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This research project aimed to develop a curative therapeutic strategy for inborn errors of immunity (IEI) by
establishing gene correction therapy targeting hematopoietic stem cells (HSCs). IEI comprise a group of diseases caused by
genetic variants affecting the development and function of the immune system, with more than 500 causative genes
identified to date. These disorders present with a wide spectrum of immunological abnormalities and associated
complications, and many severe forms are complicated by life-threatening infections during infancy. Although
hematopoietic cell transplantation has been considered as the conventional curative treatment for some IEI, it remains
limited by donor dependency and transplantation-related complications. Therefore, the development of gene therapy using
patients’ own HSCs has been highly anticipated.

The target disease of this project was GATA2 deficiency, an IEI caused by heterozygous loss-of-function variants in
the GATA?2 gene. In this study, we systematically investigated HSC gene correction approaches based on the NICER method
(a method for correcting heterozygous mutations that employs multiple nicks induced by Cas9 nickase and a homologous
chromosome as an endogenous repair template), which induces homologous recombination repair using the healthy allele as
a repair template, as well as base editing (BE).

First, we optimized culture expansion methods and gene delivery conditions for both murine and human HSCs. In
cultured murine HSCs, we established conditions enabling highly efficient mRNA delivery (>95%) while preserving long-
term hematopoietic reconstitution capacity, including the ability to support secondary transplantation. For human HSCs, we
established culture conditions that enabled highly efficient expansion of bone marrow- and cord blood-derived CD34+ cells
while maintaining stem cell properties.

For GATA2 deficiency, based on information obtained from a nationwide patient cohort, we established two knock-in
(KI) cell lines and two KI mouse strains harboring pathogenic GATA2 variants, and optimized gene correction conditions
using both the NICER and BE approaches. In the NICER approach, both pinpoint correction of point mutations and large-
region correction were evaluated. The correction efficiency was found to be variant-dependent: pinpoint correction achieved
efficiencies of up to several percent, whereas large-fragment correction yielded efficiencies of approximately 1-2%, while
demonstrating the potential applicability to multiple pathogenic variants. In contrast, the BE approach achieved high editing
efficiencies of up to approximately 90%.

However, challenges remained in faithfully recapitulating the disease phenotype of GATA2 deficiency. In the two
GATA2 deficiency KI mouse lines generated in this project, comprehensive immunophenotypic analyses were performed
based on the abnormalities observed in patients and a previously reported mouse model. Furthermore, in humanized mouse
models generated by transplanting human HSCs expressing mutant GATA?2 via lentiviral transduction into immunodeficient
mice, characteristic immunological abnormalities seen in GATA2 deficiency patients were not clearly reproduced. On the
other hand, competitive bone marrow transplantation experiments using GATA?2 deficiency KI mice demonstrated a
competitive disadvantage in engraftment capacity of KI-derived HSCs. In addition, analyses of patient bone marrow
samples revealed reductions in HSC and hematopoietic progenitor fractions. Together, these findings suggested that
functional impairment at the HSC level contributes to the hematopoietic abnormalities associated with GATA2 deficiency.

Because clear hematopoietic and immunological abnormalities were not observed in the GATA2 deficiency KI mouse
models or humanized mouse experiments, we concurrently performed validation studies using an IKAROS deficiency
mouse model that recapitulates patient phenotypes. In studies using the IKAROS deficiency KI mouse model, cultured
HSCs were subjected to BE-mediated gene correction therapy and transplanted into recipient mice. This resulted in
normalization of the abnormal immune phenotypes observed in the KI mice, and repair of the pathogenic variant was
confirmed in cells derived from the corrected HSCs. In contrast, under the current conditions, the NICER approach did not
demonstrate significant immune reconstitution effects. Through this study, we established an evaluation platform including
HSC culture expansion, gene editing, transplantation into recipient mice, and evaluation of immune reconstitution using

murine models of IEI.



As a safety assessment for genome editing therapies, whole-genome sequencing was performed using GATA2
deficiency model cell lines subjected to the gene correction therapies. Consistent with previous reports, the NICER
approach induced very few off-target alterations, including single nucleotide substitutions, deletions, insertions,
duplications, or chromosomal structural abnormalities, with frequencies comparable to background levels. In contrast,
although the BE approach achieved relatively high editing efficiencies, there was a tendency toward slightly increased off-
target mutations and structural abnormalities compared with the NICER method.

Finally, this project also clarified key issues and implementation strategies toward obtaining nonclinical proof-of-
concept (PoC). Strategies for PoC acquisition in micro-rare and nano-rare diseases were explored through the program. The
HSC gene correction technologies established in this study are expected to be applicable not only to GATA2 deficiency and
IKAROS deficiency but also to other IEI and hematological diseases, thereby serving as a platform technology for future

HSC gene correction therapies.



