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Knockdown of Annexin-A1 Inhibits
Growth, Migration and Invasion of
Glioma Cells by Suppressing the
PI3K/Akt Signaling Pathway

Liqing Wei1,*, Li Li2,*, Li Liu3,*, Ru Yu3,*, Xing Li4, and
Zhenzhao Luo1

Abstract

ANXA1, which can bind phospholipid in a calcium dependent manner, is reported to play a pivotal role in tumor progression.

However, the role and mechanism of ANXA1 involved in the occurrence and development of malignant glioma are still not

well studied. Therefore, we explored the effects of ANXA1 on normal astrocytes and glioma cell proliferation, apoptosis,

migration and invasion and the underlying mechanisms. We found that ANXA1 was markedly up-regulated in glioma cell

lines and glioma tissues. Down-regulation of ANXA1 inhibited normal astrocytes and glioma cell proliferation and induced

the cell apoptosis, which suggested that the consequences of loss of Annexin 1 are not specific to the tumor cells.

Furthermore, the siRNA-ANXA1 treatment significantly reduced tumor growth rate and tumor weight. Moreover, decreas-

ing ANXA1 expression caused G2/M phase arrest by repressing expression levels of cdc25C, cdc2 and cyclin B1.

Interestingly, ANXA1 did not affect the expressions of b-catenin, GSK-3b and NF-jB, the key signaling molecules associated

with cancer progression. However, siRNA-ANXA1 was found to negatively regulate phosphorylation of AKT and the

expression and activity of MMP2/-9. Finally, the decrease of cell proliferation and invasiveness induced by ANXA1 down-

regulation was partially reversed by combined treatment with AKT agonist insulin-like growth factor-1 (IGF-1). Meanwhile,

the inhibition of glioma cell proliferation and invasiveness induced by ANXA1 down-regulation was further enhanced by

combined treatment with AKT inhibitor LY294002. In summary, these findings demonstrate that ANXA1 regulates prolif-

eration, migration and invasion of glioma cells via PI3K/AKT signaling pathway.
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Introduction

Gliomas are common intracranial primary tumors in both

children and adults, which are prone to metastasis, and have

poor prognosis. The median survival time of glioblastoma is

only about one year (Fatehi et al., 2018; G�oralska et al.,

2018). Although the treatments of glioma including diagnos-

tic modalities, and surgery combined with chemotherapy,

radiotherapy and biological therapy, have been continuous-

ly improved in recent years, the therapeutic effect is still not

satisfactory (Nishikawa, 2010; Lei et al., 2015). In-depth

study of the molecular mechanisms of glioma, and effective

strategies for glioma are urgently needed.
The phosphoinositide-3-kinase/protein kinase B

(PI3K/Akt) signaling pathway plays a key role in
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regulating cell cycle, apoptosis, motility, adhesion, and
cancer progression (Laplante and Sabatini, 2009). It
was shown that PI3K/Akt signaling pathway was inap-
propriately activated frequently in human glioma cells
(Akhavan et al., 2010; Zhong et al., 2019). The PI3K/
Akt signaling pathway plays a vital role for the prolifer-
ation and invasiveness of glioma cells. PI3Ks are hetero-
dimers, comprising of one catalytic subunit p110 encoded
by the genes PIK3CA (p110a), PIK3CB (p110b) or
PIK3CD (p110d), whereas one regulatory subunit p85
encoded by PIK3R1 (p85a), PIK3R2 (p85b) or
PIK3R3 genes (p85c) (X. Wang et al., 2015). Akt is a
serine-threonine kinase which serves as a downstream
effectors of PI3K, promoting cancer cells survival, pro-
liferation and angiogenesis (Danielsen et al., 2015). It has
been reported that the PI3K/Akt signaling pathway is
dysregulated in one-third of human cancers (Faes and
Dormond, 2015; Guerrero-Zotano et al., 2016). Pioneer
studies demonstrated that high expression of p-Akt was
associated with poor survival, progressive high-grade, as
well as intracranial invasion in glioma patients (Chai
et al., 2018; Sun et al., 2018), indicating that modulation
of the PI3K/Akt signal transduction is a promising ther-
apeutic strategy in gliomas.

Annexin-A1 (ANXA1)-mediated signaling has
received increasing attentions in the development of
human tumors (Foo et al., 2019). Recent investigations
prove that ANXA1 plays a pivotal role in membrane
aggregation, proliferation, apoptosis, phagocytosis and
carcinogenesis (Lim and Pervaiz, 2007). ANXA1 is
highly expressed in hepatocellular carcinoma (Masaki
et al., 1996), adenocarcinomas of the esophagus (Kan
and Meltzer, 2009) and pancreatic cancer (Bai et al.,
2004), lung adenocarcinoma (Liu et al., 2011) and
glioma (Cheng et al., 2013), down-regulation or deletion
in adenocarcinoma of prostate (Patton et al., 2005), cer-
vical cancer (L. D. Wang et al., 2008), thyroid cancer
(Petrella et al., 2006), head and neck cancer (Garcia
Pedrero et al., 2004). Although the overexpression of
ANXA1 in glioma has been reported, its role and under-
lying mechanisms in regulating the proliferation, migra-
tion and invasion of glioma have not been fully
elucidated.

The disintegration of the tumor matrix and the secre-
tion of MMPs from tumor cells facilitate the migration
and invasion of glioma cells. Previous studies have cor-
related the expression of proteolytic enzymes such as
matrix metalloproteinases (MMP)-2/-9 and vascular
endothelial growth factor (VEGF) with migration and
invasion of human GBM cells, indicating the significance
of these proteins in the occurrence and development of
cancers (Pagliara et al., 2014). Bizzarro et al. showed that
ANXA1 promoted invasion by FPR1 and FPR2, in pros-
tate cancer cells, possibly through increasing activity and
expression of MMP-2/-9 (Bizzarro et al., 2015). In the

melanoma cancer cells, ANXA1 induced invasiveness
by promoting MMP-2 expression (Boudhraa et al.,
2014). Gastardelo et al. demonstrated that stimulated
of Hep-2 tumor cells with the ANXA1 mimetic peptide
Ac2-26 down-regulated the expression of the MMP-2,
while up-regulated that of the MMP-9 (Gastardelo
et al., 2014).

Therefore, this study aims to further confirm the role
and underlying mechanisms of ANXA1 in the cell
growth, migration and invasion of glioma. Our results
found that decreasing ANXA1 expression significantly
inhibited the proliferation, migration and invasion of
human glioma cells, which was partly attributed to the
inhibition of PI3K/Akt signaling pathway and the down-
regulation of the expression and activity of MMP-2/-9.
Our results suggested that ANXA1 could be a potential
therapeutic target for the treatment of glioma.

Materials and Methods

Cells and Reagents

Several human glioma cell lines (U87, U251, U118 and
A172) and normal brain glial cell lines (HEB) were
obtained from the Institute of Biochemistry and Cell
Biology of Chinese Academy of Sciences (Shanghai,
China), and the normal human astrocytes (NHA, Cat.
#CC2565) was obtained from the Lonza Group Ltd
(Basel, Switzerland). All the cells were cultured in
DMEM medium (Gibco, Cat. #11965092, Carlsbad,
CA, USA) supplemented with 10% of fetal bovine
serum (FBS, Gibco, Cat. #16140089, USA) at 37�C
with 5% CO2 humidified atmosphere. Cells in
logarithmic growth were used for experiments, the
maximum number of passages for cell lines was <10.
Additionally, 5lM LY294002 (#19-142, Sigma,
St. Louis, MO, USA) was added into the Akt inhibitor
group and 20 lg/ml IGF (#291-G1-200, R&D Systems,
Minneapolis, MN) was added to the Akt agonist group.
The siRNA is an interference sequence with a significant
interference effect in the literatures (Yang et al., 2011; Pin
et al., 2012). The siRNA negative control is a negative
control sequence that does not have any match with the
human genome sequence (si-NC, GenePharma Co.,
Shanghai, China). The transfection reagent
Lipofectamine RNAiMAX (#13778150), Opti-MEM
media (#31985070) were purchased from Invitrogen
(Carlsbad, CA, USA), Trizol, Moloney’s murine leuke-
mia reverse transcriptase (M-MLV) and Taq enzyme
were purchased from Applied Biosystems (#4368813),
and the primers were synthesized by Shanghai
Invitrogen Co., Ltd. The sources of antibodies were as
follows: p110 a (#4255), p85 (#4292), MMP-2 (#40994),
MMP-9 (#3852), b-catenin (#9562), ANXA1 (#3299),
p-Akt (Ser473) (#4060), Akt (#4685), b-actin (#3700),
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cdc2 (#28439), Cyclin D1 (#2922) and horseradish per-

oxidase (HRP)-The second antibody (#7074 or #7076)

were obtained from Cell Signaling Technology

(Danvers, MA, USA). VEGF ELISA Kits (#QVE00B),

Cdc25 (#MAB4459-SP) and cyclinB1 (#AF6000-SP)
antibody were purchased from American R&D

Company (R&D Systems, Minneapolis, MN). 1-

Stearoyl-2-[1-14C] arachidonoyl-sn-glycero-3-phospho-

choline (2-AA-PC; 56.0 mCi/mmol) was obtained from

Amersham Pharmacia Biotech (Buckinghamshire, UK)

and used as the substrate. Unlabeled 2-AA-PC and

Scintillation fluid (Aquasol-2) were obtained from

Sigma (St. Louis, MO, USA).The crystal violet dye
(#DC079-1G) was obtained from Beijing Dingguo

Biological Co., Ltd., and the transwell chambers

(#3422) were purchased from Corning Lifesciences

(Kennebunk, ME, USA), Matrigel (#356234) were

obtained from BD Biosciences (Franklin Lakes, NJ,

USA). The pore size of the transwell chamber membrane

was 8 lm.

Tissue Specimens

58 cases of glioma paraffin archived surgical specimens

from June 2013 to August 2019 in the Department of

Neurosurgery, the Central Hospital of Wuhan, including

31 males and 27 females; aged 18-63 years. All cases were

diagnosed by pathological examination, and 3 non-

tumor brain tissues (NBT) obtained by decompression

of craniocerebral injury were selected as controls. All

patients have detailed clinical data. According to the
2000 WHO central nervous system tumor classification

criteria, there were 15 cases of grade II, 16 cases of

grade III, and 27 cases of grade IV. Meanwhile, 3 cases

of grade IV and 3 cases of non-tumor brain tissues were

collected and liquid nitrogen cryopreserved for Western

blot analysis. This study protocol was approved by

Ethics committee of The Central Hospital of Wuhan

and a consent signed form was obtained from all
participants.

Western Blot Analysis

Total proteins were prepared from glioma cells, normal

human astorcytes or brain tissues and equal amount of

proteins were loaded for immunoblot analysis. The pro-

teins were separated by 10% SDS-PAGE and subse-

quently transferred to a polyvinylidene fluoride (PVDF)

membranes (#ISEQ00010, Millipore, Billerica,
Massachusetts, USA), rinsed three times with Tris-

buffered saline containing 0.1% Tween 20 (TBST), and

then blocked with 5% of non-fat milk in TBST at room

temperature for 1 h, then the membranes were subse-

quently incubated with corresponding primary antibodies

of 1:1000 in TBST at 4�C overnight. After washing with

TBST thrice and the membranes were then subsequently

incubated with the horseradish peroxidase-conjugated

secondary antibodies of 1:10000 in TBST at room temper-

ature for 1 h. After washing with TBST, the membranes

were visualized by enhanced chemiluminescence kit
(#RPN2232, Amersham, GE Health, UK) and photo-

graphed. ImageJ1.4.3 (National Institutes of Health,

Bethesda, MD, USA) analyzed the gray values of each

band with b-actin as a loading control.

Transfection of U87 Cells With siRNA

U87 cells were passaged 24 h before transfection, inocu-

lated into 35 mm culture dishes at a density of 5� 105

cells per well, and cell confluence reached 70% for trans-

fection. The blank control group was untransfected, the

negative control group was transfected with siRNA neg-

ative control sequence, and the siRNA interference group

was transfected with ANXA1 interference sequence. One

hour before cell transfection, 1.5 ml of serum-free

medium opti-MEM was replaced. The negative control

sequence, ANXA1 interference sequence and

Lipofectamine 2000 were resuspended in 500 ll serum-
free medium opti-MEM, the final concentration of

three siRNA interference chains and one siRNA negative

control was 100 nmol/L, and the mixture was allowed to

stand at room temperature for 20min, and the complex

was added to the cell culture, after incubating for 6 hours

in the incubator, then the transfection medium was

replaced with complete medium, and the subsequent cul-

ture was used for subsequent experiments from 24–72 h.
The siRNA duplex sequences (Shanghai GenePharma

Co.) selected for this study was listed as follows: siRNA1:

50-ATGCCTCACAGCTATCGTGAA-30; siRNA2: 50-UG

ACCGAUCUGAGGACUUU-30; siRNA3: 50-CAAGGU

GGUCCCGGAUCA-30.

Real-Time RT PCR

Total RNA was separately extracted from glioma cells 48
h after transfection, and reverse transcription PCR was

performed. GAPDH was chosen as an internal control.

The primer sequences used were shown as follows:

ANXA1 forward, 50- GGTGTGAATGAAGACTTGG

CTGA-30, and the reverse, 50- GTTTCATCCAGGATG

GCTTGGCA-30; GAPDH forward, 50- AAGGTGAAG

GTCGGAGTCAAC-30, and the reverse, 50- GGGGTC

ATTGATGGCAACAATA-30. The reaction system was

performed by using the Fast SYBRTM Green MasterMix
Kit (Cat. #4385610, Life Technologies, Carlsbad, CA,

USA) according to manufacturer’s protocols. The reac-

tion conditions were: pre-denaturing at 95�C for 30 sec,

95�C for 5 sec, 60�C for 26 sec for a total of 40 cycles.

The relative ANXA1 mRNA expression was quantified

by 2�DDCt comparative method.

Wei et al. 3



Cell Counting Kit-8 (CCK-8) Assay and TUNEL Assay

U87 cells from each group were harvested 24 h after

transfection and plated at a density of 2� 103 cells in a

96-well plate. Cells from each group were cultured for 24,

48, 72h and 96 h before CCK-8 assay kit (#CK-04,

Dojindo, Kumamoto, Japan) was applied and 10 ll reac-
tion solution was added to each well and subsequently

incubated for 10min. The absorbance was then detected

by an EnSpire Manager spectrophotometer plate reader

(Turku, Singapore) at 450 nm (excitation) and 600 nm

(emission). For the survival assays, cells that had under-

gone the indicated treatments were fixed in 4% formal-

dehyde for 20min and permeabilized with 0.1% Triton

X-100. Thereafter, the glioma cells were incubated with

50 ll/well TUNEL reaction mixture for 1 h at 37�C. The
cells were then examined and counted immediately under

fluorescence microscopy (IX81, Olympus, Japan).

Flow Cytometry Analysis

U87 cells in log-phase were seeded at a density of 4� 105

cells in 6-well plates. Cells were collected at 48 h after

transfection. The analysis of cell cycles and apoptosis

was performed by using flow cytometer (BD Biosciences,

NJ, USA). For cell cycle examination, an EZCellTM Cell

Cycle Analysis kit (#558622, BD Bioscience, San Jose,

CA, USA) was utilized. For cell apoptotic rates determi-

nation, we used a Annexin V-FITC/PI cell apoptosis anal-

ysis kit (#556547, BD Bioscience, San Jose, CA, USA).

Migration and Invasion Assay

First placed the Transwell chamber in a liquid containing

DMEMþ 0.1% BSA (bovine serum albumin) for hydra-

tion in a 5% CO2 incubator at 37�C for 2 hours. The

glioma cells were harvested and counted 24 h after trans-

fection and inoculated in a chamber at a density of

5� 104 cells/well. The medium in the chamber was

DMEMþ 0.1% BSA, and the medium in the lower

chamber was DMEMþ 15% FBS, observed its effect

on the migration ability of glioma cells, then removed

the chamber after 24 h, fix the cells on the chamber mem-

brane with 4% paraformaldehyde, and then stained with

0.1% crystal violet while the cells which did not pass

through the membrane were wiped with a cotton swab,

and the cells were photographed under high magnifica-

tion (200�) and observed ten random fields of view, and

the results were analyzed. For invasion assays, the cham-

bers were coated with 90 ll 0.8 mg/ml Matrigel and the

subsequent steps were similar to the migraton assays.

Tumor Xenograft in Nude Mice

U87 cells transfected with siRNA negative control or

ANXA1 interference sequence for 48 h, harvested and

adjusted to a cell concentration of 1� 107 cells/ml,
2� 106 cells containing siRNA negative control or
ANXA1 interference sequence in 200 ll of PBS were
then injected subcutaneously into on the both sides of
mice. The tumor volume was monitored from day 3,
tumor size was measured every 3 days, and tumor
volume was calculated according to the formula
(Volume¼ 0.5� tumor width2� length), depicting
tumor growth curve. Tumor tissues were taken for weigh-
ing on the 30th day.

ELISA Method to Detect the Release Level of VEGF

Each group of U87 cells was cultured for 48 h after trans-
fection, and the cell culture supernatant was collected.
All reagents were equilibrated to room temperature.
The procedure was performed according to the manufac-
turer’s protocols, using an EnSpire Manager spectropho-
tometer plate reader (Turku, Singapore) at 450 nm. The
absorbance (A) values of the samples of each group were
measured, and the concentration of VEGF in the samples
was calculated by a standard curve.

Assay of Cytosolic Phospholipase A2 (cPLA2) Activity

The cPLA2 activity was assayed by using sonicated
liposomes prepared and 1-stearoyl-2-[1-14C]-arachi-
donyl-sn-glycero-3-phosphocholine as the substrate as
described previously (Kim et al., 2001).

Nuclear Factor NF-jB p65 Transcription Factor
Activity Assay

After transfection for 48 h, U87 nuclear extracts were
prepared using the NE-PER Nuclear and Cytoplasmic
Extraction Reagents (ThermoFisher Scientific; 78833).
Nuclear factor (NF) jB activity was detected using 9lg
of nuclear extract and an NF-jB p65 Transcription
Factor Assay Kit (ab133112, Abcam, Cambrigde, MA,
USA) in accordance with manufacturer’s protocols.
Absorbance was measured with EnSpire Manager spec-
trophotometer plate reader (Turku, Singapore) at
450 nm.

Immunohistochemical Analysis and Immunofluoresent
Staining

The expression of ANXA1 in glioma tissues and normal
brain tissues was examined by immunohistochemistry
using a rabbit polyclonal antibody against ANXA1
(1:100). Five-micrometer sections were cut from
paraffin-embedded brain tissue blocks, deparaffinized
and rehydrated, then blocked endogenous peroxidase.
The sections were boiled in cirate buffer (pH6.0) for
20min for antigen retrieval. Thereafter, the sections
were incubated with primary anti-ANXA1 antibody at
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4�C overnight. Then the sections were incubated with

corresponding biotinylated secondary antibody

(DAKO, Demark), developed with ABC reagent kits

and couterstained with Mayer’s hematoxylin. After the

photograghed, the two pathologists scored in a double-

blind case. The staining intensity was scored: 3 points for

strong; 2 points for moderate; 1 point for weak; 0 points

for no staining. The score was based on the percentage of

ANXA1-positive cells: positive cells <5% was 0; 5% to

10% was 1; 10% to 50% was 2; 50% to 80% was 3;

>80% was 4. The total score ranged from 0 to 12. The

above two scores are multiplied by �4 to be positive, and

<4 to be negative. For immunofluorescent staining, the

glioma cells were then incubated with specific primary

antibodies [anti-ANXA1 (1:200, sc-12740)] overnight at

4�C. Subsequently, the samples were rinsed three

times with PBS containing 0.25% Tween-20 and incubat-

ed with secondary antibodies for 60min at room temper-

ature, and the nuclei were counterstained with DAPI.

The cells were examined and counted immediately

under fluorescence microscopy (IX81, Olympus, Tokyo,

Japan).

Gelatin Zymography

To measure MMP-2 and MMP-9 activity in U87 cells,

gelatin zymography was performed as described previ-

ously (Morioka et al., 2019). Briefly, after transfection

for 48 h, the supernatants of glioma cells were collected,

and the supernatants were then prepared samples with

loading buffer (125mM Tris-HCl, pH 6.8, 1% glycerol,

2% SDS, 0.01% bromophenol blue) without heating or

reduction, and separated by electrophoresis on an 8%

SDS-polyacrylamide gel containing 0.1% w/v gelatin.

After separation, the gels were gently washed thrice

with distilled water containing 2.0% Triton X-100 for

1 hour to remove SDS, and further incubated with the

substrate buffer (50mM Tris-HCl containing 10mM

CaCl2 and 0.02% NaN3, pH 7.6) at 37�C overnight, fol-

lowed by staining with Coomassie Brilliant Blue R-250

for 1 h, and decolorized in 20% methanol and 10% acetic

acid until clear bands appeared, and the density was

measured with Image J software (Fuji Film, Tokyo,

Japan).

Statistical Analysis

Swith GraphPad Prism 5 program was used for statistical

analysis. All data were expressed as mean� standard

deviation. One-way analysis of variance and Student’s

t-test were performed to analyze these data, multiple

comparison between the groups were analyzed by

Bonferroni’s multiple comparison method. The test

level was a¼ 0.05.

Results

ANXA1 Is Upregulated in Glioma Cell Lines and
Glioma Tissues

The expression level of ANXA1 in glioma was measured
in human astrocytes (NHA and HEB) and four glioma
cell lines (U87, U251, U118, A172) by Western blot.
ANXA1 was prominently up-regulated in glioma
cell lines compared with human astrocytes (Figure 1A
and B). Furthermore, we analyzed ANXA1 expression
levels in glioma patients at different tumor stages and
normal brain using IHC. The results showed that
ANXA1 expression levels in grade III astrocytomas
and GBM were evidently higher than those in the grade
II astrocytomas, and ANXA1 expression levels in
grade IV gliomas were signifcantly higher than those in
grade III gliomas (Figure 1C and D). Similarly, we found
ANXA1 protein expression was also significantly up-
regulated in GBM compared with the normal brain
tissue by Western blot (Figure 1E). Collectively, these
results indicated that ANXA1 played an important role
in the occurrence and development of glioma.

Knock Down of ANXA1 Inhibits Glioma Cell
Proliferation, Migration and Invasion

ANXA1 expression levels in U87, U251, U118 and A172
glioma cell lines were significantly higher than those in
the NHA and HEB normal human astrocyte cell
lines, and U87 showed the highest level of ANXA1
(Figure 1B). Then we further explored the function of
ANXA1 in gliomas by using siRNA interference technol-
ogy to transfect siRNA-NC and siRNA-ANXA1 into
U87 cells. After transfecting 3 siRNAs into U87 cells
for 48 h, Real-time PCR and Western blot confirmed a
significant decrease in the expression of ANXA1 in
human U87 cells transfected with siRNA-ANXA1 com-
pared to the siRNA-NC (Figure 2A to C). The second
siRNA sequence was the most efficient, and thus the
second one was used in the following experiments.
Subsequently, transfected U87 cells were cultured for 4
days for cell viability determination. CCK8 assay dem-
onstrated that after siRNA-ANXA1 transfection, cellu-
lar growth of U87 cells was significantly inhibited
compared to that of siRNA-NC (Figure 2D). We further
analyzed the role of ANXA1 on glioma cell migration
and invasion. After siRNA-ANXA1 transfection
of U87 cells, the number of migrated and invaded
cells was significantly reduced compared to that of
cells transfected with siRNA-NC and untreated cells
(Figure 2H to J). Moreover, to determine if the effects
of ANXA1 on proliferation, migration and invasion
selectively occur in glioma cells, we also knocked-down
ANXA1 in normal HEB human cells (Figure 2E and F),
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the results showed that after siRNA-ANXA1 transfec-

tion of HEB cells, the proliferation, migration and inva-

sion of HEB cells were also significantly inhibited

compared with siRNA-NC group (Figure 2G, K, L

and M), and the data suggest that the inhibition effect

was less than that observed in the U87 cells. These results

demonstrated that down-expression of ANXA1 inhibited

glioma cell proliferation, migration and invasion but also

impaired proliferation and migration of normal HEB

cells that had elevated ANXA1 expression compared

to NHA.

Knock Down of ANXA1 Arrested Glioma Cell Cycle

and Induced Glioma Cell Apoptosis

Flow cytometry assay was employed to analyze cell cycle

progression and apoptosis after siRNA-ANXA1 trans-

fection in U87 cells. The results showed that an increase

in the G2 phase and a decrease in the G1 phase of the cell

cycle in ANXA1 down-regulated cells compared with

siRNA-NC and untreated cells (Figure 3A and B).

Furthermore, we analyzed the effects of ANXA1 on

glioma cell apoptosis. The results showed that there

were significant apoptotic peaks in the siRNA-ANXA1

compared to those in cells transfected with siRNA-NC

and untreated cells (Figure 3E and F). As done for pro-

liferation, migration, and invasion, we also tested if the

effects of ANXA1 on cell cycle distribution and apopto-

sis were selective glioma cells by knocking down ANXA1

in HEB astrocytes, the results showed that siRNA-

ANXA1 transfection of HEB cells also significantly

caused G2 phase arrest and promoted cellular apoptosis

compared with siRNA-NC group (Figure 3C, D, G and

H). These data demonstrated that down-regulation of

ANXA1 can cause cell cycle arrest, consequently pro-

moting cellular apoptosis. Moreover, to elucidate the

association of ANXA1 levels with cell viability, we per-

formed immunofluorescence staining at different time

course after ANXA1 knockdown, the results revealed

that ANXA1 began to decrease after transfection for 6

h, while apoptotic cells were fewer (Figure 3I, left panel),

and showed significantly ANXA1 down-regulation and

cell apoptosis at 48 h, there was an obvious negative

correlation between ANXA1 levels and cell apoptosis

(Figure 3I, right panel), specifically, the only survivors

still had moderate-to-high ANXA1 levels in si-ANXA1

Figure 1. ANXA1 Expression Levels in Glioma Cells and Glioma Patients. A: Western blotting analysis of the expression levels of
ANXA1 in human astrocytes (NHA and HEB) and glioma cell lines (U87, U251, U118 & A172). B: Quantification of the protein bands as
shown in (A), *p< 0.05 compared with NHA cells, #p< 0.05 compared with HEB cells. C: Representative immunohistochemistry images
show that ANXA1 is more highly expressed in glioma tissues than in non-tumor brain tissues (NBT). Stronger stain intensity and higher
stain density exist in glioblastoma tissues than those in non-tumor brain tissues. D: ANXA1 expression levels in glioma patients with
different grades, *p< 0.05 compared with Grade I group, #p< 0.05 compared with Grade II group. E: Western blot assays of ANXA1
expression in 3 non-tumor brain tissues (NBT) and 3 primary glioblastoma (Grade IV) tissues.
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Figure 2. Down-Expression of ANXA1 Inhibited Glioma Cell and Normal Astrocytes Proliferation, Migration and Invasion. A: RT-qPCR
results of the mRNA expression levels of ANXA1 in three groups transfected with ANXA1-siRNA in U87 cells. B: Western blot assay of
ANXA1 levels in three groups transfected with ANXA1-siRNA in U87 cells. C: Quantification of the band intensity of ANXA1 in the
Western blot in (B). *p< 0.05, **p< 0.01 compared with si-NC group, #p< 0.05 compared with si-RNA1 group. D: After transfecting
siRNA-ANXA1 into U87 cells, the cells proliferation activity was detected by CCK8 assay at the indicated time. E: Western blot assay of
ANXA1 levels in HEB cells transfected with ANXA1-siRNA. F: Quantification of the band intensity of ANXA1 in the Western blot in E.
**p< 0.01 compared with si-NC group. G: After transfecting siRNA-ANXA1 into HEB cells, the cells proliferation activity was detected by
CCK8 assay at the indicated time. H: Transwell assay exhibits the migration (upper panel) and invasion (lower panel) of U87 cells
transfected with siRNA-ANXA1, siRNA-negative control (si-NC) group and blank control group. I and J: The quantitative statistics of the
migration and invasion of U87 cells transfected with siRNA-ANXA1, si-NC group and control group. K: Transwell assay exhibits the
migration (upper panel) and invasion (lower panel) of HEB cells transfected with siRNA-ANXA1, siRNA-negative control (si-NC) group
and blank control group. L and M: The quantitative statistics of the migration and invasion of HEB cells transfected with siRNA-ANXA1,
si-NC group and control group. All data are shown as mean � SD from at least three independent experiments, *p< 0.05, **p< 0.01
compared with si-NC group.
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Figure 3. Knock-Down of ANXA1 Arrested Cell Cycle and Induced Cell Apoptosis. A and C: After siRNA-ANXA1 transfection of U87
and HEB cells, the cell cycle distribution was examined by Flow cytometry analysis. Decreasing ANXA1 expression resulted in a significant
increase in the G2/M phase and a decrease in the G1 phase. B and D: Statistical analysis of the data shown in (A) and (C). E and G: After
siRNA-ANXA1 transfection of U87 and HEB cells, the cell apoptosis rate was detected by Flow cytometry analysis. Decreasing ANXA1
expression resulted in a significant increase the proportion of apoptosis cells. F and H: Statistical analysis of the data shown in (E) and (G).
I: Representative images of ANXA1 expression in control, si-NC and si-ANXA1 U87 cells after transfected for 6, 24 and 48 h, the cells
were subjected to double staining for ANXA1 and TUNEL, and nuclei were counterstained with DAPI, Scale bar ¼ 40lm. J: Quantitative
analysis of the percentage of TUNEL positive staining cells at the indicated time points after transfected with si-NC and si-ANXA1 in U87
cells. In all graphs, the data are expressed as the mean � SD from three independent experiments. *p < 0.05, **p< 0.01 compared with
si-NC group.
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transfection group, whereas the ANXA1 levels showed

no significant changes in si-NC transfection group at dif-

ferent time courses compared with corresponding control

group (Figure 3I and J), which corroborated that

ANXA1 plays a pivotal role in apoptosis.

Knock Down of ANXA1 Inhibits Tumor Size In Vivo

After establishing a causative relationship between the

down-regulation of ANXA1 and glioma cell growth, we

further confirmed whether decreasing ANXA1 might

suppress tumor size in vivo. The effect of ANXA1

down-regulation on U87 tumor size in vivo was studied

by subcutaneous injection of same amounts of U87/

siRNA-ANXA1 or U87/siRNA-NC cells into either

side of the same nude mouse. Four weeks later, the

tumor formed by U87/siRNA-ANXA1 was significantly

smaller than those formed by U87/siRNA-NC cells

(Figure 4A). The growth kinetic curve of U87/siRNA-

ANXA1 tumors was compared to that of U87/siRNA-

NC tumors (Figure 4B). Finally, the weight of tumors

formed by U87/siRNA-ANXA1 cells was significantly
decreased as compared to that formed by U87/siRNA-

NC (Figure 4C). The down-regulation of ANXA1 in

tumors formed by U87/siRNA-ANXA1 cells was further

confirmed by Western blotting analysis (Figure 4D and

E). These results demonstrated an inhibitory effect of

ANXA1 on glioma cell growth in vivo.

Inhibition of ANXA1 Induces G2/M Cell Cycle Arrest

and by Inhibiting the PI3K/Akt Signaling Pathway

To understand the molecular mechanisms by which

ANXA1 controlled glioma cell proliferation, migration

Figure 4. Knock Down of ANXA1 Inhibits Tumor Size In Vivo. A: Representative tumor-bearing nude mouse and the xenografted tumor
derived from either U87/si-NC cells (left side) or U87/si-ANXA1 cells (right side). B: Statistic analysis demonstrated that the tumor
volume derived from U87/si-ANXA1 cells increased more slowly than that of U87/si-NC cells after s.c. injection for 15 days, indicating that
proliferation of U87/si-ANXA1 cells was suppressed by ANXA1 siRNA. **p<0.01 versus corresponding siRNA-NC controls, Mann-
Whitney test, n¼ 8. C: Statistic analysis demonstrated that the tumor weight derived from U87/si-ANXA1 cells cells was significantly
decreased as compared to that of U87/si-NC cells. **p< 0.01, Mann-Whitney test, n¼ 8. D: Western blot showed that ANXA1 was
inhibited in tumors derived from U87/si-ANXA1 cells. E: The relative amounts of ANXA1 were quantified by a densitometric analysis
(ImageJ).
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and invasion, we explored the effect of ANXA1 on
expression levels of cell cycle-related proteins and several
key signal pathways, which are closely related to the
above mentioned biological function of glioma cells (M.
Chen et al., 2019; Wei et al., 2019). Western blot analysis
showed that ANXA1 had a prominent effect on cdc25C,
cdc2 and cyclin B1 protein levels and PI3K/Akt signaling
cascades but had no effect on cyclin D1, GSK-3b or
b-catenin signaling in U87 cells (Figure 5A to D). In
addition, whether ANXA1 regulates NF-jB and phos-
pholipase A2 activity in glioma is still obscure, we also
determined the expression and activity of NF-jB and
cytosolic phospholipase A2 (cPLA2) in ANXA1 knock-
down U87 cells, and NF-jB had no significant change
between these groups, whereas decreasing ANXA1
expression significantly up-regulated cPLA2 expression
and activity (Figure 5E to H). Therefore, down-
regulation of ANXA1 expression suppressed expression

of cdc25C, cdc2, cyclin B1 and activation of the PI3K/

Akt pathway, which may explain the impaired cell pro-

liferation and invasion ability observed in vitro and

in vivo.

Effects of Activating or Blocking the PI3K/Akt Signaling

Pathway on Cell Invasion and Migration in U87 Cells

After siRNA-ANXA1 Transfection

To further reverse validate that down-regulated ANXA1

inhibits glioma proliferation, migration and invasion

through the PI3K/Akt signaling pathway, IGF-1 and

LY294002 were used to activate and inhibit the PI3K/

Akt signaling pathway, respectively. The results showed

that after transfection of siRNA-ANXA1 and addition

of IGF-1, there were no significant differences in cell

proliferation (Figure 6A), migration (Figure 6B) and

invasion (Figure 6C) in U87 cells compared to cells

Figure 5. Knockdown ANXA1 Induces G2/M Cell Cycle Arrest in Glioma Cells via the PI3K/Akt Signaling Pathway. A: Inhibition of
ANXA1 decreases the expression of cdc25C, cyclin B1 and cdc2, whereas cyclin D1 was not altered evidently. Western blot assay analysis
was performed using anti-cdc25C, anti-cyclin B1, anti-cyclin D1, anti-b-actin and anti-cdc2 antibodies. B: The relative amounts of cdc-25C,
cyclin B1, cdc2 and Cyclin D1 were quantified by a densitometric analysis (ImageJ). C: Western blot analysis of PI3K subunit p110 a and
p85, phosphorylation and total protein levels of Akt, GSK3 b and b-catenin after si-ANXA1 or si-NC transfection for 48 h. D: Quantitative
charts of phosphorylation and the total level of Akt, PI3K subunit p110 a and p85, GSK3 b and b-catenin. E: Inhibition of ANXA1 has no
effect on the expression of p-p65NF-jB and up-regulates the expression of cPLA2. Western blot assay analysis was performed using anti-
p-p65NF-jB, anti-p65NF-jB, anti-cPLA2 and anti-b-actin antibodies. F: The relative amounts of p-p65NF-jB and cPLA2 were quantified by
a densitometric analysis (ImageJ). G: ELISA analysis of nuclear NF-jB activity. N¼ 9 per group. H: cPLA2 activity in control, si-NC and
si-ANXA1 U87 cells. cPLA2 activity was determined as described in Methods. These results were expressed as the mean� SD from three
independent experiments, *p< 0.05, **p< 0.01 compared with si-NC group.
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transfected with siRNA-NC alone. After transfection of

siRNA-ANXA1 and addition of LY294002, cell prolifer-

ation, migration and invasion in U87 cells were signifi-

cantly lower than those in the siRNA-NC transfection

only group and siRNA-ANXA1 transfection only

group (Figure 6A to C). This suggests that down-

regulation of ANXA1 inhibits activation of the PI3K/

Akt signaling pathway to inhibit glioma cell prolifera-

tion, migration, and invasion.

Inhibition of ANXA1 Down-Regulates MMP-2/-9

Expression

To better understand the molecular mechanisms involved

in the process of migration and invasion after ANXA1

inhibition, we measured the expressions, activity and

secretion of MMP-2, MMP-9 and VEGF in the glioma

cells or the supernatant of cell culture medium after

siRNA-ANXA1 transfection. Western blot analysis

showed that decreasing ANXA1 expression significantly

decreased MMP-2/-9 expressions (Figure 7A and B),

Furthermore, gelatin zymography showed that decreas-

ing ANXA1 expression tremendously decreased the

activity of MMP-2/-9 released into the cultured

medium (Figure 7D and E), whereas had no effect on

VEGF expression or production compared to that of

siRNA-NC and no treated cells (Figure 7A to C).

These data demonstrated that ANXA1 down-regulation

inhibited glioma cell migration and invasion via down-

regulating the expression and activity of MMP-2/-9.

Thus, ANXA1//MMP-2/-9 axis plays a vital role on the

migration and invasion of glioma cells.

Discussion

Annexin-A1 has been demonstrated to be involved in

various physiological and pathological processes.

Accumulating evidence has suggested that Annexin-A1

plays an essential role in cell proliferation, phagocytosis,

inflammation and apoptosis, as well as the development

of tumors (Foo et al., 2019). However, whether ANXA1

is a oncogene or a tumor suppressor gene remains con-

troversial, ANXA1 has been found to be up-regulated in

gastric cancer, liver cancer, pancreatic cancer and esoph-

ageal adenocarcinoma; it has been revealed to be down-

regulated or even absent in breast cancer, prostate cancer

and B-cell lymphoma (Shao et al., 2019). These inconsis-

tencies may be caused by different tumor microenviron-

ments which induce different phenotypes of ANXA1.

Moreover, recent studies have showed that ANXA1 is

up-regulated in gliomas, which exerts its effect through

formyl peptide receptor 2 (Tadei et al., 2018), but the

exact mechanisms involved is still unclear.

Figure 6. Effects of Activating or Blocking the PI3K/Akt Signaling Pathway on Cell Invasion and Migration in U87 Cells After
siRNA-ANXA1 Transfection. A: After siRNA-ANXA1 transfection or together treated with IGF-1 and LY294002 in U87 cells, the cells
proliferation activity was detected by CCK8 assay. B: After siRNA-ANXA1 transfection or together treated with IGF-1 and LY294002 in
U87 cells, the cell migratory abilities were detected by Transwell assays. C: After siRNA- ANXA1 transfection or together treated with
treated with IGF-1 and LY294002 in U87 cells, the cell invasive abilities were detected by transwell assays. All data are expressed as
mean� SD from at least three independent experiments, **p< 0.01 compared with si-NC group, #p< 0.05 compared with si-ANXA1
group.
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Tadei et al. found that ANXA1 is significantly higher
in gliomas and its correlation with matrix metalloprotei-
nase in gliomas tissues (Tadei et al., 2018). This suggests
that ANXA1 plays an important role in tumor develop-
ment. In this study, we measured ANXA1 expression
levels in glioma tissues and glioma cells. These data dem-
onstrated that the expression levels of ANXA1 was more
higher in glioma tissues and cells than that in normal
brains and human astrocytes, and we further found

that ANXA1 expression levels in patients were intensely
related with the degree of malignancy of primary human
gliomas. This suggests that ANXA1 is closely related to
the development and progression of glioma. Cellular
experiments were performed to validate the effects of
ANXA1 on gliomas. Both mRNA and protein data
showed that ANXA1 expression levels in siRNA-
ANXA1 transfection U87 or HEB cells were significantly
inhibited. The decreased expression of ANXA1 led to a

Figure 7. Knockdown ANXA1 Down-Regulates the Expression and Activity of MMP-2/-9. A: Western blot analysis of total cell
lysates isolated from glioma cells after si-ANXA1 or si-NC treatment by using the anti-MMP9, anti-MMP-2 and anti-VEGF antibodies.
B: Quantitative charts of the protein levels of MMP2/9 and VEGF normalized to b-actin bands respectively. Data were expressed as
the mean� SD from three independent experiments. C: U87 cells were planted (3� 105 cells/well) in 24-well plates, after reaching
90% confluence, the cells were transfected with si-ANXA1 or si-NC, the secreted VEGF protein was then measured in the
supernatants by ELISA. Data are presented as ng/mL VEGF (mean� SD, n¼ 5 wells per condition). D: U87 cells were planted
(3� 105 cells/well) in 24-well plates, after reaching 90% confluence, the cells were transfected with si-ANXA1 or si-NC, the activity
of MMP-2 and MMP-9 was then measured by gelatin zymography. E: Quantitative intensities of MMP-2/-9 bands of relative histograms
are shown. Data are expressed as the mean� SD from four independent experiments, *p< 0.05 compared with
si-NC group.
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significant decrease of the proliferation, migration and
invasion capabilities of U87 and HEB cells.
Additionally, decreasing ANXA1 expression significantly
decreased the proportion of G0/G1 phase cells and
increased the proportion of G2/M phase cells, simulta-
neously inducing cellular apoptosis. Thus, ANXA1
down-regulation can induce cell cycle arrest at the G2/
M phase and promote cellular apoptosis. In previous
tumor studies, ANXA1 was found to be significantly ele-
vated and able to promote tumor progression. Also,
ANXA1 inhibition can significantly suppress tumor
growth and induce apoptosis (Pessolano et al., 2018).
This suggests that ANXA1 plays a key regulatory role
as an oncogene in the occurrence and progression of
tumors. In the subcutaneous tumor model, we found
that knockdown ANXA1 significantly inhibited tumor
growth rate and tumor weight, which consolidated our
in vitro experimental results, however, the subcutaneous
transplantation microenvironment couldn’t represent for
brain tumor microenvironment, and further studies
remain to be continued.

Uncontrolled cellular proliferation is the most basic
biological feature of cancer cells, and the disorder of
cell cycle regulation is the root cause of uncontrolled
proliferation (Malumbres and Barbacid, 2009).
Therefore, the regulation of cell cycle has become one
of the important ways of tumor treatment, just like the
induction of apoptosis or necrosis. Cyclin is the main
regulatory protein of eukaryotic cell cycle process. It reg-
ulates cell cycle by combining with cyclin dependent kin-
ases (CDKs) to form cyclin CDKs complex. When tumor
cells are treated with drugs or radiation, they usually
have G1/S or G2/M phase arrest to repair damaged
DNA. Cdc2 (cyclin-dependent kinase1)/cyclin B1 as an
important switch of G2/M phasecheckpoint (De Souza
et al., 2000; Butz et al., 2017). It interacts with cdc25c in
cell cycle and initiates the process of cell mitosis. In G2/
M transmission, the protein complex named M phase-
promoting factor that compose of cdc2 (catalytic) and
cyclin B1 (regulatory) subunits plays a pivotal role. The
dephosphorylation of cdc2 leads to enhanced complex
activity by protein phosphatase cdc25, which is com-
posed of cdc25A, cdc25B, cdc25C in human cells.
However, cdc25A mainly activates CDK2, a key part
of S phase regulators, to overcome the G1/S and intra-
S checkpoints, while cdc25B regulates the complexes con-
taining cyclin A and cyclin B1 in the cytoplasm to allow
mitotic entry and cdc25C is responsible for dephosphor-
ylating the cyclin B1/cdc2 complex to overcome the G2/
M checkpoint and to entry into mitosis. In the current
study, we demonstrated that decreasing ANXA1 expres-
sion induced G2/M cell cycle arrest in U87 and HEB
cells, the protein levels of cdc25C, cyclin B1 and cdc2
were down regulated, subsequently leading to inhibition
of the activity of cdc2/cyclin B1 complex, thus G2 phase

arrest occurred, whereas Alldridge et al. found that
ANXA1 could suppress cell proliferation by depleting
cyclin D1expression (Alldridge and Bryant, 2003).
These inconsistencies indicated that ANXA1 expression
is highly tissue specific in different tumors.

To confirm whether the effects of ANXA1 on prolif-
eration, migration and invasion specifically occur in
glioma cells, we also observed its effects in normal
HEB human cells. Similarly, knockdown ANXA1 also
reduced the cells ability for proliferation, migration and
invasion while promoting cell apoptosis of normal
human gliocyte HEB cells. This raises the question of
whether U251 and/or A172 that show only a slight ele-
vation of ANXA1 compared to the non-tumor line HEB
cells, would have similar tumor growth or whether such
cells would be more like HEB cells. In addition it remains
unclear whether over-expressing ANXA1 in HEB cells to
a level close to the expression levels in U87, would render
these cells more proliferative and perhaps invasive.
However, glioma tissues and cells show higher expression
of ANXA1 compared with normal brain tissues and
normal human astrocytes. Moreover, a previous study
have synthesized a 7-mer peptide conjugated to antican-
cer drug SN-38, which targeting ANXA1 expressed on
the surface of tumor vasculature with no apparent side
effects (Hatakeyama et al., 2011), thus we still have
reason to believe that there is still a great hope in the
treatment of glioma by targeting ANXA1.

The PI3K/Akt signaling pathway regulates cellular
and physiological processes, such as cell proliferation,
differentiation, cell cycle, apoptosis and motility.
Additionally, previous studies have demonstrated
PI3K/Akt signaling has a crucial role in maintaining
the biological features in various cancer cells (Faes and
Dormond, 2015; Alzahrani, 2019). ANXA1 analysis in
different types of gliomas showed that there was exclu-
sive overexpression in astrocytomas associated with
PI3K/Akt pathway (Ruano et al., 2008). Moreover,
ANXA1 overexpression promoted cancer progression
association with PI3K/Akt in nasopharyngeal carcinoma
cells (Zhu et al., 2018) and colorectal cancer (Hagihara
et al., 2019), we previously asked whether ANXA1 over-
expression is connected to PI3K/Akt pathway in glioma,
and our results confirmed this hypothesis. To further
validate that the role of ANXA1 in regulating glioma
growth and the involvement of PI3K/Akt signaling path-
way, IGF-1 was employed to activate the PI3K/Akt sig-
naling pathway and LY294002 was applied to inhibit the
PI3K/Akt signaling pathway (G. Chen et al., 2017). The
results showed that after transfection of siRNA-ANXA
and addition of IGF-1, there were no distinct differences
in cell proliferation, invasion and migration in U87 cells
compared to the cells that transfected with siRNA-NC.
After transfection of siRNA-ANXA1 combined with
LY294002, resulted in a significantly synergistic
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inhibitory effect on cell proliferation, migration and inva-
sion in U87 cells compared to the siRNA-NC transfec-
tion only group and siRNA-ANXA1 transfection only
group. Thus, sustained activation of the PI3K/Akt sig-
naling pathway can reverse the inhibitory effects of
down-regulated ANXA1 on glioma cell proliferation,
migration and invasion. Moreover, using LY294002 to
inhibit PI3K/Akt signaling pathway can promote the
inhibitory effects of decreasing ANXA1 expression on
glioma cell proliferation, migration and invasion.

Matrix metalloproteins (MMPs) are involved in
degrading the extracellular matrix in various pathophys-
iological processes, promoting tumor metastasis (Conlon
and Murray, 2019). It has been demonstrated that
MMP2, an important member of MMP family, can be
targeted by Akt to promote glioblastoma metastasis
(M. Chen et al., 2019). It has been shown that inhibition
of PI3K and Akt led to suppression of MMP-2/-9 activity
and protein levels in cancer cells (G. Chen et al., 2017).
Moreover, Yi et al. have demonstrated that the expres-
sion of ANXA1 is independent of VEGF (Yi and
Schnitzer, 2009), and our data corroborate with the pre-
vious findings. Nevertheless, whether ANXA1 could reg-
ulate of MMP-2/-9 expression or activity in glioblastoma
has not been fully elucidated. Although the underlying
mechanisms and the correlation of ANXA1, Akt activa-
tion, and MMP-2/-9 expression in glioma remain inex-
plicit, our study demonstrated the fact that ANXA1 is
associated with activation of the PI3K/Akt signaling
pathway, which contributes to MMP-2/-9 expression
and activity, resulting in oncogenic microenvironment
formation, which promotes migration and invasion of
glioma.

In conclusion, our study demonstrated that ANXA1
plays an oncogenic role in glioma by facilitating cell
mobility. ANXA1 is a novel regulator of proliferation,
migration and invasion by activating the PI3K/Akt sig-
naling pathway in glioma cells. This study contributes to
the clarification of the oncogenic function of ANXA1 in
glioma and indicates that targeting ANXA1 could be a
potential therapeutic strategy for suppressing glioma pro-
liferation and invasion. However, the data shown here
suggest that down-regulation of ANXA1 could also
result in cell death of normal cells, which would clearly
limit its therapeutic value. Intriguingly, our group recent-
ly synthesized a cell-penetrating peptide derived by con-
jugating the trans-activator of transcription (Tat) domain
to the ANXA1 nuclear translocation signal (NTS), and
the Tat-NTS improved the survival of hippocampal neu-
rons subjected to oxygen-glucose deprivation and reper-
fusion in vitro, while had little impact on neuronal
apoptosis or cognitive function in sham-treated nonische-
mic animals (Li et al., 2019), Whether Tat-NTS has anti-
tumor effect without apparent side effects on normal cells
via inhibiting ANXA1 nuclear translocation remains to

be further studied, but this approach could provide a
useful alterative approach for targeting ANXA1 in

gliomas.
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