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Objectives 

The Wiskott-Aldrich syndrome (WAS) is an X-linked primary immune deficiency disease caused by a 

mutation in the WAS gene. This leads to altered or absent WAS protein (WASp) expression and function 

resulting in thrombocytopenia, eczema, recurrent infections, auto-immunity and an increased risk of 

leukemia. WASp is a key regulator of the actin filament formation, needed for immunological synapse 

formation. WAS patients suffer from a suboptimal T cell response to pathogens and a decreased 

cytotoxic activity by NK cells. Current treatment consists of stem cell transplantation from an HLA 

matched donor. Because HLA matched donors may not be available and because of the severe side-

effects of allogenic transplantation, alternative therapeutic approaches are needed. A lentivirale gene 

therapy approach was successful in restoring WASp expression in WASp-deficient blood cells. 

However, there is a delay in reconstitution of the platelets. We have developed an efficient Crispr/Cas9 

gene editing technique to knock-in wildtype WAS cDNA into primary CD34+ HSPCs, as well as patient 

derived T cells and WASp-deficient B-cell lines.  

Materials and Methods 

                   

 
Figure 1: A. Targeting integration approach B. Donor constructs C. Transduction protocol for homology directed repair of HSPC 

Our TI approach uses CRISPR/Cas9 together with a gRNA targeting intron 1 of the WAS gene (Fig 1A). 

This approach allows us to treat most of the mutations. Donor templates used in this approach are 

the Pgk-GFP, WAS2-12, WAS2-12-2A-GFP, or WAS2-12-Pgk-GFP (Fig 1B). The basic experimental outline is 

shown in Fig 1C. Male HSPC’s were isolated from cordblood, precultured for 2 days in cytokine rich 

medium and subsequently electroporated and transduced with AAV6 particles containing our donor 

templates. 3 days later, transduction efficiencies are evaluated.  The same protocol, yet slightly 

altered, was used for the correction of patient derived T cells and WASp-deficient B cell lines. The T 

cells were then subjected to functional assays to show restoration of functionality. Next, we looked 

at off-target events using COSMID and iGuide-seq.  
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Figure 2: A. in vitro differentiation protocol for altered HSPCs 

We also evaluated the in vitro differentiation of TI-marked CD34+ cells, sorted on GFP expression 

using the protocol described in Fig.2.  

Results 

Transduction of healthy HSPCs resulted in 54% GFP+ cells when using the WAS2-12-Pgk-GFP donor. The 

TI of WAS2-12-2A-GFP in EBV-transformed B-cell lines resulted in restoration of the WASp level when 

compared to healthy B cell lines. Furthermore, patient derived T cells were successfully cured  as shown 

by a restored WASp level. Furthermore, the T cell function was restored as shown by a restoration of 

IFNg and IL-2 production, CD3, CD69 and CD137 modulation. Finally, when performing the 

differentiation protocol as described in Fig. 2,  TI-marked CD34+ cells were capable of in vitro 

differentiation into various hematopoietic cell types including erythroid, megakaryocyte, NK-cell, B-

cell, monocyte, and granulocyte lineages. COSMID found 33 off-targets locations and iGuide-seq found 

11. However, when we did NGS, only one was above the detection limit. This off-target was located in 

an non-coding RNA region, so deemed not significant.  

Conclusion 

We were able to restore the WASp level in WASp deficient B-cells lines and patient derived T cells using 

our Crispr/Cas9 mediated gene-editing protocol. Furthermore, the functionality of these T cells was 

restored and TI CD34+ cells were able to differentiate into various hematopoietic cell types. These 

results show promise for the future alternative therapy for WAS-patients.   

 


