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            Abstract
Glycogen synthase kinase 3 (GSK3) is a multifunctional serine/threonine kinase that participates in numerous signalling pathways involved in diverse physiological processes. Several of these pathways are implicated in disease pathogenesis, which has prompted efforts to develop GSK3-specific inhibitors for therapeutic applications. However, before now, there has been no strong rationale for targeting GSK3 in malignancies. Here we report pharmacological, physiological and genetic studies that demonstrate an oncogenic requirement for GSK3 in the maintenance of a specific subtype of poor prognosis human leukaemia, genetically defined by mutations of the MLL proto-oncogene. In contrast to its previously characterized roles in suppression of neoplasia-associated signalling pathways, GSK3 paradoxically supports MLL leukaemia cell proliferation and transformation by a mechanism that ultimately involves destabilization of the cyclin-dependent kinase inhibitor p27Kip1. Inhibition of GSK3 in a preclinical murine model of MLL leukaemia provides promising evidence of efficacy and earmarks GSK3 as a candidate cancer drug target.
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                    Figure 1: 
                        Sensitivity of 
                        MLL
                         leukaemia cell lines to GSK3 inhibition.
                      


Figure 2: 
                        Sensitivity of 
                        MLL
                        -transformed mouse B and myeloid progenitors to GSK3 inhibition.
                      


Figure 3: 
                        Genetic ablation of GSK3-Î² hypersensitizes 
                        MLL
                        -transformed cells to pharmacological GSK3 inhibition.
                      


Figure 4: 
                        Compound genetic deficiency of GSK3-Î± and GSK3-Î² impairs the growth and leukemogenicity of 
                        MLL
                        -transformed cells.
                      


Figure 5: GSK3 maintains  MLL  transformation through suppression of p27Kip1. 
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        Editorial Summary
Leukaemia: GSK-3 as a cancer promoter
The serine/threonine protein kinase GSK-3 (glycogen synthase kinase 3) is part of many signalling pathways, including those involved in glycogen production, apoptosis and stem-cell maintenance. Some of these pathways have been linked to human disease and GSK-3 inhibitors are seen as possible therapeutics in diabetes and Alzheimer's disease. Now GSK-3 has been found to have a previously unexpected role in supporting the progression of acute leukaemia â€” the opposite of what would be predicted based on its known roles in suppressing signalling pathways that are aberrantly activated in some cancers. Paradoxically, GSK-3 supports a distinctive genetic subtype of leukaemia caused by MLL (mixed-lineage leukaemia) oncogenes. Inhibition of GSK-3 in a mouse model of MLL leukaemia impairs cancer progression, suggesting that it is indeed a candidate drug target.
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