 and A549 cells. (C) Clone number was calculated by cell colony formation assay in transfected NCI-H1299 and A549 cells. (D) Apoptosis 
rates were detected by flow cytometry assay in transfected NCI-H1299 and A549 cells. (E and F) The capacities of invasion and migration were determined by transwell and 
wound healing assays. (G and H) E-cadherin, N-cadherin and Vimentin protein levels were detected by Western blot assay in transfected NCI-H1299 and A549 cells. *P < 
0.05.
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MiR-5195-3p Suppressed Proliferation, 
EMT and Facilitated Apoptosis by 
Targeting VEGFA in NSCLC Cells
As mentioned above, we speculated that the miR-5195-3p/ 
VEGFA axis may be implicated in the development of 
NSCLC. In order to validate the assumption, rescue assay 
was conducted in NSCLC cells. As exhibited in Figure 5A, 

upregulation of miR-5195-3p apparently reduced VEGFA 
expression, which was effectively mitigated by the co- 
transfection with pcDNA-VEGFA in NCI-H1299 and 
A549 cells. Functionally, CCK-8 results proved that the 
inhibition of cell proliferative ability induced by miR- 
5195-3p overexpression was weakened by upregulation of 
VEGFA in NCI-H1299 and A549 cells (Figure 5B and C). 

Figure 4 VEGFA as a target of miR-5195-3p. (A) Expression level of VEGFA was detected by RT-qPCR in NSCLC tissues and normal tissues. (B) Expression association 
between miR-5195-3p and VEGFA was analyzed by using Pearson correlation analysis. (C) RT-qPCR assay was implemented to detect the expression of VEGFA in NSCLC 
cell lines (NCI-H1299, A549, and NCI-H460) and normal human lung cell line (BEAS-2B). (D) Western blot assay was employed to test the expression of VEGFA in NSCLC 
cell lines (NCI-H1299, A549) and normal human lung cell line (BEAS-2B). (E) The binding position of miR-5195-3p and VEGFA was predicted by using starBase. (F) 
Interaction between miR-5195-3p and VEGFA were determined by dual-luciferase reporter assay. (G and H) RIP and RNA-IP assays were enforced in NCI-H1299 and A549 
cells to determine the binding condition between miR-5195-3p and VEGFA. (I) Correlation between JPX and VEGFA was analyzed with Pearson. (J) VEGFA protein level was 
determined in pcDNA-JPX or si-JPX-transfected NCI-H1299 and A549 cells by Western blot assay. (K) Expression level of VEGFA was measured by Western blot assay in 
NCI-H1299 and A549 cells transfected with NC, miR-5195-3p, miR-5195-3p + pcDNA-NC and miR-5195-3p + pcDNA-JPX. *P <0.05.
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Then, flow cytometry analysis pointed out that the promo-
tion of cell apoptosis caused by the high expression of miR- 
5195-3p was reversed by upregulating of VEGFA in NCI- 
H1299 and A549 cells (Figure 5D). Synchronously, the 
results from transwell and wound healing indicated that the 
forced expression of VEGFA could attenuate the suppres-
sion effect of miR-5195-3p on invasion and migration in 
NCI-H1299 and A549 cells (Figure 5E and F). Besides, 
Western blot assay exhibited that co-transfection of 
VEGFA prominently abrogated miR-5195-3p-triggered 
increase in E-cadherin protein level, and reduction in 
N-cadherin and Vimentin protein level (Figure 5G and H), 
testifying that miR-5195-3p blocked NSCLC cells EMT by 
regulating VEGFA partially overturned the suppressive 
effect of miR-5195-3p overexpression in NSCLC cells. All 
in all, miR-5195-3p could hinder NSCLC progression via 
modulating VEGFA.

JPX Knockdown Suppressed NSCLC 
Tumor Growth in vivo
Additionally, to further explore the influence of JPX defi-
ciency on tumor growth in vivo, we established mice 
xenograft models of NSCLC. As presented in Figure 6A 
and B, the tumor volume and weight were decreased in the 
presence of JPX knockdown, implying that the stable 
downregulation of JPX significantly blocked cell growth 
of NSCLC in vivo. Apart from that, our data indicated that 
the expression of JPX and VEGFA was declined, whereas 
miR-5195-3p level was enhanced in tumor tissues derived 
from the LV-sh-JPX group relative to the LV-sh-NC group 
(Figure 6C and D). That was to say, JPX deficiency could 
inhibit tumor growth in NSCLC in vivo.

Discussion
Recently, some studies indicate that lncRNAs perform as 
essential regulators of tumorigenesis in NSCLC, providing 

Figure 5 MiR-5195-3p-mediated proliferation, apoptosis and EMT of NSCLC cells were partly abrogated by targeting VEGFA in vitro. (A) Western blot assay was carried 
out to assess the expression level of VEGFA in NCI-H1299 and A549 cells transfected with NC, miR-5195-3p, miR-5195-3p + vector and miR-5195-3p + VEGFA. (B) CCK-8 
analysis of proliferation in transfected NCI-H1299 and A549 cells. (C) Cell colony formation assay was used to detect cell number in transfected NCI-H1299 and A549 cells. 
(D) Flow cytometry analysis of apoptotic rate in transfected NCI-H1299 and A549 cells. (E and F) Transwell and wound healing assays were applied to assess invasion and 
migration in transfected NCI-H1299 and A549 cells. (G and H) Western blot assay was performed to determine E-cadherin, N-cadherin and Vimentin in transfected NCI- 
H1299 and A549 cells. *P <0.05.
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potential biomarkers for prognosis and therapy of 
NSCLC.28–30 JPX, located on the X chromosome, has 
been documented as an activator of the XIST and 
a molecular switch for X chromosome inactivation.10,11 

In the recent several years, previous studies identified 
that JPX was highly expressed in NSCLC, and involved 
in tumor progression and indicated a poor prognosis.12 

However, the biological function and molecular mechan-
isms of JPX are still not fully established.

Thus, in our study, we confirmed that JPX level was 
upregulated in NSCLC tissues and NSCLC cells relative to 
respective control groups. Subsequently, we further 
explored proliferation, apoptosis, and EMT in NSCLC 
cells transfected with si-JPX. The results suggested that 
JPX promoted proliferation, EMT and inhibited apoptosis 
of NSCLC cells. That is to say, JPX exerted a tumor- 
promoting role in the development of NSCLC.

MiR-5195-3p was reported to be downregulated, and 
exert a suppressive role in NSCLC.19 In this study, miR- 
5195-3p was viewed to be an obvious low expression in 
NSCLC tissues and cells, and negatively associated with 
JPX in NSCLC tissues. Hence, we further investigated 

whether JPX could use function in NSCLC by regulating 
miR-5195-3p. Results of bioinformatics analysis mani-
fested that miR-5195-3p might have some complementary 
sites with JPX, as demonstrated by dual-luciferase repor-
ter, RIP and RNA pull-down assay. Synchronously, our 
study also confirmed that miR-5195-3p expression level 
was inversely associated with JPX expression level in 
NSCLC cells. Then, we further probed whether the effect 
of JPX on NSCLC development was mediated by regulat-
ing miR-5195-3p. Functionally, JPX boosted proliferation, 
EMT and repressed apoptosis of NSCLC cells, and rein-
troduction of miR-5195-3p partly abolish the carcinogenic 
effect of JPX. In this paper, our study was the first to 
validate that JPX worked as an oncogenic factor in 
NSCLC by hindering the expression of miR-5195-3p.

VEGFA, as a member of the VEGF growth factor 
family, has been pointed out to be closely linked with 
cell growth and invasion in NSCLC.24 In the current 
study, we observed VEGFA was highly expressed in 
NSCLC tissues and cell lines. Interestingly, the negative 
relation between VEGFA and miR-5195-3p was observed. 
As widely believed, miRNAs could exert the role through 

Figure 6 JPX knockdown repressed NSCLC cell growth in vivo. NCI-H1299 cells introduced with LV-sh-NC or LV-sh-JPX were inoculated subcutaneously into the nude 
mice. (A) Growth curve of xenografted tumors once every 5 days. (B) Weights of resected tumor masses. (C) Expression levels of JPX and miR-5195-3p were determined 
in xenografted tumors by RT-qPCR assay. (D) VEGFA protein level was detected in xenografted tumors by Western blot assay. *P <0.05.
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the interaction of mRNA.31 In our study, results of bioin-
formatics analysis, dual-luciferase reporter and RIP assay 
verified the interaction between VEGFA and miR-5195-3p 
in NSCLC. In other words, miR-5195-3p could directly 
target VEGFA and regulate its expression in NSCLC cells. 
Besides, we viewed the positive correlation between 
VEGFA and JPX in NSCLC tissues. Notably, miR-5195- 
3p upregulation prominently suppressed the protein level 
of VEGFA and introduction of JPX partly reversed the 
inhibitory effect in NSCLC cells, implicating that JPX 
could serve as ceRNA of miR-5195-3p to affect the 
expression of VEGFA. Additionally, we executed rescue 
assays to prove that regulation of miR-5195-3p on NSCLC 
development was mediated by regulating VEGFA. As 
expected, miR-5195-3p impeded proliferation, EMT and 
accelerated apoptosis of NSCLC cells, and co-transfection 
of VEGFA partially overturned tumor-suppressive effect 
of miR-5195-3p.

Conclusions
Taken together, our study is the first to reveal the role of 
the JPX/miR-5195-3p/VEGFA axis in NSCLC develop-
ment and progression, highlighting the potential of JPX 
as a new therapeutic target for NSCLC.
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