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Angiopoietin-like protein 2 (ANGPTL2), a member of the glycoprotein family, is mainly secreted by adi-
pose tissues under normal conditions. Recently, ANGPTL2 has been found to be upregulated in some types 
of cancers and is considered to be a tumor promoter. However, the functional significance of ANGPTL2 in 
glioma has not yet been elucidated. In this study, we investigated the specific role of ANGPTL2 in glioma. The 
results showed that ANGPTL2 was highly expressed in glioma tissues and cell lines. Knockdown of ANGPTL2 
reduced the proliferative and invasive abilities of glioma cells. Moreover, the tumorigenesis assay showed that 
ANGPTL2 knockdown inhibited glioma tumor growth in vivo. We also found that ANGPTL2 knockdown 
decreased the protein levels of p-ERK1/2 in glioma cells and thus blocked the activity of the ERK/MAPK sig-
naling pathway. Taken together, our study provided the first evidence that ANGPTL2 played an oncogenic role 
in glioma development and might be considered as a new therapeutic target for glioma treatment.
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INTRODUCTION

Glioma, a common type of brain tumor in the central 
nervous system, is among the top on a list of the lead-
ing causes of cancer-associated deaths in the world1,2. 
According to cell type, glioma can be classified into astro-
cytomas, oligodendrogliomas, oligoastrocytomas, and so 
on3. According to malignant degrees, glioma can be clas-
sified into four grades, from I to IV4. Among all types 
of gliomas, high-grade types such as glioblastoma mul-
tiforme (GBM) account for a large proportion and are 
characterized by rapid development5. Unfortunately, most 
gli oma patients are diagnosed with high-grade gli omas 
and thus have a dismal prognosis6. Despite the improve-
ment in therapeutic approaches, patients with high-grade 
gliomas only have a median survival of 9 to 12 months 
because of postsurgery relapse or resistance to radiotherapy 
and chemotherapy7–10. Therefore, it is crucial to develop 
more effective therapies via exploring novel molecules 
associated with glioma progression and revealing their 
underlying mechanisms.

Angiopoietin-like proteins (ANGPTLs) are usually  
used for growing stem cells in laboratories11. Some 
researchers have made a careful study of them and found 
their necessity for proper development of the vascular 
system in embryos11. These proteins resemble angio-
poietins12–14. They are incapable of binding to either Tie-2 
or its homolog Tie-1 despite their structural similarities 
to angiopoietins and thus have different functions, such 
as regulation of energy metabolism and inflammation15–17. 
Recently, a member of the protein family, ANGPTL2, has 
been reported to be a promising biomarker for the diag-
nosis of lung cancer18. Subsequently, more and more stud-
ies have demonstrated the promoting effect of ANGPTL2 
on the progression of different types of cancers, such 
as breast and colorectal cancers18,19. However, the func-
tional significance of ANGPTL2 in glioma has not yet 
been elucidated.

In this study, we investigated the specific role of 
ANGPTL2 in glioma. The results showed that ANGPTL2 
was highly expressed in glioma tissues and cell lines. 
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Knockdown of ANGPTL2 inhibited glioma cell prolif-
eration and invasion. In addition, the xenograft tumor 
assay indicated that ANGPTL2 knockdown suppressed 
glioma tumor growth in vivo. We also observed that 
ANGPTL2 knockdown decreased the protein levels of 
p-ERK1/2 in glioma cells. In combination with our find-
ings, we suggest ANGPTL2 as a potential therapeutic 
target for glioma.

MATERIALS AND METHODS

Patients and Tissue Specimens

In the study, glioma tissues and normal brain tissues 
were obtained from 32 patients. These patients were 
from Peking University People’s Hospital (P.R. China) 
and underwent no adjuvant therapies before surgery. All 
patients provided written consent. After collection, tis-
sue samples were frozen in liquid nitrogen and stored 
at −80°C for future experiments. The study was carried 
out with the approval of the ethics committee of Peking 
University People’s Hospital.

Cell Lines and Cell Culture

Human glioma cell lines (LN18 and T98G) and normal 
human astrocytes (NHA) were purchased from the cell 
bank of Shanghai Biology Institute, Chinese Academy of 
Science (Shanghai, P.R. China). Cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; Gibco, 
Rockville, MD, USA) supplemented with 10% fetal 
bovine serum (FBS; Gibco), 100 mg/ml penicillin, and 
100 μg/ml streptomycin, before incubation at 37°C in a 
humidified atmosphere of 5% CO2.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

Total RNA was isolated from tissue samples or cul-
tured cells using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). Complementary DNA was generated using 
the SuperScript II First-Strand Synthesis Kit (Thermo 
Fisher Scientific, Waltham, MA, USA). qRT-PCR was 
performed in the ABI PRISM 7900HT sequence detec-
tion system (Applied Biosystems, Foster City, CA,  
USA). Reactions were conducted under the following 
conditions: 95°C for 10 min, 40 cycles of 95°C for 15 s,  
and 60°C for 45 s. The following primers were used: 
ANGPTL2, 5¢-CCACCCTGGACAGAGATCAT-3¢ (for-
ward) and 5¢-CTCGGAACTCAGCCCAGTAG-3¢ (re- 
verse); GAPDH, 5¢-AACGGATTTGGTCGTATTG-3¢ (for- 
ward) and 5¢-GGAAGATGGTGATGGGATT-3¢ (reverse). 
The relative expression was normalized to GAPDH and 
calculated using the 2−DDCt method.

Western Blot

Tissues or cells were lysed in RIPA buffer for protein 
extraction. Total protein was separated on 10% SDS-PAGE 

before transferring to PVDF membranes. The protein 
concentration was determined with a BCA Protein Assay 
Kit (Thermo Fisher Scientific). The membranes were 
blocked with 5% skim milk and probed overnight at 4°C 
with primary antibodies against ANGPTL2, p-ERK1/2, 
ERK1/2, and GAPDH (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA). After washing three times with PBS–
Tween 20 for 10 min, the membranes were incubated at 
4°C with HRP-conjugated secondary antibodies (Santa 
Cruz Biotechnology). Immunoreactive bands were visual-
ized using enhanced chemiluminescence (Thermo Fisher 
Scientific) and quantified with the Gel Documentation 
System (Alpha Innotech, San Leandro, CA, USA).

Small Interfering RNA (siRNA) and Cell Transfection

ANGPTL2-specific siRNA (siANGPTL2) and a con-
trol siRNA (siNC) were purchased from Thermo Fisher 
Scientific. LN18 and T98G cells were cultured in normal 
medium and grown to 80% confluency before transfec-
tion with siANGPTL2 or siNC using Lipofectamine 2000 
(Invitrogen). Forty-eight hours after transfection, knock-
down efficiency was assessed by Western blot.

Cell Proliferation Assay

Cell proliferation was measured by MTT assay. Briefly, 
cells were plated into 96-well culture plates at a density 
of 2 ́  103 cells/well, and 20 μl of MTT (5 mg/ml; Sigma-
Aldrich, St. Louis, MO, USA) was added to each well 
at different times. Four hours later, the culture medium 
was removed, and 200 μl of DMSO (Sigma-Aldrich) was 
added. The absorbance was measured at 490 nm.

Cell Invasion Assay

Transwell chambers with Matrigel-coated membranes 
(8-μm pore) were used to perform the cell invasion assay. 
Cells were cultured in serum-free medium and plated 
into the upper chamber at a density of 5 ́  104 cells/well. 
Culture medium containing 10% FBS was added to the 
lower chamber as a chemoattractant. After incubation for 
24 h, cells remaining on the upper side of membranes 
were removed with cotton swabs while cells invading to 
the lower side of membranes were fixed with 4% para-
formaldehyde and stained with 0.1% crystal violet. The 
number of invading cells from five independent fields 
was counted under a microscope.

Animal Experiments

Female BALB/c nude mice (SLAC, Shanghai, P.R. 
China) at an age of 4 to 6 weeks were used for animal 
experiments. All mice were kept under specific pathogen- 
free conditions and handled according to the protocols 
approved by the Institutional Animal Care and Use Com-
mittee of Peking University People’s Hospital. LN18 cells 
(2 ́  106 in 200 μl of PBS) transfected with siANGPTL2 
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or siNC were subcutaneously injected into the right flank 
of nude mice (n = 8). Tumors were measured every week 
using a vernier caliper. The tumor volume was calculated 
according to the following formula: volume (mm3) =  
1/2 ́  width2 ́  length. Five weeks after injection, mice were 
sacrificed for weighing of tumor tissues.

Statistical Analysis

All values were shown as means ± standard devia-
tion (SD). The Student’s t-test was used for comparison 
between different groups. The SPSS 19.0 software (IBM 
Corporation, Armonk, NY, USA) was used to make a sta-
tistical analysis. A value of p < 0.05 was considered statis-
tically significant.

RESULTS

Expression of ANGPTL2 Is Elevated in Glioma Tissues 
and Cell Lines

We first analyzed the expression pattern of ANGPTL2 
in glioma tissues (n = 32) and normal brain tissues (n = 32) 

by RT-PCR and Western blot. Our data indicated that 
ANGPTL2 expression in glioma tissues was markedly 
higher than in normal brain tissues at both mRNA and 
protein levels (Fig. 1A and B). Furthermore, we evalu-
ated ANGPTL2 expression in glioma cell lines (LN18 
and T98G) and normal astrocytes (NHA). Similarly, 
the results showed a significant increase in ANGPTL2 
expression in glioma cell lines compared with normal 
astrocytes (Fig. 1C and D).

Knockdown of ANGPTL2 Inhibits the Proliferation 
and Invasion of Glioma Cells

To investigate the function of ANGPTL2 in glioma, 
we decreased its expression in glioma cells by siRNA 
transfection. The knockdown effect was evaluated by 
Western blot analysis. siANGPTL2 remarkably reduced 
ANGPTL2 expression in LN18 and T98G cells compared 
with control cells (Fig. 2A and B).

We examined the effect of ANGPTL2 knockdown 
on cell proliferation through the MTT assay. The MTT 

Figure 1. Expression of angiopoietin-like protein 2 (ANGPTL2) is elevated in glioma tissues and cell lines. (A, B) Relative mRNA 
and protein expression levels of ANGPTL2 in glioma tissues and normal brain tissues (n = 32). (C, D) Relative mRNA and protein 
expression levels of ANGPTL2 in glioma cell lines (LN18 and T98G) and normal astrocytes (NHA). *p < 0.05.
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Figure 2. Knockdown of ANGPTL2 inhibits the proliferation and invasion of glioma cells. (A, B) Western blot analysis was used 
to detect the expression of ANGPTL2 in LN18 and T98G cells after transfection with siANGPTL2 or siNC. (C, D) The effect of 
ANGPTL2 knockdown on the proliferation of LN18 and T98G cells was detected via the MTT assay. (E, F) The effect of ANGPTL2 
knockdown on the invasion of LN18 and T98G cells was detected via the Transwell assay. *p < 0.05.
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assay revealed that cell growth was greatly decreased in 
siANGPTL2-transfected LN18 and T98G cells compared 
with the corresponding control cells (Fig. 2C and D).

The Transwell assay was performed to determine the 
effect of ANGPTL2 knockdown on cell invasion. The 
invasive ability of siANGPTL2-transfected LN18 and 
T98G cells was strongly inhibited in comparison with the 
control cells (Fig. 2E and F).

Knockdown of ANGPTL2 Inhibits Glioma Tumor 
Growth In Vivo

To further confirm the effect of ANGPTL2 knock-
down on glioma tumor growth in vivo, LN18 cells trans-
fected with siANGPTL2 or siNC were subcutaneously 
inoculated into nude mice. Tumor volume was measured 
every week. The growth curve of tumors indicated that 
ANGPTL2 knockdown drastically slowed down the 
growth rate of tumors (Fig. 3A). Five weeks after injec-
tion, tumors were resected and weighed. The weight of 
tumors formed by siANGPTL2-transfected LN18 cells 

was lower than that of tumors formed by siNC-transfected 
LN18 cells (Fig. 3B).

Knockdown of ANGPTL2 Inhibits the Activity  
of the ERK/MAPK Signaling Pathway

To determine the possible mechanism by which 
ANGPTL2 knockdown regulated glioma cell prolifera-
tion and invasion, Western blot analysis was carried out 
to detect the effect of ANGPTL2 knockdown on the ERK/
MAPK pathway, which frequently shows aberrant activa-
tion in human cancers and contributes to promoted cell 
proliferation and invasion20–22. The results indicated that 
ANGPTL2 knockdown significantly decreased the pro-
tein levels of p-ERK1/2 in LN18 cells, while no detectable 
changes were found in the total protein levels of ERK1/2 
(Fig. 4A). We also treated siANGPTL2-transfected LN18 
cells with 10 μM U0126 (a specific inhibitor of ERK/
MAPK). siANGPTL2-inhibited glioma cell proliferation 
and invasion were enhanced after treatment with U0126 
(Fig. 4B and C).

DISCUSSION

According to investigation statistics, glioma patients 
have the lowest 5-year survival rate among all cancer 
patients owing to limited advances in glioma treatment. 
Therefore, exploring novel molecular targets and elucidat-
ing mechanisms underlying glioma progression are essen-
tial for the development of effective glioma therapies.

ANGPTL2, a member of the glycoprotein family, is 
mainly secreted by adipose tissues under normal condi-
tions23. With hypoxia and endoplasmic reticulum stress, 
the expression of ANGPTL2 will be increased17. In addi-
tion, ANGPTL2 is identified as an essential mediator of 
chronic inflammation and its related diseases including 
metabolic, autoimmune, and cardiovascular diseases24–27. 
Recently, ANGPTL2 has been found to be upregulated 
in some types of cancers and considered as a tumor pro-
moter. For example, Endo et al. reported overexpression 
of ANGPTL2 in lung cancer tissues and demonstrated its 
driving function in the metastatic process of lung can-
cer28. Toiyama et al. found similar results, that ANGPTL2 
was highly expressed in colorectal cancer tissues, and 
suggested ANGPTL2 as a novel diagnostic biomarker for 
colorectal cancer patients19. In our study, we also observed 
an elevated expression of ANGPTL2 in glioma tissues 
and cell lines. Moreover, we found a suppressive effect of 
ANGPTL2 knockdown on glioma cell proliferation and 
invasion. Our tumorigenesis experiments showed that 
ANGPTL2 knockdown inhibited glioma tumor growth in 
vivo, further verifying our in vitro results. All observa-
tions in our study were consistent with the previous stud-
ies. However, in a study by Kikuchi et al., ANGPTL2 was 
found to have a reduced expression in ovarian cancer, and 
its overexpression inhibited ovarian cancer cell growth29. 

Figure 3. Knockdown of ANGPTL2 inhibits glioma tumor 
growth in vivo. (A) The growth curve of tumors was estab-
lished by measuring tumor volume every week after injection. 
(B) Tumors were weighed 5 weeks after injection. *p < 0.05.
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This result was inconsistent with ours and indicates the 
tumor-inhibitor role of ANGPTL2 in cancer develop-
ment. Collectively, we suggest that ANGPTL2 might 
function as an oncogene or a tumor suppressor, depend-
ing on cancer type.

We also investigated the possible mechanism by 
which ANGPTL2 knockdown inhibited glioma cell 
proliferation and invasion. The ERK/MAPK signaling 
pathway is an important signal transduction pathway 
and is activated by serum, cytokines, growth factors, 
and osmotic stresses30. In addition, it is capable of phos-
phorylating and regulating various substrates such as 
kinases, cytoskeletal proteins, and transcription factors, 
which lead to changes in gene expression and cellular 
functions31. More importantly, aberrant activation of the 
ERK/MAPK signaling pathway is often found in can-
cers including glioma20–22. Furthermore, ANGPTL2 has 
been reported to promote metastasis during breast cancer 
development via regulating the ERK/MAPK pathway32. 
In this study, we found that ANGPTL2 knockdown sig-
nificantly reduced the protein levels of p-ERK1/2 in 
glioma cells, indicating an inhibitory effect of ANGPTL2 
knockdown on the activity of the ERK/MAPK signaling 
pathway. We also used U0126 (a specific inhibitor of 
ERK/MAPK) to treat siANGPTL2-transfected LN18 
cells. The results showed that siANGPTL2-inhibited 
glioma cell proliferation and invasion were potentiated 
after treatment with U0126. According to these results, 
we may infer that other signaling pathways are also 
involved. Therefore, more studies should be performed 
for further investigation.

In summary, we found that ANGPTL2 was elevated 
in glioma tissues and cells. Knockdown of ANGPTL2 
reduced the proliferative and invasive abilities of glioma 
cells. Moreover, the tumorigenesis assay showed that 
ANGPTL2 knockdown inhibited glioma tumor growth 
in vivo. We also found that ANGPTL2 knockdown 
decreased the protein levels of p-ERK1/2 in glioma cells 
and thus blocked the activity of the ERK/MAPK sig-
naling pathway. Taken together, our study provided the 
first evidence that ANGPTL2 plays an oncogenic role in 
glioma development and might be considered to be a new 
therapeutic target for glioma treatment.

FACING COLUMN
Figure 4. Knockdown of ANGPTL2 inhibits the activity of 
the ERK/MAPK signaling pathway. (A) Western blot analysis 
showed that the protein levels of p-ERK1/2 in siANGPTL2-
transfected LN18 cells were remarkably reduced, while the total 
protein levels of ERK1/2 remained unchanged. GAPDH was 
used as an internal control. (B, C) Transfected LN18 cells were 
exposed to 10 μM U0126. Cell proliferation and invasion were 
measured by MTT and Transwell assays, respectively. *p < 0.05.
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