Models Pave the Way for Improved Outcomes in Medulloblastoma
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The management of medulloblastoma (MB), the most common malignant brain cancer in children, has not changed in decades but breakthroughs are on the horizon.

Only 5 years after the definition of the molecular subgroups of MB, several new targets and candidate drugs have been identified. Just as importantly, clinical networks have been established to recruit sufficient numbers of patients with the appropriate MB subtype and treatment histories for trials. Models of MB are also valuable tools for rigorous preclinical testing to ensure that only drugs that are effective and nontoxic advance to testing in patients.

Drugs that target the specific molecular changes driving growth and survival of MB should eradicate the cancer while sparing the rest of the brain and other tissues. As progress has been made toward the discovery of these central mutations, genomic analysis of patient tumors has revealed at least 4 molecular variants, which also have distinct presentations, demographics, and clinical outcomes. Two of these subgroups, Wingless (WNT) and Sonic hedgehog (SHH), have genetic abnormalities in specific pathways, whereas the biology of MB for Group 3 and group 4 is less well understood.

To discover targeted therapies for the more common and severe types of MB (SHH and Groups 3 and 4), our laboratory has led efforts to develop genetically engineered mouse models and patient-derived xenografts for studying the molecular basis of the disease.
SHH MB: Cells of Origin and New Targets
The models we created to study SHH MB allowed us to address an important question in tumor biology: from what cells are MB tumors derived? Identifying the cell of origin enables direct comparisons between tumor cells and their normal counterparts so that tumor vulnerabilities can be identified.

Because inactivation of the Patched (PTCH) gene was known to lead to MB tumors in mice, we deleted PTCH in granule neuron precursors (GNPs) or neural stem cells,1 and found that either cell type could give rise to SHH MB. However, when PTCH was deleted in neural stem cells, these cells only generated tumors after they differentiated into GNPs, suggesting that the granule lineage is particularly susceptible to transformation by SHH pathway mutations.

 We have also identified several new promising therapeutic targets for SHH MB using the PTCH-mutant model. For example, we identified a population of tumor-propagating cells whose proliferation is driven by aberrant activation of genes that facilitate the switch from the G2 phase of the cell cycle to mitosis.2 This result pointed to regulators of G2/M, such as Aurora and polo-like kinases, as targets, and we found that inhibitors of these enzymes block tumor growth in vivo. In another study, we examined the importance of Survivin, a protein that regulates the cell cycle as well as apoptosis, and found that antagonizing this protein suppresses tumor growth.3
New Insight and Translatable Therapies
Our research has also produced models of Group 3 MB that have shed light on the molecular basis of this form of MB. In our initial efforts to generate a Group 3 model, we learned that overexpression of MYC, which characterizes these tumors, is insufficient to induce tumor formation on its own.4 Generating tumors required combining Myc with another oncogene, such as dominant-negative TP53 (p53 loss is frequently observed in recurrent Group 3 MB), to overcome MYC-induced apoptosis. When neural stem cells expressing both of these genes are transplanted into the cerebellum of naïve mice, they give rise to tumors that resemble human Group 3 MB at a histological and molecular level.
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