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Cancer mutations: DNA methylation
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Cancer mutations: Histone Acetylation
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Identification of a unique mutation in JAK2
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James et al  Nature 2005
Baxter et al Lancet 2005
Levine et al  Cancer Cell 2005
Kralovics et al NEJM 2005
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A JAK - chromatin link

Mutant JAK

Heterochromatin associated 
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JAK2 is present in the nucleus of myeloid cells  

Dawson et al - Nature 2009 
Dawson et al – Blood 2011 



JAK2 phosphorylates histone H3 
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JAK2 phosphorylates H3Y41 directly in vitro 
& in vivo
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Bannister et al Nature 2001 
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HP1α binds H3 and is disrupted by H3Y41ph
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The LMO2 oncogene is an unexpected target 
of JAK2 signaling
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	  Most	  Down-‐regulated	  Genes	  
of	  18,164	  Rled	  transcripts	  

Gene	  ID	   LOG2	  Fold	  
Change	  

#	  STAT5	  
Sites	  

•  Integrated genome wide expression array 
using HEL +/- JAK2 inhibitor 

•  computational detection of STAT5 sites 

•  9 of top 30 genes down-regulated by inhibitor 
lacked STAT5 sites 

•  Includes Lmo2 
        - essential for haematopoiesis 
        - known leukaemia oncogene 



JAK2 signaling directly to chromatin alters the 
expression of LMO2
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JAK2 at chromatin

• JAK2 is in the nucleus of Haematopietic cells!
• JAK2 phosphorylates histone H3Y41!
• HP1α binds a novel site on chromatin via its CSD!
• H3Y41ph prevents the binding of HP1α !
• H3Y41ph correlates with H3K4me3 over the LMO2 promoter to maintain 
its expression!



JAK2 at chromatin



JAK2 at chromatin



JAK2 at chromatin



Targeting chromatin readers



The BET domain proteins
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The BET domain proteins 

Chiang;  F1000 Biol Reports; 2009 



Modification of Histones!
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The pathogenesis of MLL Leukaemia



Global Proteomic characterization of BET complexes 



Global Proteomic characterization of BET complexes 



Modification of Histones!MLL-fusion partners are in transcriptional elongation complexes
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Modification of Histones!MLL-fusion partners are in transcriptional elongation complexes
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Developing a novel and more potent BET-Inhibitor
I-BET151

I-BET (original)

JQ1

I-BET 151



I-BET I51 has selectivity for MLL leukaemias

MLL-fusion !
cell lines!

Non MLL-Fusion !
AML!

 cell lines!

10 - > 1000!
Fold   



I-BET has selectivity for MLL cell lines



I-BET induces cell cycle block and apoptosis

72 hours 24 hours 



I-BET151 molecular mechanism of action
Sommervaile et al ESC self renewal signature in MLL Leukaemia 



I-BET151 molecular mechanism of action

BCL2 



I-BET151 molecular mechanism of action

BCL2 



I-BET151 molecular mechanism of action

BCL2 



I-BET mediates disease control in MLL-AF9 leukaemia model 

C57BL/6 !
Mice (n=20) !

     Transplant!
  2.5 x 106 !

Murine  MLL-AF9!
  leukaemia cells!

I-BET 151!
 (Day 9)!

8/8 died of leukaemia !
Control!

2/12 died of leukaemia!
at experimental endpoint!



I-BET is effective in Primary Human MLL-leukaemia Samples
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Targeting Epigenetic Readers

• Targeting epigentic readers is an 
exciting new therapeutic avenue!

• BET inhibition has therapeutic 
promise in AML & Multiple Myeloma 
Zuber et al; Nature 2011, Delmore et al; Cell 2011,   
Mertz et al; PNAS 2011!

• Phase 1 clinical trial is being 
initiated!
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