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T. Holyoake – Mechanism of resistance in CML Stem Cells

Dr. Holyoake opened her presentation by sighting the work done by Dick et al in 1994 who, isolated a subpopulation of CD34+ CD38- cells able to induce AML on serial transplantation in mice.  In the study, LSC’s (Leukemic Stem Cells) represented only a tiny fraction 1 in 250,000 of the malignant cells.  CML LSC’s were identified in 1999 in her lab and this disease has become a paradigm of the Cancer Stem Cell (CSC) hypothesis.  CML is also credited with being at the forefront of targeted therapy and we have seen from early studies with Imatinib that the malignant cells in CML are kinase addicted.  Yet, despite the success of TKI’s we can see that there is residual disease in patients, and in fact, some patients who have participated in stopping TKI trials have experienced a recurrence of their disease.  We have not determined if TKI’s can eliminate the LSC.  Using florescent activated cell sorting on CML CP patients blood samples it was determined that while a majority of malignant cells were recruited within the cell cycle, a sub population of quiescent (G0) cells could consistently be isolated.  Studies done in her lab have shown that these BCR ABL +ve cells are resistant to the apoptotic effects of imatinib, in fact her lab found that TKI exert antiproliferative effects on the quiescent cell population, which may contribute to the persistence of MRD.  This hypothesis was supported by work done on mice, which have shown LSC accumulating in the bone marrow during TKI treatment.  This is important because LSC’s are considered to play a role in developing additional genetic aberrations, which can lead to therapy resistance and disease progression.  So, understanding the area of LSC’s is the most prescient area for CML researchers.

On the subject of mutations, it was noted that there are over 50 types of mutations associated with the kinase domain of BCR ABL1, which play a role in conferring variable levels of resistance to TKI therapy.  The newer TKI’s overcome these mutations with the exception of T315I.  It may be that these mutations are a result of defects in the cell’s DNA repair mechanism due to the BCR ABL1 expression, but it isn’t clear whether these mutations have an impact on the survival of LSC’s.  Mutations can lead to disease resistance and even disease progression, but not for disease persistence.

It could be that LSC’s persist because they are less addicted to drugs than progenitor cells.  Furthermore primitive CML cells have been shown to have higher levels of BCR ABL1 than progenitor cells which could be a reason for decreased sensitivity to drugs.  Another interesting fact is that it has been shown that CML SC have increased expression of certain drug efflux pumps (note from C.A. Simoneau, these efflux pumps work to pump out drugs from inside the cell, so this is like a “double whammy” – more BCR ABL1 in the CML SC and efflux pumps that do not allow the TKI to stay for any period inside the CML SC).  However there needs to be more work in this area to determine if the efflux pumps do actually transport out the TKI.

Tessa’s lab as well as other labs have recently seen evidence that makes them wonder if CML LSC’s require BCR ABL1 activity for survival at all.  In fact, work by Corbin et al shows that BCR ABL1 activity can be inhibited by Imatinib in both quiescent and progenitor cells, this activity is not required for the survival of the cell, meaning they are not “Kinase addicted”.  Work in Tessa’s lab has shown that these cells can survive complete BCR ABL1 inhibition for 12 days in growth factor free medium.  Furthermore using inducible transgenic mouse model of CML shows that LSC retain their transplantation and leukemogenic potential following complete reversion of BCR ABL1.

A major focus in recent CML research is to find pathways that can be manipulated that force the quiescent CML LSC into cycle so that they can be targeted by TKI’s.  She then reviewed some interesting ideas that are being examined.

FOXO transcription factors play a role in cell cycle arrest and apoptosis and are negatively regulated by BCR ABL1 via the P13 Kinase/AKT pathway.  Interestingly TKI’s have been shown to activate FOXO.  So, targeting FOXO by inhibiting TGF-beta could be a way to induce CML SC into cycle.

PML (Promyelocytic leukemia) protein is essential for maintaining quiescence of normal HSC’s.  It plays a role in cell cycle, senescence and apoptosis.  The name PML is derived from APL – another rare form of leukemia that has been mostly cured from the use of retinoic acid (in high doses).  Knockout of PML showed loss of LSC in a CML mouse model.  One way to inhibit PML is the use of arsenic trioxide, which induced LSC’s into cycle and sensitized them to killing by cytarabine.  A phase II trial has already been completed using arsenic trioxide with imatinib in CML patients who had not achieved a CCyR on imatinib alone.

Looking at the CML LSC ability to self renewal she commented that the Wnt pathway is involved in normal stem cell both in solid organs and hematopoietic cells, but it’s involvement in CML LSC’s remain to be determined.  Hedgehog signaling has also shown to be required for maintenance of CP CML LSC’s and a phase II trial is underway to determine the safety and tolerability of using dasatinib in combination with the Smo inhibitor BMS-833923 in CML patients with resistance or sub optimal response to imatinib.

With regards to the stem cell niche, it may be that the bone marrow may provide some type of sanctuary for LSC’s through complex signaling.  There is work underway looking at how these signaling patterns can be disrupted so that the LSC cannot seek sanctuary and be targeted by TKI’s.  CXCR4 is a membrane receptor that receives signals from the CXCL12 pathway from the bone marrow.  It appears that CXCR4 expression is negatively regulated by BCR ABL1.  Work in her lab suggests that a CXCR4 antagonist plerixafor (AMD3100) sensitizes CML stem cells to TKI tx in vitro and in vivo and studies are on going.  JAK (Janus Tyrosiine Kinase) inhibitors inhibit cytokine signaling and may be useful to sensitize CML LSC to TKI Tx.

Autophagy is a cell survival process that mediates the breakdown of intracellular materials that protects the cells from cell death during times of stress, such as starvation, leadng to loss of growth factor signaling. Bellodi at al showed that CML cells that survived TKI showed signs of autophagy.  Tx of primary CML cells with TKIs and Chloroquine (an autophagy inhibitor) showed near ablation of CML stem cells.  A phase II trial is currently underway in five centers, called CHOICES, using the combination of Hydroxychloroquine (HCQ) with Imatinib.

The effort is also focused on targeting LSC without causing harm to HSC.  One approach is the use of Zileuton an asthma drug which is currently being used in a phase I trial with Imatinib.  PP2A is inhibited through upregulation of SET by BCR ABL1.  Inhibition of PP2A is associated disease progression.  However, FTY720 which is a drug in Phase III for MS has shown to have efficacy in the treatment of BP CML and BCR ABL ALL, and recent evidence suggests that FTY720 is able to target LSC without touching HSC. IL-IRAP, could be a cell surface biomarker for BCR ABL1 LSC and provide a novel means for targeting this population.

Epigenetic changes occur in most cancer types.  HDAC inhibitors have an effect on epigenetic changes and two have been identified, LBH589 or LA0824 and using them with imatinib has shown, in lab models, the potential to address several pathways.

There are a number of new and ongoing trials are an exciting step forward in the tx of CML and may help us arrive at the ultimate goal of curing this disease.

Note from C.A. Simoneau, I will put up a table of all the trials spoken about here and how you can inquire about them.
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