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Summary

In 2016, we performed the following three major specific aims: 1. Generation and long-term
cryopreservation of patient-specific induced pluripotent stem cells (PSCs), 2. Functional analysis of
genetic mutations, molecular dissection of differentiation failure, and analysis of mechanisms
controlling cell death, and 3. Drug discovery screening. Among them, we especially focused on aims 2
and 3. Considering the feasibility and impact, we selected congenital dyserythropoietic anemia
(CDA), pyruvate kinase deficiency (CDA), female X-linked agammaglobulinemia (XLA), female
Wiskott-Aldrich syndrome (WAS), and thalassemia to further pursue our study.

1. Generation and long-term cryopreservation of patient-specific iPSCs
Professor Kenzaburo Tani (University of Tokyo) generated iPSCs from T lymphocytes expanded
from peripheral blood samples derived from the patient suffered from paroxysmal nocturnal
hemoglobinuria (PNH) isolated by Dr. Nobuyoshi Hanaoka (Wakayama Medical University), and
Diamond-Blackfan anemia (DBA) isolated by Prof. Hitoshi Kanno (Tokyo Women's Medical
University). These iPSCs will be useful tools to understand the molecular mechanisms
underlying these diseases, and develop novel therapy.

2. Functional analysis of genetic mutations, molecular dissection of differentiation failure, and
analysis of mechanisms controlling cell death
CDA is a rare inherited blood disorder that affects the development of erythroid cells. Although
red blood cell transfusion, splenectomy, or bone marrow transplantation are performed for CDA
patients, there is no established standard treatment. It is highly expected that the drug
candidates discovered through our project on CDA can be applied to other inherited red blood cell
disorders including hemoglobinopathy. Prof. Tani established a stable method to differentiate
1PSCs to erythroblastic cells, and found that CDA-specific iPSC-derived erythroblasts reflected
disease phenotypes, and the responsible mutant gene in a previously unreported manner as the
collaboration with Prof. Kanno (Reported in ASH annual meeting 2016 on Dec 3rd-6th; manuscript
in preparation).

Pyruvate kinase deficiency (PKD) is the third major congenital hemolytic anemia, following
hereditary spherocytosis and glucose-6-phosphate dehydrogenase deficiency, and intrauterine
fetal death were reported in severe case. There is no gold-standard treatment for PKD. Profs.
Tani and Kanno found that erythroblasts derived from PKD-specific iPSCs showed disease
phenotypes including decreased PK activity.

XLA and WAS are extremely rare in female. However, it is still highly expected that
understanding the molecular basis of abnormal X chromosome inactivation in these female XLA
and female WAS might lead to a propose a novel treatment for X-linked recessive genetic disease
including Fabry disease and hemophilia, diseases with high incidence of biased X chromosome
inactivation including early ovarian failure, recurrent spontaneous abortion, autoimmune
diseases like scleroderma and Hashimoto's disease, breast cancer, and esophageal cancer. Prof.

Hidetoshi Takada (Kyushu University) and Prof. Tani discovered genetic mutations which can



explain abnormal X chromosome inactivation in each of XLLA and WAS from exome sequencing

data analysis.

Drug discovery screening.

Prof. Tani confirmed the activity of hit compounds, found in 2015 based on our hypothesis that
upregulation of the gene expression responsible for CDA might lead to ameliorate the abnormal
phenotype in this disease, by assays using human leukemia cell line and erythroblasts derived
from human iPSCs.

Prof. Tani established the high-throughput quantitative RT-PCR system to evaluate
expression level of gene Z, and confirmed its high stability to perform screening, based on the
idea that gene Z ameliorate disease phenotype in PKD.

Prof. Takada and Prof. Tani generated reporter iPSCs lines to visualize X chromosome
activation status with expression pattern of two different fluorescent proteins, and confirmed its
applicability to iPSCs.

Prof. Daisuke Sugiyama (Kyushu University) had already found that protein X, a candidate
regulator of a drug target of thalassemia, decreased in peripheral blood of thalassemia patients.
Prof. Sugiyama found that protein X could upregulate erythroid-related transcription factors and
some other erythroid specific gene expressions including globin regulator in fetal liver cells
isolated at 13.5 embryonic day of thalassemia model mice in vitro, suggesting that protein X

could be a candidate therapeutic molecule for thalassemia.
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