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Wiskott-Aldrich Syndrome (WAS) is a life-threatening primary immune deficiency caused by 
mutations in the WAS gene, leading to micro-thrombocytopenia, severe infections, and an 
increased risk of autoimmunity and cancer. 
 
A potential curative therapy is an allogeneic hematopoietic stem cell transplant (HSCT) from an 
HLA-matched donor. However, this is not an available option for all patients. Therefore, an 
alternative potentially curative therapy being developed is an autologous HSCT with ex-vivo 
gene therapy which has shown promising clinical results but can be improved upon. 
 
Current gene therapy clinical trials are utilizing a self-inactivating lentiviral vector (SIN LV) 
driven by a 1.6kb promoter fragment from the endogenous WAS gene which is able restore 
WASp expression across the different immune cell lineages leading to a resolution of immune 
deficiency, eczema and autoimmunity. However, variable improvements in platelet counts were 
observed in patients after gene therapy, with the majority patients remaining 
thrombocytopenic, likely due to the low expression of the lentiviral construct in the 
megakaryocyte lineage and also due to the low gene transfer into long term hematopoietic 
stem cells giving rise to the megakaryocytes. To address these concerns and to develop a more 
efficacious therapy, we set out to develop a novel lentiviral vector driven endogenous 
regulatory elements of the WAS gene – beyond the endogenous promoter for the treatment of 
WAS. 
 
In order to design a physiologically-regulated lentiviral vector for the treatment of WAS, we 
utilized ImmunoVec’s AI bioinformatics platform to elucidate the endogenous enhancer 
elements that regulate the WAS gene in the human genome. It has been established that the 
WAS promoter alone is insufficient to drive endogenous levels of expression in all affected 
lineages and we hypothesize that there are other key enhancer elements within the WAS locus 
necessary to fully recapitulate the expression and regulation of the native WAS gene. 
 

Through our bioinformatic analyses, we identified 27 putative endogenous enhancer elements 
contained within a 1.1Mb topologically-associated domain encompassing the WAS gene. 
Experimental validation of each of these elements led to the selection of key genomic 
sequences that significantly increased expression in megakaryocytes over the endogenous 
minimal WAS promoter alone. Using genomic databases to further evaluate DNaseI-
accessibility, transcription factor binding and sequence conservation, the minimal functional 



boundaries of each element were defined to decrease their size and thereby increase 
hematopoietic stem and progenitor cell (HSPC) gene transfer and titer while maintaining 
expression.  

A lead candidate LV (WASVec) was designed using these minimally defined key elements which 
displayed over a 5.9-fold greater gene transfer into human HSPCs over the current clinical LV 
(w1.6W). WASVec was also able to restore WASp expression to healthy donor levels in 
megakaryocytes differentiated from human WAS-/- HSPCs in-vitro at a VCN of 1.10 
 
In an in-vivo human xenograft model, WAS-/- CD34+ HSPCs were transduced with WASVec and 
transplanted into immunodeficient NBSWG mice. At 8-weeks post-transplant, we observed the 
restoration of WASp expression to healthy donor levels across the different hematopoietic 
lineages including in the peripheral blood platelets. This level of WASp expression also restored 
platelet counts to healthy donor levels.  
 

Our preliminary in-vivo results suggest that WASVec displays significant potential advantages 
over the current w1.6W LV in terms of the ability to fully restore platelet numbers in addition to 
restoring immune function and has promise to yield a novel lentiviral gene therapy for the 
treatment of WAS.  

 

 

 
Figure 1: Peripheral blood of mice 8-weeks post-transplant.  
Human CD34+ WAS-/- HSPCs were transplanted into immunodeficient NBSWG mice. Restoration 
of WASp expression was measured across the different hematopoietic lineages in the 
peripheral blood. 


