
111Neoplasma 2020; 67(1): 111–118

doi:10.4149/neo_2019_190121N61

LncRNA H19 promotes glioma angiogenesis through miR-138/HIF-1α/VEGF 
axis 
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Glioma is one of the most common and aggressive malignant primary brain tumors with high recurrence rate and 
mortality rate and heavily depends on the angiogenesis. LncRNA H19 has many diverse biological functions, including the 
regulation of cell proliferation, differentiation and metabolism. Here, we aimed to investigate the molecular mechanism of 
lncRNA H19 affecting angiogenesis in glioma, which could help to uncover potential target for glioma therapy. RT-qPCR 
analysis was performed to detect the expression of lncRNA H19 and miR-138 in HEB, U87, A172 and U373 cell lines. 
MTT assay was used to evaluate the cell viability. To evaluate the migration and invasion after lncRNA H19 knockdown, 
Transwell and wound healing assay were employed. After lncRNA H19 knockdown, protein expression of HIF-1α and 
VEGF was detected by western blot and tube formation was assessed. For the prediction and validation of the interaction 
between lncRNA H19 and miR-138, bioinformatics and luciferase assay were performed. We investigated the regulatory 
roles and downstream molecular mechanisms of lncRNA H19 in glioma by H19 knockdown, which inhibited the prolif-
eration, migration and angiogenesis of glioma cells. Moreover, miR-138 acted as a target of H19 as detected by luciferase 
reporter assays. Meanwhile, HIF-1α was also a target of miR-138 and miR-138 could also regulate the proliferation, migra-
tion and angiogenesis of glioma cells by targeting HIF-1α and affecting the expression of VEGF in turn. Our findings identi-
fied an upregulated lncRNA H19 in glioma cells, which could promote proliferation, migration, invasion and angiogenesis 
via miR-138/HIF-1α axis as a ceRNA. This study provided a new opportunity to advance our understanding in the potential 
mechanism of lncRNA in glioma angiogenesis. 
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Glioma is one of the most common and aggressive primary 
brain tumors [1]. Due to invasive growth and difficult 
complete tumor resection, its 5-year survival rate is invari-
ably poor [2]. Even though advances in treatment have made 
some difference in glioma therapy, the recurrence rate and 
mortality rate were still high and the mean life expectancy 
of patients with glioma undergoing conventional treatment 
was less than 15 months [3]. Moreover, the molecular mecha-
nisms underlying glioma formation still remain elusive. 
Thus, it is essential to identify critical molecules involved in 
glioma tumorigenicity and angiogenesis, which may provide 
breakthroughs for glioma treatment.

Angiogenesis is characterized by the formation of new 
blood vessels from the existing vessels [4], which plays a 
critical role in the malignancy, development and progres-
sion of tumors. Angiogenesis fulfills the nutrient and oxygen 

requirements of the tumors making it a necessary prerequi-
site for tumor progression and invasion [5]. Human gliomas 
are rich in blood vessels and their growth and proliferation 
are heavily dependent on angiogenesis [6]. Vascular endothe-
lial growth factor (VEGF) is the most important factor for 
inducing endothelial cell proliferation and is directly related 
to angiogenesis in tumors [7]. VEGF plays a leading role in 
promoting angiogenesis [8]. At present, HIF-1α is one of the 
most studied upstream molecules of VEGF that affects the 
expression of VEGF in tumors angiogenesis [9].

Hypoxia-inducible transcription factors (HIFs) have been 
reported to play a crucial role in physiological adaptation to 
varying oxygenation states, which act as essential controls 
for adaptive changes at the cellular, tissue and organismal 
levels in response to a range of challenges, including altered 
tissue oxygenation [10, 11]. Among them, HIF-1α has been 
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the most extensively studied one and plays a pivotal role in 
driving angiogenesis. However, the molecular mechanism of 
HIF-1α/VEGF axis in glioma regulation is still unclear.

Long non-coding RNAs (lncRNAs) are non-coding RNAs 
longer than 200 nucleotides with limited coding potential, 
which play pivotal roles in the regulation of cellular biological 
behaviors such as cell proliferation, differentiation, metas-
tasis and drug resistance [12]. Recently, studies also have 
shown that lncRNAs play regulatory role in glioma genesis 
[13]. lncRNA H19 has many diverse biological functions, 
participating in the regulation of cell proliferation, differenti-
ation and metabolism [14]. Increased expression of H19 was 
observed in some cancers, such as bladder and gastric cancer, 
while decreased expression in others, such as hepatocellular 
carcinoma (HCC), which suggested that H19 may play its 
role in cancer both as an oncogene and as a tumor suppressor 
[15]. A previous study showed that c-Myc could induce the 
expression of H19 in glioblastoma, which suggested that H19 
may play a crucial role in glioblastoma development [16]. 
However, the exact mechanism is still elusive.

The present study investigated the expression of lncRNA 
H19 and miR-138 in glioma cells, and their role in glioma 
angiogenesis. We confirmed that H19 was upregulated in 
glioma cells and may function as a ceRNA to regulate HIF-1α 
by sponging miR-138 thus promoting angiogenesis of glioma 
cells. These findings provided a new insight of the regulatory 
role of lncRNA in the development of glioma.

Materials and methods

Cell lines and cell culture. Human glioma cell lines U87, 
A172 and U373 and human normal glial cell line HEB were 
obtained from American Type Culture Collection (ATCC, 
USA). Cells were cultured in the Dulbecco’s modified Eagle’s 
medium (DMEM, Gibco, USA) supplemented with 10% 
fetal bovine serum (FBS, Gibco, USA), 100 U/ml penicillin 
(HyClone, USA), and 100 μg/ml streptomycin (HyClone, 
USA) at 37 °C in the presence of 5% CO2.

Cell transfection. Short-hairpin H19 (sh-H19) and 
pcDNA-H19 plasmids and their respective negative controls 
(NC) were synthesized and purchased from Ribobio Biotech 
Co. (Guangzhou, China). miR-138 mimics, miR-138 inhib-
itor and their respective negative controls (NC) were synthe-
sized and purchased from GenePharma (Suzhou, China). 
Cells were transiently transfected using Lipofectamine 3000 
(Invitrogen, USA) when the confluence reached 70–80%. 
Then, cells were collected at 48 h after transfection.

RNA extraction and RT-qPCR. Total RNA of cells was 
isolated using Trizol® (Invitrogen, USA) according to the 
manufacturer’s protocol. ImProm-II Reverse Transcrip-
tion System (Promega, USA) was used to generate First-
strand cDNA. Real-time qPCR of the reverse transcription 
products was determined using Permix Ex Taq (Takara, 
Japan), analyzed through the 7500 Real-time PCR System 
(Applied Biosystems, USA) and normalized with GAPDH or 

U6, respectively. The relative expression levels of RNAs were 
calculated using the comparative 2–ΔΔCT method. All experi-
ments were performed at least three times.

Primers used for qRT-PCR are as follows:
HIF-1α: F 5’- GTGGTGGTTACTCAGCACTTT-3’, 
R 5’- ATCTCCGTCCCTCAACCTCT-3’; 
VEGF: F 5’- TGTCTAATGCCCTGGAGCCT-3’, 
R 5’- TTAACTCAAGCTGCCTCGCC-3’; 
H19: F 5’- GCACCTTGGACATCTGGAGT-3’, 
R 5’- TTCTTTCCAGCCCTAGCTCA-3’;
MiR-138: F 5’-AGCTGGTGTTGTGAATCAGGCCG-3’, 
R 5’-GCGAGCACAGAATTAATACGAC-3’;
GAPDH: F 5’-AGGTCGGTGTGAACGGATTTG-3’, 
R 5’-GGGGTCGTTGATGGCAACA-3’; 
U6snRNA: F 5’-CTCGCTTCGGCAGCACA-3’, 
R 5’-AACGCTTCACGAATTTGCGT-3’.
Western blot analysis. Cells cultured in 6-well plates 

were collected and lysed with RIPA lysis buffer (Beotime, 
Shanghai, China). Protein concentration was measured by 
BCA Protein Assay Reagent Kit (Shenggong, China). After 
BCA quantification, equal amounts of protein were separated 
by 10% SDS-PAGE, electrophoretically transferred to nitro-
cellulose membrane (Millipore, USA), and incubated with 
primary antibodies: HIF-1α (Abcam, USA, 1:1000), VEGF 
(Abcam, USA, 1:1000), GAPDH (Abcam, USA, 1:3000). The 
membrane was washed with TBST containing 0.1% Tween 
20 for three times. And then membrane was incubated with 
HRP-labeled goat anti-mouse/rabbit IgG (1:5000, Sigma) for 
2 h at room temperature. Signals were visualized with Super-
Pico chemiluminescent substrate (Pierce, USA) and film 
exposure.

Luciferase reporter assay. Starbase software, was used 
to predict the interaction probability and the binding site 
of H19, miR-138 and HIF-1α. Then binding site of H19 
and the 3’ UTR fragment of HIF-1α as well as their mutant 
sequences were subcloned into the pGL3-control vector 
(Promega, USA) immediately downstream of the stop codon 
of the luciferase gene. After cells were seeded into 24-well 
plates and grown overnight to 80–90% confluence, plasmids 
were transiently co-transfected with 5 ng miR-138 mimics or 
mimic NC into cells using Lipofectamine 3000 (Invitrogen, 
USA) according to the manufacturer’s manual. 48 h after 
transfection, the luciferase activity was assessed using the 
Dual-Luciferase Reporter Assay Kit (Promega, USA).

Tube formation assay. Tube formation assay was 
conducted as described before. Briefly, the 96-well plates 
were coated with 100 µl Matrigel (BD Biosciences, USA) 
per well and maintained at 37 °C for 30 min. After that, 
U87 cells and HUVEC cells were then added to wells which 
were re-suspended in 100 µl complete DMEM medium at 
the concentration of 4×105/ml and incubated at 37 °C for 
24 h. Fluorescence microscopy (DP71, Olympus, Japan) 
was applied to collect the photos with Chemi Imager 5500 
V2.03 software (Alpha Innotech, USA) used to measure the 
numbers of tubule branches.
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In vitro matrigel invasion assay. In vitro matrigel 
invasion assay was conducted as described before [17]. 
Briefly, the upper chamber of a 24-well transwell chamber 
(8 µm pore size, Corning, USA) was used to incubate U87 
cells re-suspended in 200 µl serum-free medium at a density 
of 4×105 cells/ml. Then, 600 µl of the medium containing 5% 
FBS and U87 cells was added to the lower chamber. 48 h after 
incubation at 37 °C, the cells on the upper membrane surface 
were removed. Cells on the lower surface of the membrane 
were then fixed with methanol and glacial acetic acid at the 
ratio of 3:1 and stained with 10% Giemsa (Dinguo, China). 
Five randomly selected fields were counted for statistical 
analysis in each well.

Wound-healing assay. Wound-healing assay was 
conducted as described before [18]. Briefly, cells were grown 
to 90% confluence in a 6-well plate at 37 °C in the presence of 
5% CO2. Then, cells were scratched with sterile 10 μl pipette 
tip to create a wound. Cells were then washed twice with 
PBS to remove floating cells and added to a medium without 
serum. Photos of the wound were taken with ×100 magnifi-
cation.

Statistical analysis. Statistical analysis was performed 
by GraphPad Prism 5. Group distributions were conducted 
with the Student’s t test or one-way ANOVA analysis and a 
paired t-test was performed to compare continuous variables 
between paired control and experiment group. Value of 
p<0.05 was considered statistically significant. All experi-
ments in this study were in triplicated.

Results

HIF-1α and VEGF are significantly up-regulated in 
glioma cells. First, we investigated the expression of HIF-1α 
and VEGF, two angiogenic factors on the mRNA level in three 
glioma cell lines U87, A172 and U373 as well as the human 
normal glial cell line HEB by qPCR. As shown in Figure 1A, 
both HIF-1α and VEGF were significantly overexpressed in 
glioma cell lines compared with HEB cells. Then, the protein 
levels of HIF-1α and VEGF were also tested in those cell lines 
by WB. As shown in Figure 1B, HIF-1α and VEGF proteins 
were also upregulated in those glioma cells. Taken together, 

these results indicated that differentially expressed HIF-α/
VEGF axis in glioma cells was a potential therapeutic target.

lncRNA H19 promotes angiogenesis of glioma. To 
explore the relationship between abnormal expression of 
HIF-1α/VEGF and lncRNA H19, we then investigated the 
expression of lncRNA H19 in three glioma cell lines U87, 
A172 and U373 as well as the human normal glial cell line 
HEB by qPCR. As shown in Figure 2A, H19 was significantly 
overexpressed in glioma cell lines compared with HEB cells. 
After H19 knockdown or H19 overexpression, the results of 
tube formation assay suggested that number of branches was 
decreased in sh-H19 group compared with NC group while 
significantly increased in H19 overexpression group, which 
indicated that H19 significantly promoted tube formation of 
glioma cells (Figure 2B). Cell proliferation of U87 cells was 
also tested by MTT assay, which showed that the cell viability 
was decreased in sh-H19 group compared with sh-NC group 
and the cell viability was increased in pcDNA-H19 group. 
Furthermore, the expression of HIF-1α and VEGF was also 
tested in sh-H19 and pcDNA-H19 groups by qPCR and WB. 
Both HIF-1α and VEGF were decreased in sh-H19 group 
compared with NC group while they were significantly 
increased in H19 overexpression group on the mRNA level 
(Figure 2D) and protein level (Figure 2E). In general, overex-
pression of lncRNA H19 in gliomas may result in increased 
expression of VEGF, leading to increased angiogenesis.

lncRNA H19 directly interacts with miR-138. To explore 
the mechanism by which lncRNA H19 regulates angiogen-
esis in gliomas, we investigated the expression of miR-138 
in three glioma cell lines U87, A172 and U373 as well as 
the human normal glial cell line HEB by qPCR. As shown 
in Figure 3A, miR-138 was significantly decreased in glioma 
cell lines compared with HEB cells. Furthermore, the expres-
sion of miR-138 was also tested in sh-H19 and pcDNA-H19 
groups by qPCR (Figure 3B), which showed that miR-138 
was upregulated in sh-H19 group and downregulated in 
lncRNA H19 overexpression group. We predicted the poten-
tial lncRNA H19 binding region on miR-138 by bioinfor-
matics. As shown in Figure 3C, that miR-138 was predicted 
to directly bind with lncRNA H19. To determine whether 
H19 directly regulates miR-138, luciferase reporters of H19 

Figure 1. The expression of HIF-1α and VEGF in glioma cells. A) The expression level of HIF-1α and VEGF in glioma cells by qPCR. GAPDH was used 
for normalization. B) The expression level of HIF-1α and VEGF in glioma cells by WB. *p<0.05, **p<0.01.
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a direct negative regulatory relationship with lncRNA H19, 
suggesting that miR-138 may be involved in lncRNA H19 
regulation of glioma angiogenesis.

miR-138 inhibits angiogenesis via targeting HIF-1α/
VEGF axis. To further explore the role of miR-138 in the 
regulation of angiogenesis by lncRNA H19, we investigated 
the relationship between miR-138 and HIF-1α/VEGF axis. 

RNA (H19-WT), and a mutated form (H19-MUT) were 
constructed (Figure 3C). We demonstrated that miR-138 
mimics significantly suppressed the luciferase activity of the 
H19-WT in HEK-293T cells with no effect observed on the 
mutated form (Figure 3D), which indicated a direct interac-
tion of H19 with miR-138 in this putative binding site. Taken 
together, miR-138 is abnormally expressed in glioma and has 

Figure 2. Regulation of lncRNA H19 on angiogenesis. A) The expression level of lncRNA H19 in glioma cells by qPCR. GAPDH was used for normaliza-
tion. B) Effect of lncRNA H19 of U87 cells on tube formation. Data are presented as mean ± SD. (n=5, each group). C) Effect of lncRNA H19 on U87 cell 
proliferation. Data are presented as mean ± SD. (n=5, each group). D) The expression level of H19, HIF-1α and VEGF in U87 cells after H19 knockdown 
and overexpression by qPCR. GAPDH was used for normalization. E) The expression level of HIF-1α and VEGF in glioma cells after H19 knockdown 
and overexpression by WB. GAPDH was used for normalization. *p<0.05, **p<0.01.

Figure 3. miR-138 is the target of H19 in glioma cells. A) The expression level of miR-138 in glioma cells by qPCR. U6 was used for normalization. B) 
The expression level of miR-138 in U87 cells after H19 knockdown and overexpression by qPCR. U6 was used for normalization. C) The predicted bind-
ing site between the lncRNA H19 and miR-138 by the Starbase software, and the bold part is the mutated base sequence. Luciferase reporter constructs 
of H19 binding site (H19-WT) and a mutated form (H19-MUT). D) The luciferase activity of the H19-WT and H19-MUT in HEK-293T cells treated 
with miR-138 mimics or NC. *p<0.05, **p<0.01.
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MiR-138 mimics and miR-138 inhibitor were transfected to 
U87 cells. Figure 4A indicated that HIF-1α was significantly 
decreased by miR-138 mimics while it was significantly 
upregulated by miR-138 inhibitor both on mRNA level 
and protein level. Bioinformatics analysis found the poten-
tial binding site between miR-138 and HIF-1α (Figure 4B). 
Dual luciferase reporter assay was further carried out. When 
treated with miR-138 mimics, the relative luciferase activity 
was significantly decreased in HIF-1α-WT but didn’t change 
in the HIF-1α-MUT (Figure 4C). These results suggested that 
miR-138 could directly and negatively regulate the expression 
of HIF-1α through binding the 3’ UTR region of HIF-1α. To 
test whether miR-138 could regulate angiogenesis through 
targeting HIF-1α, tube formation assay was carried out after 
miR-138 mimics or inhibitor was transfected in U87 cells. 
Figure 4D showed that miR-138 mimics decreased tubule 
formation and relative number of branches while HIF-1α 
overexpression compensated this effect in U87 cells. On the 
other hand, miR-138 inhibitor increased tubule formation 
and relative number of branches while HIF-1α knockdown 
compensated this effect in U87 cells. Taken together, these 
results indicated that miR-138 was downregulated in gliomas 
and regulated angiogenesis in gliomas by targeting HIF-1α/
VEGF axis.

H19 regulates angiogenesis through miR-138/HIF-1α 
axis. Next, we test whether H19 regulates angiogenesis of 
glioma cells through miR-138/HIF-1α axis. Figure 5A showed 
that H19 overexpression could increase the expression of 
HIF-1α and VEGF while miR-138 mimics could rescue this 
effect in U87 cells. On the other hand, H19 knockdown could 
decreased the expression of HIF-1α and VEGF while miR-138 
inhibitor rescued this effect in U87 cells. Tube formation 
assay was also carried out in HUVEC cells, and Figure 5B 
showed that miR-138 inhibitor, HIF-1α or VEGF compen-
sated the negative effect on number of branches by H19 
knockdown. Furthermore, the results of transwell invasion 
assay showed that miR-138 inhibitor, HIF-1α or VEGF could 
rescue the positive effect of cell invasion by H19 knockdown 
in U87 cells (Figure 5C). Correspondingly, wound-healing 
assay also showed that miR-138 inhibitor, HIF-1α or VEGF 
could rescue the positive effect on migration of U87 cells by 
H19 knockdown (Figure 5D). Taken together, these results 
demonstrated that overexpression of lncRNA H19 in gliomas 
could promote glioma angiogenesis by downregulating the 
expression of miR-138, thus upregulating HIF-1α/VEGF 
expression. While knockdown of lncRNA H19 or transfec-
tion of miR-138 mimics can inhibit angiogenesis caused by 
lncRNA H19.

Figure 4. miR-138 regulates angiogenesis through target HIF-1α. A) The expression level of HIF-1α in U87 cells transfected with miR-138 mimics and 
inhibitor by qPCR and WB. GAPDH was used for normalization. B) The predicted binding site between HIF-1α and miR-138 by Targetscan software, 
and the bold part is the mutated base sequence. Luciferase reporter constructs of HIF-1α binding site (HIF-1α-WT) and a mutated form (HIF-1α-
MUT). C) The luciferase activity of the HIF-1α-WT and HIF-1α-MUT in HEK-293T cells treated with miR-138 mimics or NC. D) Tube formation assay 
after co-transfected miR-138 mimics with pcDNA-HIF-1α and empty vector as well as miR-138 inhibitor with sh-HIF-1α and NC. Data are presented 
as mean ± SD. (n=5, each group). *p<0.05, **p<0.01.



116 Z. Z. LIU, Y. F. TIAN, H. WU, S. Y. OUYANG, W. L. KUANG

Discussion

Angiogenesis is required for tumor progression and is a 
balanced process controlled by pro- and anti-angiogenic 
molecules5. VEGFA is a well-known pro-angiogenic factor 

and is upregulated in gliomas [14]. In tumors, vessel abnor-
malities included the increased permeability and hemor-
rhage, leading to tumor hypoxia and increased metastasis 
[19]. Therefore, angiogenic factors related to VEGF signaling 
were also required for functional angiogenesis and preven-

Figure 5. lncRNA H19 regulates angiogenesis through miR-138/HIF-1α/VEGF axis. A) The expression of HIF-1α and VEGF in U87 cells and U87 cells 
transfected with miR-138 inhibitor after H19 knockdown as well as transfected with miR-138 mimics after H19 overexpression by qPCR and WB. 
GAPDH was used for normalization. B) Tube formation assay of HUVEC cells and U87 cells transfected with miR-138 inhibitor, pcDNA-HIF-1α or 
pcDNA-VEGF after H19 knockdown. Data are presented as mean ± SD. (n=5, each group). C) The effect of H19 knockdown on cell invasion of U87 cells 
and U87 cells transfected with miR-138 inhibitor, pcDNA-HIF-1α or pcDNA-VEGF was assessed by a transwell assay. D) The effect of H19 knockdown 
on cell migration of U87 cells and U87 cells transfected with miR-138 inhibitor, pcDNA-HIF-1α or pcDNA-VEGF was assessed by a wound-healing 
assay. *p<0.05, **p<0.01.
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tion of excessive angiogenesis [20]. Hence, productive angio-
genesis relied on balanced release of angiogenic and angio-
statin factors from malignant and stromal cell types [20]. 
Accumulating evidence showed that VEGFA was upregu-
lated in gliomas through multiple mechanisms [6, 21, 22]. 
Low oxygen concentration in growing gliomas upregulated 
the expression of HIF-1α, which increased VEGFA mRNA 
level [6]. While, the brain-derived neurotrophin factor and 
integrin linked kinase 1 (ILK1) increased VEGFA expression 
by stimulating HIF-1 [9]. Lately, the anti-angiogenic therapy, 
a brand new therapeutic strategy, had presented a deep 
involvement in treatment of cancers including glioma [23]. 
However, most of the anti-angiogenic drugs were currently 
target VEGF, and the cells were prone to drug resistance [24]. 
Thus, this article aimed to explore the molecular mechanism 
of glioma angiogenesis.

LncRNA H19 was reported to participate in cancer both 
as an oncogene and as a tumor suppressor [15]. Downreg-
ulation of H19 was reported to contribute to the prolifera-
tion and migration of papillary thyroid carcinoma [25]. H19 
was also reported to be a major mediator of doxorubicin 
chemoresistance in breast cancer cells [26]. Previous study 
also showed that H19 might play important roles in angio-
genesis. H19 could upregulate VEGFA to enhance angio-
genic capacity of mesenchymal stem cells [27]. Recently, 
reports showed that increased level of H19 could promote 
invasion and angiogenesis of glioblastoma cells [28]. Consis-
tent with those studies, we also uncovered that lncRNA H19 
was overexpressed in gliomas and affected angiogenesis by 
upregulating the expression of HIF-1α/VEGF.

Recently, some lncRNAs containing miRNA-binding 
sites could act as miRNA sponges. In previous study, H19 
was reported to mediate EMT by sponging miR-130a-3p 
in glioma [29]. miR-138 expresses aberrantly in different 
cancers and acts as a tumor suppressor by targeting many 
target genes related to proliferation, apoptosis, invasion and 
migration [29–31]. In this study, we found that miR-138 was 
downregulated in glioma cells and the expression of miR-138 
was upregulated after H19 knockdown. We further validated 
that miR-138 could directly bind with H19 and HIF-1α 
through bioinformatics analysis and luciferase assays. Taken 
together, these data indicated that lncRNA H19 modulated 
miR-138 level through its function as a miRNA sponge to 
trap miR-138, therefore regulated the expression of HIF-1α 
and promoted angiogenesis in glioma (Figure 6).

The de novo generation of new blood vessels was one of 
the most prominent features of glioma and the progression 
of glioma depends on the nourishment of blood vessels [17, 
32] . However, there were still few studies on angiogenesis 
in glioma. Thus, it might provide breakthroughs for glioma 
treatment to identify of critical molecules involved in glioma 
tumorigenicity and angiogenesis. Although we initially 
revealed a novel downstream molecular mechanism of angio-
genesis in glioma by in vitro experiments, there is still much 
to be done to deeply understand this complex mechanism. As 

the situation in the animal body is more complicated and has 
more uncertainty than cell models, whether this mechanism 
could be applied to an animal model is not certain. Therefore, 
in the future, this novel molecular mechanism needs further 
verification in mice model prove its potential of therapeutic 
targets, or even be correlated with patient prognosis through 
samples of cancer patients.

Taken together, we uncovered that expression of lncRNA 
H19 was increased and miR-138 expression was decreased 
in glioma cells. Besides, downregulation of H19 suppressed 
cell proliferation, invasion and angiogenesis by sponging 
miR-138. This study provided important clues to understand 
the molecular mechanism of lncRNA H19 in regulation of 
angiogenesis in glioma, which illuminated a potential thera-
peutic target for glioma in the future.
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Figure 6. lncRNA H19 promotes glioma angiogenesis through miR-138/
HIF-1α/VEGF axis. In glioma cells, lncRNA H19 modulated miR-138 
level through its function as a miRNA sponge to trap miR-138, there-
fore upregulated the expression of HIF-1α and promoted angiogenesis 
in glioma.
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