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T, HERAICITIER & B nRNA OFBT 2 DI T TH DA, IEF O HNF-1 o @ mRNA (2B
N nRNA 1A ETH Y . NMD (nonsense mediated decay) 23E U CZEHL mRNA 23 300>
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HAPLNI 72 ) o ZHU51E MODY i 1-& OREHEITE 2 1< W=, H A D&EHT
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BRI v = — 7 = A THERT Dvariants Z IR T HEEZIT-o-TW\WH L 2 A
ThD,

D-2 30m AT 2 W IE B O SR RS IR 27644 2 6% & L TMODY1, 2, 3, 5, Wolfram
SEMEREEE OB 2170, 394 (14. 1%) ICW T O R A FE LT, BREMEE O
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Maturity-onset diabetes of the young (MODY) is a heterozygous monogenic diabetes; more than 13
disease genes have been identified. However, the pathogenesis of MODY is not fully understood
because of inaccessibility to pancreatic beta cells of the patients. The objective of this study was to
establish MODY patient-derived iPS (MODY-iPS) cells and to investigate the pathogenic mechanism
of MODY by inducing pancreatic beta cells from MODY-iPS cells. Non-integrating Sendai virus
(SeV) was introduced as a vector to establish the MODY-iPS cells using fibroblast derived from
patients with MODY. Then we differentiated these MODY -iPS cells into pancreatic beta cells using a
five stage protocol mimicking the developmental process. Expressions of each stage markers and
causative gene were confirmed by RT-PCR, and transcripts of the causative genes were cloned and
sequenced. We established 3 types of MODY-iPS cells from Japanese patients: MODY1 (R127W),
MODY3 (P291fsinsC), and MODYS5 (R177X). These MODY-iPS cells possessed the characteristics
of pluripotent stem cells. Disease gene mRNA expression was confirmed and cloned: HNF1a; beta
stage, HNF 1b; primitive gut tube stage (PGT), HNF4a; primitive gut tube stage (PaGT). 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 disrupted by nonsense mediated mRNA decay
(NMD) in differentiated MODY -iPS cells. These results indicate that those MODY may be caused by

a haplo-insufficiency effect rather than a dominant negative manner.

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 different effect between lots.
We added FGF2, CHIR99021 and BMP4 in the presence of Activin A, resulting in not only higher
positive rate of Sox17 but also greater viability than FGF2, BMP4 and Activin A treated group.
Expression of marker genes for each stage was investigated by RT-PCR : definitive endoderm (DE),
Sox17, FoxA2; primitive gut tube (PGT), HNF1b, HNF4a; posterior foregut (PFG), HNF6, HBY;
endocrine progenitor (EP), Nkx6.1, pdx1; beta like cells (beta); insulin, HNF1a. We found spheroid
formation in the last stage improved the function of pancreatic 3 cells. We detected insulin and
glucagon gene expression after 4 weeks culture by RT-PCR. Immunohistochemical analysis revealed
that approximately 30% of the cells were positive for c-peptide. We measured insulin concentration

secreted to the media by ELISA and detected 5000-20000 pg/ml of insulin, which was ten times more
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than last year. Moreover, we confirmed glucose response of induced 3 cell by increasing glucose
concentration from 3 mM to 25 mM in the media.

When we transplanted 4x10°cells of iPS-derived cells under the kidney capsule of NOD/SCID
diabetic model mice in which STZ(streptozotocin) were injected intravenously in advance. We could
not normalize the blood glucose level, because immunohistological examination revealed that almost

all the donor cells were glucagon positive 4 weeks later.

Detection of Mutant Disease Gene mRNA Expression from MODY-iPS cells
We established 3 types of MODY-iPS cells from Japanese patients: MODY1 (R127W), MODY?3
(P291fsinsC), and MODY5 (R177X). These MODY-iPS cells possessed the characteristics of

pluripotent stem cells. Disease gene mRNA expression was detected and cloned: Because HNF1b and

HNF4a were expressed at the PGT stage, and HNF 1a was expressed at the beta stage, we obtained
HNF1b and HNF4a mRNAs from the PGT stage and the HNF 1a transcript from the beta 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. These results were accepted in Journal of Diabetes Investigation this

year.

Gene expression analysis of iPS cells by using GeneChip microarray system

iPS cells from healthy control and MODY?3 patient were examined by GeneChip microarray system.
Even if the iPS cells were established by the same method and the same donor, each iPS cell line
showed different expression pattern. However the extent of difference was more diverse between
individuals rather than between the cell lines in the same origin. Therefore we must be careful about
evaluating the data when comparing the gene expression of iPS cells between different origin.

We paid attention to the transcription factors such as MafA and demonstrated that MafA was
required for the proliferation of neonatal pancreatic B cells because the number of pancreatic 3 cells
was the same at birth between wild type mice and MafA knock out mice, but the number of pancreatic
B cells of MafA KO mice was much less than that of wild ones 4 weeks later. We also demonstrated
that MafA played an important role on maintaining the adult pancreatic B cells because insulin positive

cells converted to glucagon positive cells in adult MafA KO mice.

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 exome sequence of these genes and we found several heterozygous mutations.
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We are now confirming the data again using next generation sequencer to increase the rate of
coverage.

When we examined the genomic sequence of 276 diabetic patients who were under 30 years old and
non-autoimmune diabetes, we detected one of the mutation among MODY', 2, 3, 5 and Wolfram
syndrome in 39 cases (14.1%). Twenty-three % of them had no family history. We should be careful

about young diabetic patients for monogenic diabetes.
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5 stage protocol

hiPS DE PGT PFG EP beta like cell +C
ge”‘lm” PeR RT'PCT . CCCAGGGCCAGGCCCGGGAC
sequence sequence fl

P291fsinsC mRNA
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Spheroid{bIZ &> THEEL-BHRBD A RV EAET ILO—REEIZR LT S

od 1.5d S5d Td 11d 14d 17d 23d
Stage DE DE PGT PFG PP EP beta
monolayer
monolayer spheroid
od 1.5d 5d 7d 11d 144 17d 23d
Stage DE DE PGT PFG PP EP beta R
Medium 1640 1640 1640 DMEM DMEM Ad-DMEM Ad-DMEM
Supp. KSR KSR B27 B27 B27 B27 B27
GF FGF2+Act+ BMP4 Act FGF2+FGF7 FGF2 FGF10 BMP4+FGF2
+HGF+IGF
RA+SB RA+SB DM+ASii DM+AS5ii NIC+ETk
SM CHIR99021 +DM+S1 +DM+S1 FILV +Ex4 +Ex4

Ad-DMEM: Advanced DMEM

S1: SANT1, DM: dorsomorphin, RA: retinoic acid, SB: SB431542, A5ii: ALKS5 inhibitor 1
ILV: Indolactam V,Ex4: Exendin-4, NIC: Nicotinamide, Frk: forskolin

‘ pM C-pepide ELISA
z 25000
\ 20000
, - e 15000
C-peptide : =3 mM Glu
o 25 mM Glu
10000
5000 I
DAPI °
DAPI Monolayer spheroid

Monolayer Spheroid
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WHoeaRiES - MODY RS Fa 2 0 i PSHRAR 2 N TR PRI O FIERE T 72 © DN IR RE D fR A
SRS A ¢ 1PS AAa A R B AR~ 53k & BEREARAT

FEMZEE S - KN (&
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F—U—F  :MODY. iPSHERE. W B HEN

WIF 52k o - MODY I%. b MEERIFOH {5 THRET /L L LT Fajans HI12X 0 1 9 7 0 FfRICHE
B I, WY R A R T RIERE IR Ch D, BRIRIIIZIE, A R Y WA RE
OHLTH DN, ¥ T ATEMDY DFREZFHHLT 2 LIXTET, & MM CTHRIT T2 0ERH D,
ZAUE TIT 3FEEH D MODY 4 SEF] (MODY1 A% 1 ., MODY3 73 2 51, MODY5 2% 1 fl) DHE 5 iPS fllfin %
BINE L7e DT, ARBFFE TR B MO kit a4 56 2 L2 B E 5,
SEEOREBERIZ2 AHY . (1) iPSHIEA L EFFE L BHlaDA A Y OEARDIEIN: 5N
TN a—RSEMNYETE 22 L& (2) MODY FBFHRO B fllas & R EE 7 Td 5 HNF % 5 mRNA Ok HY
NTEZETHD,
(1) IZDWTIIRFRE M, 7 ¢ — & —MID 5T iPS M b 7V a— RZISE T 5 1R 8 Miiuo
IHMEFE L WD BT IO TER TE 7223, iIPS MIlEOEM OENNZ LV | [F DB TIEZ v a — Rt
FTARGHERSLT L E LRI ERRBEE 2o T, BEIROFEABME 28 L 72 5 B D 27 » 7128\ T,
D definitive endoderm (DE) (ZFHE T HIMENIEFICEECTH Y | FENRE T H720I21F, DE ~D45
BIX 90%LA LIZ T2 MENRH D & B2 CTHFHREMZRE L, & 2 AD Soxl7 DFRHE/H{b~—H—IZ L TDE ~
Do3AEh=R % 90%LL EICT 5 & ZOBOMIADIRENTEL 720 | 2 o T2 B fllIcBWT 7L a— RS
BMER72L 2o T LED TN LTZ, &2 TDE ~DOML@h#EE 70-80%2 L Koo, MlaDiEx %2 L<T5
FOITHRIR A2 2L T, WMIREZ NV a—ACUS LT 2EREDA VR W aRmT K57 a—
RSB R b O BN AEFE TE DX 5 o7, INE CHEMRITET 10%FLE TH > 7203, HMEDHRAK
BTN DA ER (R 7 v A RER) T5&, FENEPUETHORRDLT, A AV VE
ABNKIEICSE L, BRIICIEA v 2 Y > OFEARIT ELISA HEORIE T 2000-3000pg/well TH 7= b DD,
5000-20000pg/well & 2 FETO 1 O fEFRLEICHIIN L=, F72mHKF0 HEEE S 7= iPS Mliakk 2 FgEic >
TH, B A A VEAZRDEZ LD, iPSHIBKMOENWEZFEY X T, FATX572 ha—LOff
ST CTRERATER DN Z L1705, BELDRIERAI T o7 F FEMEL R~ 1 A Y REARR
1 30-40%ITFRO BTz, Z A A BMERIRIE 10%Am T o 7o, R~ A (NOD/SCID) IZA R kY
hiv (STZ) %G L THERBET L~ ZAZER- L0, 25 OHINE 4x10% 8 2 B FIc8m L <, 1
PERE T 2 Et Lz, @IMBRREED R < i\ o~ 7 AZHIRRAE 9~ 2 & RERFILBERE I Z WV CTUE & A & MbER: ik
R BN 0Tz, Bl LT 4 BELLEO BB O 2 M L7 it, BRAOAE SR SN, ZE AL
ORBT T VA T UBED o MIFIZ 72 > TV D Z L ASHIBA LT,

(2) IZ2OWTIZE T MODY3 HE T T HNF-1 o @ P291fsinsC DERIZ LB 7 L—AL 7 RB3FBZ Y, PIC
(premature termination codon) MU 25 Z &N FRINDIER ZMET L=, BANBICEEE L7-HMins> 5 mRNA
A L, PCRCHINR L. &7/ AFRHIEMRNT Lic & 2 A, FEn T8 mRNA WFF(ET 2 2 &SGR T & 7=, MODY @
WE A EIIA~T 0 B0 T ERCITIESR & 285 mRNA ORIULH: 2 DX TH 578, IEFH O INF-1 o D mRNA
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X % dominant negative ZhEMFIEFINTH D LWV IFAH DM, AJEFNT IV TZEFL mRNA [FECIZ i S
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% haplo-insufficiency (2 X 2 b D E#E 2 Hilz, T 5 OfEFIT Journal of Diabetes Investigation (|25 L, ZH &
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D, FIEMTORBEOMA L BIE T & Lr oz,
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BRIOWFFEFHENZ L, iPS flfE SR OFERER 72 B MR O ERLNEEL L T e7od, EFH— A

S DISHI D B 72 B VERR F 15 CTRESE L 7= iPS i &2 B 5 R DS B 21T o 7=, #1H

(PBLEFODEART X —L L TL R YA VR T AT NVADBHANLN D, RELT

DT DA FENTLREMNIHEBLT 50, —EMBERICHET 20, EWVWIEVRHY | £

2N iPS MR DR, T D%k DM LFER R CICHET A RN S H, T 2T, HA. KO

MODY3 FB#E—4 6, L b UA L A% W THESL LT iPS e (4L 68k, 48K) &, &

VEA T 4 VA% N iPS fifla (FRERLARR, 28F) 12DV T, Affymetrix £ GeneChip ¥

AT KXY | BIE TR AR L,

ZORERELLUTFIZRE T,

D F—ANSI[E UHIEIC X ML Lz iPS MZIZ OV T G R CBAR T RBLUIEND R A LI
DN, EOETHERNS < (2fELTO 2 E ML) | FRICHEERI R N2 T = A 70 & CT—
EDE MR D72 0o T2,

2) [F—A0b, B FAT4NARE L IR T ANV AREN) BRI HNT 2 —% HWNTERLT-
iPS M A =Tk, BBUZ 2 (5L EOZBL R A LD BIET b0 7 < 2R0S, BEE TENH
i, HEH LR Z—I2 X2 —EOMHMIERD L oTz, L0C51142 &) BIE 1D
FEELS, fEEE N, MODY BB IC B LT, L ke U o VA THERR L7 iPS HIlEDIE © TIRT
LTV, ZOBETFOBRIZAOSN TEL T BB T RIKTOERIEAHTH D,

3)  HETAEAC K DRIABMLETFDOETIE, 252 EOENRHIME L RO b5 BT
WE A LD DTN, Baf LUV THRETT 5 & MODY B 3K iPS fliia TRELN KX <
FRLTWEBEET DL N YROEDOBELET ThHolz, ZOMAITRICE XA UA L
ACYERIL 7= iPS AR CEEE T,  MODY HISR CHRIEANHM L TV 5|5 10 9 ElRih 2 ¥
RERBE T CTholz, L bR TUANA, BUXA TANADME THEIZ, MODY T
ML CTWBa bW, T0I1FEE A EN Y Yt in1Cd > 7= (ZFY. EIFIAY, DBY,
TTTV15 72 ) o Sy EEFFRE IR 2 5 STV R > 7273, % B 8, MODY g A28
ThEnith, B o= Z ERHH LT, 72720, 29 LizBEnFOZ < TR TORE
DMESINTEY, BE LRSS OR#E L EETE 7220,

4) L hua oA LATER LU iPS M TlX, 2 OENTHE A LD BEZAENKE VIELEF2
B S A7z, FFIZ MODY Hikd iPS MifLC, b ek B Hok iPS M EE | AR E R
Z OB BES B8 n T ORI E & D= (LUM, COL3AI, HAPLNI72Y) . Zh bk
MODY &5 1 & DBIHIEE 2 12 < Wiz, fH A DBEIRAE S DE & 3 25 aTREMED E
ML h & DR ERMESFMIAOMEE N D LIE-> T LE > TW D afEEM S H D . DNA X FLAkik
e/ &, 1IEDDHFIETIPS MO B OMEASLENS LAV,



PlEd X oz, F—AIZH¥T 5 iPS Ml OB AR EIL, ERIEDEWIC L 3P0 E
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WFICAREF RIS BHFE Lz, iPSHRIEN S @ BHilas b2 2 W T, FEREFL L L DI
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L 72 MODY JR3E 1., Z4LE40 MODY 1 (ZINF4A) R127W, MODY3 (/NF14) P291fsinsC, MODY5 (ANF1B) R177X
DEEFRFEZH D, —MITMODY B3~T n SRR THRIET 287 & L TIL, #enye#
LR B0 72 % haploinsufficiency., B 72 Z X0 WIER Z 237 O X L5145
dominat negative #§f§. 72 EMNE X LD, MODY WFZEANFFE KIFTN B Ik, MbiEE O @k B
MO ZNODOBIGFORANGEO bNDZ &, T AER (HVFIB RITIX) KO7 L—AhYy
7 N (HNFIA P291fsinsC) (2 & B HBFHHKD iPS HIKETIX, /MEFEEREC, FAROT UL
XL TZERMDT U Lo RNA 2380 LT D Z & cycloheximide ZUEE TR T U )L DFEBIA
MRMZEETD 2, ZRLTWD, 29 LT —#2HFETHBR L, Z451d premature
termination codon (Z%}9 % nonsense-mediated decay {2 ¥ RNA BENMEKT L.
haploinsufficiency AU TWA L EX Hiv7z (Yabe S et al, J Diabetes Invest, published
online) ., ZD XL HITHEEEZ TDO A =X LR M TR INTZHNIIEF IV, 5%, 2
I Lo LB COBIRFRBLOZEL, RREEZHRFTL TP FETH D,

MODY JR KA - D% < VFHRBR - Th D 23, i B MlIZ I 1T DGR D&El & LTI, Mifuks
B2 OEFOIE), BB MDA - /b, B, HMEE DR, ZRE~DFLHELEHRS
NTW5, =2 T Milalcik b EEARIRERTO—2Thd MafA XU~ T ATI ) Lz
RERFT L7z, MafA R~ U A TiX, A TROME B MIEITI AR & HEET R VD, Z0%
4-8 HTHE B Ml &N B AR L D D722 & D MafA AR ORE B RO BHIC VB /e = b %
R LT, MafA OFERER T O D B, Z O B HIIREFEVER 2 i3 B aleEtEo H 53 1- & L T,
T g0 F UK Prir) . ROY A 27U D2 (Cend2) Zi#i5 L7= (Eto K et al, PLoS One
2014) . E7-MifaOEmM % BB % lineage tracing O FEIC L D | MafA R~ T A TlE, A~
AU UREHERIRES . A RV UFBLE Ko TN WIRIC 22 0 . < X2 v 3 R
W T ki) LCLE D Z 2D M Uiz, BEB MRS o HIREDOESHLIZ, BEFRFI 72 & D MafA
OFRBIDME T LI IRRETH A SHATFER SHUTE Y | MafA 238a 2 L 72 B Ml 0 0L EE D #E
FHCEETH D Z LAVRENT- (Nishimura et al, Diabetologia 2015) , Z X 9 IZHzE N+
O FLHE I B I OFE 2 72 FRBANCES D 5 ATHENEN B 0 | MODY Fi 3k iPS fllfa ) S AT L 7= 4 B
fa CAHBBHF LT ETHRRERE BEbn b,



AR B :24%115

MRS BRI R =2 R 7 HERERE S 2 7 A& 2 MODY HE 2R iPS AfANESE -
FMARERE DFEAT. 72 & TN HTE MODY & n D [FE

FEMEESA - KT &

SHMFGEE S AR

F—U—F 2 RUPERSE. MODY, BAEM. LSS, 2 b= RUT, kR —r P —

i ApES :

O-1 A AU o WBEE IR RIF ORIEF B W T EEREEZHS TS, 201 >
AN A WAESE A B RHIIZ A T AMODY (maturity onset diabetes of the young) I%1
FEEH DAL T OFERERRE I L » THIRIFZRIET 5 Z &b & MERIF O IRFZEIZ 3
WCHERKEBET LN TH S, RIKELFARIZHLICENTOZROMODYE R S 24
FIELTEY . ZOERFERSHT- MDY EEFRFRIET S 2 & 12X > THERIF DR
KEHOLNITHIENRTED SN S,

3540 ) AR S IV D EEFIENEIRIA D152% (MODYZHR) Zxtg b L, #gHETIc L >
TYtaR6%E LIZE OJRKE R D FTET 5 ATREME 2 BEIC @A U7, FrBMODY {5 1 D]
T HEE LTk —7 =Y —%F v =whole exome sequenceZ fiti{T L7=, LJ»
L. ARIFEEOBGICE D BRIENBRE SN D ATREMED & 5 F R I 2ME 0@ m 1128
WCEENFEE SNDRER L 7o 72 (20124F, BRMNBEIR I F 233 S OVNDF meeting THE) o
ZDJFIA E L TSoLiDIZ X D fEMT L7244 D 5 &, Fragment FEAT14 % k6 L 7= 145 Tl
paired—end f#AT344 & bl U TIFHREN /NS <, 10x coverageDE[E1EI53% TH D (fili3
£1381%. 84%. T4%) . 7 — % AP AR+ Th ol mlgeENE 2 bz, 2Dk,
FHEPFY = 12 A 2BV OMODY2H1 & kRGO FH3F oAy — 7 = —2 L b
whole exomefiitT 2 Efi Liz, 77 h 7 v hTF—ZITEONTWAED, K H—
U= T ATHERT Hvariants B IEIR T HEEEZ{To- TWH EZATH D,

O-2 FHERIEIEH OB MERERIFERN T DM0DY & L < (FH-—&{5 79 & L CORER
OB IIRIZIH L DTS TR,
30k AT 2 W FE H CLon /e BUBE PRI FR G 2764 2 k5 & L CMODY1, 2, 3, 5, WolframiE
BEREB G T ORMFT 21TV, 394 (14. 1%) I2WT IO BB Z [FE LT, 2R 023, 0%
THEBERENF LT BRI FEMERE & i U CH RIS B ER A E < . BE
ER ARBMLIZIRAE Td o 7=, @R KRBMIZN23. 3LA T, 2R 18 L T CTILFEMIIC
BB R I LAMRIFE R LEND D EEZ Bz (20164 H AR RIFFE T
K

Q2UBERIFIZZ R FHRETH D0, £ ORI ANFEENAET 2FENER ST 5D,
Fox (TRERRIIXHEIC L > THE LT — & & FRITHH O B AN 2R FR 5 85z 4SNP %
R EH L., 2 B1ONKINJIGBIEZTNICHFEAET LI EE2HREL., 9 —FN
LSS (Lanosterol synthase) BAnFPICHAET A2 HZ2 A L=, Z OSNPO AFEIZ K 527
WERIFFIE~ OB 2 MRFT 2 BN H 5,

H A N 284 JR 9 TR 23588 H 72 LSSEAR 12D\ C, BRICEEE NI W TR E D
HEMEIIRD N, EEALET U ~—7 TIRE L A CEEITRD SN oTz, FL
HEANIOWTHLTITHREFT LT & 2A, AN HEEEITRO b oTe, Z O
IZH ST 72 WA, BIOME THEANER DT 7 AREEITHARN EEEAN & 138725
AR EITALE T D EIR SN, TR L TV D AREEN H D (20154E5575(0]
KEBERP T, 725 NTEL8E H AL RN TR THE) . BIEmSUXIZIETER,



@ B A DOREBE R AR 5 HIE S ZILICIED N, AHla I F oy U 7HEGEREL S &
7 L& HWT, MODYiPSHIlREE R Bl P ETH D, REEIL., RHRFHIHWD 2D
MODYiPSHERE I3k BN E: DL TV AN, AR TEXREARET 2T TETH 5,
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