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Expression and clinical relevance of SPOPL in medulloblastoma
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Abstract. Medulloblastoma (MB) is a type of malignant brain
tumor in children. Although knowledge of MB is increasing
and the survival rate of patients with MB has improved in
previous years, the long-term treatment-associated complica-
tions remain unfavorable. Early diagnosis and treatment is
critical for patients with MB, but effective molecular markers
for MB remain elusive. The Speckle-type POZ protein (SPOP)
is a member of the MATH-BTB protein family and is a type
of joint molecule for Cullin-3. SPOP inhibits tumor growth.
However, the SPOP-like (SPOPL) gene, which is a SPOP
paralog gene and shares an overall 85% sequence identity
with SPOP, has not been explored in cancer studies at present.
The results of the present study demonstrate that the SPOPL
expression is decreased in MB cells and tissues compared
with normal cells and tissues at the protein and mRNA levels.
Immunohistochemical analysis revealed decreased expression
of SPOPL in 42/56 (75%) paraffin-embedded archival MB
biopsies, and SPOPL expression may be associated with the
MB differentiation level (P=0.011). Patients with increased
SPOPL expression exhibit improved survival rates compared
with those with decreased SPOPL expression, and the SPOPL
gene may be a potentially valuable molecular marker of MB.

Introduction

Central nervous system (CNS) tumors are the principal
cause of tumor-associated mortality in childhood (1), and
the most common type of malignant brain tumor in children
is medulloblastoma (MB) (2). Craniospinal radiation and
chemotherapy following surgical resection are required for
these patients. Although all these therapies have improved the
5-year survival rates of patients with MB (3), the complications
of long-term therapy, such as developmental, neurological and
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neuroendocrine deficits, should not be neglected (4,5). Thus,
safer therapies are needed for this disease. Previously, the
consensus was that MB consists of four subgroups: WNT,
SHH, group 3 and group 4 (6), and the view that the subgroups
should be treated with diverse approaches is well accepted (7).
However, the respective underlying molecular mechanisms of
these MB subgroups have not been determined. More accurate
predictors and effective therapies are required for MB.

Speckle-type POZ protein (SPOP), a type of adaptor
protein which may link Cullin-3 E3 ligase to multiple protein
substrates, is a member of the MATH-BTB protein family (8).
Previously, multiple studies have suggested that SPOP inhibits
tumors by identifying that the gene copies of SPOP are lost in
certain types of human tumor (9,10). Multiple studies have also
demonstrated that SPOP directly targets oncogenic proteins,
including the Polycomb complex protein (11), pancreatic and
duodenal homeobox protein 1 (12), apoptosis factor death
domain-associated protein 6 (13), and Hedgehog signaling
transcription factors zinc finger proteins GLI2 and GLI3 (14).
Notably, the SPOP-like (SPOPL) gene has been identified as a
SPOP paralog gene (15), sharing an overall 85% sequence iden-
tity with SPOP. The distinct difference between these genes is
that SPOPL exhibits 18 more amino acid residues compared
with SPOP (16). With the exception of a case report indicating
that SPOPL was one of the deleted genes in a young male with
unexplained somatopsychic illness through array comparative
genomic hybridization (17), there is little knowledge of SPOPL
in tumor generation and development. The high similarity of
SPOPL to SPOP may indicate that SPOPL also functions as a
tumor suppressor. However, a previous study of Cullin-RING
ubiquitin ligase demonstrated that SPOP self-assembly and
E3 ubiquitin ligase activity were inhibited by SPOPL in a
dose-dependent manner (16). Therefore, the role of SPOPL in
human malignancy is worth evaluating.

In the present study, the expression of SPOPL in MB tissue
specimens and cell lines was first detected, and it focused on
determining whether SPOPL is associated with the tumor
suppression of MBs, and whether it would be a feasible indi-
cator for estimating the prognosis of MBs following treatment.

Materials and methods

Tissue samples. Atotal of 58 formalin-fixed paraffin-embedded
MB samples and 4 fresh MB surgical samples and matched
adjacent normal human cerebellums were gathered from the
Neurosurgery Department of the First Affiliated Hospital
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of Sun Yat-Sen University (Guangzhou, China) between
June 2002 and March 2014. The inclusion of patients in the
study was unbiased and depended exclusively on the avail-
ability of sufficient tumor material and clinical follow-up data.
Table I summarizes the clinical information corresponding
to the samples. The following information was assessed:
General information (age and sex) and residual tumor size.
The MB patients were divided into two groups on the basis
of the metastatic phase, age and extent of resection. Infants
(=3 years of age), patients with residual tumor (=1.5 cm?)
following neurosurgery and patients with leptomeningeal
dissemination at presentation belonged to the high-risk group;
otherwise, patients belonged to the standard-risk group (18).
The World Health Organization (WHO) histological
subtype (19), metastatic status and differentiation level was
evaluated by a pathologist following hematoxylin and eosin
staining using the following procedure: 4-ym thick serial
sections were fixed for 20 min at 98°C with sodium citrate
buffer (10 mM sodium citrate, 0.05% Tween-20, pH 6.0), and
then stained with hematoxylin (Beijing Dingguo Changsheng
Biotechnology Co., Ltd., Beijing, China) for 45 sec and 1%
eosin for 10 sec at room temperature. The evaluation was
performed with a CX31 microscope (abbe condenser with
blue filter) and corresponding Image Analysis system soft-
ware (CellSens Standard, versionl.16; both from Olympus
Corporation, Tokyo, Japan). A follow-up investigation was
performed for all 58 patients, and December 2014 was the
final date of follow-up for the present study. The present
study was approved by the Ethics Committee of Sun Yat-Sen
University and written informed consent was obtained from
all subjects.

Immunohistochemical staining and scoring. Each tissue
block was cut into 4-pm thick serial sections on aminopro-
pyltriethoxysilane-coated glass slides, and fixed as described
above. Then the sections were incubated with anti-SPOPL anti-
body (1:50 dilution; catalog no. 191175; Abcam, Cambridge,
UK) overnight at 4°C in a humidified chamber. Next, the slides
were processed using a ChemMate EnVision/horseradish
peroxidase kit (Dako; Agilent Technologies, Inc., Santa Clara,
CA, USA) for 30 min at room temperature, which was followed
by processing with diaminobenzidine for visualization. All
sections were counterstained with Mayer's hematoxylin
(Beijing Dingguo Changsheng Biotechnology Co., Ltd.) for
30 sec at room temperature. Normal human cerebellum was
used as a control.

Immunohistochemical staining evaluation was performed
based on the proportion and intensity of positively stained
tumor cells (20,21). The scoring was as follows: 0, 0-5; 1,
6-25; 2, 26-50; 3, 51-75; and 4, >75%. The staining intensity
was scored as one of the following four grades: 0, negative;
1, weak; 2, moderate; and 3, strong. The final score for each
section was the product of the percentage and intensity score.
The SPOPL protein expression level was categorized as lower
(final score <4) and higher (final score =4). Two pathologists
separately scored all immunohistochemical staining. The
pathologists were not familiar with the patient information.
The mean scores were the final score in each case. All evalu-
ation was performed with the microscope and image analysis
software as described above.
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Table I. Clinicopathological characteristics of patient samples
and expression of SPOPL in medulloblastoma.

Clinicopathological characteristic No. of cases (%)

Age, years

<3 5(8.6)

>3 53 (91.4)
Sex

Male 46 (79.3)

Female 12 (20.7)
WHO histological subtype

Classic 44 (75.9)

Desmoplastic 14 (24.1)
Residual tumor size, cm?

<15 44 (75.9)

=15 14 (24.1)
Metastatic status

MO 25 (43.1)

M1 33 (56.9)
Tumor risk

Standard 17 (29.3)

High 41 (70.7)
Differentiation level

Undifferentiated 19 (32.8)

Differentiated 39 (67.2)
Expression of SPOPL

Negative 234)

Positive 56 (96.6)

Low 42 (75)

High 14 (25)

WHO, World Health Organization; SPOPL, Speckle-type POZ
protein-like.

Cell culture. The normal human astrocytes (NHAs) were
obtained from the American Type Culture Collection
(Manassas, VA, USA) and human medulloblastoma Daoy,
D283 and D341 cell lines were from the Institute of Basic
Medical Sciences of the Chinese Academy of Medical
Sciences (Beijing, China). The Daoy and D283 cell lines were
cultured in Dulbecco's modified Eagle's medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The D341
cell line was cultured in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc.), and NHA was cultured in Astrocyte
medium (#1801; ScienCell Research Laboratories, Carlsbad,
CA, USA) with astrocyte growth supplement and 10% fetal
bovine serum (Thermo Fisher Scientific, Inc.). All cells were
incubated at 37°C in a humidified incubator in the presence of
5% CO,.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was isolated
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. cDNA was
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Figure 1. SPOPL protein and mRNA expression in established cell lines
and paired clinical MB samples. (A) SPOPL protein expression in NHA and
cultured MB Daoy, D283 and D341 cells. (B) SPOPL mRNA expression was
quantified by RT-qPCR. The expression levels were normalized for GAPDH.
Data are presented as the mean + standard deviation. (C) SPOPL protein
expression in each of the primary MB T and N samples based on Western blot-
ting. (D) The average tumor/normal (T/N) ratios of SPOPL expression were
quantified by RT-qPCR. The expression levels were normalized for GAPDH.
Data are presented as the mean + standard deviation. SPOPL, Speckle-type
POZ protein-like; NHA, normal human astrocyte; MB, medulloblastoma; N,
normal human cerebellum sample; T, tumor sample; RT-qPCR, quantitative
reverse transcription polymerase chain reaction.

generated using a First-Strand cDNA Synthesis kit (Thermo
Fisher Scientific, Inc.). Real-time PCR was performed with
SYBR-Green qPCR kit on the OpenArray® Real-Time PCR
Platform (both from Thermo Fisher Scientific, Inc.), and
expression levels of the SPOPL gene were calculated by
the 244 method (22) and normalized to GAPDH (internal
control). The PCR program was: 10 min at 95°C, followed
by 40 cycles of 15 sec at 95°C and 60 sec at 60°C. Relative
mRNA levels of SPOPL were measured in relation to NHA
and normal human cerebellum as positive control. Primers
were designed using the Primer Express software (version 2.0
software; Applied Biosystems; Thermo Fisher Scientific, Inc.),
and the primer sequences were as follows: SPOPL forward,
5'-GCTGGAGTCGTAACTCGGAAG-3' and reverse, 5'-CCC
TATCTCCCGCTCCTAAAC-3'; GAPDH forward, 5'-GAC
TCATGACCACAGTCCATGC-3' and reverse, 5'-AGAGGC
AGGGATGATGTTCTG-3". The RT-gPCR analysis was
performed at least three times.

Western blot analysis. The NHA, Daoy, D283 and D341 cells
were lysed in lysis buffer (catalog no. POO13B; Beyotime
Institute of Biotechnology, Haimen, China) on ice and then
centrifuged at 12,000 x g for 10 min at 4°C. The protein
contents in the supernatants were determined using a
Bicinchoninic Acid protein assay kit (Pierce; Thermo Fisher
Scientific, Inc.). Equal amounts of protein lysates (50 mg)
were separated by SDS-PAGE (10% gels) and transferred on
to polyvinylidene difluoride membranes (EMD Millipore,
Billerica, MA, USA). The membranes were blocked with
1% bovine serum albumin for 2 h at room temperature, and
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then incubated with anti-SPOPL (catalog no. 191175; dilution,
1:1,000; Abcam, Cambridge, UK) and anti-f3-actin primary
antibody (catalog no. AF7018; dilution, 1:1,000; EarthOx Life
Sciences, Millbrae, CA, USA) overnight at 4°C. Then, horse-
radish peroxidase-conjugated secondary antibody was added
for 2 h at room temperature. Enhanced chemiluminescence
by ECL substrate (Pierce; Thermo Fisher Scientific, Inc.) was
used for detection. Experiments were performed at least twice.

Statistical analysis. SPSS software (version 16.0 for Windows;
SPSS Inc., Chicago, IL, USA) was used for statistical analysis.
A %* test was used for comparisons between groups. P<0.05
was considered to indicate a statistically significant differ-
ence. The overall survival (OS) time was measured (months)
from the date of diagnosis to the date of mortality or the
last follow-up prior to study termination. The Kaplan-Meier
estimator method and Cox's regression were used for survival
analysis.

Results

Downregulation of SPOPL mRNA and protein levels in MB
cell lines and primary MB tumors. Western blotting results
demonstrated that the SPOPL protein level was significantly
decreased in the MB cell lines compared with the NHA
cells (Fig. 1A). RT-qPCR results additionally confirmed that
the SPOPL mRNA level was also decreased in the MB cell
lines compared with the NHA cells (Fig. 1B). A total of four
pairs of MB samples and normal human cerebellum were
detected by western blotting to explore whether they exhibited
similar tendencies. The present study demonstrated that SPOPL
was differentially expressed in all four human MB samples
compared with the normal human cerebellum, as presented
in Fig. 1C. This result is similar to the results obtained for the
mRNA level. As demonstrated in Fig. 1D, the tumor/normal
ratio of SPOPL signals exhibited an 0.25-0.7-fold difference in
the four tissue pairs. These results indicate decreased SPOPL
expression in cancer lesions.

Decreased SPOPL expression in archived MB tissues. On the
basis of the aforementioned results, whether SPOPL exhibits
decreased expression levels in alarger cohort of clinical samples
was assessed. In total, 58 archived MB tissues were examined.
SPOPL was detected in 56/58 (96.7%) cases. According to
immunohistochemical staining evaluation, the 56 cases were
separated into two groups: 42 cases with decreased expres-
sion (75%) and 14 cases with increased expression (25%). In
contrast, more intense SPOPL staining was observed in the
normal human cerebellum (Fig. 2). Statistical analyses were
performed to explore the association between SPOPL and the
clinicopathological characteristics of MB. As summarized
in Table II, SPOPL expression was markedly associated with
the tumor differentiation level (P=0.011), whereas no asso-
ciation was identified with the patient age, WHO histological
subtype or tumor risk with MB.

SPOPL expression is associated with the prognosis of
patients with MB. SPOPL expression in patients with MB
was significantly associated with the survival time of patients
(P<0.05) at a coefficient of 0.187, which manifested in
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Table II. Association between SPOPL and the clinicopatho-
logical characteristics of patients with MB.
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Table III. Kaplan-Meier estimator analysis for overall survival
rate of patients with medulloblastoma.

SPOPL
Characteristic Low or none High %? (P-value)
Age, years
<3 4 1 0.821
>3 40 13
Sex
Male 34 12 0.764
Female 10 2
WHO histological subtype
Classic 34 10 0.931
Desmoplastic 10 4
Residual tumor size, cm?
<15 41 14 0.756
>1.5 3 0
Metastatic status
MO 19 6 0.983
M1 25 8
Tumor risk
Standard 16 5 0.965
High 28 9
Differentiation level
Undifferentiated 10 9 0.011
Differentiated 34 5

WHO, World Health Organization; SPOPL, Speckle-type POZ
protein-like.

Figure 2. SPOPL protein is expressed at diverse levels in MB tumors and
normal human cerebellum histopathological sections, as examined by immu-
nohistochemistry. Expression of SPOPL in normal human cerebellum was
almost completely detectable. (A) Magnification, x200. (B) Magnification,
x400. SPOPL expression in the primary lesion of MB tumors was highly
detectable. (C) Magnification, x200. (D) Magnification, x400. Expression of
SPOPL in the MB tumors was only marginally detectable. (E) Magnification,
x200. (F) Magnification, x400. SPOPL, Speckle-type POZ protein-like; MB,
medulloblastoma.

Clinicopathological STq, (ST,
characteristics STg;), months P-value®
Age, years
<3 20 (13,21) 0.161
>3 41 (20.5, 55)
Sex
Male 41 (19, 53) 0.585
Female 40 (24, 56)
WHO histological subtype
Classic 40 (19.75, 55) 0.820
Desmoplastic 37.5(17.75,60.75)
Residual tumor size, cm?
<15 40 (20, 54) 0.001
>1.5 19 (11,25)
Metastatic status
MO 32.5(14.75,53.25) 0.562
M1 41.5 (20, 55)
Tumor risk
Standard 40 (19.5,53.5) 0.352
High 26 (19,57)
Differentiation level
Undifferentiated 38 (14,53.5) 0.273
Differentiated 41 (24, 55)
SPOPL expression
Low 36.5(19,53.5) 0.026
High 41.5(33.25,57)

“Log-rank test. ST, survival time; Q, interquartile range; WHO, World
Health Organization; SPOPL, Speckle-type POZ protein-like.

increased SPOPL expression and survival time in patients
with MB (Table IIT). The effects of SPOPL and classic
clinicopathological characteristics (including age, sex, WHO
histological subtype, residual tumor size, metastatic status and
differentiation level) on the survival rates by Kaplan-Meier
estimator analysis and the log-rank test were calculated. The
results indicated that the survival time significantly differed
between the low and high SPOPL expression groups (P<0.05).
As presented in Fig. 3, the cumulative 5-year survival rate
for the low SPOPL expression group was only 35.1% [95%
confidence interval (CI) 0.439-0.720], whereas it was 83.6%
in the high SPOPL expression group (95% CI 0.668-0.940).
Furthermore, multivariate survival analysis was performed to
test the SPOPL expression level, age, sex, WHO histological
subtype, metastatic status and differentiation level to deter-
mine whether SPOPL was an independent prognostic factor
of the outcome of patients with MB. The residual tumor
size and SPOPL expression were independent prognostic
factors (Table IV). Thus, it was concluded that the SPOPL
gene is associated with MB prognosis.
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Table IV. Cox regression model for multivariate analyses of prognostic factor in medulloblastoma.

Variable Hazard ratio 95% confidence interval P-value
Age, years (<3 vs. >3) 4.443 0.451-43.78 0.201
Sex (male vs. female) 1.779 0.550-5.755 0.336
WHO histological subtype (classic vs. desmoplastic) 1.454 0.507-4.169 0.486
Metastatic status (M, vs. M,) 1.089 0.083-14.29 0.949
Residual tumor size, cm? (<1.5 vs. =1.5) 7.639 1.663-35.09 0.009
Tumor risk (standard vs. high) 0.906 0.055-14.84 0.945
Differentiation (differentiated vs. undifferentiated) 0.571 0.211-1.546 0.270
Speckle-type POZ protein-like expression (low vs. high) 0.218 0.048-0.982 0.047
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Figure 3. Kaplan-Meier estimator curves with univariate analyses (log-rank)
for patients with low vs. high SPOPL expression tumors. The cumulative
S-year survival rate was 83.6% in the high SPOPL protein group (n=14;
unbroken line) and 35.1% in the low SPOPL protein group (n=42; broken
line). SPOPL, Speckle-type POZ protein-like.

Discussion

To the best of our knowledge, the present study is the first to
demonstrate that decreased SPOPL expression is associated
with the decreased survival time of patients with MB. SPOPL
expression is decreased in MB cell lines at the mRNA and
protein levels, which is in contrast with NHAs. Additionally,
MB lesions and normal human cerebellum tissues express
SPOPL at different levels, and MB tissues exhibit markedly
decreased expression of SPOPL at the mRNA and protein
levels. Furthermore, immunostaining demonstrated that the
SPOPL expression in histological sections was significantly
associated with the tumor differentiation level (P=0.011), and
increased survival time of patients with MB. Taken together,
these results indicate that SPOPL potentially represents a
novel marker for determining the prognosis of MB.

As indicated by previous studies, SPOP regulates signaling
pathways that control numerous types of cellular response
that are essential to tumor progression, including proliferation
and differentiation (23,24). Currently, SPOP is considered
important in numerous tumor types, including breast, prostate,
liver, gastric and colorectal cancer (25,26). In brain tumors,
Ding et al (27) identified that decreased expression of SPOP
is associated with a poor prognosis in glioma. All these results
indicate that SPOP serves a role in tumor suppression. As it

shares a high sequence identity with SPOP, SPOPL may also
exhibit similar functions to those of SPOP, including tumor
suppression. Notably, Errington et al (16) identified that
SPOPL could interact with SPOP and inhibit its self-assembly
and further affect E3 ubiquitin ligase activity, which indicated
that SPOPL may serve the opposite role in tumorigenesis
compared with SPOP. The present study provided evidence
that SPOPL reduction may serve a role in MB progression,
suggesting that SPOPL serves the same role in tumorigenesis
as SPOP

As identified by immunohistochemical detection, 42/56
(75%) paraffin-embedded archival MB biopsies revealed
weak SPOPL staining, whereas strong SPOPL staining was
observed in normal human cerebellum tissues, indicating that
SPOPL loss may accelerate the development and progression
of MB. The present study of the association between SPOPL
and clinical characteristics demonstrated a marked asso-
ciation between SPOPL and differentiation level of MB cells,
suggesting that SPOPL may be used as a possible valuable
marker for identifying patients with MB. The 35.1% 5-year
survival rate of patients with low SPOPL expression, which
was decreased compared with the 83.6% rate in the high
SPOPL expression group, indicates that SPOPL may be used
as a prognosis and survival predictor for patients with MB.
Additional studies are required to confirm these data, and to
verify the significance of SPOPL. In addition, more functional
analyses are also required to elucidate the role of SPOPL in
MB.

In conclusion, the present study assessed the possibility of
using SPOPL as a prognostic marker for MB. Additionally,
SPOPL may be regarded as a novel MB biomarker for
evaluating therapeutic strategies and developing treatment
standards. Therefore, additional studies on the mechanism of
SPOPL and more clinical patients with MB are required.
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