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Wiskott-Aldrich syndrome (WAS) is a com-
plex primary immunodeficiency disorder
caused by mutations in theWAS gene, which
encodes the WAS protein (WASP). The
WASP is expressed in nearly all hematopoi-
etic cells and functions as a major effector
of actin polymerization. Deficiency of the
WASP in blood cells distresses actin cyto-
skeleton integrity, leading to defects in a
broad range of cellular processes including
cell movement, immune response, and blood
clotting.1 Management of WAS often in-
volves a comprehensive approach that ad-
dresses both the immune system deficiencies
and potential autoimmune complications. In
this issue ofMolecular Therapy Methods and
Clinical Development, Pille et al. describe the
development of a gene correction strategy
to target the integration of a therapeutic
cassette containing a correct portion of the
WAS gene sequence (WAS2–12) into intron
1 of the endogenous WAS gene.2 This study
offers substantial evidence highlighting
the feasibility of gene-editing-based targeted
integration approaches in treating the dis-
ease, supporting previous findings.3

Although hematopoietic stem cell transplan-
tation (HSCT) has shown success in treating
WAS, its availability is limited to less than
20% of patients who have a suitable human
leukocyte antigen-matched donor. Autolo-
gous gene therapy using a lentiviral vector
(LV-GT) has been successfully attempted
in patients with WAS; however, challenges
remain such as ensuring the safety and effi-
ciency of the gene delivery process and
long-term monitoring of treated individ-
uals.4,5 Indeed, long-term outcomes of LV-
GT clinical trials have reported clear clinical
benefits but have also highlighted the diffi-
culties in obtaining a complete and sustained
correction of the platelet compartment in pa-
Mo
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tients with WAS.6 Another potential
approach for the treatment of WAS is tar-
geted gene insertion of a correct copy of
the gene via CRISPR-Cas9 by harnessing
the homology-directed repair (HDR)
pathway. The hypothesis is rooted in the
belief that a targeted and single-copy integra-
tion of aWAS transgene into the native locus
will provide a more precise and physiologi-
cally relevant correction of the disease. To
this aim, Pille et al. have developed a gene ed-
iting platform that integrates a cDNA encod-
ing for WAS exons 2–12 into intron 1 of the
endogenous WAS gene and showed its effi-
cacy in healthy donor-derived hematopoietic
stem and progenitor cells (HSPCs), as well as
in a B cell line harboring a mutated WAS
gene and in patient-derived T cells. The
authors were able to reach >50% frequency
of targeted integration in HSPCs, which
retained their capability to differentiate
into multiple hematopoietic lineages both
in vitro and in vivo. Despite much lower rates
of gene integration in WAS T cells (<10%),
the platform also resolved the T cell-specific
functional defects observed inWAS, suggest-
ing the potential therapeutic value of this
approach to patients with WAS (Figure 1).

This study provides further reassurance of
the suitability of CRISPR-Cas-mediated tar-
geted gene knockin for the treatment of
WAS, as previously demonstrated using a
similar platform introducing a cDNA encod-
ing forWAS exons 1–12 into theWAS trans-
lational start site in WAS patient-derived
HSPCs and T cells.3 The major difference
of the strategy used by Pille et al. compared
to the previous work is the targeting of
WAS intron 1 for integration of the correc-
tive WAS cassette. This strategy brings with
it several advantages such as the mainte-
nance of normal gene splicing favoring
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high transgene expression, as well as the
lack of promoter regions in the homology
arms of the adeno-associated virus donor
cassette, which could eventually lead to un-
wanted gene expression dysregulation upon
its random integration into the genome.7

At the same time, however, the strategy
would not be amenable to patients with
WAS bearing mutations in WAS exon 1,
limiting its applicability to less than 85% of
patients with WAS. Moreover, because inte-
gration into intron 1 does not induce disrup-
tion of the mutated WAS gene, this strategy
would not be advantageous for a subgroup
of WAS patients with congenital X-linked
neutropenia, which carries gain-of-function
mutations that result in a dominant and
constitutively active mutated form of
WASP.1 Another novelty of this study is
the introduction of a reporter gene within
the corrective cassette, which ideally would
allow the selection and isolation of corrected
cells for transplantation into patients. This is
particularly important for WAS, where clin-
ical evidence from HSCT and GT studies has
highlighted the need for a high percentage of
correction of myeloid precursors in patients
(>50%) to neutralize the platelet defects.
Current gene editing protocols employed to
perform HDR in HSPCs suffer from poor
engraftment and progressive decrease of
corrected HSPCs in the bone marrow of
transplanted animals, possibly due to an irre-
versible damage imposed to long-term HSCs
(LT-HSCs) by the gene editing procedure.8

Although the study from Pille et al. did
not assess the proportion of corrected
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Figure 1. Schematic illustration of the gene editing approach used in this study in various cell types and the outcomes
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LT-HSCs nor their persistence in secondary
transplantation experiments, the inclusion
of a selectable marker within the corrective
cassette in a clinical setting could, in princi-
ple, assist in the improvement of the cell
chimerism post-transplantation and thus in
a more profound resolution of the WAS
phenotype.

Given the presence of other competing stra-
tegies in the arena of therapeutic options for
WAS, one important aspect of this study is
the comparison between the level of WASP
restoration achieved with targeted integra-
tion via CRISPR-Cas versus the LV-GT
strategy. Although limited to only WAS pa-
tient-derived T-cells, the authors showed
that knockin of the corrective cassette in
the WAS locus allows the physiological
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expression of the WAS 2–12 cDNA from
WAS endogenous regulatory regions and
the restoration of protein expression at levels
comparable to healthy T cells. This is in
sharp contrast to the results seen in this
and previous studies3 in WAS cells trans-
duced with an LV carrying a WAS cDNA
where reconstituted WASP levels looked
seemingly lower than wild-type counter-
parts. Current clinical trials for WAS utilize
an LV with a 1.6 kb fragment of the endoge-
nous WAS promoter to drive human WASP
expression, which may be insufficient to
recapitulate full expression in certain he-
matopoietic lineages, thus explaining
the reduced correction of platelet defects
observed in treated patients. Therefore, the
work from Pille et al. may represent a further
confirmation of the increased suitability of
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targeted integration of WAS in its endoge-
nous locus as a potential therapeutic option
for patients with WAS. On the other hand,
safety is of great concern for CRISPR-Cas9-
based applications, where installing un-
wanted mutations at off-target sites could
potentially lead to the development of
cancerous lesions.

Using combined in silico and cell-based
methods, the authors in this study identified
44 off-target sites, of which only one
was confirmed through next-generation
sequencing. While they suggest that this
may pose relatively low risks for patients
because of its location in intronic regions,
performing further assessment to ensure
the safety of the approach is essential.
Indeed, regulatory elements located in
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introns, such as noncoding RNAs, have
diverse functions and can significantly influ-
ence gene regulation; thus, monitoring their
integrity after gene editing would be desir-
able from a therapeutic perspective.9

In conclusion, the work by Pille and col-
leagues represents a solid groundwork for
the continued development of gene editing
approaches for WAS, with the final aim be-
ing to provide the best line of treatment for
patients with WAS lacking a suitable HSCT
donor.
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