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The beginning of ex-vivo manipulation for safe haplo BMT.. 
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Donor versus recipient NK cell alloreactivity 
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-  AICF’s Prize for Excellence in Clinical Medicine, 
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Relapse and survival of  
 AML patients transplanted in any remission 

Cumul. incidence of relapse Probability of survival 
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Group A haplotype KIR genes 
 “AA” (~25% of individuals) 

Group B haplotype KIR genes 
“BX” (~75% of individuals) 
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Killer cell Ig-like receptor (KIR) haplotypes 



Transplantation from NK alloreactive donors  
with concomitant activating KIRs reduces  

non-relapse (infectious) mortality 
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Mancusi et al., Blood 2015 



Limitations of allo NK cell immunotherapy: 
  
1)  KIR ligand mismatches present in 50% 

of transplants 
2)  Not effective in (B cell precursor) ALL 
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1st step: 
Depletion of  
CD8+/CD19+cells 
 
2nd step: 
Selection of  
CD25+ cells 
 
 

Final product 
 

Cells (x109) = 280 (202- 390) 

CD4/CD25+ = 92% (90-97%) 
 Fox P3+ cells = 90% 
 

Clinical scale immunomagnetic selection of human 
peripheral blood CD4+/CD25+/Fox P3+ regulatory T cells 

Cell processing 
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Unlike T cons, human peripheral blood T regs (and mouse spleen T regs) 
are largely negative for CXCR4 bone marrow homing receptor 

T regs                           T cons 

CXCR4+ 
 

CXCR4+ 
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Human cells 
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A control experiment: mice given Tcons + naive (CD45RA+) T regs die of 
leukemia. Unlike memory Tregs, naive Tregs possess CXCR4 bone marrow 
homing receptor. They home to the bone marrow and prevent conventional T 
cells from exerting thier GvL effect 

Bone Marrow 



Key role of CXCR4: anti-CXCR4 antibody treatment prevents naive Tregs from 
entering the bone marrow and reinstates the GvL effect mediated by T cons  
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    Hypothesis:  
In clinical trials, immunotherapy with Treg/Tcon may be able 
to eradicate leukemia without causing GvHD because human 
peripheral blood Tregs are largely CXCR4-negative. They 
may migrate to the periphery where they may block T cons 
and prevent GvHD but may not home to the bone marrow. 
Consequently, in the bone marrow, T cons may be free to 
exert allo-antigen recognition and leukemia killing 
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1ST Clinical Trial 
Di Ianni et al. Blood 2011 
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GVHD prevention: 
Low aGvHD rates 

Very Low cGvHD rates 

High TRM: 
High toxicity and 
infection rates 

2nd Clinical Trial 
Martelli et al. Blood 2014 
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Ongoing Trial 
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21 patients transplanted to date: 
-  Median age: 30 yrs 
-  High risk leukemias:                   

15 AML, 6 ALL 
-  All patients in 1ST - 3RD CR 
 
OUTCOMES: 
-  Rejection: 1/21 
-  Relapse: 2/20 
-  aGvHD: 2/20 (off therapy) 
-  cGvHD: 1/20 
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T-cell replete HSCT: Relapse and DFS  in high-risk AL patients 

Gupta et al 
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Conclusions 
   Ex vivo-manipulated (T cell-depleted) HLA haplo-

identical HSCT (with no post-transplant immune 
suppression):  

1.  An opportunity to exploit the megadose stem cell 
engraftment effect to allow transplantation 
across HLA barriers w/o GvHD 

2.  An opportunity to uncover Graft vs Leukaemia 
Natural Killer cell alloreactivity 

3.  An opportunity to transfer Graft vs Leukemia 
conventional T cells w/o GvHD (“Treg/Tcon haplo 
trial”) 

4.  An opportunity to uncover the “mother donor 
effect”. 
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Regulatory	
  T	
  cell	
  funcCons	
  

•  Treg	
  infusion	
  prevents	
  GVHD	
  in	
  animal	
  models	
  
and	
  clinical	
  trials	
  (Edinger	
  et	
  al,	
  Nat	
  Med	
  2003;	
  Di	
  Ianni	
  et	
  al,	
  Blood	
  
2011;	
  Brunstein	
  et	
  al,	
  Blood	
  2011;	
  Martelli	
  et	
  al,	
  Blood	
  2014)	
  

	
  

•  Treg	
  protect	
  allogeneic	
  hematopoie1c	
  stem	
  
cells	
  from	
  in	
  vivo	
  killing	
  (Fujisaki	
  et	
  al,	
  Nature	
  2011)	
  

(Fujisaki et al, Nature 2011) 

Red = HSCs 
Green = Tregs 
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T  T  T  

Kill recipient APCs = 
protect from GvHD. 
T-replete mismatched BMT 
with 40 times the lethal 
dose of allogeneic T cells 

Kill recipient T cells = 
improve engraftment. 
Reduced-intensity BMT  

Kill leukemia = 
GvL effect 

Ruggeri et al. Science 2002 

Allo NK-based conditioning  
in murine transplant models: 
Ablation of recipient targets 



Editorial 

Issue Highlights: 
NK Cells: Heroes in Bone Marrow Transplants 

>2000 
citations 

Klass Kärre (Karolinska Institutet) 



    Conditioning regimen 

Recipient 

Donor Hematopoietic Cell Graft 

Ablation of lympho- 
hematopoietic cells 

Cure of leukemia 

Immune recognition of  
genetic disparities??? 
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Inhibitory KIR recognition of self HLA class I 
educates NK cells to become fully functional 
and alloreactive 
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T cell depleted megadose 
stem cell transplant 


