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RENTND, FAIZINETIZ, 42V U OFRBLUCEE RS [K v-Maf musculoaponeurotic
fibrosarcoma oncogene family, protein A (MafA)7A3, FE\ B MIIIZHBL L, F 726 EMOBERN Wi sk
WIER G L2 WFELB 50T L TE T, MafA LERG[K+ D Pdx1, Neurog3 Z i@ FHL T2 & | Sy
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1. MafA |3 B e O FPEMERFICEE CTH D

PpAT < o A A R & LT, SRR Y 2 L MafA KO~ 7 A Rl 2 BRI L b L 7=,
MafA KO ~ 7 AR X, AEZIZIER THho7223, 4 WERE L 0 BEENEIZ o MRS HBL LIGD, 8
R TIEA VA Y CORBNMET T2 & & I, FRIC o MM L TWe, 10-12 Bl T
7oA VA URBLJLOMIBNRRD biv, FA AV, ATy, I FAXTF W
TJ~7%h@w¢ﬂ%%ﬁL&wﬁ%#mﬁbto_@ioﬁﬁ%®ﬁ@imﬁm HLhb b,
MafA KO ~ 7 A CIL, MPHEEE R 2 38 7= b D O | 22 JEHFIMFE ASHE IR T L~ T 135 L 720> > 72, MafA
KO ~ 7 A D HHERE R 1%, /%// e tERNEES N, A A Y UEREMET LTV, MafA KO <
WX®F%’ . TUNEL 7 v & A GIED giiai:, AR ERFIZEA RO LN -T2, 12 Hi
2B W T, MafA KO v~ 7 ABERDIE & A & ORIRIZN 73 Wk ~ — % — @ synaptophysin, chromogranin
AGHETH ST, A AV U ORBUIRET & 5 WIZHEK LTz, B TIX, MafA KO ~ 7 AR
HIIZ S DA A Y VR &2 R VN E RO T, DX ST A AT VEND Tempty B ]
& BHIIE o MDA T, 4 B L D 12 B E TEIB R ZGET L7z, MafA KO ~ 7 R & [FAlERH
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2. MafA KO ~ 7 Z D B Ml Ik L T s

MafA KO ~ 7 A2 317 % synaptophysin [EMEA > A U VEEMEHIE, & 5 VML chromogranin AR5 {4
A R RPN E B AR RN E D BRI T D72, A A U PRGOSk EEB R IR A
ftifT L7z, RIPCreER;Rosa-YFP ¥ U AT, ¥ EFX T 7 = OFEIZ LY Cre A AV G
RERIZHEBL L, YFP ORBLNHAMIZHEE I D, AL TIX. 90%LL L B flifEIZ YFP OFEHL
B Bz, MafAKO;RIPCreER;Rosa-YFP ~ 7 A & | xtff & L CTHEFA D RIPCreER;Rosa-YFP <~ 7 A
W2, 4 THEXR T 2 a2 E G L, 12 il TN 2 f# 4T L 72, MafAKO;RIPCreER;Rosa-YFP ~ 7
APENECIX, B AIIRIZI VT YFP OFRBLAHMRICEE D bitlz, 2F 0 4 BEICH WV TIE, MafA D%
BN Th, AR 7 aE—4—3FBT 52 LB LN RoTe, THDORRER, BAEME
FAERIICB T 4 AU UBERMIE O RGEFRIZ, MafA IZAETH DL ERH LI -7,

12 i D> MafAKO;RIPCreER;Rosa-YFP ~ 7 A VIHEIRIF & FEIE L 72> - 7o 3 g B W T2 A
> A REME YFP BEPEMIE 238 72, F 72 BREVERZ, MafAKO;RIPCreER;Rosa-YFP ~ 7 A [l C
T ETIEH D0, BHINEE D YFP BRI, 7 v I ORBLEFRD -, EREIIFRNT T, 2.6%
m=991)D 7 V71 I BEHREIC YFP OB 2RO —FH, SR TIEXZEDO L) RHilazBo o7z
(=361), 5 DOHKERIL, MafA KO ~ 7 2D Bl TlX 485 12 8O, KEHKITA A
U URRBOWETH D WVITEEERD, ZDILDITL VNI NV T 2T 5 ku\ D A RE T
5o 4G 12 W2/ T, MafAKO ~ 7 2D 7 )V = L IGPERa, R Mia ki Tm W E £ Th
ST, TV I RGO BHEI T IR E RO e 0o 7o, Lo T MafA KO B2 5 B Hfa,”
o ML DIR T IX, B MR D o M ~D LI N 2 T, B IO T (rafFstiiES M,
Eto K et al, PLos One. 2014) 25 L TCWb &2 b,

MafA KO ~ 7 AERIZBIT 2 BIn FRBILAE 2, BpAM A 5 & U CT#AT L7=, MafA KO ~ 7 AJBE
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[RABEORBMET LTV, LML, 7 a—RREMEA AU U B 7R Gek, Kenjll, Abcec8
DOFBUTK T L TV T2, B IO EMER 2 E 2 /255 K+ Pdx1, Neurodl, Pax6, Foxol, Nkx6-1
DOFBFT, BEKTL TV, —FH, ITEACOMBTRANRD LN, BN TORIEIENI
fil S, [ B MR SEA R BLINEEAS 7 (“B-cell disallowed gene”) J & &0 iﬂ’(b\éﬁﬁ%ﬁ@ 1
D TH D Slcl6Al OFBLHEIR L Tz, F£7o, MAMIPENR O N2 WeRT BRI C ik 12 5 B A B R
9 5 HREE 7 MafB, Pax4, Neurog3. Sox9 OFILNHEI L Tz, T v b OREN S bR 43 b 12 B
L72H5E R/ 71212 T, Sox2. Nanog, Mycl ®FEIHBHHIM L Tz, LLEL Y| MafA ORIUL TIZ X
% BRI OB biE, [ B s R BIEIEE 7] 21X 0D LT 0L O OBIE T HEDOFEBLHE
&, BMifaEEsE EE& JTHEORBUSTZFHE L, TNON BAEOBREZ KT S5 LHEE X
N7z, £7-. MafA KO JEE TliX. Dnmtl & Dnmt3a OFEHIMET L., Dnmt3l ORI HEHH L TUH7=,
Dnmtl, Dnmt3a ® KO ~ 7 A TiL., BHAND o A ~D/LisH 238D 5 HRXME I N TWD,
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%Ltmﬁﬂ%\%%xﬁ XNz, TNDDOERIZEBWT, 12 #BERO o MO 2.1% (n=1165)7% B HlfEH
kTHoT=DITH L, xf%ﬁifi%% (n=486) T > 7=, IEE & STZ ~ 7 ZITHBWTIE, o D 2.8%
(0=696)7% B A S TH > 7= DITxt L, RPREETIX 0.2% (n=424)TdH > 7=, MafA KO ~ 7 A TIEAE&E
STZ 45 LRt L L2 WEETIX, BMIRILEMER OB RIZFAR ThH o FENnD, Z0BLICE
(7% MafA OFEZMED R I L7,
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ZE LI 5720, MafB™' L AR—% —< 7 22 AW CTIEBIZEH T 5 MafB ORBL A B2 LT-,



st HEEETIL, MafB-GFP OR BT o MIARIZIREG L Tz, KB & STZ = 7 A CTit, MafB-GFP O FHLi
BAIILD 36.1% (n=1016)IZH. HAL7=23, i~ 2D BHIMETIL 0.5% ThH -7 (n=1907), db/db ~ ¥
ATk, MafB-GFP O3 ELL B HIAED 39.6% (n=1522)IZ38B D HILT=A, ®HR~ 7 A2 TlE 1.5% (n=1158)
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ABFGE TR & 13, B MDD 23 Ak T VB PERIENZ 63 5 55 K- MafA OBERE 2 fiftT L 72, & DRER.
MafA (TR B A DT EMERFICEE Th 5 FN 6T o7z, MafA OFBUERIZ LY | B Ml
st L. T B AR A BIINHER ] OB L7, MafA 1Tk b 2 BBEREEEH D% <
D BHMLTHREMET T 2FNL, LFLOMRITE FNOPERFE OB A I =X LTEHEEES S,

ABFFETH 4 13, MafAKO =7 A, db/db v 7 A, & STZ ~ 7 A0 Bifd THMEIE Z - T
WHHEL MIRFHEIERR e SICHKSN T, ERAII R L, BMAOB S EIX, AFFEDOZATH
IZH~ 7 AERRIZ BV THFR S 4TI Y (Talchai et al, Cell. 2012; Wang et al, Cell Metab. 2014; Gao et al,
Cell Metab. 2014) | {EH SN TW5 BlIAEE A =X L TH D,

T ORI E BRI OFE R B | T B M TREEAIZH BTG STV DB RENE
EINTWD, ZHbHBEFORBINHIT, BHIIEA 7L a2 — 2RI IS LTI, @7 &E
DA LAY U ERUWT HREIZEBRL TWND, ZiLHOBEHBLINHENMAa L (RRAE) (K7
T, FHAERMOMICHENLT 2, biEfEo, Wb b REZ B X, 2 b OBETHEAZ 5B
L TV % (Pullen et al, Diabetes Obes Metab. 2013; Thorrez et al, Genome Res. 2011) , Slc16Al (ZZ 5[ B
IR RAPRBIHIEE ] O 1 OTHDH0, MafAKO v 7 AEE TRIADEIRL T\ e, S5
MafB 72 & D a4 RN D N o3 Wb an BRI C—1B MBI TR 285/ OB G, L Twv
72 MafB [l 0 2 PEM O B MK FLA) FoxO1 KO ~ 7 22 Pdx1 KO ~ 7 A DR T & 3B 50 L
THEY, £725 7 AU A FIZDNA A FALDOZE L EFHET S (Vicente-Dueias et al, EMBO J. 2012)
Lo TMafB %, [ BHifafrReyRBIMGIES ] ORBHIEERO S ) 2B (LA FHET HHFICK
D, ZNOTFORBZHEBIETNLIO0E LR, RO Slc16A1 @ B A I8 1T 2 FEHLHTR
IZh, =5 AEAEBEEG L T ERHREIN TN S,

Wi b LA 2 ) Ratk gz, mibEOIRRIZ L ik S e 55T, B liafénessm1E 3
HEND, BEICLD BN SEITH DB E TIIABETHLENRIN TS (Laybutt et al,
Diabetologia. 2007; Wang et al, Cell Metab. 2014) , AWFZEIZ L Y MafA (%, EE g MBOHEMEDS 1
RS FINREINT, £, BEESHIICEIT 2 [ 5RO RRMEERE ] ORI
EREATT A E T, HERFIZET D BAMIMEEIR T O Ly A 7 = X A8 5002722 2 Al REMEN R &
ni-,

DX BREITITIE, VAR—F =~ UABREHTH D, Fxld, BHEEEDOMITICAEH R LR —
X —-< 7 A & /E$ L C & 7= (Nishimura et al, Endocrinology. 2013, 22 f§ 103 & ERMR), ki~
L. ¥ 7 AD BAC % I\ /2 MafA @ L' R— % —~ 7 X T % MafA-Kusabira Orange, & 512 MafA &
MafB D % 7 )L L AR— & —=~ 7 A T % MafA-Kusabira Orange;MafB™" '~ 7 2 Z/ELL . Z b D~
ADDHEE LR DT A 7= U 712K, MafA & MafB OFBLO AIHALICE P LT\ 5

(Nishimura et al, Endocr J. Published on line, DOI: 10.1507/endocrj.) ., 51X, 5 DY —L L~
2—H A FA MY — B A A= T X DT ElC X0 MR g ISR OB R 3Bl %
AT Iy 7T L. BRI L A B = X W% 1 LUV CRIERIICHE L C. BEIRIE O IR RE
B & BB EIEOBFIZHBR L T\ <,

PLEDORReRE R £ T 72543 1X, Diabetologia (Published on line, DOI: 10.1007/s00125-014-3464-9) {Z
rFE LT,
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U PRI O YETERE SRS I b E BRI D ATREE DN B D,

MR ORHMRIC I T 2 B MAAHEGEICIL, T 7 F o TP AREE LTS, —RMIC, B
I 7 NFrbHoWnEIT T s FonTa T s F UK (Prln) ISREAT 5L, THtO Janus kinase 2
(Jak2) & Signal transducer and activator of transcription 5B (Stat5B)% U b3 %, VU Ml Stat5B (3%
NIZHAT L., DNA ARSI TH D GAS TF — 7 ITHEA UIENER T ORREFHET 5, BRICE
i} % Prir/Jak2/StatSB & 77 /LD Fifi & LC, Insl, Ins2, Slc2a2, Gck, Tphl, Cend2, # L CPrir H &
PG SNTWD, £z, Prilr / v 77Uk (KO) vV AN, 077 F 7 gt
%o BAIHEGEIC & B 53 5 ATREE S R STV D,

B MIfEIX, v-maf musculoaponeurotic fibrosarcoma oncogene family, protein A (MafA) o % BLHE 3 12 £ -
THEMET 5, MafA l3A v A ) 7 BE—%—0O CL-A2 SEIICHEA L. A v A Y ORBLAHIE
HERER - CTh D, MK TIX, MafA 1T B HINIZ D AR BT %, MafA % #25 K1 Pdx1, Neurog3
L BTN MAIIIC B ST D &, ZERb a2 A A Y VBHEIIC bR T 5, MafA 1%, BE
RIFICEB T % B AR OFERERE & RN RILME T+ %, MafA KO < 7 A TiE, EERICITIER T
b5 BANE, o ML, AR T T 52FER MO TS, £ 2T, KL TITAEZD Bl
BAFEIZ RS % MafA OFERE 2 fifdT L7,

2) HiE

7 #HE D MafA KO ~ 7 AEBICB T 28682, A~ T 223 E U CGRENICHEIT L,
Z OFERAE HIT- MafA O Fit&EE T DEMIC- OV T, MafA KO = 7 A0 B k72 & % v T
L7

(3) R
1. B AIARIZ 3T, MafA 1T Prir O R BB 535

7 1 D MafA KO ¥ 7 AFEFIZB W THIPME T L TWAHER T & LT, Sle30a8, Vdr, Sle2a2,
Peskl, Cryll, Sytl4, Ucn3, Prlr, Cend2 72 X% [FE L7, KIZ, MafA @ siRNA 8 A L7~ 7 X
B AIRER MIN6 MfIZI81T 5, 240172 b N B ML EE (C B 0 F DR BLA AT L 72, MafA
DOFRBUL, D 51243.7% LK TF LTV (p<0.01) . Z OB, Prir O BUIH RO 78.6+1.5% &, fif
L7200+ OHR CTHRBIKT LTV (p<0.05) . F£7-. 7#ERD MafA KO ~ 7 AR D qRT-PCR 2 &
BHFENTCIL, Prir OFBUIE AR D 31.524.9% (p<0.01) KT LW, £/, o7 F v 7
LD FHED Cend2 DFEHLE 25.243.6% (p<0.01) KT L Cu /2, MafA KO ~ 7 AR CliX, Prir &
Cend2 OFEMAFIBL G | BARIEE & g L CZE i, 24.8415.9%, 50.3£15.9%IZ{K F L TV 7= (p=0.04,
0.05) , LA XV EBMILICIUVT MafA 1%, Prlr 72 5 TNT Cend2 DFEBHIENBE 5 L TV D HITR
X7z, Prir KO ~ U ATk, #HAENMIC B HIIREN B T2 ENMOLIL TN D,

2. Prir 36 BUREEC AT 5 MafA O



In silico fi##T TlL, ~ 7 R Prlr 7' 1 & — % — O G FA AR A 5-3000 bp LJiE E T2, MafA 54
L2y 6 AFTREE S, T bHiTe FRLNNIT v FTHRAFSIN TV, Vo7 =7 —EBx ANz
R—=%—T vtA TiE, MafA Tt FBELU~ T R Prlr 7 —% — 2L L7z (ZF3 p<0.01,
p<0.05) ., MafA OFFEAHN Z KB LT~ T A Prtlr 70T —4 —%2FNWZLR—42—7 v&A Tl
217 775-207 £ T (p<0.01), -2026 7>5-1409 £ T (p<0.01) OFEILA, MafA (2L D Prlr 7' 12 & — & —
DOIEMALICEE THLEPHA L7z, T b DORR, MafA 3RS L1 T Prlr 7' v & — % — DOiEMEAL
ZHET D HERH N5 T,

3. FEBMICIRBNT T T 7 F o 7 FLid Cend2 DB 2 HIHT 5

JEE B AEREIZF5 U T, MafA & Prir 3 Cend2 ORBUCEH G T 2027570, 7 v MNE B Miakk
INS-1 Mgz T BT v T 7 F o 7V EMNT LTz, MafA @ siRNA %38 A L7z INS-1 fifaiz B\ T,
MafA OFEBLUIRHBED 41.525.8% Th > 7= (p=0.09) . Z DKF, Prir, Insulinl, Insulin2 OFILULE I
LA 84.8+7.0%, 83.7+7.3%. 68.5£8.4% T& - 7= (p>0.05) , Prlr @ siRNA Z3E A L 7= INS-1 Miffd Tl
Prlr O R BLIXHEED 55.742.3% CTh > 72 (p=0.05) 73, Z DFf MafA, Insulinl, Insulin2 OFEELIZZH)
TR o7z, INS-LHIEIZEWT, lugmlo7a s 7 F U filigick s, v rsFo v 7
JVTRWED StatSB O F 1 U R b7 H ONTHIIAE 2> SN ~O LIEIL, Prir <° Jak2 (KFHETH - 72,
INBDOVATAERAWT, gMldcB TS 7T 7 F 7 ® Cend2 OFEUZXT T HHEHE % ff
Mrliz, INS-1HIIEICH TS 7 0T 7 F o filiiL, Stats ®Y ke & iz, N Cend2 DEHAE
%1”ﬂmM%_%Méﬁt(pﬂm)oitn&4ﬂ%_kwf\mmmw_;DMhm%ﬁ%ﬂ%ﬁ
D 15.340.5% (p<0.01) (Z#NHI L 72K, Cend2 @ mRNA JEHL 1T 84.9+2.9% (p=0.01) LK FL7Z, LLEX
D, BEBMNEERICIIT S Ty F v I, Cond2 DI ZHIMET HENH SN T,

4 > MafA KO ~ 7 A TlE, BAMOBIH A ME STV D

MafA KO ~ 7 2D B HAIZ I 1T 2 Prir & Cend2 DRIKRT D, A% 0 g HEABEIEIC X 5 8%
fiERT L7z, BrdU BV IAZZEERTIX, BAIED 9 6 BrdU Btk TH - 7= DX, 4 #HiD MafA KO ~ 7 A
T 0.35£0.0% CTH > 7=DIZxt L, BAERITIE 1.5720.48% CTH - 7= (p=0.06) ., KX > T, MafA OFRHK
TICED, 4O~ AR 5 B MO ME T T 5 FHL/H LR o7z, BLEXD
MafA 1370 7 F oo 7 F VOl Z28 U T, A% 0O B HIIaHEGE 2 HI409 2 FAH Lz,

(4) B%

AHFZETE 4 1L, MafA KO ~ 7 2 L0 B U 725 OMGENR s -3 BURNT 2 5T L 72, 2 OfE R,
MafA |3 B HIKIC I W T Prlr DR BUZEHE CTH Y, 71T 7 F 7 F /L) Cond2 DFEBLZHIFH L |
Z LT MafA W7 a7 F o7 Fnzqr LT, AE%o Bz T 2 /et 2 B 52N LT,
Jie A= AR L Z 35\ C L Prir IXMEAE W ~ R NI IS i IO (R BT 2 3, £ D%, IRER
I S4BT T, BEBIZER L T < (Freemark et al, Clin Invest. 1997) , Z OBEFIX, MafA 73 8
FAIZ R BT A & — % L T % (Nishimura et al, Dev Biol. 2006) , K> T7 v o 7 F v 7 Fix
SRR O RHRIER - T < . FrAERBERICE W CH, pHiAEICEE CTH L B X LN,
Cend2 FBUZ XI5 MafA OEHEEMICE L TiX, B AlfakE W7ot ClIREETH . 4% LV
FER R RTINS L BE T D, BIEF % 13, MafA KO ~ 7 2D B il BT Cend2, Prir Z i 5 Bl
HYUAEERL, MITLE D L LTWD,

Bk BHIIIZBIT 27T 7 F oy 7k, MBS T, MRROBBVLICHEE TH
HR[EEMENH D, TuT s F v iE, Sle2a2, Gek, Tphl, Foxml, & LT Prlr H & DORH,
ARV We e A AT VAERGHRICEE TH L ENRE I TUWD (Weinhaus et al, J Endocrinol.
2007; Arumugam et al, Endocrinology. 2011; Nielsen et al, Endocrinology. 1982) , AW LD, Fu oo
F o TR NDERALS, Tl AT a7V OmMEN, BN S b LA R Y R
Jiad D HE AR RE R 2 (IR HE 9~ 2 WIREME S FL I S v 7,

VL EO#FZERE R O 72553 1%, PLos One (%% L7z (EtoKetal., 2013)
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Abstract

1. Specific Aim

Dysfunction of pancreatic -cells is directly involved in the pathology of diabetes. However, mechanism of
reduced mass and impaired function of B-cells in diabetes is not fully understood. Thus, it is critical to elucidate
mechanism regulating mass and function of adult B-cells.

Function and mass of insulin-expressing cells differentiated from endocrine progenitors in embryonic
pancreas are immature at birth, but these cells actively proliferate and acquire mature function as B-cells during
neonatal period. Molecular mechanism of these events is also not clear. Uncovering the mechanism regulating
mass and function of B-cells in neonates would contribute to studies analyzing proliferation and maturation of
immature insulin-expressing cells differentiated from stem cells.

Thus, the specific aims of this research project are below, to elucidate the molecular mechanism regulating
mass and function of adult and neonatal B-cells.

1. Elucidation of novel mechanism of B-cell dysfunction in diabetes
2. Analysis of mechanism regulating proliferation of neonatal 3-cells

2. Background
1. Novel mechanism of B-cell dysfunction

Recent studies using genetic engineered diabetes model mice with overexpression or repression of a
particular molecule in B-cells show that compromised B-cells are not apoptotic, but there is large amount of
B-cells with reduced / lost expression of insulin, which are dedifferentiated and/or transdifferentiated into a-cells
in various conditions (Talchai et al., Cell. 2012). Although molecular mechanism regulating fate of these
compromised B-cells in adult mice is not clear, changes in the expression of transcription factors critical for
differentiation of pancreatic endocrine cells are observed. Conversely, forced expression of these factors

transdifferetiates pancreatic cells.

2. Neonatal B-cell proliferation

Regulation of B-cell replication during infancy plays a major role in f-cell mass in adult human (Meier et al.,
Diabetes. 2008), suggesting molecules and signals involved in neonatal proliferation of B-cells need to be
elucidated. Prolactin signaling has been reported to be critical for cell proliferation, although it is not fully
elucidated in B-cells. Neonatal -cell mass is reduced in global knockout (KO) mice of prolactin receptor (Prlr)
or cyclin D2 (Cend2), a downstream target of Prlr. Conversely, B-cell-specific overexpression of placental

lactogen, a ligand of Prlr, increases p-cell mass.

3. Transcription factor MafA is critical for maturation of p-cells
v-maf musculoaponeurotic fibrosarcoma oncogene family, protein A (MafA) is a transcription factor that

binds to C1-A2 element of insulin promoter. MafA forms ternary complex with Pdx1 and NeuroD1 to activate
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insulin promoter and is critical for the insulin gene expression. MafA is expressed in mature B-cells, while MafB,
another Maf family transcription factor, is expressed in immature insulin-expressing cells as well as mature
a-cells. MafB is essential for the expression of insulin in endocrine progenitor cells in the embryonic pancreas,
while MafA is dispensable for embryonic development of pancreas. Maturation of B-cells accompanies increase
in the expression of MafA in neonatal pancreas. Thus, MafA may be a key molecule for neonatal maturation and
proliferation of B-cells. In adult, the expression of MafA in B-cells is sensitive to glucotoxicity and rapidly
reduced in diabetes model mice. Pancreatic islets in MafA KO mice have reduced p-cell / a-cell ratio, which is

also observed in diabetes model mice such as db/db or mice that received low-dose streptozotocin (STZ).

3. Methods
1. Novel mechanism of B-cell dysfunction

The morphology of the islets in MafA KO mice was analyzed by immunohistochemistry and transmission
electron microscopy (TEM), and gene expression in the MafA KO islets was examined by qRT-PCR. In addition,
RIPCreER;ROSA-YFP mice were generated in the background of MafA KO mice, db/db mice and low-dose

STZ mice, and the fate of B-cells in these mice was analyzed by the lineage tracing studies.

2. Neonatal B-cell proliferation
The transcriptome analyses of the islets of MafA KO neonates were performed. The results of these analyses

were subsequently used for the elucidation of signaling pathway regulating B-cell proliferation and maturation.

4. Results:
1. Novel mechanism of B-cell dysfunction

In MafA KO islets, cells with reduced / lost expression of insulin increased over time with decreased B-cell /
a-cell ratio. These cells expressed chromogranin A or synaptophysin, the endocrine cell markers. TEM of MafA
KO islets showed numerous B-cells with empty granules. The lineage tracing study of B-cells in MafA KO mice
demonstrated many B-cells that have reduced / lost expression of insulin, minority of which expressed glucagon.
qRT-PCR of MafA KO islets showed reduced expression of molecules critical for the function of B-cells such as
insulin, Slc2a2, Slc30a8, Pcskl, Vdr, Sytl4, Ucn3 and Maob. It also showed increased expression of genes that
are specifically repressed in the conventional B-cells, such as Slc16A1 or that are transiently expressed in
endocrine progenitor cells such as MafB, Neurog3, Pax4 or Sox9. Meanwhile, TUNEL assay of B-cells in MafA
KO mice showed very few positive cells. Lineage tracing studies of other diabetes model mice such as db/db or
low-dose STZ mice also showed B-cells with reduced / lost expression of insulin and with the expression of
glucagon. These results suggest that MafA is important for the homeostasis of B-cells and regulates cell plasticity,
and reduced expression of MafA in compromised B-cells of diabetes results in dedifferentiation of these cells.
Our results also indicate that MafA can be a target for redifferentiation of compromised f-cells into the
functional cells in diabetes.

To search small compounds to induce the expression of MafA, or to analyze gene expression of mature
B-cells, MafA reporter mice were generated by the research project 22-103. In this project of 25-110, we

GFP/+
B

generated double reporter mice MafA-KOr;Ma for further analysis of dynamic change in the expression

of MafA and MafB in compromised B-cells. The islets isolated from MafA-KOr;MafB“"™** mice expressed KOr

Researchers IZ1&, MR EZELEHT S,



(Kusabira Orange) in B-cells and GFP in a-cells. After culturing of these islets for 3 days, majority of the islets
exhibited MafA-KOr-dominant expression, while few islets were MafB-GFP-dominant. These transgenic mice

enable to track dedifferentiation (MafA to MafB transition) over time.

2. Neonatal B-cell proliferation

Transcriptome analyses revealed genes downregulated in MafA KO islets at 7 weeks of age, including
Sle30a8, Vdr, Slc2a2, Peskl, Cryll, Sytl4, Ucn3, prolactin receptor (Prlr) and cyclin D2 (Cend2). The analysis
of mouse B-cell line MING6 cells with transfection of siRNA-MafA also showed reduced expression of Prlr.
qRT-PCR analysis of MafA KO islets showed reduced expression of Prlr and Cend2. The protein expression of
Prir and Cend2 in MafA KO islets was also impaired. Thus, the role of prolactin signaling in neonatal B-cell
proliferation and maturation was focused in this study.

Reporter assay using mouse and human Prlr promoters in HeLa cells revealed MafA can activate Prlr
promoter via at least two MafA recognition elements (MARE). Prolacin stimulation of rat B-cell line INS-1 cells
induced phosphorylation and translocation into the nucleus of StatSB through Prlr and Jak2, which increased the
expression of Cend2. In consistent with these results in vitro, BrdU incorporation assay revealed reduced
proliferation of B-cells in MafA KO mice at 4 weeks of age. These results suggest importance of prolactin

signaling for the proliferation of B-cells in neonatal as well as in pregnant mice.

5. Discussion
1. Novel mechanism of B-cell dysfunction

Our results suggest that MafA is critical for the homeostasis of B-cells and loss of MafA induces
dedifferentiated -cells with reduced / lost expression of insulin. Our results demonstrate new mechanism of
B-cell dysfunction, which is consistent with recently published articles during the course of this study, showing
dedifferentiation of B-cells in diabetes (Talchai et al., Cell. 2012; Wang et al., Cell Metab. 2014; Gao et al., Cell
Metab. 2014).

2. Neonatal B-cell proliferation

In this study, we showed that MafA regulates B-cell proliferation through prolactin signaling. For more
investigation of this aspect, we are now studying if B-cell specific expression of Prlr or Ccnd2 can rescue
impaired proliferation of B-cell in MafA KO neonates. To this end, BAC-Ins1-Prlr mice and BAC-Ins1-Ccnd2
mice are being generated using BAC clone including mouse insulinl promoter. Analysis of these mice may also

show another role of prolatin signaling to induce functional maturation of B-cells.

The results described above were published in the following journals.

1. Nishimura W, et al. Diabetologia, published on line. DOI: 10.1007/s00125-014-3464-9.
2. Nishimura W, et al. Endocr J, published on line. DOI: 10.1507/endocrj.
3. Eto K, et al. PLos One. 9: €104184, 2014.
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