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WNT: an unexpected tumor suppressor in medulloblastoma
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ABSTRACT
Medulloblastoma (MB) represents the most common malignant pediatric brain tumor and is defined by 
four molecular subgroups with WNT MB having the most favorable prognosis. Our work provides 
a rational therapeutic option in which the protective effects of WNT-driven MBs may be augmented in 
Group 3 and 4 MB.
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Contemporary frameworks for studying tumorigenesis con-
sider the process as development gone awry. The aberrant 
activation of evolutionarily conserved signal transduction 
pathways has traditionally provided a mechanism for the tran-
sition of normal homeostatic cellular cascades toward malig-
nancy. Such processes, beginning in embryonic development 
and continuing throughout adulthood, maintain the balance 
between cellular potency and differentiation. While the cano-
nical WNT signaling pathway regulates the development and 
maturation of several tissues including those of the colon, 
blood, and central nervous system (CNS), its activation may 
also promote the neoplastic transformation of these tissues.1 

The complex context-dependent outcomes of activated WNT 
signaling are well illustrated in the CNS where WNT activation 
promotes the expansion of neural stem cells (NSCs) in the 
forebrain,2 while inhibiting their self-renewal in the 
hindbrain.3 Such regional differences are also represented by 
the propensity for WNT pathway mutations in tumors of the 
forebrain and hindbrain. While recurrent WNT mutations 
have yet to be identified in forebrain malignancies, they have 
been well described in the pediatric hindbrain tumor, medul-
loblastoma (MB).4

MB is the most common malignant pediatric brain tumor, 
representing 20% of newly diagnosed childhood CNS cancers. 
Consensus molecular subgroups of MB define four distinct 
groups (WNT, sonic hedgehog (Shh), Group 3, Group 4) 
based on transcriptional and epigenetic profiles with unique 
prognostic and predicted therapeutic responses.4,5 WNT MB 
accounts for 10% of cases with the majority harboring somatic 
CTNNB1 (catenin beta 1) mutations and chromosomal altera-
tions for monosomy 6.4 Clinically, WNT MBs have the most 
favorable prognosis with a > 95% 5-year survivorship.5 By 
contrast, non-WNT MBs (Shh, Group 3, and Group 4) are 
characterized by metastatic disease, increased rates of recur-
rence, and intermediate-poor overall survivorship.5 Given that 

WNT MBs rarely metastasize and represent the only subgroup 
in which metastasis is not indicative of a poor prognosis, it has 
been suggested that WNT signaling may contribute to their 
remarkable response to standard therapy.

By using primary patient-derived MB cell lines, our work 
initially characterized intrinsic differences in the tumor-initiating 
capacity of WNT, Group 3, and Group 4 MBs.6 We found WNT 
MB xenografts to generate smaller, less invasive tumors, that 
resulted in a survival advantage when compared to Group 3 
xenografts. We then demonstrated xenografts generated from 
Group 3 MB cells with ectopic expression of β-CATENIN, the 
downstream WNT effector protein, to result in an improved 
overall survivorship and reduced tumor burden when compared 
to control mice. Since RNA-seq profiling of the bulk tumor cell 
population has dominated the MB genomics literature, the pre-
sence of rare clonal populations unique to each subgroup have not 
been adequately described. We used single cell RNA-seq to deter-
mine the clonal architecture of patient-derived MB cell lines 
reflective of all four subgroups. Our analysis identified the pre-
sence of WNT-active cells in non-WNT MB subgroups. The 
clinical utility of these findings was seen with a survival advantage 
in patients with Group 3 MB containing an enriched WNT gene 
expression profile. We further validated the impaired tumorigenic 
profile of endogenous WNT active cells in non-WNT MBs by 
developing stable Group 3 and 4 MB lines containing a WNT 
reporter and isolating WNT-active (TGP+) and WNT-inactive 
(TGP-) cells using flow cytometric cell sorting. TGP+ xenografts 
resembled WNT MB xenografts in that they formed small cir-
cumscribed tumors and maintained a survival advantage over 
TGP- xenografts, which resembled their native Group 3 or 4 
MB (Figure 1). In order to develop a rational therapeutic option, 
we treated Group 2, 3, and 4 xenografts with L807mts, a substrate- 
competitive peptide inhibitor of the WNT inhibitor GSK3 (glyco-
gen synthase kinase 3). Xenografts from all non-WNT MBs had 
a robust response to L807mts treatment resulting in impaired 

CONTACT Sheila K. Singh ssingh@mcmaster.caFRCS(C) Professor of Pediatric Neurosurgery, Department of Surgery, McMaster Children’s Hospital, Scientist, 
McMaster Stem Cell & Cancer Research Institute MDCL 5027, Hamilton, ON L8S 4K1, Canada

MOLECULAR & CELLULAR ONCOLOGY               
2020, VOL. 7, NO. 6, e1834903 (3 pages) 
https://doi.org/10.1080/23723556.2020.1834903

© 2020 Taylor & Francis Group, LLC

http://orcid.org/0000-0002-0496-9332
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/23723556.2020.1834903&domain=pdf&date_stamp=2020-11-07


tumor formation and prolonged survival compared to control 
xenografts. Overall, our data support a context-specific tumor 
suppressive function for the WNT/β-CATENIN pathway and 
establishes activated WNT signaling as a mechanism for poten-
tially targeting Group 3 and 4 MB.

Although changes in risk-adapted therapy have greatly 
improved overall survival in pediatric oncology across the 
globe, the advent of molecular diagnostics and large-scale 
integrated genomic analyses of tumors have reconceptualized 
our understanding of the biology of many pediatric tumors, 
including MB. Accordingly, current clinical trials in MB have 

aimed to base risk-adapted therapy regimens on the molecular 
subgroup affiliation of tumors. Treatment options for recurrent 
MB patients who remain refractory to current risk-adapted 
therapy regimens are limited to palliation alone and this there-
fore represents a uniformly fatal cohort of patients. Given the 
limited targeted treatment options for non-WNT MBs, our 
work highlights a rational therapeutic option in which the 
protective effects of WNT-driven MBs may be augmented in 
non-WNT MBs through targeted activation of the canonical 
WNT pathway. Although WNT signaling has historically been 
associated with tumor growth and the maintenance of 

Figure 1. WNT activation impairs tumor growth in Group 3 and 4 medulloblastoma (MB). Endogenous WNT-active cells were isolated from Group 3 and 4 MB samples 
after generating stable Group 3 and 4 MB brain tumor-initiating cell (BTIC) lines containing the WNT TCF reporter, TGP. TGP+ cells (WNT active, GFP+) and TGP- cells 
(WNT inactive, GFP-) were isolated using flow cytometric cell sorting. TGP+ xenografts generated smaller tumors with a prolonged survival compared to TGP- 
xenografts. In a separate experiment, Group 2, 3, and 4 xenografts were treated with small molecule WNT agonist, L807mts, which resulted in impaired tumor formation 
and survival advantage in treated mice compared to controls. (GFP: green fluorescent protein, TCF: T-cell factor).
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stemness, emerging data in melanoma,7,8 neuroblastoma,8 and 
triple negative breast cancer9 have implicated a novel context- 
dependent tumor suppressive function for the pathway. While 
such disparate outcomes in response to WNT activation may 
be attributed to differences in each tumor’s molecular pheno-
type, an alternative explanation may account for differences in 
gene dosage.10 Since different tissues have been shown to have 
different vulnerabilities to β-CATENIN-mediated tumorigen-
esis, gene dosage effects may provide an additional mechanism 
by which activated WNT signaling functions to promote or 
impede tumorigenesis. Although WNT activation has been 
shown to block tumor formation in various tissues, a stemness- 
dependent mechanism as defined in our work has yet to be 
described. As molecularly-based clinical oncology trials con-
tinue to expand, novel approaches to overcome the depen-
dence of tumors on malignant pathways are warranted and as 
such we provide a therapeutic rationale that may alter the way 
in which we approach the management of malignant tumors – 
converting them to less aggressive lesions through targeted 
inhibition of the determinants of stemness.
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