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Medulloblastoma (MB) is the most common malignant brain tumor in childhood. It

contains at least four distinct molecular subgroups. The aim of this study is to

explore novel diagnostic and potential therapeutic markers within each subgroup of

MB, in particular within Group 4, the largest subgroup, to facilitate diagnosis

together with gene therapy. One hundred and six MB samples were examined.

Tumor subtype was evaluated with the NanoString assay. Several novel tumor

related genes were shown to have high subgroup sensitivity and specificity, includ-

ing PDGFRA, FGFR1, and ALK in the WNT group, CCND1 in the SHH group, and a-

synuclein (SNCA) in Group 4. Knockdown and overexpression assays of SNCA

revealed the ability of this gene to inhibit tumor invasion and induce apoptosis.

Methylation-specific PCR and pyrosequencing analysis showed that epigenetic

mechanisms, rather than DNA hypermethylation, might play the key role in the reg-

ulation of SNCA expression in MB tumors. In conclusion, we identify SNCA as a

novel diagnostic biomarker for Group 4 MB. Some other subgroup signature genes

have also been found as candidate therapeutic targets for this tumor.
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1 | INTRODUCTION

Medulloblastoma (MB) is the most common malignant brain tumor in

childhood. A multimodal treatment strategy, with surgical resection

followed by radiotherapy and chemotherapy, has improved the over-

all 5 year-survival rate to >80%, but the prognosis for patients with

recurrent MB remains very poor; patients with areas of frank

dissemination had a low 5-year event-free survival rate of approxi-

mately 36%.1,2

There is now a consensus, based on current studies, including

our recent results, that MB is not a single tumor, but is rather a

heterogeneous group of tumors that differ not only in histologic

appearance, but also in molecular biology. Medulloblastoma can be

divided into at least four clinically, transcriptionally, and genetically

distinct molecular variants.3-5 These include the WNT and SHH

groups of tumors, which show overexpression of regulators and tar-

get genes in the WNT and SHH signaling pathways, respectively,4
Yong-Xiao Li, Zhen-Wei Yu and Tao Jiang contributed equally to this work.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2018 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.

Received: 3 November 2017 | Revised: 15 January 2018 | Accepted: 17 January 2018

DOI: 10.1111/cas.13515

Cancer Science. 2018;109:1263–1275. wileyonlinelibrary.com/journal/cas | 1263

http://orcid.org/0000-0001-5138-8760
http://orcid.org/0000-0001-5138-8760
http://orcid.org/0000-0001-5138-8760
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/CAS


Group 3 tumors, in which most tumors show MYC amplification and

the worst prognosis, and Group 4 tumors, which is the largest sub-

group of MB.4 Subgroup-specific markers to facilitate diagnosis

together with precision gene therapy have thus become a critical

area in next-generation clinical trials for MB.

Although Group 4 is the largest subtype of MB (up to 30% of

tumors),6 its molecular pathogenesis is the least well understood.

The genetic and epigenetic foundations of this group and their clini-

cal significance is incompletely understood.7-9 Our previous studies

showed that MB is an epigenetic disease.5,10,11 MicroRNA (miR)-

449a was identified as a potential epigenetic marker of the Wnt sub-

group.5 However, so far, there are few adequately characterized

group-specific epigenetic markers for Group 4.

Our aim was to integrate more potential subtype-specific biomark-

ers for each subgroup of MBs, especially for Group 4, into the Nano-

String platform to improve diagnosis efficiency and to find novel

therapeutic targets for this tumor. Based on our preliminary result and

the criteria in the new WHO classification on MB,3,5 the custom-

designed CodeSet with 11 cancer-related genes and 22 well-charac-

terized group-specific genes were included for the present study.

2 | MATERIALS AND METHODS

2.1 | Clinicopathologic information

Formalin-fixed, paraffin-embedded samples were obtained from

106 MB in patients from the Third Hospital of Peking University, the

Beijing Tiantan Hospital, the Beijing Sanbo Brain Hospital (all Beijing,

China), and the Anhui Provincial Hospital (Hefei, China). Tumor sam-

ples were collected between September 2009 and December 2011.

Each tumor was reviewed by two pathologists (QC and XLQ) for histo-

logic subtyping. Medulloblastomas were histologically classified as

classic, desmoplastic nodular, extensive nodular, or large cell/anaplas-

tic variants according to the 2016 WHO classification.3 The MBs used

in this study (n = 106) included 56 classic MBs (52.83%), 30 desmo-

plastic nodular MBs (28.30%), 10 extensive nodular MBs (9.43%), and

10 large cell/anaplastic (9.43%) variants. The mean age of these

patients was 8.0 years in 90 children, and 33.4 years in 16 adults.

Clinicopathologic information is summarized in Table 1. This study

was approved by the Institutional Review Board of Peking University

(review reference no. IRB00001052-14003).

2.2 | Candidate gene selection

Gene expression analysis was carried out using the classic MB subtyp-

ing gene CodeSet, which included 22 well known signature genes for

different subgroups,5,12 as well as 11 additional tumor-related genes.

Six of the tumor-related genes (ALK, MYCN, TP53, GLI1, MYC, and

SNCAIP) have been reported to be related with different subtypes of

this malignant brain tumor, based on various technical assays, and

were integrated into the CodeSet here to improve the efficiency of

clinical molecular testing as well as strengthen the subtyping fidelity

of the NanoString platform.7,13-18 In addition, some candidates for

therapeutic targets of this tumor, which were screened by our previ-

ous study (data not shown), were recruited in the current panel of

genes, such as FGFR1, PDGFRA, and CCND1.19-24 The relationship

between these genes and tumor subtyping need to be further eluci-

dated. HNF4A, which was recently found to be a specific protein mar-

ker in exosomes from supernatant of an MB cell line,25 as well as

SNCA, which encodes a-synuclein, an interactive protein of synphilin-

1, which is encoded by SNCAIP,13 were also included in this study.

2.3 | RNA isolation and NanoString analysis

Total RNA from formalin-fixed, paraffin-embedded sections

extracted from 75 MB samples were analyzed based on the Nano-

String nCounter Analysis System (NanoString Technologies, Seattle,

WA, USA) in the Department of Pathology, Peking University Health

Science Center (Beijing, China). All procedures related to mRNA

quantification, including sample preparation, hybridization, detection,

and scanning, were carried out as previously described.5 RNA con-

centration was measured by Qubit (Thermo Fisher). All samples con-

sisted of at least 80% of tumor cells. Normalization of the raw

NanoString data was undertaken using nSolver Analysis Software

version 2.5 (NanoString Technologies).12 All statistical analyses were

carried out with the R statistical programming environment (version

3.1.1). The Kruskal–Wallis test was used to correlate tumor type and

gene expression. The experiment was repeated twice.

2.4 | Immunohistochemistry

Formalin-fixed, paraffin-embedded sections from 93 MB were

reviewed. Immunohistochemistry (IHC) staining was carried out using

a-synuclein primary mAb (1:1500; 610787; BD Biosciences, San Jose,

CA, USA). Staining patterns of a-synuclein were assessed by two neu-

ropathologists (QC and YFZ) independently, and results were merged

to a consensus score. Briefly, the proportion of cells with strong a-

synuclein immunoreactive staining in the cell cytoplasm and/or

nucleus in the total tumor area was estimated for each patient.26

Absence of staining or weak staining was scored as zero. Red blood

cells in tumor vessels served as the positive internal control.

2.5 | Demethylation treatment of MB cell lines

Three MB cell lines (Daoy, D283, and D341) obtained from the

ATCC (Manassas, VA, USA) were treated with 5-aza-20-deoxycyti-

dine as previously reported,27 and tested for restoration of SNCA

gene expression with real-time PCR.

2.6 | Sodium bisulfite treatment of DNA followed
by methylation-specific PCR and pyrosequencing for
detection of SNCA promoter methylation in primary
MB

Genomic DNA from MB cell lines were treated with sodium bisulfite

using the BIsulFlash DNA Modification Kit (EpiGentek, Farmingdale,
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TABLE 1 Clinicopathologic information of 106 medulloblastomas (MB)

Case no. G A His Mol IHC (%) MSP Case no. G A His Mol IHC (%) MSP

MB11 F 5 C WNT 0 U MB39 M 5 N/D Group 4 10 NA

MB20 F 18 C WNT 0 Me MB71 M 7 C Group 4 10 NA

MB58 F 13 C WNT 0 NA MB1 M 4 N/D Group 4 20 U

MB3 F 52 N/D WNT 5 M MB42 M 7 N/D Group 4 30 NA

MB18 F 14 N/D WNT 5 NA MB52 M 11 EN Group 4 30 NA

MB75 F 13 C WNT 10 NA MB74 M 4 C Group 4 35 NA

MB66 F 26 L/A WNT NA NA MB15 F 9 C Group 4 40 U

MB68 F 13 C WNT NA NA MB13 M 22 C Group 4 60 U

MB2 F 33 C SHH 0 U MB36 M 7 N/D Group 4 60 NA

MB30 M 59 C SHH 0 U MB57 F 5 C Group 4 60 NA

MB38 M 2 L/A SHH 0 NA MB9 M 14 C Group 4 70 NA

MB40 F 1 N/D SHH 0 NA MB23 M 6 L/A Group 4 70 U

MB48 M 7 C SHH 0 NA MB34 M 4 EN Group 4 70 NA

MB51 M 35 N/D SHH 0 NA MB24 M 7 C Group 4 NA NA

MB64 F 2 C SHH 0 NA MB29 M 12 C Group 4 NA NA

MB73 M 15 C SHH 0 NA MB44 M 14 C Group 4 NA NA

MB6 M 4 EN SHH 5 NA MB63 M 6 C Group 4 NA NA

MB72 F 10 N/D SHH 15 NA MB69 M 5 C Group 4 NA NA

MB5 M 6 N/D SHH 20 U MB70 F 13 L/A Group 4 NA NA

MB16 M 38 N/D SHH 20 U MB77 F 16 C NA 0 U

MB43 F 6 L/A SHH 20 NA MB81 M 10 C NA 0 Me

MB12 F 15 C SHH 60 U MB82 F 1.5 C NA 0 U

MB61 F 30 L/A SHH NA NA MB86 F 3 C NA 0 U

MB8 F 12 C Group 3 0 U MB87 M 3 N/D NA 0 U

MB14 F 6 L/A Group 3 0 U MB88 M 13 N/D NA 0 U

MB17 M 24 N/D Group 3 0 U MB89 M 9 C NA 0 U

MB31 M 17 C Group 3 0 NA MB90 M 3 C NA 0 Me

MB35 M 7 C Group 3 0 NA MB92 M 35 L/A NA 0 U

MB37 M 5 C Group 3 0 NA MB94 F 12 C NA 0 U

MB41 F 7 C Group 3 0 NA MB95 F 5 EN NA 0 U

MB50 F 12 N/D Group 3 0 NA MB101 F 5 C NA 0 U

MB54 F 11 C Group 3 0 NA MB104 M 3 C NA 0 Me

MB47 M 27 C Group 3 20 NA MB106 F 13 EN NA 0 U

MB33 F 10 N/D Group 3 50 NA MB27 M 7 L/A NA 5 U

MB10 M 1.6 EN Group 3 60 U MB80 F 14 N/D NA 5 Me

MB56 M 2 N/D Group 3 60 NA MB91 M 41 EN NA 5 Me

MB49 F 6 C Group 3 70 NA MB103 F 17 C NA 5 Me

MB7 M 21 C Group 3 NA NA MB84 M 7 C NA 10 U

MB28 M 7 C Group 3 NA NA MB93 M 8 N/D NA 20 U

MB62 M 4 C Group 3 NA NA MB98 F 10 EN NA 20 Me

MB67 M 13 C Group 3 NA NA MB102 F 9 N/D NA 20 U

MB59 F 5 N/D Group 4 0 NA MB96 F 8 N/D NA 25 U

MB65 F 6 L/A Group 4 0 NA MB25 M 5 C NA 30 NA

MB46 M 6 EN Group 4 20 NA MB83 M 2 C NA 30 U

MB55 F 40 N/D Group 4 70 NA MB85 M 16 N/D NA 30 U

MB4 F 16 C Group 4 0 NA MB97 F 6 N/D NA 30 U

(Continues)
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NY, USA) according to the manufacturer’s recommendations.27 The

methylation status of SNCA promoter in MB cell lines and 51 pri-

mary MBs was evaluated with methylation-specific PCR (MSP) and

pyrosequencing (PyroMark Q96; Qiagen, Hilden, Germany) analyses

(Table S1). CpGenome universal methylated DNA and universal

unmethylated DNA (Millipore, Billerica, MA, USA) were used as

methylation and unmethylation controls, respectively. Normal cere-

bellar tissues were obtained from postmortem brain tissue of four

children. All experiments were repeated at least twice.

2.7 | Knockdown and overexpression of SNCA in
MB cells

Daoy, D283, and D341 cells were seeded in 6-well plates at a cell

density of 4 9 104. Transfection of three SNCA siRNAs (siRNA1,

siRNA2, or siRNA3) or siRNA negative control at a final concentration

of 20 lmol/L was carried out with Chemifect transfection reagent

(Feng Rui, China) according to the manufacturer’s recommendations.

Transfection of SNCA wild-type plasmid (GV219-SNCA-wt) and nega-

tive control plasmid (GV219) were carried out using Neofect reagent

(Lingke Chuangzhi, China) according to the manufacturer’s recommen-

dation. Both of the plasmids were given as gifts from Professor Jing

Zhang’s Parkinson’s Disease Laboratory (University of Washington,

Seattle, WA, USA). Cells were harvested 24 h after knockdown and

overexpression of SNCA, followed by quantitative RT-PCR and Wes-

tern blot analyses for three times, respectively.

2.8 | Western blot assay to detect a-synuclein
expression in MB cells

Western blot assay was carried out using a-synuclein primary mAb

(1:1000, 610787; BD Biosciences) to detect the a-synuclein

TABLE 1 (Continued)

Case no. G A His Mol IHC (%) MSP Case no. G A His Mol IHC (%) MSP

MB19 M 11 C Group 4 0 U MB100 F 6 N/D NA 30 U

MB45 F 10 C Group 4 0 NA MB76 M 19 N/D NA 50 U

MB53 M 7 C Group 4 0 NA MB79 F 13 C NA 50 Me

MB60 F 10 N/D Group 4 0 NA MB26 M 4 N/D NA 70 NA

MB21 M 10 C Group 4 5 Me MB99 F 32 C NA 70 U

MB22 M 10 N/D Group 4 5 U MB105 M 8 C NA 70 U

MB32 M 8 C Group 4 5 NA MB78 F 6 EN NA 80 U

A, age (years); C, classic; EN, extensive nodular; F, female; G, gender; His, Histologic subtype; IHC, positive immunohistochemical staining of a-synuclein;

L/A, large cell/anaplastic; M, male; Me, methylation; Mol, molecular subgroup; MSP, methylation-specific PCR detection of SNCA promoter; NA, not

available; N/D, nodular/desmoplastic; U, unmethylation.

F IGURE 1 NanoString assay for medulloblastoma subgrouping using the 33 gene CodeSet with the NanoString nCounter Analysis System
(NanoString Technologies). Subgroups could be predicted in 96% (72/75) of tumors by non-hierarchical clustering analysis, with 11.11% (8/72)
of tumors subgrouped as WNT, 20.83% (15/72) as SHH, 25% (18/72) as Group 3, and 43.06% (31/72) as Group 4. Ten candidate subgroup
signature genes were shown to have high subgroup specificity based on the classic gene panel assignment: PDGFRA, FGFR1, and ALK to the
WNT group; CCND1, MYCN, TP53, and GLI1 to the SHH group; MYC to Group 3; and SNCAIP and SNCA to Group 4. Red indicates a high
expression level of genes; green indicates low expression level
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expression in MB cells (Daoy, D283, and D341) before and after

transfection of three SNCA siRNAs and GV219-SNCA plasmid. b-

Actin primary mAb (1:1000, mAbcam 8226; Abcam, Cambridge, MA,

USA) was used as the internal control.

2.9 | Real-time PCR analysis of SNCA mRNA
expression after treatment in MB cell lines

First-strand synthesis of cDNA used 59 all-in-one RT-mastermix

(G486; Applied Biological Materials, Canada) following the manufac-

turer’s instructions. For the qRT–PCR reaction, EvaGreen 29 qPCR

mastermix-LR (G486; Applied Biological Materials, Richmond, Canada)

was used. The protocol was optimized for the 3000p reader (Applied

Biosystems, Life Technology). The relative gene expression was calcu-

lated for the gene of interest by using the DDCT method, where cycle

threshold values were normalized to b-catenin (Table S1).

2.10 | Wound healing and invasion assay of MB cells

Daoy cells were grown to 70-80% confluence. A linear wound was

made by scraping a non-opening Pasteur pipette across the conflu-

ent cell layer 24 h after transfection of siRNA1, siRNA2, and

siRNA3. Cells were washed twice to remove detached cells and deb-

ris. The size of these wounds was observed and measured 24 h after

scraping. Cell invasion assays was monitored using the Transwell

chamber assay. The SNCA siRNAs and GV219-SNCA-wt plasmid-

transfected Daoy cells (1 9 105 cells) were plated on upper cham-

bers with 8-lm Transwell filters coated with 25 lL Matrigel (1:3;

Corning, Corning, NY, USA). The cells were induced to invade

towards medium containing 10% FBS in the lower chambers for

24 h. The invaded cells were fixed, stained with 0.1% crystal violet,

and analyzed using a bright field microscope. All functional experi-

ments were repeated three times.

F IGURE 2 (A) Receiver operating
characteristic (ROC) analysis of 10
signature genes assigned to subgroups of
medulloblastoma. AUC, area under the
ROC curve. (B) ROC curves were
generated to evaluate the accuracy of 10
signature genes as diagnostic markers to
discriminate different subgroups of tumors.
Based on the RNA expression values from
the NanoString analysis, each gene in the
corresponding subgroup had a higher
expression level compared with the other
three groups
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2.11 | Apoptosis and cell proliferation assay

Apoptosis induction was confirmed by Annexin V–FITC and propid-

ium iodide (PI) detection kit (Jia Mei, China) measured by flow

cytometry following the manufacturer’s recommended protocol. Flow

cytometry analysis was carried out on a BD FACS Canto II instru-

ment (BD Biosciences, Franklin Lakes, NJ, USA). Data were collected

with DIVA software (BD Biosciences, Franklin Lakes) and analyzed

with FlowJo software (Tree Star, Ashland, OR, USA) using appropri-

ate controls and gates. Annexin V-positive and PI-negative cells were

F IGURE 3 (A) Expression of SNCA in Group 4 medulloblastomas on the RNA level was significantly higher than each of the other three
subgroups (P < .0001). (B) Significant difference was found in the proportions of a-synuclein (a-syn) immunoreactivity in Group 4 compared
with WNT and SHH groups. *P < .05. Protein expression level in Group 4 (means, 27.62% � 5.932%; n = 21) was higher than that of Group 3
(means, 19.44% � 6.641%; n = 18), although no statistical significance was identified (P = .3632). (C) Expression of SNCA on RNA from
NanoString assay and protein levels from immunohistochemistry staining showed significant correlation (P < .0001, R2 = .3256)

F IGURE 4 Immunohistochemistry (IHC) staining was carried out in tumor tissues to illustrate protein expression pattern of a-synuclein in
medulloblastomas (MB). (A) Nearly 60% of cells with strong immunoreactivity in the total tumor area was estimated in case number 36 (MB36;
910, a-synuclein IHC). (B) Positive staining of a-synuclein could be identified in the nucleus/cytoplasm of tumor cells under high power view
(940, a-synuclein IHC). (C) Positive staining of a-synuclein could be observed in the cytoplasm of tumor cells in MB15 (940, a-synuclein IHC).
(D) Absence of staining, which was scored as zero, was observed in MB19. Red blood cells in tumor vessels served as positive internal control
(940, a-synuclein IHC)
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in early apoptosis, and cells positive for both Annexin V and PI were

either in the late stages of apoptosis or were already dead. Cells

transfected by empty vector and normal cells were used as controls.

Cell proliferation was detected by CCK-8 (Life Science, USA) accord-

ing to the manufacturer’s instructions.

2.12 | Statistical analysis

All statistical analyses was undertaken using the SPSS 20.0 statistical

software package. Results are presented as mean � SEM. Student’s

t-test was used to determine statistical differences between sub-

groups. Analysis of variance was used to evaluate the relationship

between SNCA expression and clinicopathologic characteristics.

Spearman’s analysis was used to evaluate the correlation between

RNA and protein levels of SNCA expression in MB tumors, as well as

the consistency of SNCA and SNCAIP expression in these primary

tumors. Other results were evaluated with the independent samples

t-test. P-values <.05 were considered to be statistically significant.

3 | RESULTS

3.1 | Subgroup assignment of MB and novel
signature genes specific to each group identified by
NanoString assay

Our previous study validated the reliability of the NanoString assay

for MB subgrouping in 45 Chinese patients using the 22 classic gene

CodeSet with the NanoString nCounter Analysis System (NanoString

Technologies).5 To further integrate more subgroup-specific genes

recruited by the 2016 WHO classification and other studies using

various techniques into one platform, and to find therapeutic targets

in the current study, we assigned molecular subgroups in 72 primary

TABLE 2 Significance of molecular changes in
medulloblastomas

Case no. Percentage
SNCA mRNA
by NanoString

a-Syn protein
by IHC

Gender 106

Male 58 58.67 P = .4749 P = .2207

Female 48 41.33

Age

Child 90 84 P = .5004 P = .1987

Adult 16 16

Histologic subtype

Classic 56 52.83 P = .7065 P = .7510

Nodular/desmoplastic 30 28.3

Extensive nodular 10 9.43

Large/anaplastic 10 9.43

Molecular subgroup by

NanoString

72

WNT 8 11.11 P < .0001a P = .0820

SHH 15 20.83

Group 3 18 30.56 P < .0001b P = .0268c

Group 4 31 37.5

Methylation status of

SNCA by MSP

51

Methylated 11 21.57 P = .4092 P = .1144

Unmethylated 40 78.43

Immunostaining of a-syn 93

>50% + 15 16.13 P < .0001d

>20% and ≥50% + 13 13.98

>5% and ≤20% + 14 15.05

≤5% + 10 10.75

– 41 44.09

+, Positive staining; �, negative staining; IHC, immunohistochemistry staining of a-synu-

clein (a-syn); MSP, methylation-specific PCR detection of SNCA promoter.
amRNA expression levels compared: Group 4 vs Wnt, SHH, and Group 3.
bmRNA expression level compared: Group 4 vs three other subgroups of MB.
cProtein expression level compared: Group 4 vs WNT and SHH group.
dExpression of SNCA on RNA and protein levels showed significant correlation.
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MB with a larger custom-designed CodeSet, which contained 33

genes including 11 additional candidate subgroup signature genes.

Current results showed that the MB subgroup could be predicted in

a larger cohort of tumors (96%, 72/75) by non-hierarchical clustering

analysis, with 11.11% (8/72) of tumors subgrouped as WNT, 20.83%

(15/72) as SHH, 25% (18/72) as Group 3, and 43.06% (31/72) as

Group 4 (Table 1, Figure 1). Analysis and normalization of raw Nano-

String data using nSolver Analysis Software version 2.5 (NanoString

Technologies) showed a “quantification control (QC) flag” in 3/75

(4%) of cases (MB25, MB26, and MB27), which means our current

NanoString assay was unable to provide a high confidence for sub-

group assignment in these three cases (Table S2).

Among the 11 candidate signature genes, 10 were shown to have

higher expression and a close relationship with different subgroups

based on the classic panel gene assignment: PDGFRA, FGFR1, and ALK

are associated with the WNT group; CCND1, MYCN, TP53, and GLI1

are associated with the SHH group; MYC is associated with Group 3;

and SNCAIP and SNCA are associated with Group 4 (Figure 1).

3.2 | Receiver operating characteristic curves of 10
newly identified subtyping genes

To evaluate the accuracy of these 10 genes as diagnostic markers to

discriminate different subgroup tumors, receiver operating character-

istic (ROC) curves were generated based on the higher RNA expres-

sion values from the NanoString analysis for each gene in the

corresponding subgroup compared with the other three groups. The

area under the ROC curves were: 0.8594, 0.9692, and 0.9626 for

PDGFRA, FGFR1, and ALK in the WNT group, respectively; 0.8259,

0.9386, 0.8371, and 0.9900 for CCND1, MYCN, TP53, and GLI1 in

the SHH group, respectively; 0.9033 for MYC in Group 3; and

0.9103 and 0.8875 for SNCAIP and SNCA in Group 4, respectively

(Figure 2). Among these genes, SNCA is reported for the first time to

be related to Group 4 MB, with high sensitivity (87.1%) and high

specificity (80.49%; Figure 2A). The expression of SNCA in Group 4

on the RNA level was significantly higher than in WNT, SHH, and

Group 3 (P < .0001; Figure 3), indicating that SNCA is a diagnostic

marker with high sensitivity and specificity for subtyping MB on the

RNA level.

3.3 | Alpha-synuclein expression and its association
with MB subgroups

To illustrate protein expression of a-synuclein encoded by SNCA in

MB, IHC staining was undertaken in 93 MBs, and showed cytoplas-

mic and/or nuclear staining in differing proportions of the tumor

area (Table 1; Figure 4). Among these MBs, 59 cases have been

detected by the NanoString platform and were assigned with molec-

ular subgroups (Table 1). The proportions of a-synuclein immunore-

activity in Group 4 was significantly higher compared with WNT and

SHH groups (P = .0413 and.0381, respectively, t-test; Table 2, Fig-

ure 3B). It was also higher in Group 4 (with means of

F IGURE 5 (A) Demethylation reagent (5-aza-20-deoxycytidine [5-Aza]) treatment reversed the expression levels of the SNCA gene in
medulloblastoma (MB) cell lines (Daoy, D283, and D341) detected by real-time PCR. a-Syn, a-synuclein; N-con, negative control. (B) SNCA
promoter CpG islands were evaluated with methylation-specific PCR. Hypermethylation was observed in D283 and D341 cells as well as primary
MB (MB3). No methylation was detected in Daoy cells or primary tumor (MB1). An unmethylated band was detected in all cell lines and primary
tumors, including D283 and D341 cells, and in the hypermethylated tumor (MB3). No methylation was detected in normal cerebellar tissue (NC1).
(C) SNCA promoter CpG islands were analyzed by pyrosequencing. Higher frequency of methylation (≥5%) can be identified in three of six CpG
sites in the promoter region of SNCA in MB3. However, the frequency of methylation of the other three CpG sites is low (<5%). No
hypermethylation was detected in MB1. H2O, negative control; Uni, universal methylated DNA was used as positive control
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27.62% � 5.932%, n = 21) than that of Group 3 (with means of

19.44% � 6.641%, n = 18), although the difference was not statisti-

cally significant in our cohort (P = .3632, t-test; Figure 3B). The

SNCA gene expression on RNA and protein levels showed significant

correlation (P < .0001, R2 = 0.3256; Table 2, Figure 3C). RNA

expression of SNCA was also closely related with that of SNCAIP,

based on our NanoString data (P < .0001; Figure S1). Both of these

molecules are specific markers with relatively high expression level

in Group 4 MBs (Figure 2).

3.4 | SNCA promoter methylation status in MB

Previous studies have shown that expression of SNCA is regulated

by hypermethylation of the CpG island in its promoter region in vari-

ous human cancers.28-31 Demethylation drug treatment in MB cells

showed reversed expression of this gene, suggesting that the

silenced expression of SNCA might be due to epigenetic regulation,

including DNA hypermethylation (Figure 5A). To analyze the methy-

lation status of the SNCA promoter CpG island in MB, three MB cell

lines (Daoy, D283, and D341) and 51 primary tumors, for which

DNA was available, were evaluated with MSP and pyrosequencing.

Hypermethylation was observed in D283 and D341 cells as well as

in 21.57% (11/51) of primary MB by MSP (Figure 5B). No methyla-

tion was detected in Daoy cells. An unmethylated band was

detected in all cell lines and primary tumors, including D283 and

D341 cells and in the hypermethylated primary MBs, indicating that

hypermethylation in all of these tumors is incomplete. This result is

consistent with our data from pyrosequencing analyses showing the

frequency of hypermethylation is rather low in some CpG sites of

the promoter region (<5%; Figure 5C), implying that epigenetic

mechanisms other than DNA hypermethylation might play the key

role in the regulation of SNCA expression (e.g. histone modification).

3.5 | Capacity for migration and invasion in MB
cells after knockdown and overexpression of a-
synuclein, respectively

To explore the function of SNCA in MB cells, specific knockdown

assays by siRNA transfection were carried out. Expression of SNCA

was inhibited by siRNA (Figure 6). After transfection, the invasion

ability of MB was significantly increased compared with the negative

control. In contrast, overexpression of SNCA can decrease the inva-

sion ability (Figure 7A). Wound healing assays showed that the

migration ability was also increased after transfection of SNCA siRNA

(Figure 7B).

3.6 | Cell apoptotic and proliferation ability

To evaluate the effect of SNCA on apoptosis in MB cells, the

Annexin V/PI detection assay was carried out (Figure 8). The

F IGURE 6 Specific knockdown assays
by SNCA siRNA transfection were carried
out in medulloblastoma cells. (A)
Expression of a-synuclein (a-Syn) in
medulloblastoma cell lines (Daoy, D283,
and D341) were detected by Western blot
analysis, showing that the expression level
of a-syn in Daoy is higher than D283 and
D341. (B) Alpha-synuclein expression in
Daoy cells was inhibited by transfection of
siRNA for 24 h, analyzed by Western blot.
(C) SNCA gene expression in Daoy cells
was reduced by >50% after the
transfection of siRNA1, siRNA2, and
siRNA3 for 24 h, identified by real-time
PCR. The experiment was repeated at least
twice. b-Actin, housekeeping gene; N-con,
negative siRNA control
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proportions of MB cells in early apoptosis and late stages of apopto-

sis, or already dead, were significantly higher than those of the nor-

mal cells and negative control (P < .0001). There was no significant

difference before or after overexpression of SNCA in tumor cell pro-

liferation (Figure S2), indicating that SNCA can improve the apoptotic

activity of MB cells rather than cell proliferation.

4 | DISCUSSION

In the current study, novel subtype-specific diagnostic and/or thera-

peutic markers for each subgroup of MB, especially for Group 4, the

largest group, were explored. SNCA was identified for the first time

as the signature marker in Group 4 with high specificity and sensitiv-

ity. Regulation mechanism and functional studies were undertaken,

focused on this gene. Some well-known subgroup-specific biomark-

ers revealed by various techniques and included in the new WHO

classification, such as P53, NMYC, and MYC, were also integrated

into our platform to improve clinical testing efficiency.

It is well known that increased expression of SNCA is closely cor-

related with increased risk of developing Parkinson’s disease (PD).32

Recently, it was reported that polymorphism in the SNCA gene is

associated with PD phenotype.33 Non-viral vectors that can deliver

siRNA against SNCA has been developed and can prevent PD-like

symptoms both in vitro and in vivo,34 indicating that SNCA can be

the potential target of gene therapy. Co-expression of a-synuclein

and synphilin-1, which are encoded by SNCA and SNCAIP, respec-

tively, favor the formation of Lewy bodies in the brain of patients

with PD.35,36 Interestingly, the expression of a-synuclein could also

be identified diffusely in tumors showing neuronal differentiation,

including MB.26,37 Although the duplication of SNCAIP has been

reported to be a somatic event highly specific to Group 4 MB,13 so

far the relationship between SNCA and MB subtype has not been

clarified. Based on the present data from subtyping, our study then

focused on the SNCA gene in the largest subgroup of MB.

The RNA expression level of SNCA in Group 4 detected in the

current study was significantly higher than each of the other three

subgroups, and the area under the ROC curve was rather high,

F IGURE 8 Quantification of apoptotic human medulloblastoma cells with and without SNCA overexpression was determined by the
Annexin V–propidium iodide method. The percentages of cells that are in early and late stages of apoptosis or already dead are significantly
higher in cells with SNCA overexpression than in those without gene overexpression. P < .0001. N-con, negative control

F IGURE 7 (A) Transwell invasion assay. Daoy cells after transfection of SNCA siRNA1, siRNA2, siRNA3, or GV219-SNCA-wt for 24 h. After
knockdown transfection, the invasion ability of Daoy cells after transfection of SNCA siRNA was significantly increased compared with the
negative siRNA control (N-con). After overexpression of SNCA, the invasion ability decreased significantly. HPF, high power field (940). (B)
Wound healing assay. Daoy cells showed that the migration ability was significantly increased after transfection of SNCA siRNA for 24 h
compared with N-con. Low power field (94). **P < .01; ****P < .0001; a-Syn, GV219-SNCA-wt vector transfection
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indicating SNCA is a diagnostic marker for Group 4 MB with high

sensitivity and specificity on the mRNA level. In addition, a-synuclein

protein expression in MB showed significantly higher in the propor-

tions of a-synuclein immunoreactivity in Group 4 compared with

WNT and SHH groups. The protein expression level in Group 4 was

also higher than that of Group 3, although the difference was not

significant, which might be due to the limited case numbers. SNCA

mRNA expression level and the proportion of positive staining for a-

synuclein protein showed statistically significant correlation, support-

ing that SNCA could serve as a marker in MB subtyping not only on

the RNA level but also on the protein level.

It has been reported that SNCA expression is regulated by epige-

netic mechanisms in a series of human cancers, including cholangio-

carcinoma,28 colorectal cancer,29,30 and non-Hodgkin’s lymphoma.31

Bethge et al31 reported that SNCA methylation might be suitable for

early detection and monitoring of non-Hodgkin’s lymphoma. In our

cohort, demethylation treatment could reverse the gene’s expression

on the mRNA level in all three MB cell lines. Hypermethylation could

be detected in some CpG sites of the promoter region, but the fre-

quency of other CpG sites was rather low, shown by pyrosequencing

analysis. That may explain the poor correlation between DNA

methylation status from MSP and gene expression analyses

(Table 2), indicating that SNCA expression might be regulated indi-

rectly by epigenetic mechanisms other than DNA methylation, such

as histone modification.

Alpha-synuclein aggregation was recently identified as essential

to apoptotic neurons in PD.38 It was also observed to be downregu-

lated by miR-153-3p and miR-205-5p in neuroblastoma cells, sug-

gesting its potential as a tumor suppressor.39 In the present study,

the anti-apoptotic function and invasion ability of MB cells, rather

than cell proliferation, were increased after SNCA siRNA transfection,

but decreased after overexpression of the gene, indicating the

potential tumor suppressor function of SNCA in MB. Expression of

SNCA was observed to have a close relationship with SNCAIP in MB

(Figure S1), which has been reported to be related with various

tumors.40,41 Future study will be required to understand the mecha-

nism of the synergetic effect between SNCA and SNCAIP on MB

tumor invasion as well as apoptosis in vitro and in vivo.

Recently, each subgroup of MB was split further based on com-

prehensive molecular profiling that can improve disease risk stratifi-

cation and inform treatment decisions.42,43 In order to integrate

more diagnostic markers and candidates for therapeutic targets of

this tumor into one testing platform, we also investigated the corre-

lation of several additional candidate signature genes with subgroups

of MB. Some of these markers, such as ALK in the WNT group,

TP53, NMYC, and GLI1 in the SHH group, MYC in Group 3, and

SNCAIP in Group 4, have been identified in various studies using dif-

ferent methods, which strongly supports the results from the Nano-

String assay in the current study.7,13-18 Furthermore, we identified

several novel MB subgroup markers, including FGFR1 and PDGFRA

in the WNT group and CCND1 in the SHH group. These three genes

have all been reported to be potential targets for gene therapy in

various tumors.20-22 It is hoped that further exploration in vitro and

in vivo will reveal their therapeutic value in specific subtypes of MB.

PDGFRA was assigned to the WNT group in the present cohort,

whereas it has been classified to the SHH group in another report.7

The inconsistency between different studies could be due to varia-

tions from different races or technique platforms, which need larger

cohorts of samples to clarify.

In summary, we showed for the first time that SNCA is a Group

4-related diagnostic marker with both high sensitivity and specificity

in MB. SNCA expression might be regulated indirectly with epige-

netic mechanisms rather than DNA hypermethylation. Further sur-

vival analyses will clarify its prognostic value for MB patients. In

addition, the NanoString gene expression assay enriched with the 33

custom-designed gene CodeSet showed excellent efficiency for MB

subgroup assignment and potential biomarker identification. Our

knowledge of MB in this study will shed new light on clinical usage

of molecular subtyping of MB and, ultimately, benefit the patients.
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