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Abstract. This study suggests that speckle-type POZ protein
(SPOP) may be a tumor suppressor gene and its prognostic value
in human glioma. Real-time quantitative RT-PCR (qRT‑PCR),
western blotting, and immunohistochemical staining were
used to examine SPOP expression in glioma tissues and
normal brain (NB) tissues. The relationships between the
SPOP expression levels, the clinicopathological factors, and
patient survival were investigated. The molecular mechanisms
of SPOP expression and its effects on cell viability, migration
and invasion were also explored by MTT assay, wound-healing
assays and Transwell assay. SPOP mRNA and protein levels
were downregulated in glioma tissues compared to NB.
Immunohistochemical staining results showed low expression
in 62.2% (61/98) of glioma samples, while high expression in
75% (9/12) of NB samples, and the difference was statistically
significant (P=0.014). In addition, decreased SPOP was associated disease progression in glioma samples, the expression
level of SPOP was positively correlated with mean tumor
diameter (MTD) (P= 0.021) and the status of tumor grade
and histological type (WHO I, II, III and IV) (P= 0.032) in
glioma patients. Additionally, the overall survival of patients
with low SPOP expression was significantly worse than that
of SPOP-high patients (P= 0.001). In vitro overexpression of
SPOP markedly inhibited cell viability, migration and invasion
in vitro. These findings suggest that SPOP has potential use as
novel biomarker of glioma and may serve as an independent
predictive factor for prognosis of glioma patients.
Introduction
Glioma is the most common brain tumor in adults. Its ability to
evade immune surveillance and impede antitumor responses
may lead to sustained growth and enhanced malignancy (1).
Despite attempts at treatment using surgical resection, radiation
and chemotherapy with the alkylating agent temozolomide, the
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survival rates of patients with high-grade gliomas are <10%
at 5 years (2). Since current treatment gained little benefit in
the setting of glioma, greater attention has been paid to the
expression of specific molecular markers with the goal of
understanding the main molecular mechanisms of this malignancy and determining their possible prognostic significance.
The speckle-type POZ protein (SPOP) has been identified
as an autoantigen in scleroderma patients and a constituent
of nuclear speckles in human cells. SPOP is a 374-amino
acid protein that contains a C-terminal POZ (poxvirus and
zinc finger) domain (also known as a BTB domain) and
an N-terminal MATH (meprin and TRAF-C homology)
domain (3). The C-terminal POZ domain of SPOP interacts
directly with Cullin3-based E3 ubiquitin ligase complex,
while its N-terminal MATH domain interacts with various
substrates of the complex. In mammals, the MATH-BTB
protein SPOP has been linked to ubiquitination of MacroH2A,
to regulate its deposition on the inactive X-chromosome (4),
and has been shown to act as an adaptor of Daxx in the ubiquitination process involving Cul3-based ubiquitin ligase in the
Hedgehog/Gli signaling pathway, to regulate transcriptional
repression of pro-apoptotic proteins such as p53 (5). Recent
genome-wide somatic mutation analyses identified that SPOP
gene encoding the speckle-type POZ protein was frequently
mutated in some human cancers, including prostate and endometrial carcinomas (6-9). Ubiquitin modifications regulate a
wide variety of cellular processes and more or less are involved
in cancer pathogenesis (10). Also, earlier observations that
SPOP, an adaptor for Cul3-based ubiquitination (6-11), may be
a TSG led us to further analyze whether SPOP gene mutations occurred in other common malignancies. In one recent
study, we found that only 0.2% of hematologic malignancies
and none of the solid tumors (breast, lung and liver cancers)
harbored SPOP somatic mutations, suggesting that somatic
mutation of SPOP gene may not play a role in the development
of breast, lung, and liver cancers, and acute leukemias.
In addition to the somatic mutation, altered expression
of ubiquitination related genes is observed in many cancers
(12,13). An earlier study described analyzed SPOP protein was
expressed in normal gastric, colonic and prostate epithelial
cells, whereas it was lost in 30% of gastric cancer, 20% of
colorectal cancer and 37% of prostate cancer (14).
SPOP plays a key role in the development of peripheral and
central nervous system and tumorigenesis (15). Furthermore,
it was recently demonstrated that knockdown of Drosophila
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SPOP mRNA expression by RNA interference (RNAi) and
P-element insertion mutagenesis of the SPOP resulted in
severe and consistent disruption of the peripheral and the
CNS (16). Also, our findings support the genomewide linkage
results pointing towards disease loci on 17q12-21.32 and
12p13.33‑12.1 for glioma risk in families. Furthermore, our
mapping efforts have identified plausible candidate genes for
further study, one of which is SPOP. The identification of the
causal variants of the gene is likely to clarify the molecular
mechanisms underlying gliomagenesis (17). So far, the prevalence of decreased SPOP expression has not been extensively
reported in glioma, especially with regard to the effect of
decreased SPOP expression in glioma. Here, in this study, we
surveyed the expression of SPOP in human patient samples. To
explore its associated molecular mechanisms in glioma cells,
we examined the effect of targeted overexpression of SPOP
gene on cell viability, migration and invasion in vitro. These
studies will be useful in identifying potential candidates for
targeted therapeutic intervention of glioma.
Materials and methods
Human tissue samples. A total of 98 paraffin-embedded
glioma and 12 NB tissues samples were obtained from patients
who underwent surgical treatment at Xiangya Hospital during
the period from January 2005 to January 2010. These patients
or their legal guardian provided written informed consent to
the surgical procedures and gave permission to use resected
tissue specimens for research purposes. A diagnosis of glioma
was confirmed pathologically by two independent, experienced pathologists. All specimens had confirmed pathological
diagnosis and were classified according to the World Health
Organization (WHO) criteria. The follow-up data of the glioma
patients in this study are available and complete. Overall
survival, which was defined as the time from the operation
to the time of patient death or the last follow-up, was used as
a measure of prognosis. Postoperative follow-up occurred at
our outpatient department and included clinical and laboratory examinations every 3 months for the first 2 years, every
6 months during the 3rd to 5th years, annually for an additional
5 years or until patient death, whichever occurred first.
Cell culture and transfection. Human glioma cell strains of
U87 and U251 were purchased from a cell bank at the Chinese
Academy of Sciences and grown in Dulbecco's modified Eagle's
medium (DMEM) (Hyclone, Logan, UT, USA) supplemented
with 10% fetal calf serum (Gibco, Grand Island, NY, USA).
All cell lines were cultured at 37˚C in a humidified atmosphere of 5% CO2. Transfection reagent Lipofectamine 3000
was purchased from Invitrogen (St. Louis, MO, USA). For
overexpression of SPOP, the full-length SPOP cDNA was
amplified and cloned into the pCDNA3.1(+) expression vector
(Invitrogen; Life Technologies). U87 and U251 cells were then
transfected with a negative empty vector or a SPOP expressing
plasmid using Lipofectamine 3000 according to the manufacturer's instructions. Cells were collected after 48-72 h for
further experiments.
Real-time quantitative PCR. Total RNA was extracted from
tissues lysate using a Trizol kit (Invitrogen, Carlsbad, CA,

USA), and cDNA was subsequently synthesized from total
RNA using an Omniscript RT kit (Qiagen, Valencia, CA, USA)
following the supplier's instructions. For detecting the mRNA
level of SPOP, quantitative real-time PCR was conducted
on the Mastercycler ep realplex (Eppendorf 2S, Hamburg,
Germany). A 25-µl reaction mixture contained 1 µl of cDNA
from samples, 12.5 µl of 2X Fast EvaGreen™ qPCR Master
Mix (Biotium Inc., Hayward, CA, USA), 1 µl primers (10 mM),
and 10.5 µl of RNase/DNase-free water. PCR procedures:
incubation at 96˚C for 2 min, 40 cycles at 96˚C for 15 sec and
60˚C for 1 min. The Ct value was defined as the cycle number
at which the fluorescence intensity reached a certain threshold
where amplification of each target gene was within the linear
region of the reaction amplification curves. Relative expression
level for each target gene was normalized by the Ct value of
β-actin (internal control) using a 2-∆∆Ct relative quantification
method. The sequences of the primers for SPOP are as follows:
SPOP forward, 5'-TGACCACCAGGTAGACAGCG-3';
SPOP reverse, 5'-CCCGTTTCCCCCAAGTTA-3'. The
β -actin gene served as an internal control. The sequences
of the primers for β -actin are as follows: β -actin forward,
5'-AACTTCCGTTGCTGCCAT-3'; β -actin reverse, 5'-TTT
CTTCCACAGGGCTTTG-3'. The 2-∆∆Ct method was used to
calculate relative changes in gene expression.
Western blot analysis. The homogenized glioma cancer
samples, including tumor and nomal brain tissues, as well as
cell lines, were lysed in RIPA lysis buffer, and the lysates were
harvested by centrifugation (12,000 rpm) at 4˚C for 20 min.
Approximately 20 µg protein samples were then separated by
electrophoresis in a 12% sodium dodecyl sulfate polyacrylamide
gel and transferred onto a polyvinylidene fluoride membrane.
After blocking the non-specific binding sites for 60 min with
5% non-fat milk, the membranes were incubated overnight
at 4˚C with a goat polyclonal antibody against SPOP (1:500,
sc-66649, Santa Cruz Biotechnology, USA). The membranes
were then washed three times with TBST (Tris‑buffered saline
with Tween-20) for 10 min and probed with the horseradish
peroxidase (HRP)-conjugated donkey anti-goat IgG antibody
(1:2,000, Immunology Consultants Laboratory, USA) at 37˚C
for 1 h. After three washes, the membranes were developed
by an enhanced chemiluminescence system (Cell Signaling
Technology, Danvers, MA, USA). The band intensity was
measured by densitometry using the Quantity One software
(Bio-Rad Laboratories, Inc. Hercules, CA, USA). The protein
levels were normalized to β-actin.
Immunohistochemistry analysis. The tissue sections were
deparaffinized with dimethylbenzene and rehydrated with
100, 95, 90, 80, 70 and 50% ethanol. After three washes in
phosphate-buffered saline (PBS), the slides were boiled in
antigen retrieval buffer containing 0.01 M sodium citratehydrochloric acid (pH 6.0) for 15 min in a microwave oven.
After rinsing with PBS, the tissue sections were incubated with
goat polyclonal anti-human SPOP antibody (1:100, sc-66649,
Santa Cruz Biotechnology, Inc., USA) and then rinsed in 3%
peroxidase quenching solution (Invitrogen) to block endogenous peroxidase. The sections were then incubated with a
donkey anti-goat second antibody conjugated horseradish
peroxidase (1:5,000; Abcam, Cambridge, UK) at 4˚C overnight
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Figure 1. (A and B) Western blot analysis revealed a low level of expression of SPOP in gliomas. β-actin was assessed as a loading control. Lanes NB, human
normal brain tissue; lanes I, II, III and IV represent glioma grades, respectively. (C) qRT-PCR analysis revealed a low level of expression of SPOP in gliomas.
N, normal brain tissue; I, II, III and IV represent glioma grades, respectively (*P<0.05 compared to normal brain tissues).

and after washing in PBS, the visualization signal was developed with 3, 3'-diaminobenzidine (DAB) solution, and all of
the slides were counterstained with hematoxylin. As negative
controls, adjacent sections were processed as described above
except that they were incubated overnight at 4˚C in blocking
solution without the primary antibody. The specimens were
analyzed by two observers who were blinded to the patients'
clinical outcomes. Discrepancies between the observers were
found in <10% of the examined slides, and a consensus was
reached after further review. The total SPOP immunostaining
score was calculated as the sum of the percentage of positively
stained tumor cells and the staining intensity and ranged
from 0 to 9. Briefly, the percentage of positive staining was
scored as 0 (0-9%, negative), 1 (10-25%, sporadic), 2 (26-50%,
focal) or 3 (51-100%, diffuse), and the intensity was scored
as 0 (no staining), 1 (weak staining), 2 (moderate staining) or
3 (strong staining). The expression level of SPOP was defined
as follows: ‘-’ (negative, score of 0), ‘+’ (weakly positive, score
of 1-3), ‘++’ (positive, score of 4-6), ‘+++’ (strongly positive,
score of 7-9). We defined strong SPOP expression as a total
score of >3, and weak SPOP expression as a total score of ≤3.
Cell viability and proliferation assay. The tetrazolium-based
cell viability (MTT) assay was performed to test cell proliferation. Cells transfected SPOP plasmid or empty vector
were seeded in a 96-well plate at 1x103 cells/well, 100 µl of
sterile MTT dye (0.5 mg/ml, Sigma) was added to each well
and cultured for another 4 h. The supernatant was discarded
and then 150 µl of dimethyl sulphoxide (DMSO) (Sigma, St.
Louis, MO, USA) was added to each well, the spectrophotometric absorbance was measured for each sample at 490 nm,
all the experiments were performed in triplicate and repeated
3 times, and the average was calculated.
Cell migration assays. The cell migratory capacity was
determined using transwell chambers (Corning, Corning, NY,
USA). Briefly, cells (1x105/well) were suspended in 100 µl

serum-free medium and then added to the upper chamber of
the inserts, DMEM medium (Gibco) containing 10% FBS
(500 µl) was added to the lower chamber as the chemotactic
factor. After culture for 24 h at 37˚C, non-migrated cells on
the upper surface were removed gently with a cotton swab
and cells that migrated to the lower side of the department
were fixed and dyed with 0.1% crystal violet. The number of
migrated cells were calculated by counting five different views
by microscopy. Independent experiments were repeated three
times, with triplicates in each experiment.
Statistical analysis. All quantified data represent an average
of at least triplicate samples. SPSS 18.0 (SPSS Inc, Chicago,
IL, USA) was used for statistical analysis. Data are presented
as mean ± SD. One-way ANOVA or two-tailed Student's
t-test was used for comparisons between groups. Chi-square
test or Fischer's were used to identify differences between
categorical variables. Survival analysis was performed using
Kaplan‑Meier method. Multivariate Cox proportional hazards
method was used for analyzing the relationship between the
variables and patient's survival time. Values of P<0.05 were
considered to indicate statistically significant results in all
cases.
Results
Downregulated expression of SPOP gene in glioma tissues.
In order to assess the role of SPOP in glioma, we performed
western blotting and real-time PCR to measure the expression
of SPOP in 35 freshly collected glioma tissues and 12 freshly
collected NB tissues. SPOP protein was found to be markedly
downregulated in 24 cases of glioma (WHO Ⅰ-Ⅳ) compared
with 6 NB tissues with an increase in pathologic grade of
the brain gliomas (P<0.05, Fig. 1A and B). Compared with
NB tissues, glioma tissues exhibited lower expression levels
of SPOP mRNA (P<0.05) (Fig. 1C). We also measured the
expression levels and subcellular localization of SPOP protein
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Figure 2. Immunohistochemical expression of SPOP in glioma specimens of different grades. SPOP immunoreactivity shows homogeneous brown-yellow
staining in the cytoplasm of tumor cells; hematoxylin counterstain. (A) Normal brain tissue. (B) Grade I. (C) Grade II. (D) Grade III; (E) Grade IV. (F) Negative
control. Original magnification, x200. With increasing pathologic grade, the SPOP expression in human gliomas were significantly decreased (P<0.05
compared with normal brain).

Figure 3. Western blot analysis displays a significant increase of SPOP in pCDNA3.1-SPOP transfected cells (SPOP) compared to control or empty vector
transfected groups. β-actin was assessed as a loading control. The data for SPOP overexpression are based on cell line U87 (A) and U251 (B).

in 98 archived paraffin-embedded glioma samples and 12 NB
tissues using immunohistochemical staining (Fig. 2). SPOP
protein showed low expression in 62.2% (61/98) of glioma
samples, while high expression in 75% (9/12) of NB samples,
and the difference was statistically significant (P= 0.014;
Table I).
The correlations between the expression of SPOP and various
clinicopathological characteristics. The relationship between
clinicopathological characteristics and SPOP expression levels
in individuals with glioma were analyzed by the Chi-square
analysis. We found no significant association between SPOP
expression levels and the patient age, gender, increased ICP,
cystic change, tumor necrosis, resection degree, chemotherapy
or radiotherapy in the 98 glioma cases. However, we observed
that the expression level of SPOP was positively correlated

Table I. SPOP expression compared in glioma and NB tissues.
Expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group
Value
Low
High
(n)
expression (n) expression (n)
Glioma
Normal

98
12

61
3

P-value

37
9

0.014

P -value <0.05 was considered statistically significant.

with mean tumor diameter (MTD) (P= 0.021) and the status
of tumor grade and histological type (WHO I, II, III and IV)
(P=0.032) in glioma patients (Table II).

INTERNATIONAL JOURNAL OF ONCOLOGY 46: 333-341, 2015

337

Table II. Correlation between the clinicopathological characteristics and expression of SPOP in glioma.
Characteristics
Value (n)
			
Gender	‑98
Male
58
Female
40

SPOP expression
Low (n)

SPOP expression
High (n)

P-value

61
38
23

37
20
17

0.421

Age				0.752
≤50
31
20
11
>50
67
41
26
MTD (cm)				
≤5
41
31
10
≥5
57
30
27

0.021a

Increased ICP				
No
63
42
21
Yes
35
19
16

0.226

Cystic change				
No
71
43
28
Yes
27
18
9

0.578

Tumor necrosis				
No
79
52
27
Yes
19
9
10

0.136

Resection degree				
Gross total resection
80
48
32
Subtotal resection
18
13
5

0.334

Tumor grade and histological type				
WHO grade I
Pilocytic astrocytoma
14
9
5
WHO grade II
Astrocytoma
19
16
3
Oligodendroglioma
7
4
3
WHO grade III
Anaplastic astrocytoma
25
18
7
WHO grade IV
Glioblastoma multiforme
33
14
19

0.032a

Chemotherapy				0.176
No
15
7
8
Yes
83
54
29
Radiotherapy				0.384
No
17
9
8
Yes
81
52
29
P-value <0.05 was considered statistically significant.

a

The role of SPOP in proliferation and migration in the cell
lines. Because our above results indicated that SPOP expression was reduced in glioma and that SPOP might act as a
tumor suppressor, we next tried to explore the function of
SPOP in glioma development. To evaluate the effects of SPOP

on cell viability, the SPOP expression vector or the empty
vector were, respectively, transfected into U87 and U251 cells.
SPOP expression in transfected cells were detected by western
blotting (Fig. 3). The expression of SPOP protein in pCDNA3.1SPOP group (SPOP) was significantly higher than control and
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Figure 4. (A and B) Overexpression of SPOP inhibits cell proliferation in U87 and U251 cells (*P<0.05). Cell vitality was evaluated with the MTT assay using
absorbance readings at 490 nm. The values shown are the mean of three determinations. (C-E) Overexpression of SPOP inhibits cell migration in U87 and
U251 cells as demonstrated by transwell assays (*P<0.01). Representative images of stained cells are shown with the original magnification of x100.

empty vector groups. The cell growth by MTT assay revealed
that cell growth rate in SPOP-transfected glioma cells were
significantly lower than control or empty vector-transfected
glioma cells (Fig. 4A and B, P<0.05), which showed that SPOP
significantly repressed the viability of glioma cells.
We evaluated the potential role of SPOP on cellular migration by transwell assays. U87 and U251 cells were transfected
with SPOP overexpressing or empty vector plasmid and their
migratory abilities were determined 24 h later. The results
showed overexpression of SPOP was associated with a significant reduction of migration compared to the empty vector
(Fig. 4C-E, P<0.01).

These findings were further confirmed by the wound
healing assay. The overexpression of SPOP significantly
inhibited the migration of U87 and U251 cells at 48 h after
transfection (Fig. 5, P<0.05).
Expression of SPOP and clinical outcome. The overall survival
of patients with low SPOP expression was significantly worse
than that of SPOP-high patients (P= 0.001, log-rank test,
Fig. 6). Univariate Cox regression analyses showed that MTD
and SPOP expression were significantly associated with
overall survival (Table III). Furthermore, a multivariate Cox
regression analysis confirmed the MTD and SPOP expression
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Figure 5. Wound-healing assay. U87 and U251 cells were transfected with pcDNA3.1-SPOP (SPOP), empty vector and control groups for 0, 24, 48 and 72 h,
respectively. The migration capacity was significantly decreased in the pcDNA3.1-SPOP transfected group compared with the empty vector and control groups
(magnification, x40) (*P<0.05 compared to empty vector or control group).

Discussion

Figure 6. Kaplan-Meier curves for OS in glioma cancer patients with low
level and high level SPOP expression (P= 0.001).

as independent predictors of the overall survival of glioma
cancer patients (Table III).

Glioma, the most common type of primary brain tumors in
adults, is subcategorized by histopathologic evaluation and
clinical criteria into four grades (I-IV), according to the current
World Health Organization (WHO) guidelines (18). Despite
multimodal treatment including surgery, chemotherapy and
radiation, the average survival time of glioma patients is 10-14
months after diagnosis in the last 5 years (19). The extremely
poor prognosis of these patients may be due to the biological
characteristics of glioma cells which include unrestricted proliferation and extensive invasion (20). Therefore, understanding
the main molecular mechanisms of this malignancy is the key
for the development of novel and effective therapeutic strategies for glioma. In this study, we investigated the expression of
speckle-type POZ domain protein (SPOP) in glioma. We found
that the expression of SPOP was significantly reduced at both
mRNA and protein levels in glioma compared with normal
brain tissues. We also found that glioma patients with low
expression of SPOP showed shorter postsurgical survival than
high SPOP expression patients. Notably, we show for the first
time that SPOP is expressed in normal brain, supporting further
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Table III. Univariate and multivariate analyses of overall survival of glioma patients.
Univariate analysis
Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables
HR
95% CI
P-value
HR
95% CI
Gender (male vs female)
Age (≤50 vs >50)
MTD (cm) (≤5 vs ≥5)
Increased ICP (no vs yes)
Cystic change (no vs yes)
Tumor necrosis (no vs yes)
Resection degree
(gross total vs subtotal)
WHO (I vs II vs III vs IV)
Chemotherapy (no vs yes)
Radiotherapy (no vs yes)
SPOP expression
(low vs high)

P-value

2.138
0.842
1.031
0.977
0.525
0.546

1.437-3.516
0.433-1.668
0.716-1.514
0.606-1.575
0.342-0.805
0.316-0.944

0.132
0.460
0.034a
0.942
0.287
0.430

2.053
0.765
1.329
1.227
0.611
0.445

1.267-3.326
0.384-1.537
0.887-1.915
0.749-1.908
0.393-0.950
0.268-0.739

0.223
0.414
0.027a
0.417
0.512
0.362

0.616
2.118
0.896
0.832

0.391-1.004
1.328-3.379
0.787-1.106
0.743-1.018

0.183
0.142
0.357
0.474

0.624
2.896
0.799
0.762

0.387-1.078
1.719-4.878
0.689-1.010
0.613-1.008

0.112
0.131
0.610
0.762

0.548

0.346-0.893

0.018a

0.439

0.298-0.764

0.012a

P-value <0.05 was considered statistically significant.

a

research on the potential role of SPOP in brain development.
Instead, our data, obtained by modulating SPOP expression,
establish a role for SPOP in modulating the biological properties of glioma cells, including proliferation, migration and
in vitro aggressiveness. Overexpression of SPOP resulted in
suppression of cell proliferation, arrest of cell migration. This
evidence suggests a potential role for SPOP in the regulation of
glioma cell growth and proliferation which are in agreement
with previous studies (11).
In humans, the roles for SPOP in regulating the Hh and
TNF pathways have been conserved (21,22), and several other
SPOP substrates have been identified as well, including the
death domain-associated protein (Daxx) (5), the polycomb
group protein BMI-1, the phosphatidylinosital phosphate
kinase PIPKIIβ (23), the transcription factor Gli (24), the
Jun-kinase phosphatase Puckered (14) and Pdx1 (25), and the
histone variant MacroH2A (4). Together, these previous results
indicate that SPOP plays important roles during cell apoptosis, proliferation, and animal development. Many proteins
implicated in the ubiquitin pathways are related to tumor
progression. In recent years, there have been many approaches
to target the ubiquitin system in cancer therapy (26,27).
The E3 ubiquitin ligases are considered the most important
components in these approaches because they bind directly to
the target proteins (26). In the present study, we evaluated the
role of SPOP as an adaptor in the Cullin3-based E3 ubiquitin
ligase complex, which indicated that SPOP might play a role
in tumorigenesis as a tumor suppressor gene. Moreover, our
experimental results from breast cancer cell proliferation,
invasion, anchorage-independent growth, and tumor growth
in nude mice indicate that SPOP inhibits cancer cell functions. We also found that shRNA knockdown of SPOP in
MDA-MB-231 cells increases cancer cell size (11), consistent
with previous reports (28).
Considering pro-apoptotic and other tumor-suppressive
functions of SPOP identified in earlier studies (11,29), we

suggest that downregulation of SPOP in the cancers compared
with normal cells might possibly decrease its functions as a
tumor suppressor gene and might contribute to cancer development. Although most of the identified functions of SPOP
are related to tumor suppression, there is evidence that SPOP
serves as a regulatory hub to promote clear cell renal cell
carcinoma (ccRCC) tumorigenesis suggesting a possibility
that tumor-related functions of SPOP might vary depending
on tissue and cellular contexts (30). However, in this study, we
have reasons to believe that SPOP could be a new therapeutic
target for improving the treatment efficiency of glioma.
In conclusion, in this study, we investigated the role of SPOP
in human glioma for the first time. Our results suggested that
SPOP was downexpressed in glioma compared with normal
brain tissues, and low expression of SPOP was signiﬁcantly
associated with poorer overall survival. Additionally, we
provide compelling evidence that overexpression of SPOP leads
to suppressed cell viability, migration and invasion in glioma
cell lines in vitro. SPOP expression may have significant value
as an unfavorable progression indicator for glioma patients.
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