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Summary of the research progress

The purpose of this research and development project is to identify the DNA methylation marker for acurate prediction of leukemia
progression and develop the method to prevent leukemia in Down syndrome (DS) also known as Trisomy 21. Neonates with DS are
at high risk of developing transient abnormal myelopoiesis (TAM), which is characterized by rapid growth of abnormal
megakaryoblasts with GATAL mutations. About 5 to 10% of DS neonates will develop TAM. Although self-limiting in majority
cases, about 20% of TAM patients develop genuine leukemia, acute megakaryoblastic leukemia (DS-AMKL) after spontaneous
remission. Therefore, it is important to identify the subgroup of TAM patiets, who develps DS-AMKL, and develop the method to
prevent the progression. Because recent report estimated that about 20% of DS neonates develop “silent TAM”, who have no clinical
presentation but are at risk for DS-AMKL development, it is also necessary to develop the procedure for eary diagnosis of “silent
TAM”.

We established a high-sensitive method to diagnose “silent TAM” using targeted next-generation sequencing (NGS) for detection
of GATAL mutation (sensitivity ~0.3%). We are now developing more sensitive method, error-corrected sequencing using NGS to
detect GATA mutation. We drafted a protocol for a multi-institutional study of “silent TAM”, and obtained approval from the ethical
committees of Shizuoka Children Hospital, Hirosaki University and Kyoto University. Subsequently, we prepared case report forms
and established a framework to start the study.

TAM cases including “silent TAM” develop AMKL, if any, within the first 3 years of life. Therefore, we can discriminate between
the individuals who will develop leukemia from individuals who will not progress to leukemia in the cases of older than 3 years. \We
analyzed global DNA methylation profilling of 72 samples with more than 30% of blastic cells from TAM cases after passage of 3



years by the HumanMethylation450 BeadChip (Illumina). Ve compared the DNA methylation profiling between TAM cases who
subsequently developed DS-AMKL and the remaining cases without AMKL development. We successfully identified 20 probes to
discriminate these two groups. We next performed whole-genome sequencing of both TAM and AMKL samples for one of these
patients who developed DS-AMKL. No non-silent somatic mutations except GATAL mutation were identified in TAM phase.
However, a large deletion at chromosome 16 involving CTCF locus was identified in DS-AMKL phase. Droplet Digital PCR analysis
showed the frequency of CTCF deletion in TAM and DS-AMKL phase was 0.1% and 100%, respectively. These results suggested
that epigenetic changes including DNA methylation might occur before CTCF deletion.

We developed a new algorithm to detect differentially DNA methylated cytosines existing in minor cell population and identified
promoter regions, which were differentially DNA methylated between TAM and DS-AMKL, by DNA methylation microarray. To
address a biological significance of differential DNA methylation, we conducted Gene Set Enrichment Analysis (GSEA), using all
probes designed on the promoter regions. The analysis exhibited that the CpGs hypermethylated in DS-AMKL were significantly
enriched on the promoters of erythroid differentiation-related genes including several transcription factors. We also found that the
open chromatin regions, which were differentially regulated between TAM and DS-AMKL, by chromatin accessibility assay
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