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Rare, inherited diseases 
In humans, more than 7,500 inherited 
monogenic diseases have been 
identified; in around 40% the genetic 
defect has been identified. 
 
Approaches: 
 

• prenatal diagnosis & genetic 
counseling 

• symptomatic therapy 

• replacement therapy 

• correction of the genetic defect:  
 gene therapy 

 
 
 

A single mutation in the code may have profound 
effects at the level of  the organism 



Rare, inherited diseases 
In humans, more than 7,500 inherited 
diseases have been identified; in 
around 40% the genetic defect has 
been identified 
 
Current hematopoietic stem cell gene 
therapy development: 
 

 
 
•  Lysosomal storage disorders 
   (Hurler, Pompe, Krabbe) 
•  Inherited immune deficiencies 
•  Hemophilia  
   (F VIII deficiency with inhibitor) 
•  Fanconi anemia 
•  Sickle cell anemia 
•  Thalassemia 

 
 
 
 

A single mutation in the code may have profound 
effects at the level of  the organism 



Severe combined immune deficiency: SCID 

 
§  Children born without cellular and humoral immunity 

§  Frequency (best estimate) 40-100 per year (USA) 

§  Treated since 1969 (Leiden, Minneapolis) by allogeneic bone marrow 
transplantation, currently medical standard treatment 

§  Problem: at present birth rate, 80-90% of the patients have no HLA 
matched sibling/family donor available 

§  Non-identical donors or mismatched family donors poor results, both in 
survival as well as in immune reconstitution:  

unmet medical need, gene therapy justified 
§  ADA-SCID additional problem: difficult to treat with BMT 

 

“Bubble boy” (David Vetter) 





Currently > 1.000.000 patients treated with BMT 

Analysis of the first 162 patients treated 



Seminal gene therapy trials X-linked SCID 



THYMUS 

CLP 

NK 

CD8 

B 

2.γc cytokine-dependent signals   
γc, JAK-3, IL7Ra 

3.V(D)J recombination 
Rag-1/-2, Artemis 

1.Prevention of cell apoptosis 
 DNA replication (purin metabolism) 
 ADA 

HSC 

Myeloid  
compartment 

CD4 

4.Pre TCR/TCR signalling) 
 CD45, CD3δ,ε 

SCID diseases 

Slide by A. Fischer 

appr. 15% 



T cell 
NK cell 

B cell 
 
monocyte 

granulocytes 
platelets 

erythrocytes 

blood bone marrow 

thymus 
IV reinfusion 

bone marrow aspirate 

stem cells 

viral vectors 
with therapeutic gene 

genetically modified cells 

Ex vivo stem cell gene therapy of  
autologous hematopoietic stem cells 



Results first effective European clinical trials for 
immune deficiencies 

 
X-Linked SCID 
Paris, London 

 
Disease free survival 

18/20 (90%) 

 
Survival 

18/20 (90%) 

 
ADA SCID 

Milan, London 

 
Disease free survival 

19/26 (67%) 

 
Survival 

26/26(100%) 

Overall survival: 44/46 = 96% 
 

(Expected with available donor  
allogeneic stem cell 

transplantation: 25-50%) 



X-SCID as a paradigm for HSC gene therapy development 
§  Results superior to allogeneic stem cell transplantation both in efficacy as well 

as in over-all survival 

§  But: autonomous T cell clones leading to leukemia in 5 patients 

Pathogenesis of leukemia after HSC gene therapy 
§  Preferential integration of the retroviral vectors near proto-oncogenes, resulting 

in aberrant expression, driven by the retroviral promoter/enhancer of the 
therapeutic transgene, resulting in a preleukemic state 

Remedy 
§  The original vectors, derived from mouse leukemia retroviruses, have been 

replaced by HIV-1 derived lentiviral vectors, that do not have a preference for 
integration near proto-oncogenes. 

Currently 
§  Developed from 2002-2010 in the context of “large scale collaborative projects” 

subsidized by the European Commission, the lentiviral vectors are currently 
evaluated in multicenter clinical trials. 

 

 



Severe adverse effects following gammaretroviral stem cell 
gene therapy (strongly) co-dependent on disease phenotype 
 
 
Disease phenotype  Percentage severe adverse effects (leukemia) 
       
      ADA-SCID       0% 
      X-linked SCID    25% 
      Wiskott-Aldrich    75% 
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Stem cell gene therapy inherited disorders: “CONSERT” Project 

www.gene-therapy.eu 
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Stem cell gene therapy for inherited disorders: EU collaboration 

 

CONSERT project succeeded in the 7th FP by two large scale integrated projects: 
 

• PERSIST (2009-2013): Innovative technology including gene editing, selective 
expression for hemophilia and lysosomal enzyme deficiencies 

• Cell-PID (2010-2016): Clinical implementation for primary immune deficiencies 



Stem Cell Gene Therapy Development: EU consortium funding  

EC: 
5th FP:  “Inherinet” and “Lentivirus”   2001-2004              7    M€ 
 
6th FP  “CONSERT” project   2004-2009            11.4 M€ 
 
7th FP  “PERSIST” project    2009-2013            11.2 M€ 

 “CELL-PID” project    2010-2015            11.9 M€ 
 “SUPERSIST” project   2013-2016              3.0 M€ 
 “NET4GCD” project   2012-2016              6.0 M€ 

 
HORIZON 2012 

 “SCIDNET” project    2016-2019              7.0 M€  
  

Total EC contribution:                57.5 M€ 
                         

Key collaboration: vector design and production, animal models, integration analyses, safety 
analyses, advanced stem cell biology, multicenter trials 
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 “CELL-PID” project    2010-2015            11.9 M€ 
 “SUPERSIST” project   2013-2016              3.0 M€ 
 “NET4GCD” project   2012-2016              6.0 M€ 

 
HORIZON 2012 

 “SCIDNET” project    2016-2019              7.0 M€  
  

Total EC contribution:                57.5 M€ 
                         

Key collaboration: vector design and production, animal models, integration analyses, safety 
analyses, advanced stem cell biology, multicenter trials 

National: 
United Kingdom : MRC 
Germany: DFG 
France: AFM, INSERM, CNRS 
Netherlands: ZonMw, NWO 
Italy: Telethon            Estimated total 2001-2016: > 200 M€ public funding 
 
 



Lentiviral stem cell gene therapy for inherited disorders:  
entering clinical trial 





	   	   	   	   	   	   	   	  	  
 

        
 

 
 

 

 

 

Current	  developments	  in	  stem	  cell	  gene	  therapy 
Clinical implementation for: 

• X-linked SCID (Milan, London) 

• ADA-SCID (Milan, London) 
• Wiskott-Aldrich syndrome (Milan, Paris, London) 

• Adrenoleukodystrophy (Paris, Boston) 
• Metachromatic leukodystrophy (Milan, Paris, London) 

In preparation for clinical trial: 
• Hurler syndrome (Milan) 

• Pompe disease (Rotterdam) 
• RAG2 deficiency (Ankara) 

• Krabbe disease (Milan) 

• Fabry disease (Toronto) 
• Chronic granulomatous disorder (Frankfurt, Milan) 

Proof of principle: 
• Hemophilia A (F VIII deficiency) 

• Several other lysosomal enzyme deficiencies 
• Mitochondrial disorder MNGIE 

 

        
 

 

 
 

 

 



Gene therapy development 

The roads to clinical trials 

GMP vector production Regulatory issues Clinical protocols and 
patient selection 

(Multicenter European) Clinical trials 

Valorization 

Working party  
inborn errors 





Costs of hematopoietic stem cell gene therapy 
as a single curative “medical standard treatment” 

§  Costs of autologous stem cell transplantation 

+ 
§  GMP vector 

§  GMP transduction facility 
§  Life-long monitoring 



Gene transfer closed system development 

§  Develop a system in which lentiviral vector transduction can be 
controlled resulting in one vector copy per cell. 

CliniMACS Prodygi 
Miltenyi Biotec 

*Sanchez-Antequera et al, Blood 2011 

Ultimate aim: 
Stem cell selection,  transduction and expansion in a single closed 
system 





TGO programma 
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