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Long noncoding RNAs (lncRNAs) play critical roles in carcinoma occurrence and
metastasis. LINC00941 has been found to mediate the development of gastric cancer,
and LINC00941 was negatively associated with the longer overall survival of lung
adenocarcinoma patients. Herein, our aim was to investigate the effects and
mechanisms of LINC00941 in NSCLC progression. Microarray was used to identify the
change lncRNAs in NSCLC, LINC00941 was found to increase in tumor tissues and
patients’ plasma. Knockdown of LINC00941 didn’t modulate the proliferation of NSCLC
cells, but inhibition of LINC00941 in NSCLC cells suppressed the angiogenesis ability of
human umbilical vein endothelial cells (HUVECs). Moreover, LINC00941 promoted
tumorigenesis in vivo, while si-LINC00941 inhibited tumor development of NSCLC.
VEGFA was should to be significantly modulated by LINC00941 in NSCLC cells, then
luciferase assay proved that LINC00941 regulated VEGFA expression via interacting with
miR-877-3p. Followed functional experiments indicated that overexpression of
LINC00941 accelerated angiogenesis and NSCLC tumor progression via miR-877-3p/
VEGFA axis both in vitro and in vivo. In conclusion, our results clarified the LINC00941
function for the first time, and LINC00941 promoted the progression of NSCLC, which
was mediated by miR-877-3p/VEGFA axis. This study might provide new understanding
and targets for NSCLC diagnosis and treatment.

Keywords: non-small cell lung cancer (NSCLC), LINC00941, angiogenesis, VEGFA, tumorigenesis
INTRODUCTION

Lung cancer is the malignant tumor with the highest morbidity and mortality in the world,
including non-small cell lung cancer (NSCLC) and small cell lung cancer, of which NSCLC accounts
for about 85% (1). NSCLC diagnosis is often in the local late-stage or metastatic stage (2). Although
the use of EGFR-TKIs has dramatically improved the clinical efficacy of NSCLC patients, those who
are sensitive to treatment will inevitably acquire drug resistance after 10-16 months of treatment,
resulting in disease progression five-year survival rate is only 15.9% (3). Therefore, the early
diagnosis of recurrence and metastasis of lung cancer and the target mechanism of drug resistance
treatment is an urgent problem to be solved.
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Long non-coding RNA (lncRNA) can regulate multiple signal
pathways and affect the occurrence and development of NSCLC.
Pan et al. found that the expression of lncRNA NEAT1 in
NSCLC tissues was significantly higher than that in
paracancerous tissues, and it was positively correlated with age,
vascular invasion, lymph node metastasis, and (TNM) stage of
tumor lymph node metastasis (4). The level of circulating
NEAT1 in plasma of patients with NSCLC was significantly
increased, and the level of A549 cell line was also relatively high
(4). Wang et al. found that MEG3 increased the sensitivity of
NSCLC to cisplatin by regulating miR-21-5p/SOX7 pathway (5).
The expression of MEG3 is directly regulated by miR-21-5p,
miR-21-5p inhibits the effect of MEG3 on cisplatin resistance,
SOX7 is the downstream target of miR-21-5p, and MEG3
regulates the expression of SOX7 by inhibiting miR-21-5p (5).

It has been confirmed that tumor angiogenesis plays a key
role in the process of tumor invasion and metastasis (6). Tumor
blood vessels not only promote tumor growth and invasion by
transporting nutrients and metabolites but also provide channels
for tumor cell metastasis. Moreover, the formation and growth of
metastatic foci also depend on the formation of tumor blood
vessels (7). Compared with other solid tumors, the microvessels
in lung cancer tissues are more abundant and more prone to
invasion and metastasis (8). Therefore, studying the mechanism
of angiogenesis in lung cancer and taking corresponding
interventions contribute to inhibit the angiogenesis of lung
cancer, reduce the invasion and metastasis of lung cancer, and
reduce the mortality of lung cancer. Vascular endothelial growth
factor (VEGF) is a highly specific vascular endothelial mitogen,
which is the most specific and powerful angiogenesis regulatory
factor known at present (9). Studies have shown that the
expression of VEGF subtypes plays an important role in the
occurrence and development of tumors (10–12). After binding to
its specific receptor VEGFR, VEGF induces vascular endothelial
cell division and proliferation, promotes endothelial cell
metastasis, and enhances capillary permeability and plasma
exudation through a series of regulatory mechanisms and
biofeedback, thus regulating tumor formation, invasion, and
metastasis (13).

LINC00941 has been found to mediate the development of
gastric cancer (14), head and neck squamous cell carcinoma (15),
and papillary thyroid cancer (16). Moreover, LINC00941 was
negatively associated with the longer overall survival of lung
adenocarcinoma patients (17). However, the underlying
mechanism of LINC00941 in NSCLC remains unclear. In the
present study, we found LINC00941 was highly expressed in
NSCLC tissues. And LINC00941 promoted the progression of
NSCLC via modulating angiogenesis, which might provide
potential biomarkers and novel insight for NSCLC treatment.
MATERIALS AND METHODS

Patients Experiments
The para-carcinoma tissues and cancer tissue of 40 NSCLC
patients were collected, and plasma of 40 NSCLC patients and
Frontiers in Oncology | www.frontiersin.org 2
20 volunteers were isolates, which were used for follow-up
experimental detection. The experiment was permitted by the
Ethics Review Committee of Taikang Xianlin Drum Tower
Hospital, Nanjing University School of Medicine and the
patients signed informed consent.

Cell Culture and Transfection
The commonly used A549 and NCI-1299 cell lines of NSCLC
and human umbilical vein endothelial cells (HUVECs) were
purchased from the ATCC cell center of The United States. The
cells were cultured in RPMI 1640 medium with 10% fetal bovine
serum and 1% dual-antibody solution in an incubator at 37°C
and 5% CO2. The culture medium was changed every day and
passed every 3 days. 500 nM miRNA or or 2 mg siRNA was
transfected into cells, which was mediated by LipofectamineTM
2000 (Invitrogen, Carlsbad, CA, USA). And plasmid or miRNA
or small interfering RNA (si-RNA) were constructed and
purchased from by Ribobio company (Guangzhou, China).

Animals Experiments
A549/NCI-1299 cells of each group were prepared for
inoculation for subculture for 15 generations, and the
concentration was adjusted to 5x107/0.1ml/site and then
divided into different packs. The cell suspension is blown away.
Eighteen BALB/C female nude mice 4-5 weeks, weight around
20g) were selected and grouped and numbered. Each nude mouse
was weighed. The right armpit was disinfected with 75% alcohol,
and 0.1ml cell suspension was injected. After 7 days, mice were
treated intraperitoneally with bevacizumab (10 mg/kg), and
agomiR-877-3p (10 mmol) was injected through tail vein. Then,
the mice were observed daily. After 4 weeks, the nude mice were
collected and killed by excessive carbon dioxide, the tumors were
removed, and the tumors were photographed, weighed and
recorded after all the surrounding connective tissue was
removed. Present study was approved by Institutional Animal
Care and Use Committee of Taikang Xianlin Drum Tower
Hospital, Nanjing University School of Medicine.

qRT-PCR
We used trizol method to extract RNA in tissues and cells, and
RNA concentration and purity were determined using NanoDrop
2000 (Thermo Scientific, USA). RNA is used as transcription
template to reverse transcribe into cDNA. Then SYBR Premix Ex
TaqII was selected for RT PCR reaction. The expression value of
the normal group was set as 1, and the relative expression of the
experimental group was expressed as 2-△△CT. GAPDH was used
as internal control.

In Situ Hybrization (ISH) Assay
ISH assay used to identify the location of LINC00941 in lung
tissues (18). Lung sections were treated with 0.05% H2O2, followed
by digestion with pepsin at 37°C for 1–2 min, and then terminated
and washed with 0.5 M PBS for 15 min. Next, the sections were
incubated in prehybridization buffer for 2 h at 37°C and in
hybridization buffer overnight at 37°C. The sections were washed
thoroughly with a gradient of SSC to remove the background
signals. Next, the sections were treated with a biotinylated digoxin
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antibody at 37°C for 2 h. After the sections were thoroughly washed
with PBS, the samples were incubated with streptavidin-biotin
complex for 30min and biotinylated peroxidase for 30min at 37°C.
The color reaction was developed using the DAB substrate, and the
sections were dehydrated and then mounted with neutral gum.

MTT Assay
MTT assay used to determine the proliferative ability of cells.
100 mL (1×104 cells) were inoculated in 96-well plates and
cultured at 37°C with 5% CO2 for 24 h. At 24h after
transfection, 50 mL MTT solution (5 mg/mL) was added to
each well, and the supernatant was discarded after incubation for
4h at 37°C. The reduction reaction was terminated by adding 150
mL dimethyl sulfoxide (DMSO) to each well. The 96-well plate
was continuously shaken for 30 min, and the optical density
value of each well at 570 nm wavelength was determined by
ELISA, and the average value of each group was taken.

Matrix Assay
Matrix assay used to determine the tube formation ability of
HUVECs. The GFR BDMatrigel was placed in a refrigerator at 4°
for 24 h and thawed into a gelatinous liquid. The gelatin-like
liquid was rapidly added to the 4° precooled porous plate with
200 mL/well, and the plate was horizontally oscillated. After the
plate was leveled, the Matrigel was placed into a 37° cell
incubator for 45 min and the Matrigel was solidified. HUVEC
cells in each group were fused to reach about 80%, digested with
0.25% pancreatic enzyme +EDTA, washed with PBS solution for
3 times, resuspended with the supernatant of NSCLC cells,
counted cells under inverted microscopic field, and adjusted
cell density to 1×104/mL. The cell suspension of each group was
transferred into the culture plate and each well was 3 ml. Place
the culture plate into the cell incubator for culture. After 24 h,
lumen formation was observed under an inverted microscope at
low magnification and photographed under magnification.

Transwell Assay
The matrix glue and basic medium 1640 were fully mixed
according to 1:3. A mixture of 50 mL matrix glue and basal
medium 1640 was added to the bottom of the chamber. The
culture plates with small Chambers were placed in a 5% CO2

incubator for 30 minutes. Single-cell suspension was prepared
and the cell concentration was adjusted to lx105/mL. In the 24-
well plate, a small chamber with and without coated matrix glue
was set, and a complete medium containing 10% serum was
added. Cell suspension of 200 mL was slowly added into a small
chamber and cultured at 37°C and 5% CO2 for 24 h. The cells in
the small chamber were removed with a wet cotton swab and
fixed immediately with formaldehyde for 5 minutes. After that,
the small chamber was taken out and dried. Crystal violet was
used for dyeing for 20 min. Then, the chamber was rinsed with
water and dried. The number of transmembrane cells was
observed and counted under the microscope.

Luciferase Assay
Luciferase assay used to test the binding between miR-877-3p
and LINC00941/VEGFA, HEK293 cells were co-transfected with
Frontiers in Oncology | www.frontiersin.org 3
20 mmol/L miR-877-3p mimic or miR-NC together with WT-
LINC00941/Mut-LINC00941 or WT-VEGFA/Mut-VEGFA.
Luciferase activity was measured with Dual Luciferase Reporter
Assay Kit (Transgene, China) on GloMax20/20 at 48 h after
the transfection.

Immunohistochemical (IHC) Staining
Paraffin sections of carcinoma were dewaxing to water in xylene
and descending series of ethanol. We penetrated sections using
0.5% Triton X-100. After 3 times wash, we blocked sections with
50% goat serum. Then, sections were incubated with Ki67
antibody (ab15580, Abcam) or VEGFA antibody (ab1316,
Abcam) overnight. The second day, tumor sections were
incubated with secondary antibody for 1h, then stained nuclei
using DAPI for 5 min. Then, IHC staining positive region was
detected by microscope under light scope.
STATISTICAL ANALYSIS

Data were shown as mean ± SD. Student’s t-test or one-way
ANOVAwas used to compare the groups. P<0.05 was considered
significance. All experiments were repeated three times.
RESULTS

LINC00941 Was Increased in
NSCLC Tissues
Bioinformatic analysis was performed to identify the
differentially expressed lncRNAs in normal and cancer tissues
of NSCLC, which showed an increase of LINC00941 in NSCLC
tissues (Figure 1A). ENCORI website showed that LINC00941
level was significantly increased in cancer tissues comparing with
normal samples of lung adenocarcinoma (LUAD) (Figure 1B).
As well, the para-cancer tissues and cancerous tissues of NSCLC
patients in our hospital were collected, and qRT-PCR also
indicated that LINC00941 was upregulated in cancer tissues of
NSCLC patients (Figure 1C). Then, plasma of NSCLC patients
and healthy volunteers was collected, and qRT-PCR data
suggested that LINC00941 was high expressed in plasma of
NSCLC patients comparing with healthy volunteers (Figure
1D). ISH assay used to identify the location and expression of
LINC00941 in NSCLC tissues, which showed that LINC00941
mainly located in cytoplasm and was significantly increased in
cancer tissues (Figure 1E). Survival analysis was used for high
and low expression of LINC00941 in LUAD, and data showed
that patients with high level of LINC00941 had a lower survival
rate (Figure 1F).

LINC00941 Promoted Angiogenesis of
Vascular Endothelial Cells
To identify the effect of LINC00941, we constructed stable
LINC00941 knockdown A549 and NCI-1299 NSCLC cells
endogenously silencing LINC00941, and exogenously
overexpressed LINC00941 in A549 and NCI-1299 cells via
March 2021 | Volume 11 | Article 650037
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retroviral infection, qRT-PCR showed the LINC00941 level in cell
lines (Figure 2A). Followed assay showed that overexpression or
knockdown of LINC00941 had a little effect on cell proliferation
(Figure 2B). Considering the essential role of angiogenesis in cancer
development (19), we cultured human umbilical vein endothelial
cells (HUVECs) with supernatant of A549 and NCI-1299 cells with
LINC00941 or si-LINC00941. MTT assay showed that LINC00941
in NSCLC cells promoted the proliferation of HUVECs, while si-
LINC00941 in NSCLC cells inhibited the proliferation of HUVECs
(Figure 2C). Tube formation assay revealed that overexpression of
LINC00941 promotedmesh formation, and transwell assay indicated
that LINC00941 enhanced the migration ability of HUVECs, while
silencing LINC00941 yielded the opposite effects (Figures 2D, E). To
explore the underlying mechanism, we analyzed several proliferation
and migration-related genes in vascular endothelial cells, VEGFA
was obviously correlated with the variation in LINC00941 expression
(Figure 2E). ELISA also indicated that the VEGFA level was
dramatically modulated by the LINC00941 (Figures 2F, G).

Inhibition of LINC00941 Suppressed
Tumorigenesis of Lung Cancer
Tumor formation in nude mice was performed to evaluate
LINC00941 function in vivo. A549 cells with LINC00941 and
NCI-1299 cells with si-LINC00941 were subcutaneously injected
into right lower limb of the nude mice. 4 weeks later, tumors
were isolated (Figure 3A). LINC00941 enhanced tumor volume,
and increased the ratio of tumor weight to body weight, while si-
LINC00941 exerted the opposite effects (Figures 3B, C). In
Frontiers in Oncology | www.frontiersin.org 4
addition, LINC00941 induced LINC00941 expression in
isolated tumor tissues, while si-LINC00941 reduced
LINC00941 level after injection (Figure 3D). Moreover, IHC
data indicated that LINC00941 promoted VEGFA expression in
tumors, and si-LINC00941 inhibited VEGFA level (Figure 3E).
And LINC00941 promoted CD31 expression in tumors, which
indicated a higher ability of vascularization (Figure 3E).

LINC00941 Regulated VEGFA Expression
via Sponging miR-877-3p
At present, it has been found that lncRNA regulates miRNA by
acting as sponge of miRNA (20). Through the prediction of the
bioinformatics website (DIANA, Starbase, Targetscan), we found
that miR-877-3p may be a target of LINC00941 in regulating
VEGFA level (Figure 4A). The binding site was predicted and
luciferase assay reported that miR-877-3p could inhibit the
luciferase activity of WT-LINC00941, but not Mut-LINC00941
(Figure 4B). As well, miR-877-3p targeted and bound with
VEGFA (Figure 4C). After transfection with si-LINC00941/si-
NC in A549 cells, the expression of miR-877-3p was increased in
the si-LINC00941 group (Figure 4D). The expression of VEGFA
was decreased after miR-877-3p mimic transfection (Figure 4E).
In NSCLC patient’s tissues, the level of miR-877-3p was
significantly reduced (Figure 4F). Correlation analysis using
ENCORI website showed that there was a negative correlation
between LINC00941 and miR-877-3p in lung adenocarcinoma
(LUAD) (Figure 4G). Taken together, LINC00941 could regulate
VEGFA level via sponging miR-877-3p.
A

D E F

B C

FIGURE 1 | The expression of LINC00941 in NSCLC tissues. (A) LncRNA expression profiles in normal and cancer tissues of NSCLC patients. (B) ENCORI website
showed LINC00941 level in cancer and normal samples of lung adenocarcinoma (LUAD). (C) The expression of LINC00941 in normal and cancer tissues was
detected by qRT-PCR. (D) RNA in plasma of healthy volunteers and NSCLC patients was isolated, and LINC00941 expression was calculated. (E) ISH analysis for
LINC00941 expression normal and cancer tissues of NSCLC patients. Scale bar, 200 mm. (F) 5-years’ survival rate of NSCLC patients with high and low expression
of LINC00941. Data are mean ± SD; *P < 0.05. All experiments were repeated three times.
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LINC00941 Promoted Angiogenesis of
Vascular Endothelial Cells via miR-877-3p/
VEGFA Axis
Next, we forced miR-877-3p or inhibited VEGFA level in A549
and NCI-1299 cells with LINC00941, the miR-877-3p mimics
transfection increased miR-877-3p level, and si-VEGFA inhibited
Frontiers in Oncology | www.frontiersin.org 5
VEGFA level in A549 and NCI-1299 cells (Figure 5A).
Then, HUVECs were cultured with supernatant of A549 and
NCI-1299 cells after transfection. Followed functional experiments
indicated that overexpression of miR-877-3p or inhibition of
VEGFA suppressed the proliferation, mesh formation and
migration of HUVECs (Figures 5B–D).
A

D

E

F G

B C

FIGURE 2 | LINC00941 in NSCLC cells promoted angiogenesis of HUVECs. Stable LINC00941 knockdown A549 and NCI-1299 cells, and exogenously
overexpressed LINC00941 in A549 and NCI-1299 cells were constructed. (A) The expression of LINC00941 was determined by qRT-PCR. (B) MTT assay used to
detect proliferation of A549 and NCI-1299 cells. HUVECs were cultured with supernatant of A549 and NCI-1299 cells stably expressed LINC00941 or si-
LINC00941. (C) MTT assay used to detect proliferation of HUVECs. (D) Effect of LINC00941 expression in NSCLC cells on HUVECs in tube formation assay. Scale
bar, 100 mm. (E) Transwell assay was to examine invasion of HUVECs. Scale bar, 100 mm. (F) The expression of the proliferation and migration-related genes in
HUVECs. (G) The level of VEFGA in NSCLC cells in ELISA assay. Data are mean ± SD; *P < 0.05. All experiments were repeated three times.
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LINC00941 Promoted Tumorigenesis of
NSCLC via Modulating miR-877-3p/VEGFA
To investigate the pathophysiological function of LINC00941 on
the tumorigenesis, A549 cells with LINC00941/NC were
subcutaneously injected into right lower limb of the nude mice. 7
days later, agomiR-877-3p was injected through tail vein, or
bevacizumab (VEGF monoclonal antibody) was intraperitoneally
injected. 4 weeks later, tumors were isolated and showed in
Figure 6A. Overexpression miR-877-3p or inhibition of VEGFA
decreased tumor volume and tumor weight (Figures 6B, C). Then,
the levels of LINC00941, miR-877-3p and VEGFA in isolated
tumors were determined using qRT-PCR (Figure 6D). Moreover,
Ki67 staining used to evaluate proliferation level of tumors. Data
showed that LINC00941 promoted cancer cells proliferation, while
agomiR-877-3p or si-VEGFA reversed the accelerating effects of
LINC00941 in NSCLC progression (Figure 6E).
DISCUSSION

Lung cancer is the malignant tumor with the highest morbidity
and mortality in the world (21). Although various treatment
Frontiers in Oncology | www.frontiersin.org 6
measures have made great progress, the 5-year survival rate after
lung cancer operation is very low, and the treatment effect is not
good. One of the main reasons for the low 5-year survival rate of
patients with lung cancer is the metastasis of cancer cells (22).
Therefore, the intervention of cancer cell metastasis is of great
significance to improve the prognosis and reduce the mortality.

The metastasis of cancer is a complex process involving
multiple factors, including proliferation and differentiation of
tumor cells, neovascularization induced by tumor cells, matrix
degradation by related proteases secreted by tumor cells, and so
on (23). At present, it has been confirmed that tumor-related
neovascularization plays an important role in the process of
tumor invasion and metastasis (24). Neovascularization not only
provides sufficient nutrition for the growth of primary or
metastatic tumors, promotes the occurrence and development
of tumors, but also provides channels for tumor metastasis (25).
Angiogenesis is an indispensable factor in tumor growth and
metastasis. And many studies have pointed out that tumor-
related neovascularization is closely related to the growth,
invasion, metastasis and prognosis of NSCLC (26, 27).

LncRNA, which contains more than 200bp, is not involved in
coding proteins, but can regulate gene expression at all levels in the
A

C

E

D

B

FIGURE 3 | Silencing of LINC00941 inhibited tumorigenesis of NSCLC. (A) Images of the representative excised tumors from the mice at 28 days after injection with
the A549 (stably expressed LINC00941) and NCI-1299 cells (stably expressed si-LINC00941). (B) Tumor volume was measured every 7 days. (C) The ratio of tumor
weigh to body weight was calculated. (D) The mRNA of LINC00941 and VEGFA in isolated tumors were detected by qRT-PCR. (E) IHC staining used to detect
VEGFA and CD31 expression of isolated tumors. Data are mean ± SD; *P < 0.05. All experiments were repeated three times.
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form of RNA (28). According to research, the biological process and
abnormal expression of lncRNA are related to cancer and play an
important role in the occurrence and development of tumors (29).
LncRNA can affect a variety of signal pathways and thus participate
in the occurrence and development of NSCLC (30). Based on the
stability and specificity of lncRNA, lncRNA may become a
diagnostic marker of NSCLC and improve the detection rate of
NSCLC. And in present study, we first used microarray to identify
the differentially expressed lncRNAs in NSCLC tissues, which
showed a significant increase of LINC00941 in cancer tissues.
Particular, LINC00941 could be found in plasma, and NSCLC
patients had a high LINC00941 expression. We also found that
LINC00941 was related to poor prognosis of NSCLC. Therefore,
present study had some clinical relevance. However, due to the
small patient sample of present study, we cannot draw conclusions
about correlation with individual patient outcomes, but we now
comment on this limitation and suggest future studies that could
examine more details about LINC00941 with NSCLC patients.

LINC00941 was first found in lung adenocarcinoma (LUAD),
and lung adenocarcinoma belongs to NSCLC (31). Subsequent
studies indicated that LINC00941 was correlated with invasion
and lymphatic metastasis of gastric cancer (14). Moreover,
LINC00941 promoted the metastasis of papillary thyroid
cancer by modulating CDH6 (16), and LINC00941 facilitated
the metastasis of colorectal cancer through activating the TGF-b/
Frontiers in Oncology | www.frontiersin.org 7
SMAD2/3 pathway (32). These studies suggested that
LINC00941 was related to cancer invasion and metastasis.
However, the role and mechanism of LINC00941 in the
metastasis of NSCLC has not been reported.

Numerous reports show that abnormal expression of genes in
tumors indicates malignancy of tumor cells (33). In order to clary
the effect of LINC00941 in the malignancy of NSCLC cells, we
constructed stable LINC00941 knockdown A549 and NCI-1299
NSCLC cells, and exogenously overexpressed LINC00941 in
A549 and NCI-1299 cells. This method is common for
exploring genes function in tumor cell, and A549 and NCI-
1299 are two usual NSCLC cell lines. Surprisingly, the data
showed that overexpression or inhibition of LINC00941 in
NSCLC cells had no effects on their proliferative ability.
Cons ide r ing the e s s en t i a l r o l e o f tumor - r e l a t ed
neovascularization in the process of tumor invasion and
metastasis, we cultured HUVECs with supernatant from
NSCLC cells with overexpression or inhibition of LINC00941.
Then, functional experiment showed that LINC00941 in NSCLC
cells promoted the proliferation, tube formation and migration
of HUVECs. As well, in vivo tumor formation experiments were
also confirmed LINC00941 promoted oncogenesis in nude mice,
while si-LINC00941 suppressed oncogenesis. These data
indicated that LINC00941 in NSCLC cells might promoted
tumor development through activating angiogenesis process.
A B

D E F G

C

FIGURE 4 | LINC00941 acted as a competitive endogenous RNA for miR-877-3p and modulated VEGFA level. (A) Bioinformatics used to predict the binding bases
of miR-877-3p and LINC00941/VEGFA. (B) Wild type and mutant LINC00941 was transfected into HEK293 cells with or without miR-877-3p, and luciferase assay
was to evaluate the binding between miR-877-3p and LINC00941. (C) Luciferase assay was to test the binding between miR-877-3p and VEGFA. (D) A549 cells
were transfected with si-LINC00941/si-NC, the expression of miR-877-3p was tested. (E) The expression of VEGFA was determined after miR-877-3p mimic
transfection in A549 cells. (F) The level of miR-877-3p in normal and cancerous tissues of NSCLC patients was detected. (G) ENCORI website used to determine
the correlation between LINC00941 and miR-877-3p in lung Adenocarcinoma (LUAD). Data are mean ± SD; *P < 0.05, ns, no statistical significance. All experiments
were repeated three times.
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In order to claim the mechanism of LINC00941 in
angiogenesis, we analyzed several proliferation and migration-
related genes in vascular endothelial cells, VEGFA was obviously
correlated with the variation in LINC00941 expression. VEGFA
is a member of vascular endothelial growth factors (VEGFs), and
is the most specific, powerful and important angiogenic regulator
(34). The biological effects of VEGFA and VEGFR are not
exerted until they are combined with each other. VEGFR is not
only expressed in lung cancer cells, but also expressed in a variety
of other cells, including macrophages, monocytes (35). Shi W
et al. used siRNA of VEGFA to treat gastric cancer and found
that renal cancer cells cultured in vitro showed selective VEGFA,
in the tumor model of nude mice, inhibiting tumor growth by
reducing the expression of VEGFA in tumor cells (36). A study
on colorectal cancer focused on the retrospective analysis of the
relationship between VEGFA, its receptor and clinicopathology.
The results showed that VEGFA was related to the degree of
tumor differentiation (37). These results suggest that the
expression level of VEGFA may be used as a biomarker of
tumor malignant invasion and has prognostic value. In
addition, studies have pointed out that lncRNA, like mRNA,
Frontiers in Oncology | www.frontiersin.org 8
can bind with miRNA to inhibit the down-regulation of mRNA
expression by miRNA, thus realizing the regulatory function.
Thus, we used bioinformatics website to analyze miRNAs that
sponged by LINC00941 and targeted VEGFA. The data showed
that miR-877-3p had complementary base pairs with LINC00941
and VEGFA. Luciferase assay proved that LINC00941 regulated
VEGFA expression via interacting with miR-877-3p. Moreover,
miR-877-3p was decreased in NSCLC tissues, and negatively
associated with LINC00941. Followed functional experiments
indicated that overexpression of LINC00941 accelerated
angiogenesis and NSCLC progression via miR-877-3p/VEGFA
axis both in vitro and in vivo.
CONCLUSION

In conclusion, our results clarified the LINC00941 function for
the first time, and LINC00941 promoted the progression of
NSCLC, which was mediated by miR-877-3p/VEGFA axis. This
study might provide new understanding and targets for NSCLC
diagnosis and treatment.
A

C

D

B

FIGURE 5 | LINC00941 promoted angiogenesis through miR-877-3p/VEGFA axis. A549 and NCI-1299 cells (stably expressed LINC00941) were transfected with
miR-877-3p or si-VEGFA. (A) The transfection efficiency of miR-877-3p or si-VEGFA was detected using qRT-PCR. HUVECs were cultured with supernatant of
A549 and NCI-1299 after transfection. (B) MTT assay used to detect proliferation of HUVECs. (C) Tube formation assay was to test angiogenesis in HUVECs.
Scale bar, 100 mm. (D) Transwell assay was to examine invasion of HUVECs. Scale bar, 100 mm. Data are mean ± SD; *P < 0.05. All experiments were repeated
three times.
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