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Background: OTU domain-containing protein 3 (OTUD3), as a deubiquitinase (DUB) belonging to the 
ovarian tumor protease (OTU) family, has been reported to suppress tumor via OTUD3-PTEN signaling 
axis. Glioma is the most common primary intracranial tumor with high invasiveness and poor prognosis. 
Although less than half of the patients have phosphatase and tension homologue deleted in chromosome 10 
(PTEN) mutations or homozygous deletions, two-thirds of glioma possess diminished PTEN expression. 
Hence, it is conceivable that other obscure mechanisms may cause the decreased expression of the PTEN 
protein. 
Methods: OTUD3 expression was assessed in human normal and glioma tissues at The Cancer Genome 
Atlas (TCGA) database (https://www.cancer.gov/) and Genotype-Tissue Expression (GTEx) database (https://
commonfund.nih.gov/GTex). The mRNA levels of OTUD3 in C6 cells and primary astrocytes were detected 
using real-time fluorescence quantitative PCR. Western blot was performed to assay PTEN and OTUD3 
protein expression in C6 cells and primary astrocytes. By generating Kaplan-Meier curves, we predicted the 
association between OTUD3 expression and prognosis in glioma patients. 
Results: (I) OTUD3 transcription was markedly downregulated in glioma based on microarray data for 
gene expression between human gliomas and normal brain samples. (II) The mRNA levels of OTUD3 in 
C6 cells was significantly lower than that of in primary astrocytes. (III) The expressions of protein PTEN 
and OTUD3 in C6 cells were significantly decreased when compared with primary astrocytes. (IV) Glioma 
patients with high expression of OTUD3 had a longer survival time than patients with low expression.
Conclusions: Our present findings demonstrated that low expression of OTUD3 in glioma may be 
involved in PTEN related glioma and may contribute to patient survival.
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Introduction

Glioma is the most prevalent primary intracranial tumor 
generated from the neuroepithelial cells of the central 
nervous system (CNS) with high invasiveness and poor 

prognosis. Depending on the histological classification of 

the World Health Organization (WHO) graded criteria, 

the most commonly occurring types of gliomas included 

astrocytoma, oligodendroglioma, and oligoastrocytomas 
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(1,2). Currently, treatments for glioma mainly include 
neurosurgery, radiotherapy, and chemotherapy. However, 
on account of the tumor’s rapid cell proliferation, highly 
invasive, robust migration, increased neovascularization 
and lack of specific treatment so that the recurrence rate 
of glioma is extremely high and the median survival time is 
only 12–15 months (3). Therefore, it is critical to develop 
more effective therapeutic strategies for glioma.

Maintenance of protein homeostasis is the crucial 
process that comprises an integrated network of proteins 
in the normal functioning of the cell. Deregulation of 
protein stability plays a key role in the pathogenesis and 
progression of numerous cancer types (4,5). Ubiquitination 
and deubiquitination mediated by ubiquitin ligase (E3) 
and deubiquitinase (DUB) are able to precisely regulate 
the balance of protein content in cells. Deubiquitination 
mediated by DUBs (deubiquitylating enzymes) as a reverse 
process of ubiquitination is capable of regulating oncogenes 
and tumor suppressors. Abnormal DUBs activity including 
overexpression and loss of function can promote cancer. 
However, due to the diversity of the substrate of DUBs, 
it is difficult to determine whether the role of DUBs in 
a tumorigenesis is absolutely promoted or inhibited (6).  
The importance of DUBs in cellular functions and 
carcinogenesis has been recently reported (7-10). OTU 
domain-containing protein 3 (OTUD3) as one of the 
deubiquitinating enzymes from the OTU family has 
been reported to suppress the breast tumor via OTUD3-
PTEN signaling axis (11). Alternatively, evidence suggests 
that OTUD3 may influence the stability of the glucose-
regulated protein 78-kDa (GRP78) and promotes the 
tumorigenesis in lung cancer (12). However, the role of 
OTUD3 in other tumors including glioma remains unclear.

In this study, we examined OTUD3 mRNA levels 
in glioma based on microarray data for gene expression 
between human brain gliomas and normal brain samples. 
Moreover, the mRNA levels of OTUD3 in C6 cells were 
significantly decreased compared with primary astrocytes, 
which consistent with that microarray data. In addition, 
protein expression levels of PTEN and OTUD3 were 
down-regulated in C6 cells. Finally, we predict that high 
expression of OTUD3 improves patient outcomes. In 
conclusion, low expression of OTUD3 in glioma cells may 
be involved in the pathogenesis of glioma.

Methods

Regent

T h e  O T U D 3  a n d  g l y c e r a l d e h y d e - 3 - p h o s p h a t e 
dehydrogenase (GAPDH) primers were designed and 
synthesized by TAKARA (Qingdao, China). Fetal bovine 
serum (FBS) and TRIzol reagent were purchased from 
Invitrogen (CA, USA). Dulbecco’s modified Eagle’s medium 
(DMEM) and other chemical drugs were purchased from 
Sigma (St. Louis, MO, USA).

Database

The expression level of OTUD3 for glioblastoma (GBM) 
and low-grade glioma (LGG) patients and clinical data were 
downloaded from The Cancer Genome Atlas (TCGA) data 
portal (https://www.cancer.gov/). Clinical data and OTUD3 
expression information of normal control cases were 
obtained from Genotype-Tissue Expression (GTEx) data 
portal (https://commonfund.nih.gov/GTEx/). All the data 
were performed differential analysis.

Primary astrocyte and C6 cells culture

C6 cells were grown in DMEM containing 10% fetal 
bovine serum (FBS) and 1% mixture of streptomycin and 
maintained in 5% CO2/95% humidified air at 37 ℃. C6 
cells were seeded in six-well plates and allowed to cultivate 
confluently prior to testing.

Primary rat astrocyte cultures were obtained from the 
midbrain of newborn Sprague-Dawley rats (1 to 2 days) 
by mechanical dissociation and all cells were cultured in 
DMEM/F12 (Ham’s F 12 nutrient medium ) supplemented 
by a 10% fetal bovine serum (FBS), 1% mixture of 
streptomycin and penicillin under the stable atmosphere 
of 5% CO2/95% humidified air at 37 ℃. After 7–9 days 
of cultivation, the culture was shaken for 16–18 hours at 
220 rpm to remove the oligodendrocytes and microglia. 
Determination of the primary astrocytes purity was greater 
than 95% by immunostaining with anti-glial fibrillary acid 
protein antibody (GFAP). The primary astrocytes were 
removed with 0.25% trypsin for 3–5 min and replanted 
onto 6-well plates for the next experiments. Our work was 
approved by the local Ethics Commission.

https://www.cancer.gov/
https://commonfund.nih.gov/GTEx/
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Figure 1 The mRNA expression levels were down-regulated in clinical brain glioblastoma samples and C6 cells. (A) Comparison of 
OTUD3 mRNA expression in normal brain tissues and glioma from GTEx and TCGA (normal: 1,157 cases from GTEx; tumor: 697 
cases from TCGA, including GBM and LGG). Compared with the normal group, ***P<0.0001. (B) Detection of OTUD3 mRNA level in 
primary astrocytes and C6 cells by real-time quantitative PCR. Quantification data represent 3 independent experiments ± SEM. n=6, t-test; 
compared with the primary astrocytes group, ***P<0.001.
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Total RNA extraction and real-time quantitative PCR

One mL of TRIzol reagent was added to each well of 
six-well plates and the total RNA of the cells in each 
well was collected. Reverse transcription of total RNA 
into cDNA using a First  Strand cDNA Synthetic 
Kit. The mRNA levels of OTUD3 (forward: 5'-AG
AACCTGGAAGCTGAGAGTCACAC-3';  reverse: 
5 ' - T T C A C T C T G T C A C C A G G C T C A A G - 3 ' ) 
w e r e  d e t e r m i n e d  u s i n g  q u a n t i t a t i v e  P C R 
w i t h  T B  G r e e n  r e a g e n t s .  G A P D H  ( f o r w a r d : 
5'-GGCACAGTCAAGGCTGAGAATG-3'; reverse: 
5'-ATGGTGGTGAAGACGCCAGTA-3') served as the 
endogenous control. Amplification of cDNA was carried 
out as the following steps: 95 ℃ for 30 s, followed by 95 ℃ 
for 5 s and 60 ℃ for 34 s for total 40 cycles. The relative 
mRNA levels were calculated and estimated by the 2−ΔΔCt 
method.

Western blotting

At the designated time, total cell lysates obtained from cells 
and equal amount of protein lysates (20 μg) were separated 
by 10% SDS-PAGE, and then transferred to a 0.45 μm 
pore size PVDF membrane. Membranes were blocked with 
5% nonfat milk and incubated with primary antibodies 
for PTEN (ab32199, Abcam) at 1:10,000 dilution, at 4 ℃ 
overnight. After washing 3 times with 1× TBS containing 
0.05% Tween 20 (TBST), membranes were incubated with 
HRP-conjugated secondary antibodies at room temperature 
for 1–2 hrs. Bound antibodies were detected by the ECL 
chemiluminescence reagent and signals were quantified by 

Image J software. The experimental results were expressed 
as the ratio of the target protein to the gray average of the 
GAPDH bands. 

Overall survival curve 

The overall survival analysis of OTUD3 differential 
expression was generated by Kaplan-Meier curves and 
tested by Log-rank test.

Statistical analysis

All experiments were repeated at least three times to ensure 
the results were representative, and data were presented as 
mean ± SEM. Analysis was performed using SPSS 17 and 
Graphpad 5.0. Student’s t test was performed to compare 
between two groups and P value less than 0.05 was indicated 
statistical significance.

Result

Depressed OTUD3 mRNA levels in glioma samples and 
C6 cells

We analyzed the expression of OTUD3 in the TCGA and 
GTEx datasets and found that the mRNA levels of OTUD3 
in glioblastoma were lower than normal brain tissues  
(Figure 1A). For further verification, we examined 
mRNA levels of OTUD3 in primary astrocytes and C6 
cells. Analogous to the data from bioinformatic analysis, 
the downregulated OTUD3 was also found in C6 cells  
(Figure 1B). 
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Figure 2 PTEN and OTUD3 protein level in C6 cells was lower than in primary astrocytes. (A) Identification of primary astrocytes by 
GFAP. Cultures were immunostained by GFAP antibody (green) to confirm the purity of the primary astrocytes. In terms of total DAPI 
counts, 95% of the cells were astrocytes. Scale bars: 100 μm. (B) Indicated PTEN protein levels were detected in C6 cells and primary 
astrocytes. Quantification data represent 3 independent experiments ± SEM. n=3, t-test, **P<0.01. (C) OTUD3 protein levels were detected 
in C6 cells and primary astrocytes. Quantification data represent 3 independent experiments ± SEM. n=3, t-test, *P<0.05.
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Depressed PTEN and OTUD3 protein levels in C6 cells 
and glioma samples

To explore the change of OTUD3-PTEN signaling axis, 
we detected the PTEN and OTUD3 protein levels in C6 
cells and primary astrocytes (Figure 2A). Western blot assays 
showed that PTEN protein level in C6 cells was lower than 
in primary astrocytes (Figure 2B). Consistent with PTEN, 
the protein level of OTUD3 in C6 cells was also decreased 
(Figure 2C).

Correlation of OTUD3 expression with overall survival

In order to explore the potential impact of OTUD3 on 
overall survival, we first obtained 697 tumor data including 
glioblastoma (GBM) and low-grade glioma (LGG) in the 
TCGA database, simultaneously obtained 1,157 normal 
brain tissue information in the GTEx database. Then, we 
generated Kaplan-Meier survival curves from the acquired 
clinical and expression data. After log-rank test, we showed 
that high expression of OTUD3 predicts better overall 
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survival (Figure 3).

Discussion

Glioma is the most common aggressive brain tumor 
characterized by high invasiveness and considerably poor 
prognosis (13,14). But an understanding of the molecular 
mechanism of glioma is not clear. At present, targeting 
inhibition of proteostasis factors to trigger endoplasmic 
reticulum stress-induced tumor apoptosis is one of the 
current cancer therapies (9,15). There is another tumor 
treatment that targets DUBs and thereby mediates tumor 
promoters or suppressors (16-18). However, it is difficult 
to judge the role of DUBs in tumorigenesis because the 
specificity of DUBs may depend on tissue types and stage 
of malignancy (17,19-21). Evidence suggested that the 
deubiquitylase OTUD3 inhibited the occurrence of breast 
cancer through stabilizing PTEN protein to suppress 
PI3K/AKT signaling. The positive correlation between 
OTUD3 and PTEN also existed in hepatocellular cancer, 
colon cancer and cervical cancer (11). In contrast, OTUD3 
plays a positive role in lung tumorigenesis by stabilizing 
GRP78 levels (12). Therefore, OTUD3 has diversiform 
pathological effects on tumorigenesis in different tissues. 
However, the role and expression of OTUD3 in glioma 
remain mysterious.

PTEN, as a major tumor suppressor gene, was originally 
identified in 1997 on human chromosome 10q23, which 

could convert PIP3 into PIP2 to antagonize the PIP3/
AKT signaling pathway (22-24). PTEN is among the most 
commonly mutated tumor suppressor genes in human 
cancers. Loss of PTEN function is associated with multiple 
human cancers like endometrial cancer, glioblastoma, 
melanoma, lung and breast cancer. Therefore, PTEN plays a 
pivotal role in tumorigenesis and tumor progression (25-27).  
Here, we extracted biological omics data from the TCGA 
and GTEx databases and detected the expression of 
OTUD3 on profiles of gliomas. Resultantly, we determined 
the apparent up-regulation of OTUD3 levels in gliomas. 
Previous studies have reported that the microarray data-
based predicted outcome has higher superiority than 
traditional histological criteria (28). In the present study, 
qRT-PCR and Western blotting methods are used to 
further explore the parallel expression of OTUD3 in C6 
glioma cells. The results show that the PTEN and OTUD3 
levels in C6 cells were striking down-regulated. Finally, 
bioinformatics data showed that high expression of OTUD3 
predicts better overall survival.

Conclusions

Collectively, our present findings illuminated that low 
expression of OTUD3 in glioma cells may be associated 
with the pathogenesis of glioma. Moreover, high expression 
of OTUD3 may improve survival time in patients with 
glioma. In the further study, we will verify the effect of 
OTUD3 on the development of glioma and the underlying 
mechanism.
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Kaplan-Meier plotter (n=697). The red line indicates patients with 
expression above the median and the blue line indicates patients 
with expressions below the median.
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