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            Abstract
Leukaemias and other cancers possess a rare population of cells capable of the limitless self-renewal necessary for cancer initiation and maintenance1,2,3,4,5,6,7. Eradication of these cancer stem cells is probably a critical part of any successful anti-cancer therapy, and may explain why conventional cancer therapies are often effective in reducing tumour burden, but are only rarely curative. Given that both normal and cancer stem cells are capable of self-renewal, the extent to which cancer stem cells resemble normal tissue stem cells is a critical issue if targeted therapies are to be developed. However, it remains unclear whether cancer stem cells must be phenotypically similar to normal tissue stem cells or whether they can retain the identity of committed progenitors. Here we show that leukaemia stem cells (LSC) can maintain the global identity of the progenitor from which they arose while activating a limited stem-cell- or self-renewal-associated programme. We isolated LSC from leukaemias initiated in committed granulocyte macrophage progenitors through introduction of the MLL–AF9 fusion protein encoded by the t(9;11)(p22;q23). The LSC were capable of transferring leukaemia to secondary recipient mice when only four cells were transferred, and possessed an immunophenotype and global gene expression profile very similar to that of normal granulocyte macrophage progenitors. However, a subset of genes highly expressed in normal haematopoietic stem cells was re-activated in LSC. LSC can thus be generated from committed progenitors without widespread reprogramming of gene expression, and a leukaemia self-renewal-associated signature is activated in the process. Our findings define progression from normal progenitor to cancer stem cell, and suggest that targeting a self-renewal programme expressed in an abnormal context may be possible.
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                    Figure 1: 
                        Leukaemic-GMP are enriched for leukaemia stem cells.
                      


Figure 2: 
                        Progenitor-derived leukaemia stem cells maintain progenitor identity and re-activate a self-renewal-associated programme.
                      


Figure 3: 
                        The self-renewal-associated signature is found in human 
                        MLL
                        -rearranged AML and activated as a hierarchy of gene expression.
                      


Figure 4: 
                        Hox
                         genes and 
                        Mef2c
                         play a role in L-GMP.
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        Editorial Summary
Identity of cancer stem cells
Cancer is thought to arise either from normal tissue cells or committed progenitors. A key question is how in the latter case cancer stem cells with the ability to self-renew — a property lacking in progenitor cells — can arise. A population of mouse leukaemia stem cells capable of initiating leukaemia when as few as four cells are injected into recipient mice has now been isolated from mice in which leukaemia arises through a mutation in committed progenitor cells. This made it possible to use gene expression profiling to determine global cellular identity and to view the transition from normal progenitor to leukaemia stem cell. Remarkably, the leukaemia stem cell largely maintains the gene expression profile of a committed progenitor, while activating a subset of genes normally expressed in haematopoietic stem cells. At least some of these genes are important for self-renewal in the leukaemic stem cells. The differences between leukaemic and normal blood stem cells may also be good news for the prospects of developing a drug that selectively targets cancer stem cells.
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