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Abstract : MODY (maturity onset diabetes of the young) is a special type of diabetes caused by a single

gene mutation. More than 13 genes were identified to cause MODY so far and most of them are transcription
factors closely related hepatic and pancreatic development. It is very hard to obtain the fresh pancreatic tissue
from the patients. No suitable mouse model has been established yet because heterozygous mutation in mice
does not show similar phenotype to human. In this study we aimed at elucidating the pathophysiology of
diabetes mellitus and MODY by establishing patient-derived iPS (induced pluripotent stem) cells and

differentiating them into pancreatic beta cells.

Pancreatic B cell induction from iPS cells

We tried to differentiate iPS cells into pancreatic beta cells based on the Melton’s method reported in PNAS in
2009. We modified the protocol to promote endoderm differentiation and replaced FBS (fetal bovine serum) for
KSR (knockout serum replacement) to avoid the effect of different lot. We detected insulin and glucagon gene
expression after 4 weeks culture by RT-PCR. Immunohistochemical analysis revealed that approximately 10%
of the cells were positive for c-peptide. We measured insulin concentration secreted to the media by ELISA and
detected 2000-3000 pg/ml of insulin, which was ten times more than last year. Moreover, we confirmed glucose

response of induced [ cell by increasing glucose concentration in the media.

Detection of Mutant Disease Gene mRNA Expression from MODY-iPS cells
We established 3 types of MODY-iPS cells from Japanese patients: MODY'1 (R127W), MODY3
(P2911sinsC), and MODY5 (R177X). These MODY-iPS cells possessed the characteristics of pluripotent stem

cells. Disease gene mRNA expression was detected and cloned: HNF 1a; beta stage, HNF 1b; primitive gut tube
stage, HNF4a; primitive gut tube stage. After those disease gene mRNA were sequenced, we found that R177X
and P291fsinsC mutant transcripts were much less frequent than wild ones, but they increased after adding
cycloheximide (CHX) to the medium. R177X and P291fsinsC mutant mRNAs, which have premature
termination codons (PTC), are thought to be disrupted by nonsense mediated mRNA decay (NMD) in
differentiated MODY-iPS cells. The results indicate that those MODY may be caused by a haplo-insufficiency

effect rather than a dominant negative manner.

Analysis of MODY-X family by using whole exome sequencing

Previous linkage analysis indicated unidentified MODY gene (MODY-X) might be located chromosome 6, 7,
or 22. We picked up two candidate genes, FOXP4 and CUL9 by sequencing. We performed the
whole exon sequence of these genes and we found several heterozygous mutations. We are now

confirming the data again using next generation sequencer to increase the rate of coverage.
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