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Abstract Medulloblastoma (MB) is the most com-

mon malignant childhood brain tumor. MB is cur-

rently classified into four molecular subgroups (Wnt,

Shh, Group 3, and Group 4). The wingless (Wnt)

pathway is responsible for embryonic development

and is deregulated in MB. We analyzed the activation

of theWnt pathway inMB cell lines and its correlation

with the Shh pathway, with emphasis on the impor-

tance of cellular characterization. Transient b-catenin
transfection led to an increase in the b-catenin gene

and protein expression in MB cell lines. Wnt pathway

activation resulted in a reduced number of colonies in

all cell lines studied and a significant increase in the

G2/M cell cycle phase only in ONS-76 cells. Regard-

ing the Shh pathway, transfection caused a reduced

expression of the PTCH1 and SMO genes only in the

UW473 cells. Further studies are needed to understand

the mechanism underlying the molecular events

associated with the effects of Wnt activation in MB.
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Abbreviations

APC Adenomatous polyposis coli gene

CCND1 Cyclin D1 gene

CTNNB1 b-Catenin gene

DAOY Desmoplastic cerebellar

medulloblastoma cell line

DVL Dishevelled protein

EV Empty vector

Fz Frizzled receptor

G418 Geneticin

GAPDH Glyceraldehyde 3-phosphate

dehydrogenase

Gli1 Glioma-associated oncogene

homolog 1

GSK3-b Glycogen synthase kinase 3 beta

GUS Glucuronidase

HPRT Hypoxanthine guanine

phosphoribosyltransferase

LRP5/6 Low-density lipoprotein-related

receptors 5 and 6

MB Medulloblastoma

ONS-76 Primitive neuroectodermal tumor

medulloblastoma cell line

PTCH1 Protein patched homolog 1

Shh Sonic hedgehog pathway

SMO Smoothened protein

STR Short tandem repeat
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SUFU Suppressor of fused homolog

T Transfected cell line

TCF-LEF1 T-cell factor/lymphoid enhancer

factor 1

UW402 Pediatric medulloblastoma cell line

UW473 Pediatric medulloblastoma cell line

Wnt Wingless pathway

bC Transfected with b-catenin

Introduction

Medulloblastoma (MB) is the most common malig-

nant childhood brain tumor. Current treatment

includes resection of the tumor, followed by local

and cranial-spinal radiation and/or chemotherapy

(Marino 2005; Packer 2011). Initiation and progres-

sion of MB is associated with molecular deregulation

in several signaling pathways, especially those related

to embryonic development. This alteration has led to

the classification of MB according to the activated

molecular pathway (Klaus and Birchmeier 2008;

Komiya and Habas 2008; Fuentes et al. 2015). Thus,

MB has been classified into four molecular subgroups:

Wnt, Shh, Group 3, and Group 4 (Northcott et al. 2011;

Taylor et al. 2012). However, MB subgroups show

extensive heterogeneity, and recently genome-wide

DNA methylation and gene expression analysis have

permitted the identification of 12 different subgroups

(Cavalli et al. 2017). Among them, the Wnt subgroup

is the rarest type and has the best prognosis (Northcott

et al. 2011; Taylor et al. 2012).

The wingless (Wnt) pathway is activated by the

binding of a Wnt-protein ligand to a Frizzled receptor

(Fz) and their coreceptors (LRP5/6), forming the Wnt-

Fz-LRP5/6 complex. This complex recruits the cyto-

plasmic phosphor protein Dishevelled (DVL), which

inhibits GSK3-b enzyme function (Polakis 2000;

Komiya and Habas 2008; Guessous et al. 2008;

Davidson and Niehrs 2010; Kim et al. 2011). These

events inhibit the b-catenin degradation complex,

reducing its phosphorylation level and consequently

leading to an increase in its cytoplasmic levels. When

present at higher concentrations in the cytoplasm, the

protein is translocated into the cell nucleus and can

bind to TCF-LEF1 transcription factors (Taipale and

Beachy 2001; MacDonald et al. 2009; GE and Wang

2010), activating the expression of Wnt target genes

such as c-Myc and cyclin D1, involved in cell

proliferation, migration and survival (Dale 1998;

Marino 2005; Dutta-Simmons 2009; Kim et al. 2011).

Somatic mutations in the b-catenin gene (CTNNB1)
have been observed in sporadic MB (Marino 2005;

Guessous et al. 2008; Roussel and Hatten 2011). These

mutations cause deregulation of the Wnt pathway by

blocking b-catenin degradation. As a consequence, b-
catenin levels increase in an uncontrolled manner,

leading to the development of a transformed pheno-

type (Gilbertson and Ellison 2008; Rossi et al. 2008;

Goschzik et al. 2015).

Recent studies have shown that b-catenin protein

mutations are associated with positive nucleus

immunophenotyping, with significant improvements

in patient survival. These findings suggest that nuclear

b-catenin accumulation may be a marker of favorable

results in MB. Thus, Wnt activation may represent an

indicator of good prognosis (Ellison et al. 2005,

Salaroli et al. 2015). However, despite this evidence,

the importance of Wnt pathway activation in MB

initiation remains to be determined. Also, since many

patients still have long-term side effects related to

therapy (Guessous et al. 2008; Northcott et al. 2012;

Goschzik et al. 2015), these studies could bring new

insights into MB treatment.

We report here that the MB cell lines UW402,

UW473 and ONS-76 do not show mutations in genes

of theWnt pathway. Activation of theWnt pathway by

transient expression of ß-catenin induced the expres-

sion of its targets genes and reduced the number ofMB

cell colonies. Moreover, Wnt activation affected Shh

signaling in UW473 cells. Taken together, these

findings show the importance of cellular characteri-

zation for the study of the effects of Wnt signaling on

MB cells.

Materials and methods

Patients and samples

Six non-neoplastic cerebellum samples obtained at

autopsy from patients aged 0–13 years (3 boys and 3

girls) whose deaths were due to non-cancer related

causes were used as control tissues. All samples were

microdissected and obtained from the University

Hospital, Ribeirão Preto Medical School, University
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of São Paulo. The local Ethics Committee approved

the study and the patients or persons responsible for

them gave written informed consent to participate

(protocol numbers 9374/2003, 10633/2012).

Cell culture conditions

The pediatric medulloblastoma cell lines UW402 and

UW473 (kindly provided by Dr. Michael Bobola),

classified as group 3 or 4 (Castro-Gamero et al. 2013)

and ONS-76 (subtypes belonging to the MB-SHH

subgroup (Triscott et al. 2013; Ivanov et al. 2016)

(purchased from ATCC and Banco de Células do Rio

de Janeiro, respectively) were cultured as previously

described (Andrade et al. 2017). All cell lines were

authenticated using STR profiling.

DNA extraction and Polymerase Chain Reaction

(PCR)

The DNA of pediatric MB cell lines was extracted

with the DNeasy Blood and Tissue kit (Qiagen)

according to the manufacturer’s instructions, in order

to determine mutations in the b-catenin and APC

genes. Amplification of exon 3 fragments of the

CTNNB1 gene (227 bp) (50-GCTGATTTGATG
GAGTTGGA-30 (sense) and 50-GCTACTTGTTCTT
GAGTGAA-30 (antisense)) was performed (Leal et al.

2011). Two different fragments of exon 15 of the APC

gene [251pb (50-AAGTGGTCAGCCTCAAAAGG-30

(sense) and 50-CTTCGCTCACAGGATCTTCAGC-30

(antisense); and 271pb (50-AGAATCAGCCAGGCA
CAAAG-30 (sense) and 50-GCTTGGTGGCATG
GTTTGT-30 (antisense)] were also amplified (Bouga-

tef et al. 2008). Fragments amplified by conventional

PCR were sequenced by an automated method

according to manufacturer’s instructions.

RNA extraction and quantitative real-time PCR

(qRT-PCR)

Total RNA was extracted from the cell lines using the

Trizol� reagent (Gibco BRL, Life Technologies�,

Carlsbad, CA, USA). Complementary DNA (cDNA)

was obtained with the High Capacity� kit (Applied

Biosystems �, Foster City, CA, USA) according to the

manufacturer’s instructions. cDNA levels of genes

CTNNB1 (b-catenin) (Hs00170025), c-Myc

(Hs00153408_m1) and CCND1 (Hs0076555_m1)

were measured using TaqMan� probes (Applied

Biosystems) in the QuantStudio 12 k Flex system

(Applied Biosystems). The relative expression was

calculated using the 2-DDCT method (Livak and

Schmittgen 2001) with two internal controls, GUS

(Glucuronidase) (4326320E) and HPRT (hypoxan-

thine guanine phosphoribosyltransferase)

(4326321E). The expression levels in untreated cells

or a non-neoplastic cerebellum were used as

calibrators.

Lipofectamine transfection assay

Cells lines were cultured in 6-well plates at 1 9 105

cells/well and maintained in culture for 24 h. Cells

were transfected with DNA of the plasmid of interest

(pcDNA3-S33Y—Plasmid # 19286) (Addgene, Cam-

bridge, MA, USA) (1 lg), a plasmid with the

CTNNB1 gene (b-Catenin) with S33Y mutation

(serine for tyrosine change in codon 33, the binding

site for GSK3b), and the DNA of the empty vector

(control) (1436 pcDNA3 Flag HA—Plasmid # 10792)

(Addgene), a plasmid without the gene of interest.

Plasmids were diluted in Opti-MEM using lipofec-

tamine 2000 (Invitrogen Co., Carlsbad, CA, USA)

according to manufacturer’s instructions. After 5 h,

the DNA-lipofectmine mixture was replaced with

appropriate medium for each cell line and the cells

were cultured as previously described.

Colony-forming cell assay

MB cell lines were removed from the transfection

assay and plated (5000 cells/well) with drug-free

complete medium (3 ml) at 37 �C in an incubator with

a 5% CO2 humidified atmosphere. Cells were treated

with G418 (300 lg/ml) (Geneticin, Sigma-Aldrich

Co., St. Louis, MO, USA) for 48 h and the culture

medium was then replaced with a drug-free medium

for an additional incubation of 10–15 days. Colonies

with more than 50 cells were scored. Assays were

performed in triplicate.

Western blotting

Cell lineswere transfected and equal amounts of protein

(20–60 lg) were size-fractionated by SDS-PAGE as

described previously (Andrade et al. 2017). Proteins

were immunoblotted with b-catenin antibodies (sc-
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7963) and with the endogenous controls anti-glycer-

aldehyde 3-phosphate dehydrogenase (GAPDH) (sc-

47724) (Santa Cruz Biotechnology, Santa Cruz, CA,

USA) and Histone3 (#4499) (Cell Signaling Technol-

ogy, Danvers, MA, USA), all diluted according to

manufacturer’s instructions.

Cell cycle assay

Cells were seeded in 6-well plates at 1 9 105 cells/

well and maintained in culture for 24 h. Cells were

then transfected with the plasmids of interest. After

48 h, transfected cells were trypsinized and stained

with propidium iodide (1 mg/mL). The cell cycle was

analyzed with a Guava personal flow cytometry

system (GUAVA Instruments, Hayward, CA, USA)

according to the protocol provided by the manufac-

turer. The percentage of cells in the G0/G1, S and G2/

M phases was scored using the GUAVA Cytosoft

4.2.1 version Software.

Statistical analysis

Functional assays and gene expression data were

analyzed by one-way or two-way ANOVA followed

by Bonferroni’s test, as appropriate, with the level of

significance set at P\ 0.05. Data analysis was carried

out using the Geneious 8.0, ImageJ, GraphPad Prism

4.0 and SPSS 17.0 statistical software packages.

Results and discussion

Studies addressing molecular developmental path-

ways in MB such as Wnt still require the development

of specific models, since many target genes are unique

for each MB subgroup (Northcott et al. 2012). Among

the major models currently available are primary

cultures and established cell lines (Ivanov et al. 2016).

Cell lines have the advantage of lower variability

when compared to the primary culture, representing an

important tool for the study of several diseases such as

cancer. Nevertheless, this model needs to be used

carefully. Cell lines must be well characterized before

being used in several studies such as those based on

specific molecular pathways. Thus, despite the broad

characterization of the tumor biology of MB acquired

from these methodologies, a method showing that cell

lines could be useful to predict the patient’s response

to treatment remains undetermined (Ivanov et al.

2016).

Here, we characterized the MB cell lines UW402,

UW473 and ONS-76 by the sequencing of exon 3 of

the CTNNB1 gene (Silva et al. 2013), and exon 15 of

the APC gene (Bougatef et al. 2008). These genes

encode important Wnt pathway proteins and those

exons are well known as hotspots because of their high

mutation frequency (Zakrzewska et al. 2004). Muta-

tion in these genes results in higher b-catenin resis-

tance to degradation, contributing to tumorigenesis

(Bougatef et al. 2008; Bo et al. 2012). However, we

did not identify any mutation in the exons described

here in any cell line (data not shown). Thus, it is

possible to infer that the Wnt pathway is not activated

in the UW402, UW473 and ONS-76 cell lines and

should be classified in another molecular MB

subgroup.

In order to confirm the sequencing results, we

evaluated the gene expression of proteins involved in

the Wnt pathway such as CTNNB1 (b-catenin), Cyclin
D1, C-myc, in MB cell lines and compared it to their

expression in non-neoplastic cerebellum (Fig. 1). We

observed low expression of the CTNNB1 gene (b-
catenin) in all cell lines compared to normal cerebel-

lum, confirming the hypothesis that the Wnt pathway

is not activated in any of the cell lines, in contrast to

the tumors. However, the expression of the Wnt target

genes Cyclin D1 and C-myc was found to be higher in

the MB cell lines compared to normal cerebellum.

These results may be explained by the fact that these

genes might be expressed independently of b-catenin
(Pogoriler et al. 2006; Diaz et al. 2015). The high b-
catenin (CTNNB1) expression in non-neoplastic cere-

bellumwas expected since this protein plays important

roles in cerebellum cells such as differentiation, the

formation of cellular junctions containing cadherin,

and cell motility (Gilbertson and Ellison 2008; Rossi

et al. 2008).

Due to the rarity of MB type Wnt and its favorable

prognosis, MB Wnt cell lines have not been immor-

talized and/or are not available for study (Ivanov et al.

2016). Thus, it is necessary to use techniques such as

transient transfection for the activation of this pathway

in available MB cell lines. Since it is not clear if the

activation of the Wnt pathway may confer a less

aggressive phenotype to MB, further research is

needed to clarify this molecular subgroup (Salaroli

et al. 2015). However, it is important to admit the
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limitations of this model, and the possible influence on

themolecular context of other genes and pathways that

are active in these cell lines.

Thus, to study the effects of gene expression

induction in the Wnt pathway it was necessary to

induce the activation of this pathway by a transient

transfection process. The specific plasmid selected

was pcDNA3-S33Y, which encodes a non-degradable

form of b-catenin, allowing us to evaluate biological

effects under culture conditions (Kolligs et al. 1999;

Salaroli et al. 2015). After transfection, the expression

of b-catenin (CTNNB1) and of the Cyclin D1, C-myc

genes was investigated in order to determine whether

transfection had activated the Wnt pathway (Fig. 2).

Cells transfected with the pcDNA3-S33Y vector

showed higher expression levels of b-catenin
(CTNNB1) and of its target genes Cyclin D1 and C-

Myc compared to cells transfected with the empty

vector. These data indicate that our transfection

method was successful. Salaroli and colleagues

(2015) obtained similar results and reported that

transfection with the pCIneo/b-catenin S33Y vector,

another plasmid that also triggers pathway activation,

resulted in increased b-catenin, Cyclin D1 and C-myc

expression in MB cell lines.

Subsequently, we investigated the effects of

pcDNA3-S33Y transfection on b-catenin protein

levels by western blotting (Fig. 3). Our findings

showed that UW473 cells expressed higher b-catenin
protein levels after transfection while ONS-76 cells,

that already expressed this protein in an endogenous

way, increased its expression by approximately 30%

compared to control after transfection. Similar results

have been reported by Salaroli et al. (2015).

In order to analyze colony forming ability after

transient transfection we performed the clonogenic

assay on MB cell lines (Fig. 4). There was a reduction

in colony number in cells transfected with the vector of

interest (pcDNA3-S33Y) (33%, 48% and 63% for

UW402, UW473 and ONS-76, respectively). In

agreement with the present data, Salaroli et al.

(2015) reported a reduction in the number of colonies

after transfection with pCI-neo plasmid/b-catenin
S33Y. These results show that the inhibition of cell

proliferation after activation ofWnt inMBmay be due

to the cellular response to b-catenin accumulation.

Fig. 1 Expression of genes associated with the Wnt pathway in

normal cerebellum and medulloblastoma cell lines. A b-catenin
gene expression, where UW402 showed a decreased expression

when compared to cerebellum (*p = 0,01); B C-Myc gene

expression. C Cyclin D1 gene expression, where ONS-76

showed an increase when compared to cerebellum

(*p = 0,012). All expressions are being compared to average

expression in non-neoplastic cerebellum. Changes in the

expression of b-catenin Cyclin D1 and c-Myc were analyzed

by qRT-PCR. The reference genes GUS andHPRT were used to

correct the variation in the amounts of RNA
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However, this hypothesis cannot be confirmed yet due

to the absence of animal models with Wnt type MB.

Previous studies have demonstrated that b-catenin
overexpression may be linked to blockade of cell cycle

progression at G2/M, which could trigger cell death

(Olmeda et al. 2003; Hadjihannas et al. 2012). Thus, to

determine whether pcDNA3-S33Y transfection would

interfere with cycle progression, we performed a cell

cycle assay with the MB cell lines (Fig. 5). We

observed that overexpression of b-catenin led to a

significant increase in G2/M in ONS-76 cells. How-

ever, we did not detect a significant change in cell

cycle progression in the other cell lines. These results

Fig. 2 Effects of transfection on b-catenin, Cyclin D1 and c-

Myc gene expression in medulloblastoma cell lines after 48 h.

UW402, UW473 and ONS-76 cells were transfected with the

vector of interest (pcDNA3-S33Y—Plasmid #19) and the empty

vector (control) (1436 pcDNA3 Flag HA—Plasmid #10792)

using lipofectamine. Changes in the expression in comparison

with empty vector (EV) for a b-Catenin; b Cyclin

D1 (*p = 0,02; **p = 0,03; ***p = 0,04) and c-Myc gene

expression (*p = 0,04; **p = 0,039; ***p = 0,03) analyzed

by qRT-PCR in b-catenin after transfection, all comparions are

related to empty vector (EV). The reference genes GAPDH and

HPRTwere used to correct the variation in the amounts of RNA.

The relative target gene expression was also normalized to a

mean value (value = l) for control cells (empty vector). EV

empty vector. *P\ 0.05

Fig. 3 Effects of transfection on b-catenin levels. Western

blotting of cell lysates from UW473 and ONS-76 cells

transfected with the vector of interest (pcDNA3-S33Y—

Plasmid #19) and the empty vector (control) (1436 pcDNA3

Flag HA—Plasmid #10792) using lipofectamine for 48 h at the

indicated concentrations. Transient transfection induced b-
catenin expression in both cell lines compared to control, and

showed an increase (*p = 0,001 for UW473; and *p = 0,002

for ONS-76). However, in the ONS-76 cell line the control

already expressed the protein endogenously. Expression of b-
catenin was determined using the anti-b-catenin antibody.

GAPDHwas used as loading control. T transfected cell lines, EV

empty vector. *P\ 0.05

Fig. 4 Transfection with vector of interest (pcDNA-S33Y-

Plasmid #19) decreased colony formation in medulloblastoma

(MB) cells UW402 (*p = 0,003), UW473 (*p = 0,018); and

ONS-76 (*p = 0,003) in relation to the empty vector (control)

(1436 pcDNA3 Flag HA—Plasmid #10792) was performed

with lipofectamine. A total of 5000 cells were plated onto 6-well

plates. After 10 days, colonies greater than 50 cells were

counted. Data represent the mean ± SD of three independent

experiments each conducted in triplicate. bC transfected with b-
catenin, EV empty vector. *P\ 0.05
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are similar to those reported in previous studies.

Olmeda et al. (2003) showed that transfection with a

plasmid similar to ours synchronized epithelial cells in

the S-phase. High levels of b-catenin led to a maximal

cell accumulation in G2/M, which triggered apoptosis.

Hadjihannas et al. (2012) also showed that in

colorectal cancer cells, high expression of b-catenin
leads to a peak in G2/M followed by a fast decline in

the G1 phase. These results could also explain the

reduction of the number of colonies in the clonogenic

assay, since the increase in b-catenin expression is

related to the blockade of the cell cycle in G2/M,

resulting in cell death (Olmeda et al. 2003).

Over the last years, the initiation and progression of

MB have been associated with molecular alterations

including the deregulation of signaling pathways such

as Sonic hedgehog (shh) and Wingless (Wnt), known

for their importance during cerebellar development

(Cimmino et al. 2012). Recent studies have shown that

there is a cross-talk between these pathways and that

they can act synergistically in the pathogenesis of MB

(Baron 2003; Zinke et al. 2015). In the present study

we evaluated the effect of b-catenin transfection

(pcDNA3-S33Y) on the gene expression of Shh

pathway members (PTCH1, SMO and SUFU)

(Fig. 6). In UW473 cells, classified as group 3 or 4

(Castro-Gamero et al. 2013), transfection caused a

decrease only in the expression of the PTCH1 and

SMO genes. On the other hand, in ONS-76 cells,

belonging to the Shh subgroup (Ivanov et al. 2016),

transfection did not cause changes in the expression of

any of the pathway genes. These results showed that

these pathways may be acting in an antagonistic way

in the UW473 line, but synergistically in the ONS-76

cell line. Different studies have shown these diver-

gences among these pathways. Kim et al. (2010) have

shown that in gastric cancer the ectopic expression of

b-catenin decreases the expression of the Shh pathway
genes, as shown by us in the UW473 cell line. Ma et al.

(2015) have demonstrated that Shh pathway activation

and Wnt pathway inactivation play an important role

in cell proliferation in colon and pancreatic cancers. In

addition, Zinke et al. (2015) demonstrated that in MB

the stabilization of b-catenin increases its interaction

with components of the Shh pathway such as Gli1,

inhibiting this pathway and causing senescence of

tumor cells.

Thus, our results showed that activation of the Wnt

pathway through transient transfection led to an

increase in b-catenin gene expression and its target

genes in the three MB cell lines. In addition,

transfection led to an increase in b-catenin protein

expression in UW473 and ONS-76 cell lines compared

to the empty vector. Wnt pathway activation resulted

Fig. 5 Cell cycle analysis.

Cell cycle after

transfection of cell lines

UW402 (a); UW473 (b) and
ONS-76 (c) with the vector

of interest (pcDNA3-S33Y-

b-catenin) compared to

control. Overexpression of

b-catenin led to a significant
decrease in G1 in UW473

(p = 0,03) and an increase

in G2/M in ONS-76

cells (*p = 0,02) in relation

to empty vector. However,

we did not detect a

significant change in cell

cycle progression in the

other cell lines
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in the reduction of the number of colonies in the three

cell lines studied and in a significant increase in the

G2/M cell cycle phase only in ONS-76. Regarding the

Shh pathway, transfection reduced the expression of

the PTCH1 and SMO genes only in the UW473 cell

line. The reasons for the distinct responses from each

cell line are complex, and more studies are needed to

understand the mechanism underlying the molecular

events associated with these effects in MB.
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