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Background: Glioma is a common malignant tumor of the human central nervous system,

and the pathological characteristics include invasive growth, angiogenesis, and so on.

Ectopic expression of miR-503 works as a critical factor in cancer cell proliferation, migra-

tion, and capillary-like tube formation. The potential mechanisms of miR-503 in angiogen-

esis of glioma cells are still not reported.

Methods: The expression levels of miR-503, LRIG2, and VEGFA mRNA and protein were

performed by quantitative reverse transcription-PCR or Western blot assay. Dual-Luciferase

reporter gene assay was used to determine the interaction between miR-503 and LRIG2. The

concentration of VEGFA was measured using the ELISA method. The cell proliferation,

migration, and angiogenesis of cocultured HCMEC/D3 cells were analyzed by MTT assay,

transwell detection, and tube formation assay, respectively.

Results: The expression levels of LRIG2 and VEGFA were reduced in glioma cells with

miR-503 overexpression and enhanced with miR-503 inhibition. Moreover, cell proliferation,

migration, and angiogenesis of cocultured HCMEC/D3 cells were alleviated with miR-503

mimics transfection. VEGFA and miR-503 inhibitor promoted cell proliferation, cell migra-

tion, and angiogenesis. Luciferase reporter gene assay revealed that miR-503 could directly

target LRIG2. Furthermore, knockdown of LRIG2 or addition of VEGF inhibitor bevacizu-

mab could abrogate the effect of miR-503 inhibitor on VEGFA expression, as well as the

promotion of cell proliferation, migration, and angiogenesis.

Conclusion: MiR-503 mediated LRIG2 suppression and regulated the expression of

VEGFA, thereby reducing cell proliferation, migration, and angiogenesis of glioma cells.

These results provide new insight into the action mechanism of miR-503-modulated signal-

ing pathway in angiogenesis of glioma cells.
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Introduction
Glioma is regarded as the most commonmalignant tumor of the human central nervous

system, and glioblastoma accounts for about 80% of malignant brain tumors, which is

characterized by aggressive angiogenesis.1 Glioma has high invasion, recurrence, and

mortality rate because the glioma cells growth and proliferation has considerably

dependence on angiogenesis. Angiogenesis is regulated by the interaction of proangio-

genic and antiangiogenic factors. The antiangiogenic factors can be generated by

glioma cells and act on glioma-associated endothelial cells, thus regulating the process

of angiogenesis.2 It has been demonstrated that abnormal lncRNAs and miRNAs
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expression, as well as interaction between each other has

remarkable effect in glioma angiogenesis.3 Therefore, the

elucidation of critical factors and signaling pathways

involved in antiangiogenesis becomes an important therapy

in glioma treatment.

Leucine-rich repeats and immunoglobulin-like domains

protein 2 (LRIG2) gene encodes a transmembrane protein,

which contains leucine-rich repeats and immunoglobulin-

like domains. LRIG2 is produced in the human cytoplasm

of glioma cells and localizes to the cell surface, perinuc-

lear and cytoplasmic compartments.4 The previous study

has demonstrated that the downregulated expression of

LRIG2 inhibits proliferation, increases cell spontaneous

apoptosis in glioblastoma cell GL15, which provides

a new target for glioma treatment.5 Moreover, the reduced

expression of LRIG2 can inhibit the angiogenesis of

glioma cells by decreasing the expression of epidermal

growth factor receptor (EGFR) as well as vascular

endothelial growth factor A (VEGFA).6

miRNAs are endogenous noncoding RNAs, consisting of

18 to 24 nucleotides, which plays inhibition or promotion

effects on cell proliferation, apoptosis, differentiation, induc-

tion of angiogenesis, and activation of metastasis and

invasion.7 The recent studies have been identified that the

abnormal expression of miRNAs is closely related to cell

proliferation, apoptosis, and drug resistance in glioblastoma.8

It has been proved that miR-503 acts as a repressor in glioma

pathogenesis by targeting L1 cell adhesion molecule

(L1CAM).9 The mechanism of miR-503 on the angiogenesis

of glioma and the associated signaling pathway has still not

been reported. But previous studies have revealed that miR-

503 plays a tumor inhibition role in several cancers, such as

hepatocellular carcinoma (HCC), which suppressed the

growth and angiogenesis of HCC cells by directly targeting

fibroblast growth factor-b (FGF2) and VEGFA.10,11 FGF2

and VEGFA have been shown to be involved in the regula-

tion of angiogenesis, which are angiogenic factors suppres-

sing deregulated blood vessel formation in multiple diseases

such as cancer.12,13 According to the bioinformatics predic-

tion, we found that miR-503 has the putative binding sites

targeting LRIG2. It is speculated here that miR-503 may play

an important role in glioma angiogenesis by targeting

LRIG2.

In this study, the possible molecular mechanism under-

lying the regulatory effect of miR-503 on VEGFA through

targeting LRIG2 during glioma angiogenesis is presented.

In general, our research provides a new evidence that the

miR-503-modulated suppressing of LRIG2 is responsible

for the transcription downregulation of VEGFA, thus inhi-

biting the angiogenesis of glioma cells.

Materials And Methods
Cell Culture
The human glioma cell lines (A172 and U251) and immor-

talized human cerebral microvascular endothelial cell line

D3 (HCMEC/D3) were obtained from Chinese Academy

of Sciences (Shanghai, China). All of the above cell lines

were selected and cultured in DMEM (purchased from

Gibco, USA), with 10% FBS (Invitrogen, CA, USA) sup-

plementation. The cells were maintained in an incubator at

37°C with humidified 5% CO2.

Cell Transfection
The shRNAs targeting LRIG2 (sh-LRIG2) were designed

and synthesized by GenePharma (Shanghai, China). The

miR-503 mimics, miR-503 inhibitor, respective negative

control miRNA (miR-NC), and inhibitor NC were pur-

chased from RiboBio (Guangzhou, China). Then, they

were transfected into A172 and U251 cells using

Lipofectamine 2000 reagent (Invitrogen) according to the

manufacturer’s instructions. After the transfection, the

cells were cultured and applied for further experiment

assay.

Luciferase Reporter Assay
The wild-type (WT) fragments from LRIG2 (LRIG2-WT)

containing the potential binding sites and corresponding

mutant type (MUT) fragments (LRIG2-MUT) of miR-503

were cloned into the pMIR-report plasmid vector

(Promega, USA) to generate the LRIG2 luciferase reporter

construct. Then, the vectors and miR-503 mimics were co-

transfected into A172 and U251 cells using Lipofectamine

2000 reagent (Invitrogen). Subsequently, the cells were

harvested, lysed and the relative Rluc/Luc ratio was mea-

sured as described previously by the Dual-Luciferase

reporter gene system (Promega) in accordance with the

protocol.14

Total RNA Extraction And Quantitative

Reverse Transcription-PCR (qRT-PCR)
Total RNA was extracted using TRIZOL reagent (Sigma,

USA) following the manufacturer’s protocol from the

indicated cultured cell lines. The relative expression levels of

miR-503, VEGFA, and LRIG2 were detected by qRT-

PCR assay using the SYBR-Green qPCR SuperMix
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(Invitrogen) according to the instructions. The glyceralde-

hyde-3-phosphate dehydrogenase (GAPDH) was served as

the endogenous control. Gene-specific primers of miR-503,

VEGFA, and LRIG2 for qRT-PCR analyses were listed as

follows: miR-503-F, 5ʹ-CCTATTTCCCATGATTCCTTC

ATA-3ʹ and miR-503-R, 5ʹ-GTAATACGGTTATCCACGCG

-3ʹ; VEGFA-F, 5ʹ-CAAGGCCAGCACATAGGAGA-3ʹ and

VEGFA-R, 5ʹ-ACGCGAGTCTGTGTTTTTGC-3ʹ; LRIG2-

F, 5ʹ-TTGCTGAGGAGGACGTTCTTG-3ʹ and LRIG2-R, 5ʹ-

TGTGGCAGGACATGGAAGAAG-3ʹ; GAPDH-F, 5ʹ-CTG

ACATGCCGCCTGGAGA-3ʹ andGAPDH-R, 5ʹ-ATGTAGG

CCATGAGGTCCAC-3ʹ. U6-F, CGCTTCGGCAGCACATA

TACTAAAATTGGAAC, and U6-R, GCTTCACGAATTTG

CGTGTCATCCTTGC. The PCR procedure used in this study

was as follows: 95°C for 5 mins, followed by 94°C for 40 s,

62°C for 60 s and 72°C for 60 s, with a total of 40 cycles, and

at last 72°C for 10 mins.

Protein Extraction And Western Blot
The cultured cells were lysed using the RIPA reagent

(Millipore, USA) and the concentration of the proteins

was quantified by the BCA protein assay kit (Bio-Rad,

USA). The samples were subjected to 8% SDS-PAGE for

electrophoresis and transferred onto the polyvinylidene

fluoride membranes (Millipore). Then, the membrane was

blocked with 5% skimmed milk diluted in Tris-buffered

saline (TBS) containing 0.1% of Tween 20 (TBST buffer)

for 1 hr at room temperature. The protein-specific primary

antibodies of anti-VEGFA, anti-LRIG2, and anti-GAPDH

(Abcam, USA) were added, then the protein was incubated

at 4°C overnight. Subsequently, the membranes were rinsed

by TBST buffer and probed with secondary horseradish

peroxidase (HRP) conjugated antibodies for 1 hr at room

temperature. Then, the proteins were determined by the

enhanced chemiluminescence reagent (Millipore) in accor-

dance with the manufacturer’s protocol and the bands were

quantified using the ImageJ software.

ELISA
To investigate the concentration of VEGFA in the tumor-

conditioned medium (TCM), HCMEC/D3 cells were

cocultured with the human glioma cell lines A172 and

U251 to establish the coculture system.15,16 The respective

TCM from either transfected mono-glioma cell or cocul-

ture system of HCMEC/D3 cells was prepared, and the

supernatant of the cells was harvested and centrifuged at

4°C for 20 mins at 2000× g to remove the cell debris, then

it was stored at -80°C for further use. After dilution, the

concentration of VEGFA in cell supernatants was quanti-

tatively detected using the Human VEGFA ELISA kit

(R&D Systems, USA) following the manufacturer’s

instruction. The OD value was read at 450 nm using the

Flexstation 3 microplate reader. The purified VEGFA was

used for creating a standard curve, and the results were

analyzed by CurveExpert 1.3 software program.

MTT Assay
To measure the cell proliferation ability of HCMEC/D3

cells induced by coculture with glioma cells, MTT assay

was carried out using the coculture system. An MTT

regent of 40 mg/mL was added to each culture medium

and incubated for 4 hrs. Then, the supernatants were

removed and the reaction was terminated. The formazan

product was dissolved in dimethyl sulfoxide, and the

absorbance value was measured using the microplate

reader at 570 nm.

Transwell Assay
Following transfection, the cell migration ability of

HCMEC/D3 cells induced by coculture with glioma cells

was determined by transwell assay using the coculture

system (8 µm pore size) as described before. On the

lower transwell chamber, 1×105/well of A172 or U251

cells were seeded for 24 hrs, then cocultivation with

1×105/well of HCMEC/D3 cells were seeded in the

upper transwell chamber. After 24 hrs incubation,

HCMEC/D3 cells on the upper surface of the fibronectin-

coated polycarbonate membrane were removed. The

migrated cells were fixed with 10% formalin at room

temperature and stained with 0.1% crystal violet. Then,

the migrated cells were counted from five different fields

of each filter under a microscope.

Tube Formation Assay
To explore the tube formation ability of HCMEC/D3 cells

induced by coculture with glioma cell, cothe culture sys-

tem (0.4 µm pore size) was used for the tube formation

assay. Fifty microliters of diluted matrigel (BD

Biosciences, USA) was prepared and added to HCMEC/

D3 cells in the upper transwell chamber. Subsequently, the

cells were incubated at 37°C overnight. On the lower

transwell chamber, 1×105/well of A172 or U251 cells

were seeded, then cocultivated with HCMEC/D3 (1×105/

well) in the upper chamber. After 24 hrs incubation, the

branch points of formed capillary-like structures, which

represent the angiogenesis degree in vitro, were observed

Dovepress Sun et al

Cancer Management and Research 2019:11 submit your manuscript | www.dovepress.com

DovePress
10601

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


and photographed from five different fields of each filter

using an inverted microscope to assess the tube formation

ability of HCMEC/D3 cells.

Statistical Method
All the data of this study are statistical analyzed by SPSS

21.0 statistical software. The measurement data were

expressed as mean±SD. The Student’s t-test was used for

pairwise comparison and single-factor ANOVA was used

for multigroup comparison. P<0.05 represents the differ-

ence was statistically significant.

Results
miR-503 Inhibits Angiogenesis In Glioma

Cells
In order to investigate the molecular regulation mechanism

of miR-503 in the angiogenesis of glioma cells, miR-NC,

miR-503 mimics, inhibitor NC, and miR-503 inhibitor

transfection were carried out in human glioma cell lines

A172 and U251 for further analysis. To compare the expres-

sion levels of miR-503 and VEGFA mRNA in glioma cells,

qRT-PCR assay was performed in A172 and U251 cells. As

shown in Figure 1A, the miR-503 mRNA expression was

increased in the miR-503 mimics group and decreased in

the miR-503 inhibitor group compared with that in the miR-

NC group or inhibitor NC group. The VEGFA levels pre-

sented the opposite results (Figure 1A). In addition, Western

blot assay results were in accordance with qRT-PCR, which

showed that the expression of VEGFA protein was inhibited

in cells with miR-503 mimics transfection and promoted in

miR-503 inhibitor group (Figure 1B). Moreover, the con-

centration of VEGFAwas quantified by ELISA. Similarly, it

showed that the overexpression of miR-503 reduced

VEGFA secretion and miR-503 inhibitor increased

VEGFA concentration (Figure 1C). To further determine

the cell proliferation ability of HCMEC/D3 cells induced by

coculture with glioma cells, MTT assay was performed

using the coculture system. It was revealed that the cell

proliferation ability was obviously elevated in cells with

miR-503 inhibitor transfection than that in cells with miR-

503 mimics transfection (Figure 1D). Moreover, through

the transwell assay, it was found that the overexpression of

miR-503 gene markedly reduced the migration capacity of

HCMEC/D3 cells compared with cells in miR-NC group

(Figure 1E). The miR-503 inhibitor significantly enhanced

the migration capacity of HCMEC/D3 cells compared with

cells in the inhibitor NC group (Figure 1E). Besides, the

angiogenesis capacity of HCMEC/D3 cells was higher with

miR-503 inhibitor transfection compared with the inhibitor

NC group, and that in cells with miR-503 mimics transfec-

tion was weaker than the miR-NC group (Figure 1F). These

results indicated that miR-503 played a negative regulation

role in the angiogenesis of glioma cells.

miR-503 Directly Targets LRIG2 And

Negatively Regulates Its Expression
As shown in Figure 2A, it was identified that the region of

miR-503 has putative binding sites for LRIG2 by the bioin-

formatics analysis. Luciferase reporter assay revealed that

the luciferase activities were inhibited significantly when

LRIG2-WT was co-transfected with miR-503 mimics,

while no significant change was found in cells with LRIG2-

MUT (Figure 2B). These results suggested that there was

binding activity of miR-503 to LRIG2 in glioma cells. As

shown in Figure 2C, transfection with miR-503 mimics

decreased LRIG2 mRNA expression in A172 and U251

cells and miR-503 inhibitor increased the expression levels

of LRIG2 (Figure 2C). Moreover, the results of Western

blot assay were similar to that of the qRT-PCR (Figure 2D).

Taken together, in the glioma cells, miR-503 regulated

LRIG2 expression by directly binding to the related sites.

Downregulation Of miR-503 In Glioma

Cells Induces Tumor Angiogenesis Via

Targeting LRIG2
To further explore the cross-talk of miR-503 and LRIG2 in

tumor angiogenesis, the expression levels of LRIG2 and

VEGFAmRNA and protein were determined following trans-

fection with inhibitor NC, miR-503 inhibitor and co-

transfection of sh-LRIG2 andmiR-503 inhibitor. As expected,

miR-503 inhibitor significantly induced LRIG2 and VEGFA

mRNA and protein expression, whereas such effects were lost

by co-transfection of sh-LRIG2 and miR-503 inhibitor.

(Figure 3A and B). Similarly, the level of VEGFA in A172

and U251 cells with miR-503 inhibitor transfection was ele-

vated, and this effect was attenuated when the cells were co-

transfectionof sh-LRIG2 and miR-503 inhibitor (Figure 3C).

To investigate the possible regulation mechanism ofmiR-503-

regulated LRIG2 expression in cell proliferation, migration,

and tumor angiogenesis, the transwell coculture model was

used. TheMTTassay demonstrated that the induction effect of

HCMEC/D3 cell viability in cells transfected with miR-503

inhibitor was reversed after co-transfection of sh-LRIG2 and

miR-503 inhibitor (Figure 3D). Furthermore, the inhibition of
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miR-503 was able to induce migration activities of HCMEC/

D3 cells, but this effect could be partially abrogated by co-

transfection with sh-LRIG2 (Figure 3E). As shown in

Figure 3F, tube formation ability was obviously elevated in

HCMEC/D3 cells with miR-503 inhibitor and the co-

transfection of sh-LRIG2 and miR-503 inhibitor inhibited

Figure 1 The effects of miR-503 on expression levels of VEGFA in A172 and U251 cells, and cell proliferation, cell migration and angiogenesis of coculture HCMEC/D3 cells. (A) The

miR-503 and VEGFA transcription levels were detected by qRT-PCR in A172 and U251 cells. (B) Western blot analysis of VEGFA expression in A172 and U251 cells. (C) ELISA assay

was performed to detect VEGFA concentration using the cocultured system. (D) HCMEC/D3 proliferation induced by co-culturing with glioma cells was assessed by theMTTmethod

using the cocultured system. (E) The migration ability of cocultured HCMEC/D3 cells was detected by transwell assay. (F) HCMEC/D3 angiogenesis ability in cells after indicated

treatment. The experiment was repeated for three times. Data are the mean ± SD for three independent experiments. P value was determined by one-way ANOVA following Tukey's

post hoc test. *P < 0.05; ** P < 0.01.
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the induction of angiogenesis (Figure 3F). Based on these

results, the tumor angiogenesis effects induced by miR-503

inhibition are partially mediated by targeting LRIG2.

miR-503 Regulates Tumor Angiogenesis

Via LRIG2-Regulated VEGFA Expression
To investigate the underlying mechanisms of miR-503/

LRIG2/VEGFA in tumor angiogenesis, HCMEC/D3 cells

in the presence of 20 ng/mL of recombinant VEGFA protein,

transfected with miR-503 inhibitor, co-transfected with miR-

503 inhibitor and sh-LRIG2, or VEGF inhibitor bevacizu-

mab were evaluated. The concentration of in the culture

medium after coculture was detected, and it was revealed

that in the presence of recombinant VEGFA protein andmiR-

503 inhibitor, VEGFA accumulation was elevated, and in

miR-503 inhibitor + sh-LRIG2 or miR-503 inhibitor + bev-

acizumab group, the effects were abrogated (Figure 4A). The

transwell coculture model was used to assess the cell prolif-

eration, cell migration, and angiogenesis. It was found that,

VEGFA and miR-503 inhibitor promoted HCMEC/D3 cell

proliferation, cell migration, and angiogenesis. Nevertheless,

miR-503 inhibitor + sh-LRIG2 and miR-503 inhibitor +

bevacizumab groups alleviated the effects (Figure 4B–D).

These results suggested that miR-503 was involved in

regulating the tumor angiogenesis, possibly through the

VEGFA expression regulated by LRIG2.

Discussion
Illuminating the molecular regulation mechanisms underly-

ing antiangiogenesis in glioma is regarded as an important

approach to discover novel treatments for glioma-related

diseases.17 It has been demonstrated that miR-503 is

involved in angiogenesis during hypoxia, diabetes mellitus-

induced impairment, endometriosis, and other diseases.18–20

Vascular endothelial growth factor (VEGF) has been found

as a major contributor to angiogenesis, which induced pro-

liferation and migration of plated endothelial cells, even-

tually forming tube structures.21 It was found here that

VEGFA expression was downregulated in glioma cells with

miR-503 overexpression (Figure 1A–C). The previous study

proved that miR-503 acted as a tumor suppressor to partici-

pate in the growth and invasion of glioma cells via regulating

L1CAM.9 However, the possible molecular regulation

mechanism of miR-503 in the angiogenesis of glioma cells

still has not been reported. In this study, the angiogenesis

regulated by miR-503 in glioma cells was analyzed.

Moreover, the capacity of cell proliferation, migration and

angiogenesis were enhanced when miR-503 inhibited, and

attenuated when miR-503 overexpression (Figure 1D–F).

Figure 2 Detection of interaction between miR-503 and LRIG2. (A) miR-503 and its predicted sites in LRIG2 sequence. (B) The luciferase activity was detected for

determining the binding of miR-503 to the predicted sites of LRIG2. (C) qRT-PCR detection of LRIG2 mRNA expression in glioma cells transfected with miR-503 mimics and

miR-503 inhibitor. (D) The expression of LRIG2 protein was analyzed by Western blot after indicated treatment. The experiment was repeated for three times. P value was

determined by ANOVA following Tukey's post hoc test. Data are the means ± SD for three independent experiments. *P < 0.05;**P < 0.01.
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Figure 3 The effects of LRIG2 knockdown on miR-503 inhibition induced angiogenesis promotion. (A and B) The expression levels of LRIG2 and VEGFA mRNA and

protein were measured by qRT-PCR and Western blot assay. (C) LRIG2 knockdown inhibits the enhanced concentration of VEGFA detected by ELISA assay. (D) The

HCMEC/D3 cell proliferation ability was measured by the MTT assay in cells with miR-503 inhibitor transfection and miR-503 inhibitor+sh-LRIG2 co-transfection. (E)
HCMEC/D3 migration capacity induced by coculture with glioma cells was detected by transwell assay using cocultured system. (F) Angiogenesis ability of HCMEC/D3 cells

with miR-503 inhibitor transfection and miR-503 inhibitor + sh-LRIG2 co-transfection was measured. The experiment was repeated for three times. P value was determined

by ANOVA following Tukey's post hoc test. Data are the mean ± SD for three independent experiments. *P < 0.05 and **P < 0.01.
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These results provided an investigation suggesting that miR-

503 suppressed VEGFA expression during angiogenesis.

LRIG2 promotes platelet-derived growth factor (PDGF)-

induced glioma and involved in the regulation of angiogenesis

in glioma via the EGFR/VEGFA signaling pathway.6,22,23

In this work, it was identified that miR-503 directly

bound to LRIG2 by using Dual-Luciferase reporter assay

(Figure 2A and B). Besides, the expression of LRIG2 was

upregulated in cells with miR-503 inhibition and reduced in

cells with miR-503 mimics transfection (Figure 2C and D).

These data establish LRIG2 as a direct downstream target of

miR-503 in glioma cells. A previous study has demonstrated

that VEGFA binds to VEGFR; stimulates cell proliferation,

cell migration, and tubelike structure formation of

vascular endothelial cells; and ultimately promotes tumor

angiogenesis.24 Meanwhile, anti-VEGF/VEGFR therapy has

Figure 4 miR-503 regulates tumor angiogenesis via LRIG2 regulated VEGFA expression. (A) VEGFA accumulation was detected by ELISA assay in the presence of

recombinant VEGFA protein, miR-503 inhibitor, sh-LRIG2, and bevacizumab. (B) MTT method was performed to determine HCMEC/D3 cell proliferation. (C and D) The

cell migration and angiogenesis of HCMEC/D3 cells with miR-503 inhibitor transfection, LRIG2 knockout and bevacizumab addition were detected by transwell assay and

tube formation assay, respectively. The experiment was repeated three times. Data are the mean ± SD for three independent experiments. P value was determined by

ANOVA following Tukey's post hoc test. *P < 0.05 and **P < 0.01.
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been found to markedly prolong patients’ survival with non-

small-cell lung cancer and breast cancer.25,26 Therefore, the

inhibition of EGFR/VEGF-A, which acts as an essential target

in tumor angiogenesis, is considered to be an effective treat-

ment for glioma. Here, we found that in HCMEC/D3 cells

with miR-503 inhibition, the cell proliferation, migration, and

angiogenesis ability were enhanced. Whereas co-transfection

of sh-LRIG2 and miR-503 inhibitor inhibited the effects

(Figure 3A–F). It is suggested that miR-503 in human glioma

might be related to tumor angiogenesis by regulating LRIG2

expression.

It has been demonstrated that miR-503 can directly target

3ʹ-UTRs of VEGFA and regulates its mRNA and protein

expression.11 Evidence has presented that miR-503 inhibits

tumor growth and angiogenesis in human umbilical vein

endothelial cells by downregulating FGF2 and VEGFA

expression.13,24,27 A previous study has reported that miR-

503 regulates the release of VEGF in COPD.28 Our results

confirmed that miR-503 inhibitor promoted glioma prolifera-

tion, migration, angiogenesis, and VEGFA expression; how-

ever, bevacizumab, as a VEGF inhibitor, could significantly

reverse the above changes induced by miR-503 inhibitor,

indicating that miR-503 regulates glioma proliferation, migra-

tion, and angiogenesis through VEGFA (Figure 4A–D). In

addition, a series of molecular and genetic analyses have

indicated that LRIG2 plays an important role in glioma

through ERGF/VEGFA pathway, and the expression of

LRIG2 is related to angiogenesis.6,29 Downregulation of

LRIG2 inhibits glioma cell growth by decreasing EGFR

phosphorylation and VEGFA expression.6 Our results showed

that knockdown of LRIG2 could attenuate the effects of miR-

503 inhibitor on glioma cell function and VEGFA expression,

suggesting that knockdown of miR-503 could promote glioma

proliferation, migration, and angiogenesis via targeting

LRIG2 to increase VEGFA expression (Figure 4A–D).

These findings imply that miR-503 not only inhibits glioma

proliferation, migration, and angiogenesis by directly regulat-

ing VEGFA but also repressed the above glioma function by

targeting LRIG2 to regulate VEGFA expression. LRIG2 may

be a new marker of glioma angiogenesis, targeting LRIG2 is

expected to provide a new therapeutic strategy for the future

treatment of glioma.

In conclusion, our studies suggest that by regulating

VEGFA expression, miR-503 provides a mechanistic expla-

nation as to how the regulation of cell proliferation, migra-

tion, and angiogenesis of glioma cells is achieved. This is

partially accomplished by the involvement of miR-503 for

LRIG2 inhibition, while LRIG2 inhibition decreased the

expression of VEGFA, which in turn mediates the angiogen-

esis of glioma cells. Taken together, these results demonstrate

that the miR-503-modulated signaling pathway is responsi-

ble for the decreased expression of VEGFA, leading to the

antiangiogenesis of glioma cells, providing new insights into

the signaling cascades that modulate glioma cell

angiogenesis.
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