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Title: Investigation of the role of Rho kinase in the survival of chronic
myeloid leukaemia cells

Backdground: Advances in molecular medicine led to the identification of activating
mutations/translocations in tyrosine kinases (e.g. KIT, FLT3, BCR-ABL) that drive
several haematological malignancies. These results spurred development of
molecularly targeted tyrosine kinase inhibitors (TKIs), typified by the first clinically
applied, imatinib mesylate (IM), that are very effective in the treatment of chronic
myeloid leukaemia (CML)'2. However, in terms of unmet clinical need these drugs are
not effective in advanced or resistant disease. One particular issue with TKI therapies
is the emergence of resistance and consequent relapse over time, often due to
selection for secondary mutations that confer TKI-insensitivity>. In addition, cessation
of TKI administration in patients with the best responses leads to relapse in 60%,
indicating that although therapy may be effective at reducing the bulk of malignant
cells and alleviating symptoms while allowing for re-growth of normal bone marrow,
CML stem cells that can re-establish disease are intrinsically resistant to TKI**°,
Although TKIs have proven to be a major therapeutic advance, we and others
have recently confirmed that CML stem cells are not dependent on BCR-ABL for their
survival'’ (and Blood under revision). These data suggest that future efforts towards
cure in CML patients who are responding well to kinase inhibitors, but continue to
show evidence of minimal residual disease, should aim to target BCR-ABL kinase
independent survival pathways that remain active in these cells or are activated upon
kinase inhibition. In the latter scenario it is possible that kinase inhibition will be
required alongside a second agent to achieve synthetic lethality. Recent research
revealed that regulators of the actomyosin cytoskeleton may also be targets for
treatment of oncogenic TK driven malignancies?. When the murine myeloid 32D cell
line was oncogenically transformed by active KIT, BCR-ABL or FLT3, phosphorylation
of substrates of the actomyosin regulatory ROC kinase (ROCK) was elevated and
constitutive growth of oncogene-bearing cells was sensitive to ROCK inhibition.
Importantly, cells expressing a pan-TKI resistant BCR-ABL T315I mutant were
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sensitive to ROCK inhibitor. Primary haemopoietic progenitor cells made cytokine
independent by oncogene expression also had reduced proliferation when treated with
ROCK inhibitors. Finally, survival of mice transplanted with leukaemic cells was
prolonged by ROCK inhibition. These results indicate that the ROCK-regulated
actomyosin cytoskeleton makes essential contributions to the survival and growth of
TK-driven haematological malignancies and suggest that inhibitors of ROCK or other
downstream actomyosin regulators could be effective therapeutics as single agents or
in combination with TKIs.

Aims:

1. To characterise how TKI therapy affects ROCK function in TKI-sensitive
and resistant CML cells

2. To assess whether inhibition of proteins in ROCK signalling pathways
promote CML cell death as single agents or in combination with TKI
therapy

3. To determine whether ROCK inhibition improves CML stem cell killing by
TKI therapies

4. To determine in a mouse model of CML whether ROCK inhibition/deletion
affects the initiation, maintenance or TKI response of CML

Details of the project: The proposed project is a new interdisciplinary collaboration
between Tessa Holyoake (Paul O‘Gorman Leukaemia Research Centre) and Michael
Olson (Beatson Institute for Cancer Research) and builds on our combined experience
in the areas of haematological malignancies*®!® and the role of the actomyosin
cytoskeleton in cancer cell proliferation and survival**°,

In Aim 1, we will initially use the BCR-ABL expressing K562 human CML cell line to
examine how TKI therapies affect ROCK signalling output by measuring ROCK
substrate phosphorylation by Western blotting and/or FACS. Preliminary evidence that
ROCK is regulated by TKI is provided by an in-house transcriptional profiling dataset
that compares CML stem cells before and after treatment with IM, nilotinib or
dasatinib and shows significant upregulation of ROCK by all 3 TKI. The effect of
ectopic ROCK expression on TKI sensitivity will be examined to determine whether
ROCK activity has a protective effect. These studies will be extended to Ba/F3 cells
expressing various IM-resistant mutants, including T315I, and to patient-derived CML
cells, including stem cells.

To address Aim 2, a number of ROCK inhibitors (e.g. Y27632, H1152P) will be used to
determine their effectiveness in killing CML cells as single agents or in combination
with TKIs used in the clinic. Inhibitors downstream of ROCK (e.g. of LIM kinase,
myosin ATPase) will also be tested for their cytotoxic effects alone or in combination
with TKIs. RNAi mediated knock-down will be used to confirm specificity of the ROCK
inhibitors.

To achieve Aim 3, CML stem cells will be isolated by cell sorting and the effects of
ROCK inhibition alone or in combination with TKIs will be used to determine whether
killing of this difficult to treat population can be improved by targeting the actomyosin
cytoskeleton.

In aim 4, we will employ a transgenic model of CML in chronic phase in which BCR-
ABL is selectively induced in haemopoietic stem and progenitor cells upon tetracycline
withdrawal*®?!. 4 weeks after induction mice develop CML with high white cell counts,
myeloid expansion in bone marrow and splenomegaly. Cohorts of mice will then be
treated with control, TKI, ROCK inhibitor or the combination for 4 weeks. Half the
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mice in each cohort will be analysed at end of treatment and the remainder followed
for survival. Analyses will include quantitative assessment of leukaemic burden,
including stem cell assays and secondary bone marrow transplantation assays. In a
second in vivo approach the transgenic BCR-ABL mouse will be crossed with a ROCK1
knock-out mouse to determine if lack of ROCK signalling affects the initiation,
maintenance or TKI response of CML in vivo.

References:

1. Druker BJ, Tamura S, Buchdunger E, et al. Effects of a selective inhibitor of the Abl tyrosine kinase on
the growth of Bcr-Abl positive cells. Nat Med. 1996;2(5):561-566.

2. Druker BJ, Guilhot F, O'Brien SG, et al. Five-year follow-up of patients receiving imatinib for chronic
myeloid leukemia. N Engl J Med. 2006;355(23):2408-2417.

3. Gorre ME, Mohammed M, Ellwood K, et al. Clinical resistance to STI-571 cancer therapy caused by
BCR-ABL gene mutation or amplification. Science. 2001;293(5531):876-880.

4. Graham SM, Jorgensen HG, Allan E, et al. Primitive, quiescent, Philadelphia-positive stem cells from
patients with chronic myeloid leukemia are insensitive to STI571 in vitro. Blood. 2002;99(1):319-325.

5. Konig H, Holtz M, Modi H, et al. Enhanced BCR-ABL kinase inhibition does not result in increased
inhibition of downstream signaling pathways or increased growth suppression in CML progenitors.
Leukemia. 2008;22(4):748-755.

6. Jorgensen HG, Allan EK, Jordanides NE, Mountford JC, Holyoake TL. Nilotinib exerts equipotent
antiproliferative effects to imatinib and does not induce apoptosis in CD34+ CML cells. Blood.
2007;109(9):4016-4019.

7. Copland M, Hamilton A, Elrick L], et al. Dasatinib (BMS-354825) targets an earlier progenitor
population than imatinib in primary CML but does not eliminate the quiescent fraction. Blood.
2006;107(11):4532-4539.

8. Konig H, Copland M, Chu S, Jove R, Holyoake TL, Bhatia R. Effects of dasatinib on SRC kinase activity
and downstream intracellular signaling in primitive chronic myelogenous leukemia hematopoietic cells.
Cancer Res. 2008;68(23):9624-9633.

9. Konig H, Holyoake TL, Bhatia R. Effective and selective inhibition of chronic myeloid leukemia primitive
hematopoietic progenitors by the dual Src/Abl kinase inhibitor SKI-606. Blood. 2008;111(4):2329-2338.
10. Chomel JC, Bonnet ML, Sorel N, et al. Leukemic stem cell persistency in chronic myeloid leukemia
patients with sustained undetectable molecular residual disease. Blood. 2011.

11. Corbin AS, Agarwal A, Loriaux M, Cortes J, Deininger MW, Druker BJ. Human chronic myeloid
leukemia stem cells are insensitive to imatinib despite inhibition of BCR-ABL activity. J Clin Invest.
2011;121(1):396-4009.

12. Mali RS, Ramdas B, Ma P et al. Rho kinase regulates the survival and transformation of cells bearing
oncogenic forms of KIT, FLT3, and BCR-ABL. Cancer Cell. 2011; 20:357-369.

13. Schemionek M, Elling C, Steidl U, et al. BCR-ABL enhances differentiation of long-term repopulating
hematopoietic stem cells. Blood. 2010;115(16):3185-3195.

14. Samuel MS, Lopez JI, McGhee EJ, et ak. Actomyosin-mediated cellular tension drives increased tissue
stiffness and B-catenin activation to induce epidermal hyperplasia and tumor growth. Cancer Cell.
2011;19(6):776-791.

15. Samuel MS, Lourengo FC, Olson MF. K-Ras mediated murine epidermal tumorigenesis is dependent
upon and associated with elevated Racl activity. PLoS One. 2011;6(2):e17143.

16. Croft DR, Crighton D, Samuel MS, et al. p53-mediated transcriptional regulation and activation of the
actin cytoskeleton regulatory RhoC to LIMK2 signaling pathway promotes cell survival. Cell Res.
2011;21(4):666-682.

17. Morin P, Wickman G, Munro J, Inman GJ, Olson MF. Differing contributions of LIMK and ROCK to
TGFB-induced transcription, motility and invasion. Eur J Cell Biol. 2011;90(1):13-25.

18. Scott RW, Hooper S, Crighton D, et al. LIM kinases are required for invasive path generation by
tumor and tumor-associated stromal cells. J Cell Biol. 2010;191(1):169-185.

19. Lochhead PA, Wickman G, Mezna M, Olson MF. Activating ROCK1 somatic mutations in human cancer.
Oncogene. 2010;29(17):2591-2598.

20. Brady SC, Coleman ML, Munro J, Feller SM, Morrice NA, Olson MF. Sprouty2 association with B-Raf is
regulated by phosphorylation and kinase conformation. Cancer Res. 2009;69(17):6773-6781.

21. Koschmieder S, Gottgens B, Zhang P, et al. Inducible chronic phase of myeloid leukemia with
expansion of hematopoietic stem cells in a transgenic model of BCR-ABL leukemogenesis. Blood.
2005;105(1):324-334.



