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【Purpose and Background of the Research】 
Down's syndrome is a congenital disease caused by 

trisomy 21, and shows various phenotypes, such as 
leukemia, a cardiac anomaly, and mental 
reterdation. Somatic mutations in exon 2 of the 
transcription factor GATA1 gene have been 
detected in essentially all Down syndrome  
megakaryocytic leukemia (AMKL) and transient 
myeloproliferative disorder (TMD) cases. This is the 
most specific genetic abnormality other than 
trisomy 21 in DS-AMKL cases and is likely linked 
to the estimated 500-fold higher risk of DS children 
to develop AMKL compared with non-DS-children. 
N-terminus-deleted protein, GATA1s, is expressed 
in DS-AMLK patients. Moreover, since GATA1 
mutation is not seen in the non-Down syndrome 
child's AMKL, both of the trisomy 21 and GATA1 
mutation are considered to be an essential 
condition of DS-AMKL development. At present, 
following questions have not been elucidated "why 
GATA1 mutation is induced at high frequency by 
the trisomy 21", and "what is some causative genes 
on human chromosome 21 which causes 
DS-AMKL?". Down's syndrome model cells and a 
model animal are needed to understand the 
DS-AMKL development and to perform an effective 
therapy and medicinal development. The purpose of 
this research is to elucidate the mechanism of 
DS-AMLK development by using a new Down's 
syndrome model mouse and a model human 
embryonic stem cell, which are generated by the 
unique chromosomal engineering technology. 
 

【Research Methods】 
In order to solve the mechanism of DS-AMKL 

development, model animal and cell are produced 
by the following three steps using mice and human 
embryonic stem cells.  (1) We construct various 
human chromosome 21 fragments using 
chromosome engineering technology. (2) We 
introduce the human chromosomal fragments into 
normal or GATA1s mice, identify the region on 
human chromosome 21 related to the phenotype, 
and identify the genes on the human chromosome 
21 via knock out of specific genes on human 

chromosome 21. (3) We transfer the human 
chromosome fragments into human ES cells, and 
identify the genes on the human chromosome 21 
using hematopoietic differentiation system. 
 

【Expected Research Achievements and 
Scientific Significance】 
Human and mouse artificial chromosomes used 

in this study have several advantages as gene 
therapy vectors, including stable episomal 
maintenance, and the ability to carry large gene 
inserts. Thus, model mice and cells generated by 
the chromosomal vectors will be useful tools to 
overcome the previous problems.  
This research gives us the opportunity to 

understand not only DS-AMKL developmental 
mechanism, but also an adult cancer 
developmental mechanism including the rele of 
chromosome aneuploidy. Thus, it is expected to 
contribute the drug development of the disease in 
the future. 
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