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Abstract. – OBJECTIVE: This study was to 
find out the influence of microRNA-129-5p on 
proliferative ability, invasiveness, and metas-
tasis of lung tumor cells and tumor angiogene-
sis. Besides, the effects of microRNA-129-5p on 
vascular endothelial growth factor (VEGF) level 
and potential regulatory mechanisms were also 
what we were interested in. 

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
assay was performed to detect the microR-
NA-129-5p level in tumor tissues and paracancer-
ous tissues of 50 patients with LCa, and the in-
teraction between microRNA-129-5p expression 
and LCa pathological parameters was analyzed. 
The untreated cell group (NC) and the trans-
fected microRNA-129-5p overexpression group 
(microRNA-129-5p mimics) were established, 
and then, the transfection efficiency of microR-
NA-129-5p was further verified by qRT-PCR. In 
H1299 and SPC-A1, cell counting kit-8 (CCK-8), 
Tube-formation experiments, and transwell in-
vasion and migration tests were performed to 
evaluate the influence of the microRNA on the bi-
ological function of LCa cells. Finally, the poten-
tial mechanism of action of VEGF, a downstream 
gene of microRNA-129-5p, was explored by bio-
informatics analysis and recovery experiments.  

RESULTS: QRT-PCR results showed that the 
level of microRNA-129-5p in cancer tissues of 
LCa patients was notably lower than that in nor-
mal tissues, and the difference was statistically 
significant. Compared with patients with highly 
expressed microRNA-129-5p, patients with low 
level had higher rates of lymph node or distant 
metastasis, and the overall survival rate was low-
er. Compared with NC group, cell proliferation, 
invasiveness and migration ability, and tumor an-
giogenesis capacity were strikingly decreased in 
microRNA-129-5p mimics group. Subsequently, 
VEGF expression was validated conspicuously 
enhanced in LCa cell line and tissue and was 
negatively correlated with microRNA-129-5p. In 
addition, the recovery experiment demonstrated 

that overexpression of VEGF could counteract 
the impact of microRNA-129-5p mimics on tumor 
angiogenesis and the invasive and migratory 
capacity of LCa cells, which then together led to 
the malignant progression of LCa.  

CONCLUSIONS: The above studies demon-
strated that microRNA-129-5p was strikingly 
correlated with LCa lymph node or distant me-
tastasis and poor prognosis, and it can inhib-
it the malignant progression of this cancer. The 
investigation also demonstrated that microR-
NA-129-5p may inhibit proliferation capacity and 
invasiveness of LCa cells and tumor angiogene-
sis via regulating VEGF.
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Introduction

Lung Cancer (LCa) is one of the malignant 
cancers with high incidence and high mortality 
worldwide, of which about 85% are non-small cell 
lung cancer, which can be divided into three types, 
including squamous cell carcinoma, adenocarci-
noma, and large cell carcinoma1-4. In recent years, 
although various diagnostic techniques have been 
significantly improved and comprehensive treat-
ments combining surgery, chemotherapy, and 
radiotherapy have also made great progress, the 
long-term survival rate of lung cancer has not 
improved significantly5,6. The main causes of 
treatment failure and death in patients with lung 
cancer are high recurrence rate and distant me-
tastasis. Therefore, it is particularly important to 
explore the mechanism of invasion and metastasis 
of lung cancer and the tumor angiogenesis7,8. Tar-
geted therapy can only act on tumor cells with-
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out affecting other normal tissues. However, this 
therapy can improve the clinical endpoint of tu-
mor histology and molecular characterization just 
in part of patients9,10. The advent of specific mod-
ern biologics for different diseases has increased 
the need for identification of biomarkers, which 
can be used for diagnosis and treatment. Gene 
sequencing for lung cancer accelerates gene the-
ory as an alternative to lung cancer markers and 
thereby makes targeting therapy stand out from 
various treatments to guide the clinical treatment 
of lung cancer patients5,6,9,10.

Studies11,12 have shown that the epidermal 
growth factor receptor (VEGF) signaling pathway 
maintains and promotes the growth of epidermal 
tissue and was detected overexpressed or mutat-
ed in most lung cancers. Therefore, VEGF and its 
downstream signal effectors can be used as new 
major targets for treatment, such as tyrosine kinase 
inhibitors (TKI) and monoclonal antibodies13,14. A 
number of reports have shown that the dysregula-
tion of VEGF expression is closely related to the 
occurrence and development of a variety of tumors, 
and its high expression can promote the infiltration 
and metastasis of cancer cells15.

MicroRNAs (miRNAs), as a type of non-cod-
ing endogenous small RNA, contain approxi-
mately 22 nucleotides16,17. These miRNAs regulate 
gene expression by pairing mRNAs that encode 
proteins, inhibiting their protein expression at 
transcriptional level18,19. MiRNAs have diverse bi-
ological roles, such as cell proliferation, metasta-
sis, differentiation and necrosis, and programmed 
apoptosis, as well as regulation of tumor forma-
tion16,17,19. They are expressed in many tumors and 
can promote or inhibit tumor malignant trans-
formation and regulate tumor formation17. It has 
recently been discovered that miRNAs may be 
novel therapeutic targets for human tumors and 
have been found to regulate VEGF signaling in a 
variety of tumor cells including lung cancer cell; 
therefore, targeting VEGF in lung cancer may be 
a potential therapeutic method16,19,20. The target is 
predicted to have some criteria, such as the com-
plementary sequences of mRNAs and miRNA 
“seed” regions, through the prediction of miRNA 
binding sites in different 3’-UTRs. Also, other 
features of the recently identified target sites have 
been confirmed21,22. Therefore, we speculated by 
bioinformatics analysis that microRNA-129-5p 
may target VEGF in tumor cells and inhibit lung 
cancer proliferation, invasion and migration, and 
angiogenesis, thus becoming a new direction of 
tumor-targeted therapy.

Based on the above results, our research team 
aimed to further explore the role of microR-
NA-129-5p and VEGF in lung cancer. This study 
separately described the possible role of microR-
NA-129-5p and VEGF in the development of lung 
cancer and the molecular regulation mechanism 
of microRNA-129-5p in the action of VEGF, 
which may bring new ideas for the diagnosis and 
treatment of lung cancer.

Patients and Methods

Patients and LCa Samples
Tumor tissues and paracancerous tissues of 

50 patients aged 45-88 years who had undergone 
radical resection of lung cancer were collected. 
All patients did not receive any radiotherapy or 
chemotherapy before surgery. Pathological classi-
fication and staging criteria for lung cancer were 
performed in accordance with the international 
association of cancer (UICC) lung cancer staging 
criteria. Patients and/or their families signed the 
informed consent. Our research was approved 
by the Ethics Committee of Shandong Provincial 
Hospital Affiliated to Shandong University.

Cell Lines and Reagents
Five human LCa cells (A549, H1299, PC-9, 

H358, SPC-A1) and one normal human bron-
chial epithelial cell (BEAS-2B) were purchased 
from American Type Culture Collection (ATCC; 
Manassas, VA, USA), and Dulbecco’s Modified 
Eagle Medium (DMEM) and fetal bovine serum 
(FBS) were purchased from Life Technologies 
(Gaithersburg, MD, USA). Cells were cultured 
with DMEM containing 10% FBS in an incubator 
with 5% CO2 at 37°C.

Transfection
The negative control (NC) and the microR-

NA-129-5p overexpression sequence (microR-
NA-129-5p mimics) were purchased from Shanghai 
Jima Company (Shanghai, China). Cells were seeded 
in 6-well plates and grown to a cell density of 70%, 
transfected using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) according to instructions. Lastly, 
cells were collected for quantitative Real Time-Poly-
merase Chain Reaction (qRT-PCR) analysis and cells 
functional experiment after 48 hours.

Cell Counting Kit-8 (CCK-8) Assay
After 48 h of transfection, cells were harvest-

ed and seeded into 96-well plates at 2000 cells 



microRNA-129-5p and lung cancer

2829

per well. After cultured for 24 h, 48 h, 72 h, and 
96 h, the cells were added with CCK-8 (Dojindo 
Laboratories, Kumamoto, Japan) reagent. After 
incubation for 2 hours, the optical density (OD) 
value of each well was measured in the microplate 
reader at 490 nm absorption wavelength. 

Tube-Formation Assay
Lung cancer cells (7 x 105) were added to a 

mixture of TCM (300 μL) and DMEM (300 μL) 
and 10% FBS, and they were seeded in a ma-
trix-coated gel on a 24-well plate. After incubat-
ing for 2 days at 37°C, the formation ability of the 
tubules was observed under a microscope. Sub-
sequently, the number of branches formed by the 
relevant tubules of the different treatment groups 
was calculated and compared.

Transwell Cell Migration 
and Invasion Assays

After transfection for 48 hours, the cells were 
trypsinized and resuspended in serum-free medi-
um. After cell counting, the diluted cell suspen-
sion was adjusted to 2.0×105/mL, and the tran-
swell chamber containing Matrigel or no Matrigel 
was placed in a 24-well plate. 200 μL of the cell 
suspension was added to the upper chamber of 
the chamber, and 500 μL of a medium contain-
ing 10% FBS was added to the lower chamber, 
and then, the chambers were incubated in a 37°C 
incubator. After 48 hours, the chamber was re-
moved, fixed with 4% paraformaldehyde for 30 
minutes. Then, the inner surface of the basement 
membrane of the chamber was carefully cleaned 
to remove the inner layer cells after crystalliza-
tion with the crystal violet for 15 minutes. The 
transmembrane cells stained in the outer layer of 
the basement membrane of the chamber were ob-
served under the microscope, and 5 fields of view 
were randomly selected.

QRT-PCR
1 mL of TRIzol (Invitrogen, Carlsbad, CA, 

USA) was used to lyse the cells, and total RNA was 
extracted. The initially extracted RNA was treat-
ed with DNase I to remove genomic DNA and to 
repurify the RNA. RNA reverse transcription was 
performed according to the Prime Script Reverse 
Transcription Kit (TaKaRa, Otsu, Shiga, Japan) in-
structions. Real-time PCR was performed accord-
ing to the SYBR® Premix Ex TaqTM (TaKaRa, 
Otsu, Shiga, Japan) kit instructions, and the PCR 
reaction was performed using the StepOne Plus Re-
al-time PCR System (Applied Biosystems, Foster 

City, CA, USA). The following primers were used 
for qRT-PCR reaction: microRNA-129-5p: forward: 
5’-CGGCGGTTTTTTGCGGTCTGGGCT-3’; 
reverse: 5’-AGCCCAGACCGCAAAAAAC-
CGCCG-3’; U6: forward: 5’-CTCGCTTCG-
GCAGCACA-3’, reverse: 5’-AACGCTTCAC-
GAATTTGCGT-3’; VEGF: forward: 
5’-TGCAGATTATGCGGATCAAACC-3’, reverse: 
5’-TGCATTCACATTTGTTGTGCTGTAG-3’; 
β-actin: forward: 5’-CCTGGCACCCAGCA-
CAAT-3’, reverse: 5’-GCTGATCCACATCTGCT-
GGAA-3’. Each sample was subjected to a three-
well repeated experiment and repeated twice. 
Bio-Rad PCR instrument was used to analyze and 
process the data with software iQ5 2.0 (Hercules, 
CA, USA). The β-actin and U6 genes were used as 
internal parameters, and the gene expression was 
calculated using the 2-ΔΔCt method.

Western Blot
The transfected cells were lysed using cell ly-

sis buffer, shaken on ice for 30 minutes, and cen-
trifuged at 14,000 x g for 15 minutes at 4°C. Total 
protein concentration was calculated by LCaA 
Protein Assay Kit (Pierce, Rockford, Il, USA). 
Anti-VEGF rabbit anti-human monoclonal anti-
bodies were purchased from Santa Cruz (Santa 
Cruz, CA, USA); horseradish peroxidase-labeled 
goat anti-rabbit secondary antibody was pur-
chased from Genscript (Nanjing, China). Glyc-
eraldehyde 3-phosphate dehydrogenase (GAP-
DH) was used as internal control. Tissue protein 
samples were separated through Sodium Dodecyl 
Sulphate-Polyacrylamide Gel Electrophoresis 
(SDS-PAGE) and transferred into a membrane. 
The membrane was blocked overnight, and then, 
primary antibody and secondary antibody were 
added for enhanced chemiluminescence (ECL) 
coloration, and the image was semi-quantitative-
ly analyzed by alpha SP image analysis software 
and repeated three times.

Statistical Analysis
Statistical analysis was performed using Sta-

tistical Product and Service Solutions (SPSS) 22.0 
software (IBM, Armonk, NY, USA). Univariate 
analysis was performed using the χ2-test and the ex-
act probability Fisher test. Multivariate analysis was 
performed using the Cox regression analysis. The 
patient survival was analyzed using the Kaplan-Mei-
er method, and intergroup curves were compared 
using the Log-rank test. Data were expressed as 
mean ± standard deviation (x–±s), and p<0.05 was 
considered to be statistically significant.
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Results

MicroRNA-129-5p Was Down-Regulated 
in Primary Lung Cancer Tissues, a
nd Reduced Expression of MicroR-
NA-129-5p Was Associated With 
Advanced Clinical Procedure and 
Poor Patient Prognosis

The lung cancer tissues and cell lines were 
verified by qRT-PCR. The results showed that 
the expression level of microRNA-129-5p in tu-
mor tissues was significantly lower than that in 
adjacent tissues, and the difference was statisti-
cally significant (Figure 1A and 1B). In addition, 
compared with BEAS-2B, microRNA-129-5p was 
significantly down-regulated in LCa cells, and the 
difference was also statistically significant. Es-
pecially in the H1299 and SPC-A1 cell lines, the 
difference in expression levels was the most evi-
dent, so we chose these two for subsequent experi-
ments (Figure 1C). According to the expression of 
microRNA-129-5p in 50 pairs of lung cancer tu-
mor tissues and adjacent tissues, they were divid-
ed into high expression group and low expression 
group to explore the relationship between microR-
NA-129-5p expression and prognosis of LCa pa-
tients. Kaplan-Meier survival curves showed that 
lowly expressed microRNA-129-5p was correlated 
with poor prognosis of LCa (p<0.05; Figure 1D). 
Subsequently, we further analyzed the relationship 
between microRNA-129-5p expression and age, 
gender, clinical stage, lymph node metastasis, and 
distant metastasis of LCa patients. As shown in 
Table I, low expression of microRNA-129-5p was 

positively correlated with LCa lymph node metas-
tasis and distant metastasis, but not with age, gen-
der, and pathological stage. Therefore, the above 
results suggested that microRNA-129-5p may be a 
new biological indicator for predicting the malig-
nant progression of LCa.

Up-regulation of MicroRNA-129-5p
Inhibited Cell Proliferative Ability As Well 
As Invasiveness and Tumor Angiogenesis

To explore the effect of microRNA-129-5p 
on LCa cell function, we first successfully con-
structed the microRNA-129-5p mimics expres-
sion model and verified it by qRT-PCR (Figure 
2A). We then performed cell proliferation, inva-
sion and migration, and tumor angiogenesis ex-
periments in the H1299 and SPC-A1 cell lines, 
respectively. It was found that the proliferation 
of cells in the microRNA-129-5p mimics group 
was significantly decreased by CCK-8 cell prolif-
eration assay, and the difference was significant 
(Figure 2B). Also, in order to verify the effect 
of microRNA-129-5p on the tumor angiogenesis 
ability of LCa, the Tube-formation assay results 
showed that the tumor angiogenesis ability of the 
LCR cells of the microRNA-129-5p mimics group 
was significantly decreased (Figure 2C). Subse-
quently, the effect of microRNA-129-5p on the 
migration and invasion of LCa cells was explored 
by transwell migration assay. The results showed 
that the number of transmembrane LCa cells in 
microRNA-129-5p mimics group was notably re-
duced compared with NC group, suggesting that 
the cell invasiveness was inhibited (Figure 2D).

Table I. Association of miR-129-5p expression with clinicopathologic. Characteristics.of lung cancer.

Parameters  Number              miR-129-5p expression  p-value
 of cases
  High (%) Low (%)

Age (years)    0.989
  <60 20 12 8 
  ≥60 30 18 12 
Gender    0.355
  Male 24 16 8 
  Female 26 14 12 
T stage    0.077
  T1-T2 30 21 9 
  T3-T4 20 9 11 
Lymph node metastasis    0.001
  No 32 25 7 
  Yes 18 5 13 
Distance metastasis    0.012
  No 37 26 11 
  Yes 13 4 9
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VEGF Was Highly Expressed 
in LCa Tissues and Cell Lines

The expression level of VEGF in LCa tissues 
was confirmed significantly increased compared 
to adjacent tissues by qPCR assay (Figure 3A). In 
addition, VEGF was significantly higher in LCa 
cells than BEAS-2B, and the difference was also 
statistically significant (Figure 3B). Therefore, we 
detected the expression of microRNA-129-5p and 
VEGF by qRT-PCR in lung cancer tissues. The 
results showed that the expression levels of mi-
croRNA-129-5p and VEGF in tumor tissues were 
negatively correlated in LCa patients (Figure 3C). 
Likewise, the H1299 and SPC-A1 cell lines also 
demonstrated a negative correlation between 
microRNA-129-5p and VEGF expression levels 
(Figure 3D).

Up-regulated of MicroRNA-129-5p
Decreased the Expression of VEGF
Related Signaling Pathway

To further explore the way in which microR-
NA-129-5p promotes the malignant progression 

of hepatocellular carcinoma, we examined the ex-
pression of key proteins in the VEGF-related path-
way after overexpression of microRNA-129-5p by 
Western blot. The results showed that the expres-
sion of key proteins including VEGF, CD31, Ki-
67, c-Myc, MMP-2, and MMP-9 in the signaling 
pathway was significantly decreased, thereby in-
hibiting the development of LCa (Figure 4).

MicroRNA-129-5p Exactly Inhibited VEGF 
Gene Expression

To further explore the way in which microR-
NA-129-5p inhibits the malignant progression of 
lung cancer, we overexpressed VEGF and mi-
croRNA-129-5p mimics in LCa cells to investi-
gate their role in LCa. Transfection efficiency of 
VEGF was examined by qRT-PCR and Western 
blot assay (Figure 5A and 5B). Subsequently, we 
demonstrated that overexpression of VEGF coun-
teracted the effect of microRNA-129-5p mimics 
on tumor angiogenesis and invasion and metasta-
sis in LCa cells by Tube-formation assay and tran-
swell migration assay (Figure 5C and 5D).

Figure 1. MicroRNA-129-5p is underexpressed in lung cancer tissues and cell lines. A- B, QRT-PCR detection of microRNA-129-5p 
expression in lung cancer tumor tissues and adjacent tissues; C, QRT-PCR detection of microRNA-129-5p expression levels in lung 
cancer cell lines; D, Kaplan Meier survival curve of lung cancer patients based on microRNA-129-5p expression. Data are mean ± 
SD, *p<0.05, **p<0.01, ***p<0.001.

A
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Figure 2. MicroRNA-129-5p affects lung cancer cell proliferation, tumor angiogenesis, and invasion and migration. A, QRT-PCR 
validates the transfection efficiency of microRNA-129-5p after transfection of NC and microRNA-129-5p mimics in H1299 and SPC-A1 
cell lines; B, CCK-8 assay in H1299 and SPC-A1 cell lines shows the effect of microRNA-129-5p on the proliferation of lung cancer 
cells; C, Tube-formation assay detects the angiogenic ability of lung cancer cells in H1299 and SPC-A1 cell lines; D, Transwell migration 
and invasion assay reveals the ability to invade and migrate of H1299 and SPC-A1 cell lines. Data are mean ± SD, *p<0.05.

D

C

A B
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Discussion

Lung cancer is one of the cancers with high 
morbidity and high mortality worldwide, and it is 
also one of the cancers with poor prognosis1,3. Most 
lung cancer patients have lost the opportunity for 
better surgical treatment at the time of treatment. 
One of the main reasons is the lack of early specif-
ic diagnosis1,3. Similarly, in the treatment of lung 
cancer, early lung cancer can be better treated by 
surgery, but the risk of trauma is large, and many 
lung cancer patients have occurred metastasis at 
the time of treatment or have lost the opportunity 
for surgery due to other reasons. Ordinary chemo-
radiotherapy, although less risky, is not effective23. 
Therefore, it is crucial to explore an early noninva-
sive diagnostic technique for lung cancer and spe-
cific treatment based on gene level.

MicroRNAs (miRNAs) are a class of highly 
conserved non-coding small RNAs that are 20 to 

23 nt in length and regulate gene expression in a 
variety of eukaryotes17-19. Early studies16,24,25 have 
found that miRNAs are found in C. elegans and 
have for the first time demonstrated that miRNAs 
in animal cells can be involved in the regulation 
of gene expression. The regulation of miRNAs on 
genes depends mainly on the partial complemen-
tation of base sequences, and multiple miRNAs 
can act on one mRNA at the same time, thereby 
synergistically regulating the expression intensity 
of genes in different tissues and cells. Research-
es26-28 have shown that miRNAs are released into 
the blood in a very stable form, so miRNAs in the 
blood can be detected as a stable marker. These 
studies prove that miRNA can be used as an early 
non-invasive detection tool for cancer. Therefore, 
exploring the role of miRNAs in lung cancer is 
of great significance for the development of early 
diagnosis and specific therapeutic tools for lung 
cancer.

Figure 3. High expression of VEGF in lung cancer tissues and cell lines. A, QRT-PCR detection of VEGF expression in lung 
cancer tumor tissues and adjacent non-tumor tissues; B, QRT-PCR detection of VEGF expression levels in lung cancer cell lines; C, 
The expression levels of microRNA-129-5p and VEGF in lung cancer tissues were significantly negatively correlated; D, QRT-PCR 
verified the expression level of VEGF after transfection of microRNA-129-5p mimics in H1299 and SPC-A1 cell lines. Data are mean 
± SD, *p<0.05, **p<0.01, ***p<0.001.
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Although microRNA-129-5p has been discov-
ered for a long time, its biological function has 
just begun to be studied. MicroRNA-129-5p plays 
a role in inhibiting tumors and participates in 
many physiological and pathological processes of 
breast cancer29,30. To explore the role of microR-
NA-129-5p in the development and progression of 
lung cancer, RT-PCR was used to detect the ex-
pression of microRNA-129-5p in 50 lung cancer 
tissues and its adjacent normal tissues. The ex-
pression of microRNA-129-5p was significantly 
down-regulated in lung cancer tissues, and the ex-
pression of lung cancer tissues was significantly 
lower than that of adjacent tissues. It was signifi-
cantly associated with lymph node metastasis and 
distant metastasis. Therefore, we believe that mi-
croRNA-129-5p may play a role in LCa. Besides, 
the expression of VEGF was detected by RT-PCR. 
The results showed that the expression of VEGF 
in tumor tissues was significantly up-regulated 
compared with matched normal tissues. The ex-
pression of microRNA-129-5p in tissues was dif-
ferent, and the expression levels were different in 
different lung cancer cell lines. Among them, five 

lung cancer cell lines were detected by RT-PCR, 
and the expression level of microRNA-129-5p 
was found the lowest in H1299 and SPC-A1 cell 
lines, laying the foundation for later experiments. 
To further explore the effect of microRNA-129-5p 
on the biological function of LCa, we construct-
ed the microRNA-129-5p mimics model. The re-
sults of CCK8, tumor angiogenesis experiments, 
invasion, and migration experiments indicated 
that microRNA-129-5p inhibited the proliferation 
and invasion of LCa. Also, the expression of key 
proteins including VEGF, CD31, Ki-67, c-Myc, 
MMP-2, and MMP-9 in the VEGF-related path-
way was significantly decreased after overex-
pression of microRNA-129-5p, thereby inhibiting 
the development of LCa. In the current work, we 
found that microRNA-129-5p was significantly 
down-regulated in lung cancer, suggesting that 
microRNA-129-5p may have a potential role in 
lung cancer; however, its molecular mechanism 
remains unclear.

There is research evidence that RNA and 
RNA interference (RNAi) also participate in the 
regulation of alternative mRNA splicing and play 

Figure 4. The mechanism of microRNA-129-5p in the regulation of VEGF-related signaling pathways in lung cancer cells. West-
ern blotting verified the protein expression levels of key proteins including VEGF, CD31, Ki-67, c-Myc, MMP-2, and MMP-9 after 
overexpression of microRNA-129-5p in H1299 and SPC-A1 cell lines.
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a rapid regulation in various cell biochemical 
processes. Its efficient and versatile regulatory 
mechanism is the most complex cell biology31,32. 
Evidence from bioinformatics studies suggests 
that specific siRNAs have the potential to mod-
ulate target genes and are likely to play a role in 
target gene mRNA cleavage32. To clarify the bi-

ological function of miRNA, we need to further 
search for its target gene. Bioinformatics analy-
sis showed that microRNA-129-5p inhibited by 
acting on VEGF. The dysregulation of VEGF 
expression is closely related to the development 
of various epithelial-derived and hematological 
tumors, and its high expression can promote the 

Figure 5. MicroRNA-129-5p regulates the expression of VEGF in lung cancer tissues and cell lines. A, Detection of VEGF expres-
sion levels in cell lines co-transfected with microRNA-129-5p and VEGF by qRT-PCR; B, Detection of VEGF protein expression 
levels in cell lines co-transfected with microRNA-129-5p and VEGF by Western blot; C, Detection of angiogenesis in lung cancer 
cells after co-transfection of microRNA-129-5p and VEGF by Tube-formation assay; D, Detection of the effect of co-transfection 
of microRNA-129-5p and VEGF on invasion and migration of lung cancer cells by transwell assay. Data are mean± SD, *p<0.05.
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infiltration and metastasis of cancer cells; there-
fore, we investigated the relationship between it 
and lung cancer11-15. It was found that VEGF could 
promote the malignant progression of tumor cells 
in lung cancer cells. To explore the effect and 
interaction of microRNA-129-5p and VEGF on 
the development and progression of lung cancer, 
we further verified that microRNA-129-5p mim-
ics significantly down-regulated the expression 
of VEGF mRNA and protein. Subsequently, we 
used a recovery experiment to verify that overex-
pression of VEGF could counteract the influence 
of microRNA-129-5p mimics on tumor angiogen-
esis and invasion and migration of LCa cells. The 
above findings suggested that VEGF could re-
verse the biological effects of microRNA-129-5p 
in LCa cells, thereby jointly affecting the malig-
nant progression of lung cancer.

Conclusions

We showed that microRNA-129-5p was con-
firmed to be significantly associated with lymph 
node metastasis, distant metastasis and poor 
prognosis, and it can inhibit the malignant pro-
gression of LCa. Our study also indicated that 
microRNA-129-5p might inhibit the proliferation 
or invasion and migration ability of LCa cells and 
tumor angiogenesis by regulating VEGF.
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