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(1) Identification of novel hematopoietic stem cell differentiation factors using iPS cells derived
from GATAZ2 deficiency

GATA2 deficiency is a disease that exhibits lack of dendritic cells, NK cells, B cells, and
dysfunction of T cells. In order to identify new differentiation factors of hematopoietic
progenitor cells and immune cells (T cells, dendritic cells, NK cells, B cells) , the following
study was conducted.

iPS cells derived from 2 patients with different mutations of GATA 2 deficiency were
established. The quality of established iPS cells was examined. In addition to the usual test, a
comprehensive whole DNA methylation analysis method was established as a novel method.
Illumina's Infinium Human Methylation 450 BeadChip was used to analyze the methylation
status of 450,000 places.

A differentiation method from human iPS cells to CD34 positive hematopoietic
progenitor cells was established. It was found that i1PS cells derived from GATA 2 deficiency
are defective in the differentiation to CD34 positive hematopoietic progenitor cells in all clones
of 1PS cells derived from 2 patients, if compared to iPS cells derived from healthy donor.

Next, the GATA 2 mutation of patient-derived iPS cells was repaired by genome editing.
We used the TALEN system for genome editing. In genome editing by TALEN, the introduction
of mutation into non-target genes is low when compared with CRISPR/Cas9. Since
introduction of mutation into other genes is not preferable, we corrected the GATA 2 mutation
using the TALEN system. Correction of the GATA2 mutation was confirmed by DNA
sequencing. As a result, except for the GATA 2 mutation, iPS cells with identical genome
information were established.

The iPS cells with GATA2 mutation and iPS cells that the GATA2 mutation was
corrected were differentiated into CD34 + human hematopoietic progenitor cells. iPS cells with
GATA2 mutation showed impaired differentiation into CD34 positive blood progenitor cells. In
contrast, iPS cells that the GATA2 mutation was corrected differentiated into CD34 positive
hematopietic progenitor cells similar as iPS cells derived from healthy donor. Since GATA 2 is a
transcription factor, this result indicated that genes that were involved in the differentiation
from iPS cells into CD34 positive hematopoietic progenitor cells failed to be transcribed
because of this GATA 2 mutation. These genes are highly likely to encode a differentiation
factors from 1PS cells to CD34 positive blood progenitor cells.

Then, mRNA expressions were analyzed by RNA sequence, and genes that were

3



differently transcribed between differentiated cells with GATA2 mutation and cells that
GATA2 mutation was corrected were identified. Cells used for RNA sequence included CD34 -
cells, CD34 + CD43 - cells, CD34 + CD43 + cells, CD34 + CD43 + CD45 + cells, which are in the
differentiation stages of hematopoiesis. The identified gene group is thought to encode

molecules necessary for the differentiation from iPS cells to hematopoietic progenitor cells.

@ Identification of novel immune cell differentiation factors using iPS cells derived from
GATAZ2 deficiency

To investigate the differentiation of immune cells from hematopoietic progenitor cells, we
developed a system to analyze the diversity of T cell receptors, the common lymphoid precursor
from bone marrow blood precursor cells, and the differentiation state into progenitor dendritic
cells. In patients with GATA 2 deficiency, the decrease in T cell neogenesis was revealed by the
reduction of thymic naive T cells using the newly developed 10-color FACS analysis and the
decrease of TREC copy numbers in the patients. In addition, IL-4 and IL17-producing was
decreased in patients’ T cells. Furthermore, it was revealed that T cell differentiations from
CD34 positive myeloid progenitor cells derived from GATAZ2 deficient patients were impaired
in vitro. These results revealed that GATA 2 is involved in the transcription of the

differentiation factors responsible for functional T cell maturation.

(3) Establishment of genetic diagnosis and treatment for the diseases caused by differentiation
factor defect

We established genetic diagnosis method for GATA2 deficiency. Using this method, we
identified 14 patients with GATA2 deficiency in Japan. Clinical symptoms and clinical data
clarified abnormality of patient's blood and immune system. Myelodysplastic syndrome (MDS)
and opportunistic infection caused by T cell defect are observed. From the data, it is indicated

that hematopoietic stem cell transplantation is the treatment of choice.
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