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Abstract 

Introduction: Glioma is one of the most common and most aggressive brain tumors in humans. 
The molecular and cellular mechanisms responsible for the onset and the progression of glioma 
are elusive and controversial. Centrosomal protein of 55 (CEP55) was initially described as a highly 
coiled-coil protein that plays critical roles in cell division, but was recently identified as being 
overexpressed in many human cancers. The function of CEP55 has not previously been 
characterized in glioma. We aim to discover the effect and mechanism of CEP55 in glioma 
development.  
Method: qRT-PCR and immunohistochemistry were used to analyze CEP55 expression. Glucose 
uptake, western blot, MTS, CCK-8, Caspase-3 activity and TUNEL staining assays were performed 
to investigate the role and mechanism of CEP55 on glioma cell process.  
Results: We found that the levels of CEP55 expression were upregulated in glioma. In addition, 
CEP55 appeared to regulate glucose metabolism of glioma cells. Furthermore, knockdown of 
CEP55 inhibited cell proliferation and induced cell apoptosis in glioma. Finally, we provided 
preliminary evidence that knockdown of CEP55 inhibited glioma development via suppressing the 
activity of Akt/mTOR signaling.  
Conclusions: Our results demonstrated that CEP55 regulates glucose metabolism, proliferation 
and apoptosis of glioma cells via the Akt/mTOR signaling pathway, and its promotive effect on 
glioma tumorigenesis can be a potential target for glioma therapy in the future. 
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Introduction 
Glioma is the most is the most common and most 

aggressive primary brain tumor in humans. The 
overall incidence rates account for gliomas is 6.03 per 

100,000. The pathophysiology of glioma involves 
deregulated proliferation and migration of glial cells 
[1, 2]. Despite recent advancement in clinical 
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prevention and surgical treatment, the prognosis of 
glioma, especially for (GBM) remains poor. The cause 
of this situation is attributable to the difficulty in 
removing the tumor tissue in its entirety, and to the 
development of chemoresistance of tumor cells [3, 4]. 
Unfortunately, the mechanism responsible for the 
onset and the progression of glioma on molecular and 
cellular levels is still not well understood. A series of 
recent studies suggested that, like malignant tumors 
in other tissues, malfunction of signaling pathways 
that govern proliferation and apoptosis of neuron 
cells plays important roles in glioma [5-8]. Better 
understanding of the pathogenesis of glioma will lead 
to improved diagnosis and targeted therapies for 
effective treatment of the disease. 

Centrosomal protein of 55 (CEP55) was initially 
described as a highly coiled-coil protein that plays 
critical roles in cell division [9-11]. CEP55 remains 
associated with the centrosome throughout the cell 
cycle and is recruited to the mitotic spindle during 
mitosis [11]. CEP55 is also found to localize to the 
central spindle during anaphase and the midbody 
during cytokinesis [9, 12]. Recently, CEP55 has been 
identified as being overexpressed in many human 
cancers by mRNA microarray analysis [13-18]. 
Analysis of patient samples has revealed a number of 
pathways are dysregulated in CEP55 overexpressing 
tumors [19-25]. A series of studies demonstrated that 
the function of CEP55 in cancer development was 
achieved through its regulation of the PI3K/Akt 
pathway. For example, in lung cancer cell lines, VEGF 
induces CEP55 expression in a dose-dependent 
manner [20]. VEGF is a potent stimulator of 
angiogenesis, endothelial cell vascular permeability, 
motility and proliferation, with a well-established role 
in cancer [26]. Interestingly, in these cell lines, VEGF 
also stimulates the PI3K/AKT pathway in a 
CEP55-dependent manner [20]. Similarly, in 
hepatocellular carcinoma, the overexpression of 
CEP55 promotes cell migration and invasion via 
upregulation of the PI3K/Akt pathway, possibly by 
binding of CEP55 to p110, which increases the 
stability of this subunit, resulting in increased Akt 
activation [21].  

Although the involvement of CEP55 in the 
development of multiple cancer types was reported, 
the role of CEP55 in glioma development was not 
previously investigated. In this study, for the first 
time we reported that CEP55 expression was 
upregulated in glioma. In addition, CEP55 appeared 
to regulate glucose metabolism of glioma cells. 
Furthermore, knockdown of CEP55 inhibited cell 
proliferation and induced cell apoptosis in glioma. 
Finally, we provided preliminary evidence that 
knockdown of CEP55 inhibited glioma development 

via suppressing the activity of Akt/mTOR signaling. 

Materials and methods 
Patient samples 

This study was approved by the institutional 
review board (IRB) at Harbin Medical University in 
accordance with the principles of Declaration of 
Helsinki. Surgically excised tumor specimens from 50 
patients with World Health Organization (WHO) 
grades II-IV glioma (14 patients with grade II and 31 
with grade III-IV gliomas) and 5 normal brain tissues 
were obtained from the Department of Neurosurgery, 
Hospital of Harbin Medical University, China. 
Collected tissues were immediately snap frozen and 
stored at -80°C. Written informed consent was 
obtained from all patients. None of the patients in the 
study received any chemotherapy or radiation 
therapy prior to surgery. 

Immunohistochemistry 
Immunohistochemistry was performed as 

described previously [27]. Anti-CEP55 primary 
antibody was purchased from Santa Cruz (Santa 
Cruz, CA, USA). 

Cell culture, treatment and transfection 
The human glioma cell lines U87 and T98G were 

obtained from the American Type Culture Collection 
(ATCC, Rockville, MD, USA). All cells were 
maintained in Dulbecco’s modified Eagle medium 
(DMEM; Invitrogen, Grand Island, NY, USA) 
supplemented with 10% fetal bovine serum (FBS; 
Invitrogen). These cells were grown at 37 °C in an 
atmosphere of 5 % CO2 and the medium was replaced 
every 3 days. Akt signaling inhibitor MK-2206 and 
mTOR signaling inhibitor rapamycin were purchased 
from Selleckchem (Houston, TX, USA). All cells were 
cultured in MK-2206 (1 µM) or rapamycin (100 nM) 
for signaling inhibition. CEP55 siRNA and scrambled 
siRNA were purchased from Santa Cruz. 
X-tremeGENE (Roche, Mannheim, Germany) was 
used for siRNA transfection. 

qRT-PCR 
Total mRNA from cultured cells and frozen 

surgical glioma tissues was extracted using the TRIzol 
reagent (Invitrogen) according to the manufacturer’s 
instructions. SuperScript First-Stand Synthesis System 
(Invitrogen) was used for reverse transcription. 
RT-PCR was performed with Power SYBRR Green 
PCR Master Mix (Applied Biosystems) and a 7500 
sequence detection system (Applied Biosystems) 
using the 2−∆∆Ct method. Sequences of primers were 
listed as follows: CEP55 forward 5’-TTGGAACA 
ACAGATGCAGGC-3’and reverse 5’-GAGTGCAG 
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CAGTGGGACTTT-3’; GAPDH forward, 5’-TGGA 
CTCCACGACGTACTCAG-3’ and reverse, 5’-CGGG 
AAGCTTGTCATCAATGGAA-3’. 

Western blot 
U87 and T98G cells were lysed in 

radioimmunoprecipitation assay buffer [150 mM 
NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% 
sodium dodecyl sulfate (SDS), 50 mM Tris, pH 8.0, 5.0 
mM ethylenediaminetetraacetic acid, pH 8.0, 0.5 mM 
dithiothreitol and 1 mM phenylmethylsulfonyl 
fluoride]. Protein concentrations were determined 
using the bicinchoninic acid method (Thermo 
Scientific, Rockford, IL, USA). Protein lysates were 
separated by SDS-polyacrylamide gel electrophoresis 
and transferred onto polyvinylidene difluoride 
membranes (Millipore, Billerica, MA, USA) by 
electroblotting. Primary antibodies for 
immunodetection were anti-CEP55 (Santa Cruz), 
anti-GLUT1 (Santa Cruz), anti-p-AktS473 (Santa Cruz), 
anti-p-AktT308(Santa Cruz), anti-Akt (Santa Cruz), 
anti-p-mTOR (Santa Cruz), anti-mTOR (Santa Cruz), 
anti-BAD (Santa Cruz), anti-caspase-9 (Santa Cruz), 
anti-GSK3-β (Santa Cruz), anti-p27 (Abcam) and 
anti-GAPDH (Santa Cruz). Subsequent to being 
incubated with Horseradish peroxidase (HRP) 
conjugated anti-rabbit or anti-mouse secondary 
antibodies (1: 10000, Santa Cruz) for 1 h, the immune 
complexes were detected using the enhanced 
chemiluminescence method. 

Glucose uptake assay 
The glucose uptake was determined using a 

2-Deoxyglucose (2DG) Glucose Uptake Assay Kit 
(Fluorometric) from Abcam (Cambridge, MA, USA) 
according to the manufacturer’s instructions. Briefly, 
U87 and T98G cells were gently seeded into 96-well 
plates (1 × 103 cells/well) overnight. After treatment 
with reagents for 24 h, the cells were incubated in the 
darkness with 2DG (10 mM) for 20 min at 37°C in 5% 
CO2 humidified atmosphere and subjected to the 
measurement of the 2DG uptake using fluorescence 
micro-plate reader (Bio-Rad) at Ex/Em=535/587 nm. 

MTS assay 
The cell proliferation and viability was assessed 

by 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium inner salt 
(MTS; Promega, Madison, WI, USA) assay. Cells were 
plated at a density of 2000 cells per well in 96-well 
plates overnight. After treatment, Twenty microliters 
of MTS was added into each well containing 100 µl 
medium and the cells were then incubated at 37°C for 
2 h in a humidified 5% CO2 incubator. Absorbance 
was detected at 490 nm with amicroplate reader 
(Bio-Rad, Hercules, CA, USA). 

CCK-8 assay 
The number of viable cells was quantified using 

a CCK-8 detection kit (Sigma, Milwaukee, WI, USA) 
according to the manufacturer’s instructions. Briefly, 
glioma cells were seeded in a 96-well microplate at a 
density of 5×104/ml. After treatment, 20 µl CCK-8 
solution was added to each well and the plate was 
incubated at 37 °C for 2 h. The viable cells were 
counted by absorbance measurements at a 
wavelength of 450 nm with a microplate reader 
(Bio-Rad).  

Bromodeoxyuridine (BrdU) labeling of 
cultured cells 

U87 and T98G cells (5×104 per well) were 
cultured in 4-well Millicell EZ SLIDE (Millipore, 
Billerica, MA, USA) overnight in growing medium. 
The cells were then incubated with 10 µM 
bromodeoxyuridine (BrdU; Invitrogen) for 2 h after 
treatment. The glioma cells were then fixed and 
labeled with anti-BrdU antibody (Invitrogen) for 12 h, 
as per the manufacturer’s instruction. Secondary 
antibody was added. DAPI was used for nuclear 
staining. The number of BrdU positive cells was 
counted under six random microscopic fields by NIH 
Image J software.  

Caspase-3 activity assay 
Caspase-3 activity was measured using a 

Caspase-3 activity fluorescence detection kit 
(Beyotime, Beijing, China) following the 
manufacturer’s protocol. Briefly, 1×104 cells were 
seeded in 96-well plates overnight. The cells were 
lysed and mixed with mixture reaction solution 
(containing Ac-DEVD-pNA) was added in each well. 
The plate was incubated in dark and the fluorescence 
was read at 405 nm. Absorbance of samples was 
measured by subtraction of mean absorbance of the 
blank and corrected by the protein concentration of 
the cell lysate. The results were relative to activity of 
control group. 

TUNEL staining 
Glioma cell apoptosis were measured through 

TUNEL staining with the staining kit (Boster, Wuhan, 
Hubei, China) according to the manufacturer’s 
instructions. Briefly, 5×104 per well were cultured in 
4-well Millicell EZ SLIDE (Millipore) for each group. 
After treatment, the cells were fixed by 4% 
paraformaldehyde for 30 minutes, TUNEL staining 
was followed. The positive cells were counted under a 
microscopy (Olympus). 

Statistical Analysis 
Statistical analysis was done with the GraphPad 
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Prism 6.0 statistical software package (La Jolla, CA, 
USA). All results were presented as mean ± standard 
deviation and analyzed using Student’s t-test and 
one-way analysis of variance (ANOVA) analysis to 
determine the levels of significance. A P-value less 
than 0.05 were considered statistically significant.  

Results 
CEP55 expression is upregulated in glioma 

CEP55 has been shown by previous study to be 
involved in the tumorigenesis of a variety of cancers 
[28], but its function in glioma development has not 
been characterized. In this study, we first analyzed the 
levels of CEP55 expression in database GDS1962 / 
218542_at / CEP55. We found that compared to 23 
non-tumor samples, the levels of CEP55 expression 
were substantially increased in all glioma tissues 
analyzed (including 7 astrocytomas grade II, 19 
astrocytomas grade III, 81 glioblastoma, 38 
oligodendrogliomas grade II and 12 
oligodendrogliomas grade III samples) (Fig.1A). We 
next examined CEP55 expression in 14 glioma grade II 
and 31 grade III-IV tissue samples. Compared to 5 
non-tumor brain tissues, CEP55 expression was 
significantly upregulated in glioma tissues (Fig.1B). 
The increased levels of CEP55 expression in glioma 
was also confirmed by immunohistochemical 
staining, which demonstrated that the protein levels 
of CEP55 were much higher in glioma tissues than 
those in non-tumor brain tissues (Fig.1C). Taken 
together, these results indicated that the levels of 
CEP55 expression were upregulated in glima. 

CEP55 regulates glioma cell glucose 
metabolism 

Since enhanced glucose metabolism is a 
hallmark of tumor cells [29], we first sought to 
determine the regulation of glucose metabolism of 
glioma cells by CEP55. To this end, we treated two 
independent glioma cell lines U87 and T98G with 
increasing concentrations of glucose (0, 1, 5, 10 or 
20mM) for 12 h, and examined the levels of CEP55 in 
these cells. We found that in both cell lines, the 
protein levels of CEP55 were markedly upregulated 
in response to glucose treatment in a dose dependent 
manner (Fig.2A). We next exposed U87 and T98G 
cells to 5mM glucose for increasing amount of time (0, 
4, 8, 12 or 24h). We determined that the protein levels 
of CEP55 were increased with treatment time in both 
cell lines (Fig.2B). We then reduced the expression of 
CEP55 in U87 and T98G cells using the RNA 
interference technique. The efficacy of CEP55 siRNA 
was confirmed by Western blot analysis (Fig.2C). 
Significantly, knockdown of CEP55 expression 
significantly reduced GLUT1 levels in both cell lines 
(Fig.2C). Consistently, knockdown of CEP55 
expression also significantly inhibited glucose uptake 
by glioma cell lines (Fig.2D). Interestingly, 
overexpression of CEP55 failed to regulate glucose 
metabolism (data not shown), which might be due to 
high expression level of CEP55 in glioma cells. Ectopic 
CEP55 did not further affect glucose metabolism. 
These results collectively suggested that CEP55 might 
be involved in the regulation of glucose metabolism in 
glioma.  

 
Figure 1. CEP55 expression is 
upregulated in glioma. (A) The 
levels of CEP55 mRNA expression 
in glioma tissue samples (7 
astrocytomas grade II, 19 
astrocytomas grade III, 81 
glioblastoma, 38 
oligodendrogliomas grade II and 12 
oligodendrogliomas grade III 
samples) compared to those in 23 
non-tumor samples in microarray 
database (GDS1962 / 218542_at / 
CEP55, p < 0.01). (B) mRNA levels 
of CEP55 as determined by 
qRT-PCR analysis in 14 glioma 
grade II and 31 grade III-IV tissue 
samples compared to those in 5 
non-tumor brain tissue samples (p 
< 0.01). (C) Representative 
immunohistochemical staining of 
CEP55 in non-tumor, glioma grade 
II and grade III-IV samples. 
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Figure 2. CEP55 regulates glioma cell glucose metabolism. (A) Protein levels of CEP55 as determined by Western blot analysis in U87 and T98G cells 
treated with the indicated concentrations of glucose (0, 1, 5, 10 or 20 mM). GAPDH was used as the loading control. (B) Protein levels of CEP55 as determined by 
Western blot analysis in U87 and T98G cells treated with 5 mM glucose for the indicated time periods (0, 4, 8, 12 or 24 h). (C) Protein levels of CEP55 and GLUT1 
in U87 and T98G cells transfected with control siRNA or siRNA targeting CEP55. (D) Relative glucose uptake in U87 and T98G cells transfected with control siRNA 
or siRNA targeting CEP55 and treated with the indicated concentrations of glucose (0, 5, or 20 mM). *p < 0.5 compared to cells treated with 0 mM glucose, #p < 0.05 
compared to control siRNA transfected cells treated with the same glucose concentration. 

 
 

Knockdown of CEP55 inhibits cell proliferation 
and induces cell apoptosis in glioma 

To examine the effects of CEP55 on glioma cell 
proliferation, we performed MTS assay in U87 and 
T98G cells (Fig.3A). We found that in both cell lines, 
knockdown of CEP55 led to decreased levels of cell 
proliferation compared to the control cells. This result 
was confirmed by CCK-8 assay (Fig.3B). 
Additionally, BrdU assay further confirmed the 
inhibition of cell proliferation by CEP55 knockdown 
(Fig.3C). To assess whether CEP55 regulates glioma 
cell apoptosis, we cultured glioma cells in no glucose 
medium and measured cell viability by MTS assay 
every 24 h. We found that knockdown of CEP55 
significantly decreased the number of viable cells 
(Fig.4A). In addition, knockdown of CEP55 increased 
the activity of cleaved caspase-3 in U87 and T98G cells 
(Fig.4B). We also assessed cell apoptosis by Tunel 
staining after glucose deprivation for 24 h. We found 
that compared to control cells, knockdown of CEP55 
resulted in significantly more apoptotic cells (Fig.4C). 
In addition, CEP55 was found related to poor 
condition in clinical glioma patients (Table 1). These 
results indicated that CEP55 played roles in the 
regulation of proliferation and apoptosis of glioma 
cells.  

Table 1. Clinicopathological characteristics of patients and 
expression of CEP55 in glioma. 

Variables Total 
patients 

CEP55 low 
expression (%) 

CEP55 high 
expression (%) 

p-value 

Gender     0.130 
 Male  35 15 (42.9) 20 (57.1)  
 Female 10 7 (70.0) 3 (30.0)  
Age (years)     0.465 
 ≤ 40  27 12 (44.4) 15 (55.6)  
 > 40  18 10 (55.6) 8 (44.4)   
Preoperative KPS     0.001 
 ≤ 70  26 7 (26.9) 19 (73.1)  
 > 70  19 15 (78.9) 4 (21.1)  
Histopathology    0.165 
 WHO II 14 9 (64.3) 5 (35.7)  
 WHO III-IV 31 13 (41.9) 18 (58.1)  

 

Knockdown of CEP55 inhibits glioma 
development via suppressing Akt/mTOR 
signaling  

Since CEP55 has been reported to regulate 
embryonic growth and cancer progression by 
promoting Akt signaling [25, 30], we hypothesized 
that CEP55 might employ the same mechanism to 
regulate glioma development. To test this hypothesis, 
we first examined the status of a series of proteins 
reflecting the activity of Akt signaling by Western blot 
analysis. We found that when CEP55 was knocked 
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down, the levels of both phospho-Akt and 
phosphor-mTOR were decreased in glioma cells 
(Fig.5A), indicating decreased Akt signaling activity. 
The levels of the downstream targets of Akt signaling, 
including BAD, caspase-9, p27 and GSK-3β were also 
modulated by CEP55 knockdown. Knockdown of 
CEP55 increased BAD, caspase-9 and p27 expression, 
and decreased GSK-3β levels (Fig.5B). These Akt 
signaling downstream genes involve in programmed 
cell death, cell cycle and energy metabolism, and 
determine the process of cell apoptosis, proliferation 
and glucose metabolism [31-33]. If CEP55 regulates 
glioma development via modulating the activity of 
the Akt signaling pathway, CEP55 would not be able 
to regulate glioma development when the Akt 
signaling pathway is pharmacologically blocked. We 
treated U87 and T98G cells with Akt inhibitor 
MK-2206 or mTOR inhibitor rapamycin, and 
examined the effects of CEP55 knockdown in 
regulating glucose uptake (Fig.6A), cell proliferation 
(Fig.6B) and cell viability (Fig.6C). While CEP55 
knockdown induced significantly decreased glucose 
uptake, cell proliferation and cell viability in U87 and 

T98G cells not treated with Akt signaling inhibitors, 
CEP55 knockdown was no longer able to cause 
reduced glucose uptake, cell proliferation or cell 
viability in cells treated with either Akt inhibitor or 
mTOR inhibitor. These results suggested that 
Akt/mTOR signaling activity was required for CEP55 
to regulate glucose metabolism, proliferation and 
apoptosis of glioma cells. 

Discussion 
CEP55 was initially identified as a pivotal 

component of cytokinesis, serving to regulate the 
physical separation of two daughter cells. However, 
over the past decade, several studies have illuminated 
additional roles of CEP55 in the context of cancers 
including those of the lung [20], bladder [24] and liver 
[21]. CEP55 overexpression has been found to 
significantly correlate with tumor stage, 
aggressiveness, metastasis and poor prognosis across 
multiple tumor types and therefore has been included 
as part of several prognostic ‘gene signatures’ for 
cancer [13-18]. The role of CEP55 in the development 
of glioma was nonetheless not carefully studied.  

 
 

 
Figure 3. Knockdown of CEP55 inhibits glioma cell proliferation. (A) Cell proliferation rates as determined by MTS assay in U87 and T98G cells transfected 
with control siRNA or siRNA targeting CEP55. (B) Cell proliferation rates as determined by CCK-8 assay in U87 and T98G cells transfected with control siRNA or 
siRNA targeting CEP55. (C) BrdU staining and quantification in U87 and T98G cells transfected with control siRNA or siRNA targeting CEP55. *p < 0.5 compared to 
control siRNA transfected cells. 
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Figure 4. Knockdown of CEP55 induces glioma cell apoptosis. (A) Cell viability assay in U87 and T98G cells transfected with control siRNA or siRNA 
targeting CEP55. (B) Caspase-3 activity assay in U87 and T98G cells transfected with control siRNA or siRNA targeting CEP55. (C) TUNEL staining and quantification 
in U87 and T98G cells transfected with control siRNA or siRNA targeting CEP55. *p < 0.5 compared to control siRNA transfected cells. 

 

 
Figure 5. CEP55 regulates the Akt/mTOR signaling pathway. (A) Protein levels of p-Akt, total Akt, p-mTOR and total mTOR as determined by Western 
blot analysis in U87 and T98G cells transfected with control siRNA or siRNA targeting CEP55. GAPDH was used as the loading control. (B) Protein levels of Akt 
downstream targets (BAD, Caspase-9, p27 and GSK-3β) as determined by Western blot analysis in U87 and T98G cells transfected with control siRNA or siRNA 
targeting CEP55. 

 
We found in this study that the expression levels 

of CEP55 were upregulated in glioma tissues. The 
correlation between upregulation of CEP55 and 
glioma occurrence suggested that CEP55 plays 
important roles in supporting tumor development 
under physiological conditions. In support of this 
hypothesis, we found that knockdown of CEP55 

inhibited glucose uptake and cell proliferation of 
glioma cells, while in the same time induced glioma 
cell apoptosis. Further investigation in this study 
revealed that the function of CEP55 in regulating 
glucose metabolism, cell proliferation apoptosis of 
glioma cells was dependent on the activity of the Akt 
signaling pathway, as pharmacological blockade of 
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Akt signaling abolished CEP55 effects. Our results are 
consistent with previous studies with regard to the 
function of the Akt signaling pathway in cancer 
development. The Akt pathway plays critical roles in 
the regulation of apoptosis [34]. Deregulation of 
apoptosis leads to the expansion of neoplastic cells 
and accumulation of genetic mutations [35], and 
therefore constitutes one of the key mechanisms in the 
progression of cancers. The Akt signaling pathway 
was also demonstrated to play diverse roles in cancer 
development [36, 37], including agiogenesis [38], cell 
growth [39] and mesenchymal transition [40]. In this 
context, the regulation of proliferation and apoptosis 
of glioma cells by CEP55 could be explained, at least 

in part, by the modulation of the Akt signaling 
pathway. 

Interestingly, the regulation of Akt signaling by 
CEP55 is not restricted in cancer development. A 
CEP55 mutant zebrafish line exhibited abnormal 
development and larval lethality largely because of 
massively increased apoptosis through Akt 
destabilization [30]. CEP55 was also implicated in 
vertebrate neural function. CEP55 mediated an 
increase in the activation of the Akt pathway, 
resulting in upregulation of the nitric oxide synthase 
II pathway, progressive hypotension and a reduction 
of smooth muscle tension in the blood vessels [41]. 

 

 
Figure 6. Knockdown of CEP55 inhibits glioma development via suppressing Akt/mTOR signaling. (A) Relative glucose uptake, (B) cell proliferation 
and (C) cell viability in U87 and T98G cells transfected with control siRNA or siRNA targeting CEP55 treated with or without Akt inhibitor MK-2206 or mTOR 
inhibitor rapamycin. 
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Previous studies have shed light on the 
mechanism by which CEP55 regulates the Akt 
signaling pathway. It has been found that the Akt 
signaling pathway is deregulated in multiple cancer 
types mainly through mutation of the catalytic 
subunit of PI3K, p110. Mutation of p110 leads to 
constitutive PI3K activity or loss of phosphatase, 
resulting in increased pool of PIP3, and consequently 
to Akt overactivity [42]. CEP55 has been reported to 
bind p110. This interaction increases the stability of 
this subunit, resulting in increased Akt activation as 
evidenced by an increase in S473 phosphorylation 
[21]. Whether or not CEP55 regulates Akt signaling 
through p110 in glioma is not currently clear, and it 
remains an ongoing topic that we are actively 
pursuing to address. 
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