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Abstract. Glioma is the most common type of malignant brain 
tumor. Phosphatidylinositol‑3,4,5‑trisphosphate‑dependent 
Rac exchange factor 2a (PREX2a), which is a regulator of 
the small guanosine triphosphatase Rac, has previously 
been identified as an oncoprotein that inhibits phosphatase 
and tensin homolog deleted on chromosome  10 (PTEN) 
activity. However, the role of PREX2a in the regulation of 
the malignant phenotype of glioma has yet to be reported. 
The present study demonstrated that the mRNA and protein 
expression levels of PREX2a were significantly increased 
in glioma tissue, as compared with in normal brain tissue. 
Furthermore, the expression levels of PREX2a were posi-
tively correlated with tumor grade. PREX2a‑specific small 
interfering RNA‑mediated knockdown significantly inhibited 
proliferation and induced apoptosis of SWO‑38 glioma cells. 
Furthermore, inhibition of PREX2a expression significantly 
suppressed cell cycle progression in glioma cells, as detected 
by cell cycle arrest at G1 phase. In addition, knockdown of 
PREX2a inhibited the invasion of SWO‑38 glioma cells. 
The present study also investigated the molecular mecha-
nisms underlying the effects of PREX2a knockdown, and 
demonstrated that phosphoinositide 3‑kinase signaling was 
significantly downregulated, which may be due to the upregu-
lation of PTEN activity. In conclusion, the present study is the 
first, to the best of our knowledge, to suggest that knockdown 
of PREX2a may effectively inhibit the malignant phenotype 
of glioma in vitro; therefore, PREX2a may be considered a 
potential molecular target for the treatment of glioma.

Introduction

Glioma, which is the most common type of brain tumor, 
accounts for ~30% of central nervous system tumors and 
80% of all malignant brain tumors (1). Despite the notable 
development of therapies for the treatment of various types of 
cancer, the median survival rate of glioma has not markedly 
improved over the past few decades, which is predominantly 
due to its resistance to radiotherapy, chemotherapy and adju-
vant therapies (2‑5). Since aberrant expression of oncogenes 
and tumor suppressors has been reported to be involved in the 
development of glioma, identification of novel oncogenes may 
aid the development of therapeutic strategies for the treatment 
of glioma.

The phosphoinositide 3‑kinase (PI3K) signaling pathway 
has previously been reported to have a crucial role in the 
development and progression of human cancer (6,7). As one 
of the most frequently mutated tumor suppressors in human 
cancer, phosphatase and tensin homolog deleted on chro-
mosome 10 (PTEN) is able to antagonize PI3K signaling, 
and the regulation of PTEN/PI3K signaling is of potential 
clinical importance (8). Phosphatidylinositol 3,4,5‑trisphos-
phate‑dependent Rac exchange factor 2a(PREX2a), which is a 
regulator of the small guanosine triphosphatase Rac, contains 
an N‑terminal Dbl homology and pleckstrin homology 
(DHPH) domain, which confers guanine nuclear exchange 
factor (GEF) activity; pairs of PDZ and Dishevelled, Egl‑10 
and Pleckstrin domains; and a C‑terminus, which exhibits 
weak similarity to inositol 4‑polyphosphate phosphatase (9,10). 
PREX2a has been shown to bind directly to PTEN via its GEF 
activity (DHPH domain), inhibit PTEN activity, and activate 
downstream PI3K‑dependent signaling (11,12). Therefore, as 
a direct inhibitor of PTEN activity, PREX2a is considered to 
have an oncogenic role. Guo et al (13) reported that knock-
down of PREX2a was able to suppress gastric cancer cell 
proliferation and clonogenicity, and induce cell apoptosis and 
cell cycle arrest at G1‑S phase. In addition, an investigation 
into the underlying molecular mechanism demonstrated that 
silencing PREX2a expression led to activation of PTEN and 
a decline in Akt phosphorylation in gastric cancer cells (13). 
However, the exact role of PREX2a in the regulation of glioma 
cells, as well as the underlying molecular mechanism, has yet 
to be elucidated.

Knockdown of PREX2a inhibits the 
malignant phenotype of glioma cells

LIANG LIU1,2,  ZHIXIONG LIU2,  HAO WANG1,  LONG CHEN1,  FUQIANG RUAN1,   
JIHUI ZHANG1,  YI HU1,  HENGSHAN LUO1  and  SHUAI WEN1

1Department of Neurosurgery, People's Hospital of Ningxiang County, Changsha, Hunan 410600;  
2Department of Neurosurgery, Xiangya Hospital of Central South University, Changsha, Hunan 410078, P.R. China

Received January 25, 2015;  Accepted November 19, 2015

DOI: 10.3892/mmr.2016.4799

Correspondence to: Professor Zhixiong Liu, Department of 
Neurosurgery, Xiangya Hospital of Central South University, 
87 Xiangya Road, Changsha, Hunan 410078, P.R. China
E‑mail: doctorliuzhixiong@163.com

Key words: glioma, tumorigenesis, oncogene, phosphatidylinositol‑3, 
4,5‑trisphosphate‑dependent Rac exchange factor 2a

RETRACTED



LIU et al:  KNOCKDOWN OF PREX2a INHIBITS GLIOMA2302

The present study aimed to explore the role of PREX2a 
in the regulation of glioma cell proliferation, apoptosis, cell 
cycle progression and invasion. In addition, the underlying 
molecular mechanisms of PREX2a were investigated.

Materials and methods

Reagents. Dulbecco's modified Eagle's medium (DMEM), 
fetal bovine serum (FBS), Lipofectamine® 2000 and TRIzol® 

reagent were purchased from Thermo Fisher Scientific, 
Inc. (Waltham, MA, USA). RevertAid First Strand cDNA 
Synthesis kit was purchased from Fermentas (Thermo 
Fisher Scientific, Inc., Pittsburgh, PA, USA). SYBR Green 
quantitative polymerase chain reaction (qPCR) Assay kit was 
purchased from TOYOBO (Shanghai) Co., Ltd. (Shanghai, 
China). 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) was purchased from Biosharp (Hefei, China). 
Annexin  V‑Fluorescein Isothiocyanate (FITC) Apoptosis 
Detection kit was purchased from BD Pharmingen (San 
Diego, CA, USA). Transwell chamber was obtained from 
Corning Inc. (Corning, NY, USA). Rabbit anti‑PREX2a (1:200; 
ab121462), phosphorylated (p)‑PTEN (1:100; ab76431), PTEN 
(1:100; ab79156), p‑Akt (1:50; ab81283), Akt (1:100; ab32505), 
p‑mammalian target of rapamycin (mTOR; 1:100; ab109268), 
mTOR (1:100; ab2732) and glyceraldehyde 3‑phosphate dehy-
drogenase (GAPDH; 1:50; ab181602) monoclonal antibodies, 
and goat anti‑rabbit horseradish peroxidase‑conjugated 
secondary antibody (1:5,000; ab6721) were purchased from 
Abcam (Cambridge, MA, USA). Enhanced chemilumines-
cence (ECL) kit was purchased from Pierce Biotechnology, 
Inc. (Rockford, IL, USA).

Tissue specimen collection. The present study was approved 
by the Ethics Committee of Central South University 
(Changsha, China). Written informed consent was obtained 
from all of the patients. A total of 24 primary glioma tissues 
and six normal brain specimens were collected from the 
Department of Neurosurgery, Xiangya Hospital of Central 
South University. The glioma patients included 10 females 
and 14 males who ranged in age from 28 to 71 years, with 
a mean age of 49.5 years. None of the patients had received 
radiation therapy or chemotherapy prior to surgical resection. 
The 24 glioma samples were classified according to the World 
Health Organization (WHO) grading system (14), and included 
five pilocytic astrocytomas (WHO I), six diffuse astrocytomas 
(WHO II), seven anaplasia astrocytomas (WHO III), and six 
primary glioblastomas (WHO IV). The tissues were collected 
under surgical resection and the histomorphology of all of 
the samples was confirmed by the Department of Pathology, 
Xiangya Hospital of Central South University. Tissues were 
immediately snap‑frozen in liquid nitrogen following surgical 
removal.

Cells culture. The SWO‑38 human glioma cell line was 
purchased from the Cell Bank of Central South University. The 
cells were cultured in DMEM supplemented with 10% FBS at 
37˚C in a humidified incubator containing 5% CO2.

Transfection. Lipofectamine®  2000 was used to perform 
transfection, according to the manufacturer's protocol. Briefly, 

the cells were cultured to 70% confluence and resuspended 
in serum‑free medium. Non‑specific (negative control) and 
PREX2a‑specific small interfering (si)RNA (GeneChem 
Co., Ltd., Shanghai, China) and Lipofectamine® 2000 were 
diluted with serum‑free medium separately. The diluted 
Lipofectamine® 2000 was added to the diluted siRNA, and 
incubated for 20 min at room temperature, prior to being added 
to the cell suspension. Following a 6 h incubation at 37˚C in 
an atmosphere containing 5% CO2, the medium was replaced 
with normal serum‑containing medium. The cells were subse-
quently cultured for 24 h prior to further experimentation.

Reverse transcription‑qPCR (RT‑qPCR) analysis. The tissue 
samples were homogenized in liquid nitrogen by grinding with 
a grinding rod. Subsequently, total RNA was extracted from 
the tissues or cells using TRIzol® reagent, according to the 
manufacturer's protocol. Total RNA was reverse transcribed 
into cDNA using the RevertAid First Strand cDNA Synthesis 
kit, according to the manufacturer's protocol. Briefly, 1 µl 
total RNA was mixed with 1 µl of 100 mm dNTP, 1 µl reverse 
transcriptase, 10 µl of 10X reverse transcription buffer, 1 µl 
RNase inhibitor and 1 µl primer. Nuclease‑free H2O was added 
to obtain a final volume of 20 µl. Reverse transcription was 
performed at 16˚C for 30 min, followed by an incubation step 
at 42˚C for 30 min and enzyme inactivation at 85˚C for 5 min. 
PCR was performed on 10 ng cDNA, using the SYBR Green 
qPCR Assay kit and the Applied Biosystems 7500 Real‑Time 
PCR System (Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocols. The specific primer pairs used were as 
follows: PREX2a, sense 5'‑TGG​GAG​GGG​TCC​AAC​ATCA‑3', 
anti‑sense 5'‑TCT​TCA​ACC​GTC​TGT​GTT​TTCTT‑3'; GAPDH, 
sense 5'‑CTC​CTC​CTG​TTC​GAC​AGT​CAGC‑3', and anti‑sense 
5'‑CCC​AAT​ACG​ACC​AAA​TCC​GTT‑3' (Sangon Biotech Co., 
Ltd., Shanghai, China). GAPDH was used as an internal control. 
The PCR cycling conditions were as follows: 95˚C for 10 min, 
followed by 40 cycles of denaturation at 95˚C for 15 sec and 
annealing/elongation at 60˚C for 1 min. Independent experi-
ments were repeated three times. The relative mRNA expression 
levels were analyzed using the 2‑∆∆Cq method (15).

Western blotting. Total protein was extracted from the 
tissues or cells using cold radioimmunoprecipitation assay 
lysis buffer (Beyotime Institute of Biotechnology, Shanghai, 
China). The protein concentrations were quantified using 
the Bicinchoninic Acid Protein Assay kit (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Proteins (50 µg) were then separated by 12% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis and transferred 
onto a polyvinylidene difluoride (PVDF) membrane. The 
PVDF membrane was incubated with 5% milk in Tris‑buffered 
saline containing 0.1% Tween at room temperature for 3 h, and 
then incubated with rabbit anti‑PREX2a, p‑Akt, Akt, p‑mTOR, 
mTOR and GAPDH monoclonal antibodies at room tempera-
ture for 3 h. Subsequently, the membrane was incubated with 
goat anti‑rabbit secondary antibody at room temperature for 
40 min. Chemiluminescent detection was performed using 
an ECL kit. The blots were analyzed using Image‑Pro Plus 
software 6.0 (Media Cybernetics, Inc., Rockville, MD, USA), 
and the relative protein expression levels were represented as 
the density ratio vs. GAPDH.

RETRACTED



MOLECULAR MEDICINE REPORTS  13:  2301-2307,  2016 2303

Cell proliferation assay. An MTT assay was used to measure 
cell proliferation. Cells in each group were cultured in 100 µl 
fresh serum‑free medium/well in a 96‑well plate. MTT 
(0.5 g/l) was added to the cells and incubated at 37˚C for 0, 
24, 48 and 72 h. Subsequently, the medium was removed by 
aspiration and 50 µl dimethyl sulfoxide was added to each well 
and incubated at 37˚C for a further 10 min. The absorbance 
of each sample was measured at 492 nm using a plate reader 
(AF2200; Eppendorf, Hamburg, Germany).

Apoptosis analysis. Flow cytometry (FACSCalibur; BD 
Biosciences, Franklin Lakes, NJ, USA) was used to determine 
the rate of cell apoptosis using the Annexin V‑FITC Apoptosis 
Detection kit. At 24  h post‑transfection, the cells were 
harvested and washed twice with cold phosphate‑buffered 
saline (PBS). Subsequently , 1x106 cells were resuspended in 
200 µl binding buffer with 10 µl Annexin V‑FITC and 5 µl 
propidium iodide (PI), and incubated in the dark for 30 min. 
Finally, 300 µl binding buffer was added to the cells, which 
where analyzed by flow cytometry. The flow cytometry 
data was analyzed using the BD Accuri C6 software (BD 
Biosciences).

Analysis of cell cycle distribution. A total of 1x106  cells 
from each group were collected in 1X PBS and fixed with 
70% ethanol overnight at ‑20˚C. The cells were then centrifuged 
at 1,000 x g for 5 min, washed in 1X PBS, and centrifuged 
for a further 5 min at 300 x g. The cells were resuspended in 

300 µl PI staining buffer and incubated for 30 min at room 
temperature. DNA content analyses were performed using the 
BD Accuri C6 Flow Cytometer (BD Biosciences).

Cell invasion assay. The invasive ability of glioma cells 
was determined in 24‑well Transwell chambers, which were 
coated with a layer of Matrigel (BD Biosciences). Glioma 
cells (1.0x105 cells/ml) suspended in serum‑free DMEM were 
seeded in the upper chamber, and DMEM supplemented with 
10% FBS was added to the lower chamber. Following a 24 h 
incubation at 37˚C, the non‑invading cells and the Matrigel on 
the interior of the inserts were removed using a cotton‑tipped 
swab. Invasive cells on the lower surface of the membrane were 
stained with gentian violet, rinsed with water and air‑dried. 
Five fields were randomly selected, and the number of cells was 
counted under a microscope (CX31; Olympus, Tokyo, Japan).

Statistical analysis. All data are presented as the mean ± stan-
dard deviation. One‑way analysis of variance was used to 
statistically analyze the data using SPSS 17 software (SPSS 
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

PREX2a is upregulated in glioma tissue. To explore the role 
of PREX2a in glioma, RT‑qPCR and western blotting were 
performed, in order to determine the mRNA and protein 

Figure 1. (A) mRNA and (B) protein expression levels of phosphatidylinositol‑3,4,5‑trisphosphate‑dependent Rac exchange factor 2a (PREX2a) were detected  in 
glioma tissue of various grades and normal brain tissue, by quantitative polymerase chain reaction and western blotting, respectively. Data are presented as the 
mean ± standard deviation. **P<0.05 vs. normal brain tissue. WHO, World Health Organization; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.
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expression levels of PREX2a in glioma tissue. As shown in 
Fig. 1A and B, the mRNA and protein expression levels of 
PREX2a were significantly increased in glioma tissues, as 

compared with in normal brain tissue. In addition, PREX2a 
expression was positively correlated with the WHO grade of 
glioma. No significant difference was detected in PREX2a 

Figure 3. Cell cycle distribution was analyzed in SWO‑38 glioma cells transfected with phosphatidylinositol‑3,4,5‑trisphosphate‑dependent Rac exchange 
factor 2a (PREX2a) small interfering (si)RNA or non‑specific negative control siRNA (NC). Control group represents untransfected SWO‑38 cells. Data are 
presented as the mean ± standard deviation. **P<0.01 vs. the control group.

Figure 2. (A) mRNA and (B) protein expression levels of phosphatidylinositol‑3,4,5‑trisphosphate‑dependent Rac exchange factor 2a (PREX2a) were detected in 
SWO‑38 glioma cells transfected with PREX2a small interfering (si)RNA or non‑specific negative control siRNA (NC) by quantitative polymerase chain reaction 
and western blotting, respectively. Results of (C) cell proliferation assay and (D) apoptosis assay. Control group represents untransfected SWO‑38 cells. Data are 
presented as the mean ± standard deviation. **P<0.01 vs. the control group. FITC, fluorescein isothiocyanate; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.

  A
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  C

  D
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mRNA expression between normal brain tissue and WHO I 
glioma, or between WHO III and WHO IV glioma (P>0.05). 
However, differences between any other two groups were 
statistically significant (P<0.05).

siRNA‑induced knockdown of PREX2a inhibits proliferation 
and induces apoptosis of glioma cells. To investigate the 
role of PREX2a in the regulation of glioma in vitro, SWO‑38 
glioma cells were transfected with PREX2a‑specific siRNA 
or non‑specific siRNA, which was used as a negative control 
(NC). Post‑transfection of the SWO‑38 glioma cells with 
PREX2a siRNA, the mRNA expression levels of PREX2a 
were decreased by 78%, and the protein expression levels 
of PREX2a were decreased by 72%, as compared with the 
control group (P<0.01; Fig. 2A and B). However, transfec-
tion with NC siRNA did not affect the expression levels 
of PREX2a, as compared with the control group (P>0.05; 
Fig. 2A and B).

An MTT assay was conducted to determine cell prolif-
eration in each group. Following knockdown of PREX2a 
expression, the proliferation rate of SWO‑38 glioma cells 
was significantly reduced by 32%, as compared with the 
control group (P<0.01; Fig. 2C). In addition, the effects of 
siRNA‑mediated knockdown of PREX2a on apoptosis of 
glioma SWO‑38 cells were detected. As shown in Fig. 2D, 
the rate of cell apoptosis was markedly increased following 
knockdown of PREX2a expression, as compared with in the 
control group (P<0.01). The percentage of apoptotic cells in 
the control, NC and PREX2a siRNA groups was 2.91±0.12, 
3.04±0.14 and 11.87±0.46%, respectively. These results 
suggest that siRNA‑mediated knockdown of PREX2a may 
inhibit proliferation and induce apoptosis of glioma cells.

siRNA‑mediated knockdown of PREX2a induces cell cycle 
arrest in glioma cells. Suppression of cell cycle progres-
sion was detected in SWO‑38 glioma cells following 
knockdown of PREX2a expression. As shown in Fig.  3, 
post‑transfection with PREX2a siRNA, the SWO‑38 cells 
exhibited a significant increase in the percentage of cells in 
G1 phase (control, 36.87±2.31%; NC, 37.65±2.57%; PREX2a 
siRNA, 67.03±2.92%; P<0.01) and a corresponding reduction 

in the percentage of cells in S phase (control, 39.36±2.54%; 
NC, 38.71±2.36%; PREX2a siRNA, 24.63±2.7%; P<0.01) 
and G2/M phase (control, 23.77±3.86%; NC, 23.64±3.14%; 
PREX2a siRNA, 8.34±3.83%; P<0.01). These results suggest 
that siRNA‑mediated knockdown of PREX2a may induce cell 
cycle arrest at G1 phase.

siRNA‑mediated knockdown of PREX2a suppresses invasion 
of glioma cells. The invasive capacity of glioma SWO‑38 cells 
was significantly reduced following knockdown of PREX2a 
expression (P<0.01; Fig. 4A and B). The percentage of inva-

Figure 5. Western blotting was performed to determine the protein expres-
sion levels of phosphorylated (p)‑phosphatase and tensin homolog deleted 
on chromosome 10 (PTEN), PTEN, p‑Akt, Akt, p‑mammalian target of 
rapamycin (mTOR) and mTOR in SWO‑38 glioma cells transfected with 
phosphatidylinositol‑3,4,5‑trisphosphate‑dependent Rac exchange factor 2a 
(PREX2a) small interfering (si)RNA or non‑specific negative control siRNA 
(NC). Glyceraldehyde 3‑phosphate dehydrogenase (GAPDH) was used as an 
internal control. Control group represents untransfected SWO‑38 cells. Data 
are presented as the mean ± standard deviation. **P<0.01 vs. the control group.

  A
  B

Figure 4. Cell invasion assay was performed in SWO‑38 cells transfected with phosphatidylinositol‑3,4,5‑trisphosphate‑dependent Rac exchange factor 2a 
(PREX2a) small interfering (si)RNA or non‑specific negative control siRNA (NC). Control group represents untransfected SWO‑38 cells. (A) Number of inva-
sive cells per field and the (B) relative invasive capacity were determined. Data are presented as the mean ± standard deviation. **P<0.01 vs. the control group.
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sive cells in the control, NC and PREX2a siRNA groups was 
100±5.27, 99.9±1.83 and 41.9±5.29%, respectively (Fig. 4B). 
These results suggest that PREX2a has a promoting role in the 
regulation of glioma cell invasion.

siRNA‑mediated knockdown of PREX2a inhibits PI3K 
signaling activity in glioma cells. The present study further 
investigated the activity of the PI3K/Akt/mTOR signaling 
pathway in SWO‑38 cells with or without transfection with 
PREX2a siRNA. Following knockdown of PREX2a expres-
sion, the phosphorylation levels of PTEN in the SWO‑38 
glioma cells were reduced, suggesting that the activity of PTEN 
was upregulated. Furthermore, the phosphorylation levels of 
Akt and mTOR were decreased, indicating that activity of 
the PI3K/Akt/mTOR signaling pathway was downregulated 
following knockdown of PREX2a expression (Fig. 5). These 
results indicate that knockdown of PREX2a may inhibit the 
activity of the PI3K/Akt/mTOR signaling pathway via activa-
tion of PTEN.

Discussion

Previous studies regarding the aberrant expression of 
oncogenes and tumor suppressors show potential for the devel-
opment of effective therapeutic strategies for the treatment 
of glioma (1,16,17). The present study is the first, to the best 
of our knowledge, to demonstrate that PREX2a may have an 
oncogenic role in the regulation of glioma in vitro, and may be 
associated with cell proliferation, apoptosis, cell cycle progres-
sion and invasion of glioma cells. Furthermore, the molecular 
mechanism underlying the effects of PREX2a in glioma 
cells was investigated, and was revealed to involve inhibition 
of PTEN activity and the promotion of PI3K/Akt/mTOR 
signaling, which has a key role in the pathological process of 
malignant tumors (18).

PREX2 is a GEF for the Rac guanosine triphosphatase 
(GTPase), which exhibits sequence similarity to PREX1 (11). 
The expression levels of PREX1 are increased in metastatic 
prostate cancer, and it has been shown to promote metastasis 
and invasion of prostate cancer cells (19). The GEF activity of 
PREX1 is critical for Rac‑mediated formation of reactive oxygen 
species in response to PI3K signaling (20). Similarly, PREX2, 
including PREX2a and PREX2b, is also a regulator of the small 
GTPase Rac, leading to increased levels of GTP‑bound Rac that 
could be further stimulated by enhancing the activity of PI3K 
signaling (11,21). Furthermore, PREX2a has been reported to 
participate in numerous biological processes, including cell 
growth, apoptosis, cell cycle progression and migration (13,22).

Inactivation of PTEN leads to accumulation of phos-
phatidylinositol (3,4,5)‑trisphosphate (PIP3), resulting in 
increased Akt activity, which promotes cellular survival, 
cell cycle progression and growth, thereby contributing to 
oncogenesis (23,24). PREX2a is able to stimulate cell prolif-
eration via inhibition of PTEN activity and upregulation of 
the downstream PI3K signaling pathway, thus suggesting 
that aberrant regulation of PTEN by PREX2a may represent 
a key tumorigenic mechanism (11). Chen et al (22) demon-
strated that knockdown of PREX2a was able to inhibit cell 
proliferation, migration and invasion of neuroblastoma cells 
via mediation of the PTEN/PI3K/Akt/mTOR pathway. Similar 

findings have also been reported in gastric cancer cells (13). 
Furthermore, overexpression of PREX has been shown to be 
associated with poor patient outcome in breast cancer (25). A 
previous whole‑genome sequencing study identified PREX2 
as a significantly mutated gene in melanoma (12). However, 
the detailed role of PREX2a in glioma remains unclear. 
In the present study, the expression levels of PREX2a were 
significantly increased in glioma tissue, as compared with in 
normal adjacent tissue. To further determine whether PREX2a 
participated in the development and progression of glioma, 
glioma cells were transfected with PREX2a‑specific siRNA, 
in order to suppress its expression. Knockdown of PREX2a 
significantly suppressed proliferation and promoted apoptosis 
of glioma cells. Furthermore, silencing PREX2a induced a cell 
cycle arrest at G1 phase. Accordingly, these results suggested 
that inhibition of cell proliferation induced by PREX2a knock-
down may be due to cell cycle arrest at G1 phase. In addition, it 
may be hypothesized that PREX2a promotes the regulation of 
glioma cell invasion.

In some settings, partial loss of PTEN function is suffi-
cient to drive tumor development  (26‑29); therefore, the 
binding partners of PTEN may act as potential oncogenes 
or tumor suppressors via mediation of the activity of PTEN. 
As a binding partner of PTEN, PREX2a is able to inhibit 
its lipid phosphatase activity, which leads to accumulation of 
PIP3 and phosphorylation of Akt/mTOR, as a consequence 
promoting cellular survival, proliferation and cell cycle 
progression (25). Accordingly, PREX2a is able to contribute 
to tumorigenesis. The present study demonstrated that 
knockdown of PREX2a inhibited the malignant phenotype 
of glioma cells, and further investigated whether PREX2a 
influenced the PI3K/Akt/mTOR pathway in glioma cells. 
Knockdown of PREX2a in glioma cells resulted in increased 
activity of PTEN and decreased expression of p‑AKT and 
p‑mTOR, thus indicating that the PI3K/Akt/mTOR signaling 
pathway was downregulated.

In conclusion, the present study revealed a crucial role 
for PREX2a in the regulation of proliferation, apoptosis, cell 
cycle progression and invasion of glioma cells via mediation of 
PI3K/Akt/mTOR signaling. Based on these findings, PREX2a 
may be considered a potential target for the treatment of glioma.
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