
Effec%ve	
  Therapeu%c	
  Targe%ng	
  of	
  	
  Leukemia	
  
Ini%a%ng	
  Cells	
  in	
  Chronic	
  Myeloid	
  Leukemia	
  

Dr.	
  Rihab	
  Nasr	
  
Associate	
  professor	
  

Department	
  of	
  Anatomy,	
  Cell	
  Biology	
  And	
  Physiology	
  
Faculty	
  of	
  Medicine	
  

American	
  University	
  of	
  Beirut	
  

e-­‐mail:	
  rn03@aub.edu.lb	
  
	
  

2nd	
  Arab-­‐American	
  Fron6ers	
  Symposium	
  	
  	
  
December	
  13	
  to	
  15,	
  2014,	
  Muscat,	
  Oman	
  



Cancer	
  1	
   Cancer	
  2	
   Cancer	
  3	
   Cancer	
  4	
  

	
  	
  



Serial Transplantation Assay in mice 

Cancer Cells 

Cancer	
  



Enhanced capacity for proliferation  
and tumorigenic growth 

Ability to create endless copies of  
CSC through self-renewal  

Potential to give rise to more  
differentiated tumor bulk populations 

Cancer Stem Cells (CSC) 

CSC	
   CSC	
  



	
  	
  

Cancer No Cancer 

CURE	
  



Adapted from Frank et al., 2007 

Current 
therapies 

Initial tumor bulk 
reduction 

CSC not     
affected 

CSC replenishes 
tumor 

Relapse 

CSC elimination no 
obvious reduction in 

tumor mass 

Non-CSC cells are 
short-lived 

No tumor cell 
replenishement 

CSC-
targeted 
therapies 

CURE 

Tu
m

or
 m

as
s 



Chronic	
  Myeloid	
  Leukemia	
  (CML)	
  

In	
  1960,	
  Nowell	
  and	
  Hungerford	
  discovered	
  an	
  abnormal	
  chromosome	
  
(Philadelphia	
  chromosome	
  )	
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In	
  1973,	
  Rowley	
  suggested	
  “	
  there	
  may	
  be	
  undetected	
  
translocaNon	
  between	
  the	
  long	
  arms	
  of	
  22	
  and	
  9”	
  



bcr-­‐abl	
  fusion	
  gene	
  

BCR-­‐ABL	
  fusion	
  protein	
  
(consNtuNvely	
  acNve	
  tyrosine	
  kinase)	
  	
  

CML	
  

Reduced	
  
apoptosis	
  

	
  

Increased	
  
ProliferaIon	
  	
  

defecIve	
  
adhesion	
  of	
  
leukemic	
  cell	
  
to	
  BM	
  stroma	
  



Chronic	
  
(3-­‐5	
  years)	
  

Accelerated	
  
(12-­‐18	
  mths)	
  	
  

BlasNc	
  
(3-­‐9	
  mths)	
  

CML	
  Phases	
  

Poor	
  Prognosis	
  

Response	
  to	
  Therapy	
  



2006:	
  	
  
Second-­‐generaNon	
  

TKI	
  approved	
  

2001:	
  
ImaNnib	
  	
  
approved	
  

1980s:	
  	
  
Interferon	
  	
  
alpha	
  

1980s:	
  Allogeneic	
  
Stem	
  Cell	
  

TransplantaNon	
  

19th	
  century:	
  
Arsenicals	
  

	
  

Early	
  1900s:	
  
Radiotherapy	
  

1960s:	
  	
  
Busulfan	
  

Hydroxyurea	
  

EvoluNon	
  of	
  CML	
  Treatment	
  



Tyrosine	
  Kinase	
  Inhibitors	
  (TKI):	
  Standard	
  of	
  
care	
  in	
  CML	
  treatment	
  	
  	
  

	
  
	
  
	
  

BCR-­‐ABL	
  

TKI	
  

InhibiNon	
  of	
  PhosphorylaNon	
  	
  

	
  
	
  
	
  

BCR-­‐ABL	
  

ATP	
  

Protein	
   Phospho-­‐Protein	
  

AcNve	
  BCR-­‐ABL	
  signaling	
  	
   NO	
  BCR-­‐ABL	
  signaling	
  	
  



Can	
  TKI	
  cure	
  CML?	
  

Ø 	
  Are	
  paNents	
  alive	
  and	
  well?	
  

TKIs	
  prolong	
  survival	
  of	
  CML	
  paIents	
  BUT	
  
	
  
-­‐	
  Less	
  effecIve	
  in	
  advanced	
  stages	
  
-­‐ 	
  Resistance	
  	
  
-­‐ 	
  Intolerance	
  
-­‐ 	
  Economic	
  burden	
  	
  



Can	
  TKI	
  cure	
  CML?	
  

	
  
Ø 	
  Off	
  all	
  treatment?	
  
PaIents	
  relapse	
  occurs	
  shortly	
  aOer	
  therapy	
  disconInuaIon	
  

	
  
Ø 	
  No	
  detectable	
  CML	
  CSC?	
  
TKIs	
  target	
  only	
  leukemic	
  cells,	
  while	
  quiescent	
  CML	
  CSC	
  
remain	
  intact:	
  Resistant	
  to	
  all	
  TKIs	
  



	
  For	
  Cure	
  of	
  CML,	
  	
  
new	
  therapeu%c	
  op%ons	
  are	
  needed	
  	
  



Tyrosine	
  Kinase	
  	
  
Inhibitor	
  Therapy	
  

DisconNnuaNon	
  of	
  	
  
TKI	
  therapy	
  

CML	
  stem	
  cells	
  Targeted	
  
Therapy	
  

Relapse	
  EradicaNon	
  of	
  CML	
  

CML	
  stem	
  cells	
  

Leukemic	
  cells	
  

Arsenic/IFN?	
  

Our hypothesis	
  



Why	
  Interferon?	
  

Ø Some	
  CML	
  paIents	
  pretreated	
  with	
  IFNa	
  and	
  then	
  
switched	
   to	
   imaInib	
   experienced	
   persistent	
  
remission	
  (Predhomme	
  et	
  al.,	
  2010)	
  	
  

Ø  	
   Combining	
   IFN	
   with	
   TKI	
   minimize	
   failure	
   and	
  
increase	
   the	
   number	
   of	
   CML	
   paIents	
   with	
   deep	
  
MR	
  (Nicollini	
  et	
  al.,	
  2010)	
  

	
  



Why	
  arsenic?	
  

Carcinogen	
   AnI-­‐cancer	
  
drug	
  Arsenic	
  



Arsenic	
  was	
  FDA	
  approved	
  and	
  is	
  already	
  used	
  in	
  the	
  
therapy	
  of	
  leukemia	
  	
  with	
  considerable	
  efficacy	
  and	
  

acceptable	
  toxicity	
  

	
  	
  	
  

Why	
  arsenic?	
  

Acute	
  PromyelocyNc	
  Leukemia	
  
	
  

eradicates	
   APL	
   LIC	
   through	
   	
   	
   PML-­‐
RAR	
  degradaNon	
  
(Nasr	
  et	
  al.,	
  Nature	
  Medicine,	
  2008)	
  

	
  

Adult	
  T-­‐Cell	
  Leukemia	
  
	
  

eradicates	
   ATL	
   LIC	
   through	
   	
   	
   	
   Tax	
  
degradaNon	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
   (Nasr	
   et	
   al.,	
  Blood,	
   2003;	
   El	
   hajj	
   et	
   al.,	
  
JEM	
  2010)	
  
	
  

Arsenic	
  à	
  oncoprotein	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  degradaNon	
  	
  	
  



What	
  type	
  of	
  models?	
  	
  

•  CML	
  cells	
  lines	
  sensiIve	
  and	
  resistant	
  to	
  imaInib	
  

•  Bone	
  marrow	
  cells	
  from	
  CML	
  pts	
  	
  	
  (IRB	
  approval)	
  

•  CML	
  mouse	
  model	
  	
  sensiIve	
  and	
  resistant	
  to	
  TKI	
  	
  	
  	
  
(IACUC	
  approval)	
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Effects	
  of	
  arsenic	
  and	
  interferon	
  on	
  the	
  inducNon	
  of	
  apoptosis	
  	
  
in	
  CML	
  cell	
  lines	
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#	
  denotes	
  p	
  <	
  0.05.	
  	
  
*	
  denotes	
  p	
  <	
  0.01	
  

Arsenic/IFN	
  induces	
  caspase-­‐dependent	
  apoptosis	
  in	
  CML	
  cells	
  

TUNEL	
  analysis	
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Arsenic/IFN-­‐induced	
  apoptosis	
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  accompanied	
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  collapse	
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mitochondrial	
  membrane	
  potenNal	
  in	
  CML	
  cells	
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Effect	
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  Interferon	
  alpha	
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  on	
  	
  
BCR-­‐ABL	
  level	
  and	
  acNvity	
  

Arsenic/IFN	
  did	
  not	
  affect	
  BCR-­‐ABL	
  levels	
  and	
  acNvity	
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  cells	
  



BM	
  or	
  CD34+	
  cells	
  
2	
  weeks	
  in	
  MC	
  +	
  

IL-­‐3,	
  SCF,	
  G-­‐CSF,	
  EPO	
   	
  	
  	
  	
  	
  CFC	
  (G,	
  GM,	
  E,	
  GEMM)	
  

Colony	
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Effects	
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Pear	
  et	
  al.,	
  1998	
  

CML	
  mouse	
  model	
  

Comparison	
  of	
  spleen	
  size	
  	
  
between	
  a	
  normal	
  (0.1	
  g)	
  and	
  	
  
leukemic	
  Balb/c	
  mice	
  (0.6	
  g).	
  

Luciferase	
  imaging	
  of	
  a	
  normal	
  	
  
and	
  leukemic	
  Balb/c	
  mice.	
  

 
Tissue	
  infiltra6on	
  with	
  leukemic	
  cells	
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Is	
  Arsenic/IFN	
  beger	
  than	
  ImaNnib?	
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A significant prolongation in survival was observed in secondary 
recipients of spleen cells from primary mice treated with arsenic/IFN	
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Conclusions	
  

•  Arsenic/IFN	
  inhibits	
  proliferaIon	
  and	
  induces	
  apoptosis	
  of	
  
CML	
  cell	
  lines	
  in	
  vitro	
  

•  Arsenic/IFN	
  inhibits	
  clonogenic	
  capacity	
  of	
  CML	
  cells	
  ex	
  vivo	
  

•  Arsenic/IFN	
  prolongs	
  survival	
  of	
  CML	
  mice	
  in	
  vivo	
  

•  Arsenic/IFN	
  cures	
  some	
  CML	
  mice	
  in	
  vivo	
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