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1. IXCBHIZ

HEEE IXRAFICIEY, (FEIE) 1R RIFORIGIREIE TH AR Gllia) BhE DO if
RGBT A 2RI T L CTE T, BEEBAEIIE RO A R ARRIZRDY B
FEU T2 A AV AL (FE S BRI 23D END A v A A K0 BE R IR AR 1A
THIRWEET, 2000 AEIZFCK THRERE TORRIhBIAEE ST, BIEDIE T
FERSNTND, EEROTFHIIMIE £/ 13045 1L R — 2SRt - g L0 i 5
ZHEEL . RPTREE T IZL o B RO FIRN (BRI IRIN) I2B 9%, BEAE S
REN T B EFIRNIZ A S LT BRI B 3L S B = R IS U C A R A
AR AW LY U R A A AR BRI 35, 2O LD B AR L
8, ZETHRORIGEIETHLN R T REFRENR L, T THZ ORI BE
ZEN ETFBND, BARMIIIBAE AL TH DR TR IR 92 B AR 0E
SO Z IO B R % R (24 LAN) I HEIE S DO K60 % 23880375, LIz
STIEIOBHE CIIEE THBMPEE LN D72 LIV E VBRI AV
BB AREICRDI2F2— 3O, 7720623 ANDORFT—NUEIZRD, ©9
— ORI & DREE () D3I 200uM  E/NSUNEE B DS HE 1% (TP L E
L., #EFH ., CT, MRl CRHMEICE3, fEH0 O T 203K, 50 AT N R 5
(MBI 1] 2 A Z O SOS R ICAERRSCE S TR, ZHOFREIT T b B
REEBOLASAT IR C D T LI RBR L Cs ), BT/ BRI R T A ZRIRE I R 567 D B
FEREIEIN TS, ZOXHBLE LD, HEER 1L LRl E & TR 3287 7= 7l
ESRERERALE U C R R F BRI A R L7z,

AWFFEIRENT ERE O A R TR AR~ D F I BB E DL EZ D J5 ik
ICE o CRHHENT-BHEFES O A, OB RS RLL T, BHEEML TH D
TRERGREAR I T DL v B U N SR A AV FE AR O iR BE 928138 TH D,

2. B TR BB T T L DORESL

(1) BRERE R T B A% (Inguinal Subcutaneous White Adipose Tissue: ISWAT)
~D i SRR

R — LI B MZ C5TBL/6 v T AZHEH LTz, LB = MNIBHES H /i
AR R (180me/kg, iv) THEIRIFZVERR LT-, HEEL 7N — &2 3K
BB TICH RIS RE Y Z L2085 DR F— b B L 72400 F [ 52 | 1
BIOBAEIZ A, R —EEIE 1.5ml O~Ar/aFa—7IC ANEEL. A
WAV P HREEELT-K120cmD PES) AR =F Lo Fa—T NIZTEIEL
770 PES0 F 2—7 224510l 15ml 2=k /L F 2 —F I AfL, 190G T14y
LTz, ZOBEICEOERIZTF 22— RLERCRUETERELTZ, L DOEE%
HEL=DOBIZ PESOF 2—7 DRI 1mmDENL TF o—7 Z8IHEL | [kt
NNV ) o h s U T,



BARIZL B = b fe RARERICHEC R JE 2 U1 ISWAT mpimz & H (X 1a), T
NEREEN RO BT A HERR . ZOWNMANTEREL T ISWAT WIZ/ERRLT7-3—4mm® R
7y M 1bIZ PESO (ZEETA LN —EEZ R E (BfE) L= (K 1c), A7 0
EIIAT AT Z7—CHEH (K1d) L, JEEfEE L., BiEEZ5E T LI,

a b C d

1. FRAEEHBEC T BRI P o5 A 5

(2) Bl s B RE AT
AR PR O HERS

2UEDORF =L HEEL 72 A00EIE /A2 A L T- 5 & . B AiERfIZ13>400mg/dl T
BTz STZ HERIFL v &= b MBI IR IR 2 12 FREL, 60 H ETITITAET
300mg/dl LL FiZ7po7-, Bt 40— 120 H ORNZZ 57 8T ISWAT Z-HIR
THEL VU NIEBIZE M (>400mg/dD) (272572 (%), ZOFT RIXIE Rk
L7z U B MIBE DS S I Lo CHEFRFESILTNAZEZRL TS, 3FHRIZ
WS BAEA L o= STZ BEIRIFE~ 7 A3 E ks CHEB L . 90 H £ TIT4aTHE
L7,

. CTL Tx
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. BB B O HER

Blood glucose (mg/dl)
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o
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N

- ME e PIAE A e iR (IPGTT)

PERREAEY: 120 HIC IPGTT(1g/ke, ip)Z4THEL LB = MitHEGEIIEENT 128k
BLTWDONHBAL, [FUL B MR, B S Z ST ISWAT %4
BR#47 HITHEE IPGTT 21757275, MtHEREE R I TH L T/,



X3. BAE 120 H B O8I kE & far ik Br

800 - e
g ¢ 777 MIIRRRT (O) | 1% (O), 3 * ;P<0.01,
A ANOVA).
§ 00 1
g 200 +
¢ +-—T—T"-—T"-r—-—T—"T—"T"T"T
0 30 120 min

- A B e

PIRRAT .. BAESRRIRAICL S b ISWAT Rz H L., B %
FRBAMSE T ICBIEE LT, BBRIEWCLICBIEE ST ISWAT N T IgREEhE:
IREAS BT DA MAE A o7 R 1—2mmO AL (75242 —) Rk L, A5
LTV,

X4 RIS AR T 52,
KED: BTN TRIEZTZML
TR

FFEIPET R . B ES 25 T ISWAT 2R~V BRI T T T ay )
ZERC L, Y] HE &9 Yt 21T 572, WIRTRONTZIDITEHEE B
1 —2mm OIS CIE R ZREDRE B MK o MIfA% &AL TV,
: jo Fos X]5.
: Bl
s
HEL

H&E insulin, glucagon, DAPI H&E insulin, glucagon, DAPI T 5,

AR O CT

BAERE S 231 — 2mm D Fr A M8 Z EO MR le U CTAEB L TWDET RLEY | &
CTIZEOBBMEE S D AL TEDDOTIIZR2V N EREL, ~A( 271 CT 24772,
Bhit#% 1200 B OV e MM FERITHE - U7z, BREE IS8 RS ~ 7 2 H i &
EEA(0.1mD) 2L, BEHIC~TRAH CT TR LT, ZORII L EE RKESDHE
LT 0.5mm DIV (B E5mm) 2R AE I S HLIC T HE L C ISWAT Rl
BHIE LT, TORER, U3 VIR L € BRI B 03 2 SRS ISWAT PNICIETE
THERINI-HEIEL TRIETET,



X6. BAEIES O CT i
g BAEIE RS, p; ULk, RERENR

AP R L ELER L T= ISWAT ~DO B0 =R

ISWAT ~DOBAENZRNFFNBALIZ L, BT EIDRRETL T2, BRI
(21 STZ BEIRI~ 7 A~OPE R FEAE ([RFE R R) IZBEL R —REE£A400(2
UE43) £, 200 (1PC4y) . 51212100 (1/2 PEhy) &7 T g (pv) vs
SWAT (sc) ~DOBfEEZL = MO MFEERERSZBIE LT, O/ F, Tl
N TIZ200&£ 100 T MAEE I EF (LT FLiv s MIE s T
LT, — 5. ISWAT TIZ200 Tl ZIEH b, SHITIT100 ThiR % (2 b
IZFHEL . BAE% 150 HITIZ50% DL S = MDY 300mg/dl LA FiZ/eo7-,

_ 200 sc - 200 pv
21000 2000
E 800 E 800
2 600 2 600
5 400 3 400
> 200 ': 200
B % o
8 o+ TFT— 3 0+
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Days after transplantation Days after transplantation
- 100 sc S 1000 foolEy
% 1000 E’
<= 800
E 800 @
% 600 § 600
S 400 > 100
°
> 500 3 200
H * 5 0 +—rT—rT—T—T T
= 0
m 0 30 60 90 120 150 180

1 L] L] L]
0 30 60 90 120 150 180
Days after transplantation
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(3) [FITE R AR A B il 10

T s R CII BRI AL Z o TR SO S ORISR #2285 B 0350 | ik
*[E%—LMLJZ«GZ;)%) ISWAT «@@*ﬁgmw\%?’@%éo %@Eﬁ)ﬁi@\ ﬂﬁ@ﬂg%@*ﬁ%ﬁﬁi
CHEHE SOSHIAEI ZD  2NH ST 78 > T D BRI PH 2 Al (CTLAA4lg plus anti-
CD40L) Z FAVNT ISWAT [ZRAE L 7= [F) Fl A 1B D HEHE S i DS TE DD kR
77

R —&EUTBALB/c ERZ, LI B MZ STZ #ERJ% C57BL/6 ~7 A% [
W 1EIOBHELZ 400 [HOPER 2L B hd ISWAT (2B L7-, CTLA4Ig
(500pg/injection) & anti-CD40L(200ug/injection)ZAH % 0, 2, 4, 6, 8 HD5[H]
HEREN G- LTz,

ZOFRER, 6/8ILDOL LT M B 150 B UL RIZHED EF 4~ LT,
INHDOL B UMIRL, B Z B T ISWAT Z28JRT 5L B MT
EblE L7 o7-, E-UIR U ISWAT WICIE R B M R L2~ 7=
B asl 28072, v ha— iRz B G Uiz xt BRECII B & 122 TR
S, Lo NIBHE 14 B LLNICE B & 7o 72, MR PRSI T AL ER
DIRFERHY | PERHIITBIZ TERh o7,

a CTLA4Ig+anti-CD40L

=
[+ I =]

B D
[= =1~
(<3< =2~

200 Bl
& x WY mds ey

0 1 T T L] L] T = L]

-
0 30 60 90 120 150 180
days after transplantation
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HE Insulin, DAPI
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CTLA4Ig + anti-CD40L ab
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(4) eMERZ R —&L T STZ HERIFCIE R~ T AD ISWAT ~DEHE

MR D34 B L ST 0T LW R ARV R LT BE T D0 A MRGIE T 5720
12, STZ BERIF R AR A~ A (NOD/scid) D ISWAT IZBHEL . LB+
mﬁﬂﬁ?’ﬁ% B LTz, KETIIERR ﬁﬁﬁéhiﬁu\ﬂuﬁw N DA 5 s F

DRBOOLILTEY, MHZE B S OAGE MIOKE LV ES N e MERZ EZHRIC
iz,

ZDFE R 2000-23001EQ(slet equivalent) Db M B R 14 | BE IR I NOD/scid
~ 7 ADMPEIXIEF AL LT (a) o IPGTT TBAEIZEVL v MitHERE I XA &
g (), SHITIFL B ML HIZES C- T F R TET2(0), %Z*‘lﬁ?ﬁéio
— 150 H TR Z 5 e ISWAT ZUIBRT 5L S O MBFIXE HITE
A2 o7 MR B L= ISWAT WICIEfEiEA =4, A AU Yy
G EDBE R HERREE 23 - 72(d),

a

-

= 800 =800 v B B fi
T I . 9. b HEER S
% 00 INL %00 D STZ FERIFH G
3 2 ;
5 200 3200 PERE T ANSD
o
= o % T Al
0 30 60 90 120 150 0 30 60 90 120 150
days after transplantation days after transplantation
b C

500 Sorkk

Blood glucose (mg/dl)

Human C-peptide (ng/ml)
-
o0
o—¢—o
eo}—o

(=]

H&E insulin, DAPI

(FLo)
UL bR E0A R R LT ISWAT ~OHT L BB AN BUE R R T
TV DHTFIEIN S HE 1 & PEl U T LT S M1 E CTH D EMGETX | Hiil
iU ChESL C& T, it T FRifrfre L OBz,
FEPDLFR: AL AV PEA I B IR il A S
HFEH : FRk274E4H 140
BEkH: FRk30FE3H9H
KRB ek FFT 6300287 &
RFFAE: LE—



72, F F i L E L TR FEL - (Transplantation 2018 Mar 8. doi:
10.1097/TP0000000000002162) .

3. KT RENHERR RS B T2 D fFAT

STZ BEPRIFL BT R ISWAT ~O[EFE[FRPE R OB 1L B = Ml
DIRZIZT BT HZELD, ZORIREL TR AL LT IR NI
=T A A EEARMBRAIA O FTREMEMN B 2 50, mE IOV THRE LT,

(1) FEAEIE B P4
AL AV B

ISWAT ~ [RIFE[F] R P R 74 | R HEIRE Fo5 PN IE B Al E D FEREE L TA U A
U a A BRI AITRIE LTz, BARRICIZ400 8 B A2 R —L LT STZ BER
R~V TALTE RO ISWAT ~Bif%2, 30, 60, 120H HIZBMESZ & T
ISWAT ZHIBREL ., 7Yy Rmi ) — 3k TA U AV L, ELISA TA U AU &
HaEEFREL:,

ZORER, %2 B DAL A G BT DF10% T, 30 AL FRIEET
oo, LU b, 60 H6HEINL, 120 H TIX30%ICETH ML Tz
(ANOVA, P<0.05),
A AN TN R

BAE%60H ., 120 H OB R 2 4%PFA CEERIINNT T T aylaAE
L. OIS a g G e AT o, ARV TN T T O ZEHYP AR T o
722 AARRITE ISWAT NOBAEREE N GO (I AV L7 v 13 Dl )5
IZYe A SNARIIES RSz, RN A v R/ T 3 g X G
IEEIRN C RO, B MO RIBEHIEEE 2 5L TVD, 7272, Alal adult islets
ERF— T AR CRELLI- AL AU /TN BT BRI A FIEEIC B
R Fi B ARNE D Flo e i B 3L TWH D — DD LA SO 45 bl i
~® transdifferentiation OFE 72 DH> S 1% DT BB TH D, BH LT,
VT RFERZRIR DL T BRI B Ml 2 52 RIS RIES o~ 28T L (B il
FITVT I Z FBIR Tg ~UAZF 7 TIT R B H) I8\ T/ A
AR SA LAY AR D EN) S (Natured64: 1149, 2010)0385, Frx
DFE T HEBARRRE NS B\ R LT A R/ TV T 2 AR v Jr 3 Al
FAH SN E DD TN AT AT YEP 245k L 72~ A (GlucagonCreROSA26 YFP)
PVERRL . T DR EZR T —E L THWT, BIEMIT 2D T, b LEITEET
BHE. YFP Bt FACS—sorting 23 AJBECTHY ., LH A AU/ 7V 13 L #i
JaiX YEP @ intensity 237 VA= RIZLUARNEE 2 BAUVIT 2 (X B L TER
HC&, ZDO#% ORI IR L, Z T nnA 0 R AR~ 5 E N
T RS R REER B D,

ST, DAV AV /TN AT AAME D e MR 5 126 HHER A2 [ BRTRL |
ZNEWBNTT D20 STZ HEIRIFR A 2~ A (NOD/scid) D B T
NEWAARAR N (ISWAT) ICBAE LT e ME R Z R B LTz, BRI ZLICENEAEIE R



N7 VTR DE —6EIDA L AN /TN AT AL T T, A AV /T
VAT AN B W TENE D FERL A E— I E NICAFIE T DD ERRFET D
72O T RN AR N ARG 5 &t % FR B CRIZE LT, BARMIZIZA R 4t
&, T NI PRI KRESDEI2D gold particle(12 vs 18nm)Z =% L . FEIHY]
FICERESE, Bl LT, EOREE. B 15 B ORI & OGRS [ — A
BNIZBEEL TIFEL ., BIE DA A HUA 12 nm particle (ZHFE N VT
PUA 18nm particle |ZFE AT DI EDVHIBAL T2, ZASIZ AW A BUMZE N 7,
T, ZOMBINE DI IR E BT 200, Bl —HE N TA A 2T VA
YINEDINTT Y TEINTNDDN, SR DKREIIET —~ ThD,
- B2 T REWIAR AR N A E S5 (.2 38 1 5 B Al e B aE A & — 2 o0 8 R 00 R BT
(RNAseq) 725 TNT gPCR
B T HE BN AR B DA > AV B A BRI N2 8 R L0 B
REIE s B AR BN (FF4E) | [RIRFICRBHEIFE S B Al e BEHE Ay 2 — T O IR 2
TESNIZ, ZNHEFALNCT D7D BRI HEIFE S B Al B8 A
vt — U MEHERIIZ RNAseq T, B 121X qPCR TH-ATL 7=,
ZORER, HEEE S 2o ba— L EL TEBEZ 603 LUV 20 H B IE 5 & LL ik
T5HE, Bii1%60H T Neurogenind (Ngn3) 7, Bhti1%120H T Nkx6.1, Glplr,
Pdx1, Insl, Ins2, Mafa, Gipr, Neug3 DIEEBPAG B TWOTUW=, Ngnd X
B AR BTG, Nkx6.1, Glplr, Pdxl, Insl, Ins2, Mafa,\ZR%3A B AIZFEE -4
5531 Chod,
ZNBDOWN, insl, ins2, Ngn3, Pdx1\Z->%, qPCR THIRELTZ, ZDkEH:. RNAseq
CRIBRIZ, BAEL 60 B 1T Ngnd 23, BAE% 120 H Tl insl, ins2, Pdxl, Ngn3 3
AEICEH LT,
B2 TR B 1238 B 5 Nen3 Bl i O fift Ay
Ngn3 OEAL~LDIRBIAE B2, BAEERIRAIZE FIEIHEEENE
MRS Z M L. 4%PFA CEE., X774 YR 2B L, #OEeE Yeta Tl
£27-, P1 Ngn3 FrifiZ K [E UCSF @ Michael German KWt 52 51F7-, Dk
R, BAE%60 H CEIZA ARV GIEMIBORZIZ Ngn3 BrtEilasn g i, 1
20 H TIIEIZEZL DA AV G HEMIBaEZ DS Ngnd Btk Ch o7, 2B DT
V3R N RN N AR 5 L SN T DB % A v AU B P T Ngn3 723 B
HLTWDAREMEZ /RIRL T, BLERTEW AT RLEL T BHEEIALZ K2 T AENGRE
ik CrIZe<, BHE NI L CRIBRICARIE S 28123 L7225, Ngn3 FEPEMIRRI T4
BEENen -T2,
BAE £ CITE B MM o AL JEIC BIL T Nen3+RiBEA M DIE B ks 545
WFRLE B AR B B DI B IR ECD VIR B D, BF DA WEB
JalZiZ 2454 (heterogeneity) 23&Y | spfila&72d B IR MFIET HZ L1785,
INBEALNCT A LT EY IO CTEETHD, ZOBLSIVIITE, Nen3
DH&EL% GFP TlRE TX% Ngn3-GFP =7 2% EER I L. LT OfifHT %1
W TUWD, Ngn3-GFP ~ 7 A8 £ [E RKIAAMHMC L Ik 525 )7,
‘Ngn—-GFP ~v Al 0 BB L 7= B % STZ BERIBL v b TR A%
PITTEAE, RRIRFRIC A 5 24 HY . D IT dispase Tl 156407 Bk
H[H72>6 FACS-sorting T GFP [ ZEEL L . RNAseq THEMERIIZAY & —
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CEMNTT D, RIREL T, ARSI Ngn3-GFP <~ AHBEE B HELN
7o HHRE, Ngn3—-GFP ~ 7 ARME I B> D HLMAE T GFP farEiaZz v
éo

TNHDOEERIY B HED B AN AECDEED D IRE ., BITIEF O A A
A=A LDFFERARHIRFCTED,

(2) MBS R R TR BBl DL B M SR A R o pEAE A
DIRE | fiEHT

WS BAETAL Ch D T RRIHAR D RNAseq (2L DFEMT
(1) CREHEIL 7= DI E T REWHRR N I B B i 1% I O D R RE R A A
GHBEOBEMIBEL T, BEEBMENL T D 2 TR S S D IR 1
DB H L CWDR[EEMENHY | Z A ALINT T 5 B TR A R
BAEERNL T o S N ABN MM A i H L . RNAseq (CXDENTAAT o7, ZODRR,
HE L UIBHEIEESZ 100%8RETDHERH -T2, EWITHIOBAEE TIEE
FERE R ] — 2mmDEM A TE AL L TAEE T 2RERHY | FEIRTEMEE T
MR 2+ R C& UIBR T 228 TET-, SO N i RITELI &L
KLU THW A — 7 <~ U AR PRI L FESBRE%Z60H , 120
HIENG Tl B MR B Ay — (Nkx6. 1, Glplr, Pdx1, Insl, Ins2, Mafa, Gipr,
Neug3, Glu, somato, PP)H)A BIZ FHL T\, 26D FT RIXEE T AR
NIV B MR B MR AT 7 BLL T2 v R A 7RI L T D,

*Mouse insulin promoter (MIP)-GFP <7 2% F\ /= fi#hit

L%ﬂ*@%%htﬁ%%%ﬁ@é&Tﬂﬁﬂﬁ%ﬂ%ﬁsz@vyw:nwElaﬂ%ﬁ%%%ﬂﬂﬂ@m
RO LIS T D202 MIP-GFP w7 A& EEBHEL v hed 5 %E
BRZ2{T o7z, MIP-GFP 717?( I T R A LT, b L. B AR
Bttt o B2 T RE AR N ICGF PR MIAE 28 B3 U2 ol XL v e
N RA AV AR THDZEDMEREE2 D,

Bp AR S 40018 2 STZHE R MIP-GFP ~ 7 2D 2 T ISR IS BAEL
BAi1£60&120 HIZE MR Z R L, v =227 0y T GFP HA D[
EaRIT, MIREL TFHA—7 MIP-GFP =~ AD 7 T lEIA##%Z . -
XL CB-actin(43kDa)z W, HIEME X GFP/B-actin TH L7z, £ ORER, &t
HE@EE.HJ%E-'@%T 1472357 GFP R R(2TkDa) 3B A% 60 H TROHOLNDH L

(2720, HIZIZ120 H TEHITHTRL TRO LI,

11



GFP expression

0.25

0z

T
015
01
0.05
N.D. N.D.
o T T T T
naive fatl naive fat2 K5 K& K70

N.D. : non detected

GFP/B-Actin

60H 120H

WIZSTZHERIF MIP-GFP L SV b~ D S Al 14 B2 T RE NG 2 Al
%120 HIZHEHL . 4% PFATEE, NT 71 YA 2 ER L ez e fa
CGFP, ARV TNIIL DORBERRTR LT, TORER, AR 67
DR TR NIZGFPEA L AV ILIZ B O Mla %2 Bl52 C& 7=, ZDH
FRIZHEAL CT—2 DU T 7 TH 2 — 3EIFFAEL Tz,
O ITBESBAER O FREEENICL e = MR A R VAR
HMS B L= 2 DEZETH D,

LI BT N SRA A U PEA R O R B A P R 9 D R - DR R

EFED STZ BEIRIE MIP-GFP ~ 7 AL B b Rz T AR IR PN 2 B A 70 e

BB R FIEARRNICHHEL 95 GFP A RY T/l BIL , D3

BRI 758 3 5 K 1 DB EI T T,

O @ERENi & (High Fat Diet: HFD)D %) R
BN CIIARG RO IR R B B RK T5, <~ AIZRWTE HED Z4GEET
B AR BEIRIF L7720 FDOWWERIZB W TELD A A ARBIEIZE RN L T
RS DB R 5, ZORKRIIARIA S TR WS FE R EL TRER N Bl
JAE DG THZEDHBIL TS, (> T, MIP-GFP LI B hDE S
R NRENIAEAR N R 1C HFD Z4afE 9 58 TARMEMENICHEL 35
GFP A AU T E AN T BRI REME R DD, ZIHE LN T 5728
\Z STZ HEIRIHE MIP-GFP =D AL L M T ARG N i & 2 i 4
30H &Y HFD ##GEE, Bt 120 B FIENR AR H L @ OfE%
¥GEF L7z~ A (Control Diet: CD)Z*}FRIZU =K 7y C GFP EHD
B Z L LTz, ZOEBRZ BT DRI, TIHFEBREL T wild-type
C57BL/6 725 TNZ MIP-GFP <7 % (C57BL/6 background) |~ HED vs CD %
FREEL . HED Oh A MesR L7-, FEER O BT B AE R S B #4212 HED vs
CD Z#EHL 7= MIP-GFP =~ AL L BT D 7 FRSAG#LGE D GFP F L1275
BIIERD B2 -T2,
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@ RO
TR N I 55 23 A BRI B R T 2B N A OLNDET L E L THERD B 5, 4T
BRIZHE IR D 272 B3 IR A 12 0 B2 T RENHERR P IRV Th
AL R FEARIBRE SN D Al BENE N DD, ZDH AL T D72 ITHED
MIP-GFP ~ 7 A\ AT 5 D Bz T HENAERR N A0 A 1212, HELAZRELL |
TR HH PE 2 (AL B TR AR A G L, v = RZ T my MBS KLU
APE YL T GFP DR DD FERA D THY | BUERMRHFH TH D,
@ EBIEHEESISCE > THEESNDRIED T F
BOT 1Y =7 N THREZMHIFZ WIS~ T ARSI R T (BT AR
WiHER) DFEHE TR O FC I 5 [RIFE RS A FE A S OO il 48074 BR 78 1T B L
T 5 (78"Scientific Sessions of American Diabetes Association 2018; oral
presentation) , ZDF L FIEIC LGS HEMSOSHIEN T 2 H PEE VD XD
JRFTREAREIZEDL D THDHENIZEIAIAL -, ZTDOBAE%60 H Ok
BT IZTNEFIZY Y NEROEFEDRHY | B REZEIZEOHFIZA AT
JNVHA T BB ER ST,
ZOMIIIL T E MR TH L RN BV | BIfE MIP-GFP U X, 725
NZ GlucagonCreROSA26eYFP w0 A% L B = R CRRGEEL CUVV5, BB~
A% Glucagon Bl iC YFP 2MERRS L TIRY, 7 a L YFP TYt
SO AFAEST AU ZE DI N AT G S E = MR TH LT
EDERIEE 72D,
S a4 2 P IR NI B DL o B N S A v RV REA R O 35
BR R
O  HUATL—IZ LD HEBLE B ORI AT
B2 120 A RS vs HLEERES . AR 120 A B2 FIE#HR vs 714 —7
~UAD K TR Z VT, #hEnroE el L itk —4 M
WERBRRERIIRATICRY . R11THIC D&, FRER IS 2RV R LT,
eSS vs HLBERES
FEREIE S (BRI CW =& F ;. adiponectin, CCL5, CCLS, tissue
factor, CD54 (ICAM1), serpin F1
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4. & T HERhRERR & BBERE B % F\V V2 in vitro EBSR OBER
~ T BB B & R T IEN AR O E W58 1 LA AR R T O fif
AR LT TR Rk DB
ZOFEBRO BT S MIP-GFP <~ 2 F TSR OEEE 1210 in
vitro ¢ GFP'insulin MR OFFERX 1% A3 L12dh D, TDEDOTIELEL
TP AT B & MIP-GFP <~ AR T AEN# AR DOIR A B53E . BIZIX in vivo D
PRV 2 S eS| By A R E B A DRI MIP-GFP ~ w7 AF T RR AR N IR
FEL . 1 % ISR B2 5 o 2 TRRARR AL, 7T AF v 7~
IV, AR A EERAZ DT, in vitro T GFP'insulin#liR DI BT
DI ATy b R O A2 5 GFP & A D[EE, PCR TD GFP AV
—VORHEEEE LT,
ZOHFETSOIRENHBROMRERREVZDLOTHE L, KIFOKRE
DB CHIE 1T 2R B E AR R N SRR % 1L TR v a—
ABPEIZOWNTTHD, Flomb R IR #2354 52427TC in vivo T
I GFP'insulin MO HELFTO0 B LA EAZEL CuD, BABERE S L T RENGFE
FROB: I ARk DR #1285 primary culture CavZIx—ar w405
BEE DS, FEBRICITRE S B, AR IARRR I X7V — o R F N TENEL .
JEYBS IR Ty BR B L | B Hhzc fa (2081 /i) 21T o7, L LRSS F)5E
BRCH:RS0H Hicar #Ix—Tara il EREhL, JRKEL T
FaX—F—NHHTHLED BT, BIEFEHDOI)— o R_RUF foFa
NR— g — 2 W L CEBRE D TND,
b MBI B e N I RRAR OB 2 I B IS Wk E SR SNz
Ny & A8 T R 2RI Bt T4 B 3E T B D B2 N RN #sR & 65 F 4~ 23t T -
7oy, HIRDZ L/ BH M O FAMRE S PUR NS B2 2 hicE sy
ONERIDS S EETE T DRI REME N D, F AL T ME R DR E RN~ AR T
HAAHAR A~ DR, 72D NI A B TY T A AV IR S HBLL 72V W) in
vivo 725 TNZ in vitro THEHTL TUW15

5. ARk DOFEFER) mRNA AT I L D8RR D N B AR F FIE

(1) miRNA 87 fiE T

LB M RA LAY I B S K IZBIL T PR T L — 2 kD&
HBUNCRIEMEE e AN—2 R TELC2r Y Y — NI EEND
miRNA 23E B STV, ARBFZEICRWTIBHE% 120 HIERE vs  HLBERE
5. B 120 H B2 FIEIGMERE vs A —7 R FIEEMEZ HWC, #h T
AUZFE BT 25 miRNA Z 87 ZRRHTL | ELESRERRIC 22 B0 0D R ER LT,
B vs HLEEIE S

R B 1222 <FEBLL T = miRNA: 451a, 199a-3p, 150-5p, 142-5p,
199b-5p, 223-3p, 142-3p
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6. FBAERTOREMRIE., $FRENT
STHROLNTT — X & FETHTELL T OEBRAED TD,

miRNA [ZBIL TIE4 miRNA OT7 T =Rk 7o AT = AR IRSILTERY, A TN
ARETH D, ZIHDBH % i B AE O IVIZ MIP-GFP ~ 7 AR T AE AR Y
(CHe R H L, LB = b S LAY (GFPinsulin®) AR H B O A 21 e 3
HZEIZED, miRNA O EAASNNITAHIEN TS, 7272, BEIXT U —
AT N THAHN, TR U7 ORI 5 (090 B) TlahLVELRIEEH
THTUNY—H 2T Lo "N HIRSIEBY DV AT LEFIHTHZENTED,
W) AEAT = AN R TE R THX7 Ly MIP-GFP <= A0 F TR I5#fk
PNIZHELA 2 RRFFAYIZ GFP insulin fAE 23 HBL 208 € 35, AT M5
AUERIZ—2>F DR miRNA 25KV FEIRRICREL . FERFA2RET
%, TSN FERK T ORERE T DO /v I T I AZAERL .
R —HLILMIP-GFP LB CTHEONTo~v T AL VB R TEAL, EH
K72 &35,

7. RE

REEF T EAFICIED  FEIRISICX 3 DM, THCHIFER GRia) FEAE O iR R
REDREPRA B R LTS RICHEF L C& T, BRI VRS IR IR OAR TG % B RIICHE
DAL A ARETIH2 A AV BEAMIA AR L . A S B I L0 s
NDAL AYAZEY LB = M IMBEZ ZIE L, % 5 PR R T 51h
WIETHD, MEHK, BAEERALE L TR (R R P AREIRTFIN) BE-IRE I TOD M3, FF
A O B AR E M ROL CRMIEE NI S D IFNBHEIEES O LR, mifg
FEARG ., AR 2SR B AEAE RS D TN TRV R EDIEERH T, Zbid e
JES B RERNAL ChHHZ LT IK L TRV | g LA ~DFEHE J7 15 GARAL) DB % H358
SEFENTW, S RIOF 2 OWFFEIZI0 RS 2 T RE IR iRIC R b o'
T HRE SRR & U CHERE 3D 2 LN BB o T, BARMIZIZE AL FE PRI
LI RO M IEFARIC S EER R — ST D 1/2, CT CTRAERE S
DAL, FHAFTREL 7272, A aNE~ T AFEBR R TELNIZ R THLINS R IT
FER IS MRE L. KREMWY CORFZERR D508, ih 3 X R R S B A
B ER LT D,

FEEMFIEDEFRE T STZ BERIA~ T AD & M D AFIEN AR TITEF EL R v
72NN — PR R T2 B2 IR NI ZD | R 2 I IESAVIE & IpE (2
IRBHTEDVHIA LT, EDORRE U TRAHRRE S 4D LI FREERR N8 72 7e A
YAV PEA IR A A D RTREMEDNE 2 DAL, MBI OV TREILTZ, ZOREF., LA T
D2 ODEE/LF AN GHNT,

(1) Bz FHENG /AR N HEIE B 1A £ 60 H 235120 HITHNT T B Al RS A+
—(Nkx6.1, Giplr, Pdxl1, Insl, Ins2, Mafta, Gipr, Neug3, Glu, somato, PP))>MEES
o ARV GG EDEEINT 5, £7o, BRFEEN B MiaZ O Rl ~——
T& 5 Neurogenin3 7T 51012725,

(2) WEEBAZI0HNH120 B I T, FERBHELENL CTH DR F RN
LI B RO A A EEA RIS BT D,
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(DX F—EESWN AR S gD A, (2) XL e Mz TR RLARN T
D772 B FFRDOANAEZE R L TND, TSI RIF OB A ERLEL TR ED S
TS ES MM, iPS fIRRGA L A BEAMIRZBIEL . BAEIC WD IERES
TRy, BE EHFOEEN TR B MRFANFIRE THAZ LE RUI BRI
BRThd,

8. s

FAENE B AR D B fifnZ A2 U8, K2 Ngn3 [t B Mlifc, 72BN TG
Wik BL T 2L e Rk B MRS E D L5 70 KA FF O T 570D
WBEHIA HOBETHS, BiF 1T Ngn3-GFP w7 AR AN — | BpARl <~ 241
NI, BE I ARPEE 2R —IC MIP-GFP =7 2% LI B U MW T,
A% Ngn3-GFP G flAE, MIP-GFP 5P Rl A 2 412 AL DRE Rk &0 Hiff (FACS-
sorting) L. AT 22 LI KVABNCTHZENTED,
F7- . BRHEFEE . 2 FIEEARNL S v N Sk B fRAI 4 1T VT v Bl
e &R TR D/ 0 AN —21285bDEE 2B, TN ENORFIZBL .
FHAR OMFEAMEATIZED , BIF CIIFFEARBLUE A %3 TiX miRNA Oz fh
HCE7223, SFEMOMFZEHIR CIXRFEITIEEST | SR O EE T,

9. SBDEY
AT RS CHIB U= DAL C o BRI AI A= O FFE R 08 B S uiuidpE

PRI% 00 T A 22 8 BRI R D BHIE L8230 | B DRSS TS R T s A B R R VA
DEIT AR R OB A IC AN TR REZ D T2,
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Abbreviations:

ISWAT: Inguinal subcutaneous white adipose tissue

STZ: streptozotocin
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Abstract

Background: Islet transplantation is an attractive treatment for patients with

insulin-dependent diabetes mellitus, and currently the liver is the favored transplantation

site. However, an alternative site is desirable because of the low efficiency of hepatic

transplantation, requiring 2-3 donors for a single recipient, and because the transplanted

islets cannot be accessed or retrieved.

Methods: We developed a novel procedure of islet transplantation to the inguinal

subcutaneous white adipose tissue (ISWAT) of mice and described functional and

morphological characteristics of transplanted syngeneic islets. Also, it was determined

whether islet allograft rejection in the ISWAT can be prevented by immunosuppressive

agents. Furthermore, it was examined whether human islets function when grafted in

this particular site of immune-deficient mice.

Results: In this site, transplanted islets are engrafted as clusters and function to reverse

STZ-induced diabetes in mice. Importantly, transplanted islets can be visualized by CT

and are easily retrievable, and allograft rejection is preventable by blockade of

co-stimulatory signals. Of much importance, the efficiency of islet transplantation in

this site s superior to the liver, in which hyperglycemia of diabetic recipient mice is

ameliorated after transplantation of 200 syngeneic islets (the islet number yielded from
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one mouse pancreas) to the ISWAT but not to the liver. Furthermore, human islets

transplanted in this particular site function to reverse diabetes in immune-deficient mice.

Conclusion: Thus, the ISWAT is superior to the liver as the site of islet transplantation,

which may lead to improved outcome of clinical islet transplantation.
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Introduction

Pancreatic islet transplantation has now become the procedure of choice for the

treatment of insulin-dependent diabetes mellitus (IDDM) since the report in 2000 by

Shapiro et al., in which they showed that insulin-independence could be successfully

achieved in patients with IDDM after islet transplantation (1). Currently, the outcome of

islet transplantation has been improved, such that more than 50% of IDDM recipients

are insulin-free 5 years later (2, 3), and the serious complication of severe hypoglycemic

events is resolved after islet transplantation (4, 5). However, several important issues

remain to be resolved, including the inability to access and retrieve transplanted islets if

necessary, such as at the time of rejection. This is because the islets are transplanted via

the portal vein of recipients (1) and they become diffusely localized in the periphery of

the portal vein in the liver. More importantly, the efficiency of islet transplantation is

low, requiring sequential transplantation of islets with the use of 2-3 donors for the

treatment of a single recipient. This is mainly due to early loss of the islets caused by

innate immune rejection of islets transplanted into the liver (6). These problems appear

to be specific to the liver as a transplantation site, suggesting that an alternative

functional site for islet transplantation may provide a way to overcome the current

obstacles facing clinical islet transplantation.
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Many sites other than the liver have been reported for experimental islet

transplantation (7-9). Among them, we focused on the subcutaneous space as a

clinically applicable site since the transplantation procedure itself is simple although its

efficiency has previously been reported to be extremely low, in which five to ten donors

are required to reverse diabetes of a single recipient in rats (10, 11). For transplanted

islets to function, not only new vessel formation for supply of arterial blood but also the

presence of latent feeding vessels adjacent to the transplanted islets to communicate

with new vessels are essential, since otherwise the transplanted islets eventually die due

to hypoxia. Thus, we reasoned that the extremely low efficiency of islet transplantation

into conventional sites in the subcutaneous space is caused by hypoxic cell death after

transplantation due to the lack of feeding vessels. Therefore, we searched for a site in

the subcutaneous space of mice with potential feeding vessels. As a result, we found

that the inguinal subcutaneous white adipose tissue (ISWAT), with feeding vessels from

the inferior epigastric artery and vein, fulfills this criterion.

In the present study, we describe a novel procedure for transplantation of islets to

the ISWAT, where transplanted islets are engrafted to form clusters with

neovascularization allowing visualization of transplanted islets as enhanced mass by CT

and their easy retrieval. More importantly, hyperglycemia of STZ-induced diabetic mice
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is ameliorated after transplantation of only 200 syngeneic islets, which is the number of

islets that can be isolated from a single donor. Of note, islet allograft rejection in this

site can be prevented by post-transplant short-term treatment with co-stimulatory

blocking biologics. Furthermore, human islet xenotransplants can reverse STZ-induced

diabetes in NOD/scid mice when grafted in this site.
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Materials and Methods.

All experiments were in accordance with protocols approved by the Animal Care

and Use Committee at Fukuoka University (Approval number: 1703020).

Mice. Male C57BL/6, BALB/c and NOD/scid mice were purchased from Charles

River Japan (Kanagawa, Japan). Human islets were supplied by Prodo Lab (Irvine, CA).

Mice were kept under specific pathogen-free conditions and used at 6-15 weeks of age.

Mouse islet isolation, transplantation and retrieval. Islets were isolated from the

mouse pancreas (12, 13) and those with a diameter of 150-250 um were hand-picked

and were transplanted into the left inguinal subcutaneous white adipose tissue (ISWAT)

(SDC, Figure 1) (14) of STZ (180mg/kg) (Sigma)-induced diabetic C57BL/6 recipient

mice at 3 days after the injection of STZ according to the tube method described by Ito

et al (15), as follows. First, donor islets were allowed to settle in a 1.5 ml microfuge

tube (Trefflab, Degersheim, Switzerland) and then were loaded into a PES0

polyethylene tube (Beckton Dickinson, Sparks, MD), approximately 20 cm in length,

with the aid of a Hamilton syringe (Hamilton Company, Reno, Nevada). The PES0

tubing was then bent and placed inside a 15 ml conical tube so that the center of the

tubing was placed in the bottom of the conical tube, which was centrifuged at 190 G for

1 min, thus forming an islet pellet in the center of the PE50 tubing. After measuring the

length of the islet pellet using an Electronic Digital Caliper (General, New York, NY) as

9
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an objective index of donor islet mass (SDC, Figure 2), the PES0 tubing was cut with

scissors approximately 1 mm distant from the edge of the islet pellet and then, a

Hamilton syringe was connected to the other side of the PES0 tubing.

Regarding the transplantation procedures, a vertical skin incision is made in the

left inguinal area of the recipient mouse (Figure la, left), and the inferior epigastric

artery and vein (Figure la, arrows) are identified in the ISWAT and a small pocket is

created superiorly to the vessels (Figure la, middle, left), where islets loaded in P50

tubing are deposited with the aid of a Hamilton syringe (Figure 1a, middle, right). Then,

the opening is closed with an Anastoclip (Lemaitre, Burlington, MA) (Figure 1a, right).

Transplantation of islets into the liver via the portal vein was performed as

reported previously (16). Transplantation of islets beneath the kidney capsule was

performed as reported previously (17) with minor modification as follows. Briefly, after

the exposure of the left kidney, a small incision was made on the kidney capsule and the

subcapsular space was created with use of a glass spatula where islets loaded in the P50

tube were placed as described above.

The retrieval of transplanted islets in the ISWAT was performed as follows. After

a vertical skin incision, the ISWAT containing transplanted islets was dissected free and

cut with a Bovie coagulator (Clearwater, FL) at a line approximately 3 mm distant from

10
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the edge of transplanted islets cluster bilaterally.

The non-fasting blood glucose levels of recipient mice were measured before and

twice after the injection of STZ and once a week after syngeneic islet transplantation.

In the allogeneic islet transplants, the non-fasting blood glucose levels of

recipient mice were measured 3 times a week until 30 days after transplantation and

once a week thereafter. Rejection was considered to have occurred when the blood

glucose levels of recipient mice exceeded the pretransplant levels of 400 mg/dl after

transplantation.

The blood glucose levels were measured using a GlucoCard DIA meter (Arkray,

Kyoto, Japan).

Macro photos and histology. Transplanted islets in the ISWAT of recipient mice were

exposed periodically after transplantation and observed under a dissecting microscope

(Olympus, Tokyo, Japan). The excised ISWAT of recipient mice bearing islet grafts

were fixed in 10% formalin, processed, embedded in paraffin and sectioned for

histological analysis. Sections were stained with hematoxylin and eosin, or for

immunofluorescent microscopic analysis. Primary and secondary antibodies used were

the following: guinea pig anti-insulin (DAKO, 1:200), rabbit anti-glucagon (Thermo,

1:200). Secondary antibodies used were the following: 488-alexa anti-rabbit or

11
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anti-guinea pig IgG (Molecular Probes), Cy3 anti-rabbit IgG (Jackson). Nuclei of the

cells were co-stained with DAPI (Sigma-Aldrich, lmg/ml). Images were acquired by

fluorescent microscopy (Keyence BZ-9000) and by confocal microscopy (Zeiss

LSM710).

Intraperitoneal glucose tolerance test. The intraperitoneal glucose tolerance test

(IPGTT) was performed in recipient mice at 120 days after islet transplantation. The

mice were fasted for 15 hours prior to the start of the test. Blood samples were obtained

from the tail vein of recipient mice at 0, 30 and 120 minutes after the IP injection of

glucose (1g/kg body weight).

HCT. Forty min after the injection of contrast material (ExiTron ™ Nano 12000,

Miltenyi Biotec, Bergisch Gladbach, Germany), 0.1 ml in volume via the left jugular

vein of recipient mice, a whole body CT (Skyscan 1178, Bruker, Kontich, Belgium) was

performed, and the CT images were acquired by NRecon (Bruker microCT) and the

data were analyzed with DataViewer verl.5.2.4 (Bruker microCT).

Prevention of islet allografi rejection in the ISWAT. BALB/c islets were grafted

in the left ISWAT of STZ-induced diabetic C57BL/6 mice. CTLA4-Ig (500

ng/injection/mouse, Orencia, Bristol-Myers Squibb) and/or anti-mouse CD40L antibody

(200 ug/injection/mouse, BioXcell, West Lebanon, NH) were administered IP at day 0,

12
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2, 4, 6 and 8 after transplantation and recombinant human Fe-G1 (BioXcell) and

Armernian hamster IgG (BioXcell) were used as controls, respectively.

Human islet experiments. Human islets were cultured at 37°C for additional 2-3

days in CMRL1066 medium (Mediatech, Corning, Tewksbury, MA) containing 2%

human albumin (CSL Behring, King of Prussia, PA) prior to the following experiments.

For islet transplantation, human islets, 2000-2500 IEQ/transplant/mouse, were grafted

in the ISWAT of STZ (160mg/kg, iv injection)-induced diabetic male NOD/scid mice.

Functional and histological studies of transplanted human islets were performed

similarly to the mouse study. Human C-peptide was measured with an ELISA Kit

(Mercodia, Uppsala, Sweden).

Statistical analysis. The statistical significance of IPGTT data was determined by

Two-way ANOVA. Values were expressed as mean + SD from independent

experiments. The statistical significance of Kaplan-Meier curve was determined by

log-rank test. Any difference with a P value less than 0.05 was considered significant.

13
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Results

The ISWAT is a novel functional site of islet transplantation

To analyze the function of the ISWAT transplanted islets, we first used 400

syngeneic islets from two donors per transplant because this is the number of islets

needed to ameliorate hyperglycemia in STZ-induced diabetic mice after transplantation

into the liver (SDC, Figure 3) (6, 18). We found that the blood glucose levels of diabetic

mice receiving 400 syngeneic islets in the ISWAT became less than 300mg/dl after

transplantation (Figure 1b, right), while those of non-transplanted mice remained the

pretransplant levels of more than 400mg/dl (Figure 1b, left). If the ISWAT containing

transplanted islets were removed after transplantation, the mice promptly became

hyperglycemic again (Figure 1b, * in the right panel), indicating that amelioration of

hyperglycemia after transplantation is dependent on the transplanted islets and that they

remain within the ISWAT.

IPGTT revealed that the glucose intolerance of STZ-induced diabetic mice was

improved at 120d day after transplantation of islets into the ISWAT, and that this

improvement was abolished after retrieval of the transplanted islets (Figure 1¢).

Macroscopically, islets grafted in the ISWAT were found to form clusters

approximately 1-2 mm in diameter with vascularization and located close to the

epigastric vessels (Figure 1d). Histologically, transplanted islets were surrounded by

14

67



[s eI R ISR OV I

15

adipose tissue in which individual pancreatic endocrine cells were clearly visible

(Figure le).

Visualization of transplanted islets in the ISWAT by uCT

The macroscopic appearance of transplanted islets, forming clusters surrounded

by subcutaneous adipose tissue, prompted us to determine whether they could be

visualized by CT. To test this, recipient mice bearing functional islet grafts in the

ISWAT were analyzed at day120. First, transplanted islets were exposed under

anesthesia and a pencil rod, 0.5mm in diameter was placed close by as an index of the

location as well as the size of transplanted islets (Figure 2a). CT was performed after

injection of contrast material via the jugular vein (Figure 2b, and a cluster of

transplanted islets could be visualized as an enhanced mass close to the pencil rod

(Figure 2c¢).

Efficiency of islet transplantation into the ISWAT is superior to the liver

It was then critically important to evaluate the efficiency of islet transplantation in

a new site of the ISWAT compared with the liver, the currently favored site for clinical

islet transplantation. In order to evaluate the efficiency of islet transplantation into the

ISWAT, we reduced the number of syngeneic donor islets from 400 to 200 and further to

100 (half the islet number yielded from one mouse pancreas). For these experiments, the

15
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mass of donor islets was evaluated objectively by the volume (length) of donor islets

occupied in the PE50 tubing after centrifugation at 190G for 1 minute in addition to islet

count as expressed by the islet equivalent (IEQ), and found that the number of 100 islets

is equal to the islet volume of 1mm in length in the PE50 tubing and of 250 IEQ by the

count (SDC, Figure 2). Then, it was found that hyperglycemia of STZ-diabetic mice

was ameliorated after transplantation of 200 islets to the ISWAT (Figure 3a, upper left).

When the number of islets was 100, the blood glucose levels of recipient mice became

gradually decreased to less than 300 mg/dl in 50% of mice at 150 day after

transplantation (Figure 3b, lower right; Kaplan-Meier curve). Removal of the fat tissue

containing transplanted islets (* in Figure 3a, upper left and Figure 3b, upper left) in

recipient mice bearing 200 or 100 islets, promptly resulted in blood glucose levels of

more than 400 mg/dl, indicating that the glucose tolerance of recipient mice is

dependent on the transplanted islets. In contrast, when 200 or 100 syngeneic islets were

grafted into the liver of STZ-diabetic mice, recipient mice remained hyperglycemic after

transplantation (Figure 3a, upper right and Figure 3b, upper right). In order to examine

the glucose tolerance of recipient mice after transplantation of 100 islets in the ISWAT

vs the liver, IPGTT was performed at 150 day after transplantation and showed that the

glucose tolerance of recipient mice bearing 100 syngeneic islet grafts in the ISWAT was

16
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significantly superior to that of mice with 100 intrahepatic islet grafts (Figure 3¢). When

the efficiency of islet transplantation in the ISWAT was compared with that in the renal

subcapsular space, it was found that the efficiency in the ISWAT was equal or inferior to

that in the renal subcapsular space when the number of donor islets was 200 (Figure 3a,

lower right) or 100 (Figure 3b, lower right), respectively, as shown by Kaplan-Meier

Curves.

Islet allograft rejection in the ISWAT is prevented by blockade of costimulatory

signals

We next determined whether islet allograft rejection in the ISWAT is preventable,

since there have been no reports showing prevention of islet allograft rejection in the

subcutaneous space by immunosuppressive agents. Since costimulatory blockade has

been reported to be effective in prevention of islet allo- and xenograft rejection in other

sites (19-21), we determined whether CTLA4Ig and/or anti-CD40L prevent islet

allograft rejection in the ISWAT. We found that the simultancous IP administration of

CTLA4Ig and anti-CD40L antibody 5 times at day 0, 2, 4, 6 and 8 after transplantation

to STZ-induced diabetic C57BL/6 mice receiving 400 BALB/c islets produced

long-term acceptance of islet allografts, such that six out of eight recipient mice became

normoglycemic for more than 120 days after transplantation (Figure 4a, upper left),

17
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while that of control antibodies did not (Figure 4b, lower left) (Figure 4c).

Histologically, intact islet cells were seen in the ISWAT accepting islet allografts

(Figure 4a, right), while transplanted islets infiltrated with mononuclear cells were

observed in the ISWAT of control group of mice rejecting islet allografts at 10 day after

transplantation (Figure 4b, right). When diabetic mice received 400 BALB/c islets and

were treated with either CTLA4Ig or anti-CD40L antibody, only one out of six or one

out of five mice was normoglycemic at 120 day after transplantation (SDC, Figure 4).

Human islets can reverse STZ-induced diabetes in NOD/scid mice after

transplantation into the ISWAT

Finally, we determined whether human islets can function when grafted into the

ISWAT. To test this, human islets were transplanted into the ISWAT of STZ-induced

diabetic NOD/scid mice. Without islet transplantation, all mice remained hyperglycemic

and died (Figure Sa, left). In marked contrast, hyperglycemia of the diabetic recipient

mice was ameliorated by transplantation of 2000-2500 IEQ human islets into the ISWAT,

and removal of the islet grafts promptly made recipient mice hyperglycemic again (*in

Figure 5a, right). The IPGTT revealed that the blood glucose levels of recipient mice at

0, 30 and 120 minutes after glucose injection were similar to those of untreated naive

mice, while in contrast, the glucose tolerance of diabetic mice without islet

18
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transplantation was significantly worse (Figure 5b). Furthermore, human c-peptide was

detected in the plasma of transplanted mice (Figure 5¢). Histologically, the human islet

cells were found to be maintained intact (Figure 5d, day 60).

19
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Discussion

These findings clearly demonstrate that the ISWAT is a novel functional site for

islet transplantation. This transplantation therapy ameliorates diabetes in mice, the

transplanted islets are easily accessed, visualized by CT and retrievable, and with the

improved efficiency compared with the liver, currently favorable site of clinical islet

transplantation. Furthermore, islet allograft rejection is preventable by costimulatory

blockade.

Currently, the liver via the portal vein is the preferred site of clinical islet

transplantation, and transplanted islets delivered by this method become lodge in the

periphery of the liver. Since the average size of individual islets is 150-250 um in

diameter (22), transplanted islets in the liver are hardly detected by ultrasound, MRI or

CT after transplantation, which makes it almost impossible to evaluate the transplanted

islets when necessary such as at the time of rejection. Thus, from the clinical

perspective, the accessibility to transplanted islets is of great importance and

significance in order to evaluate their morphology as well as function. In the present

study, we found that transplanted islets in the ISWAT are engrafted together to form

clusters 1-2 mm in diameter, which allows their visualization by CT.

The most important finding in the present study is that the efficiency of islet

transplantation into the ISWAT is superior to that when the liver is the site of
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transplantation. Previously, we have shown that early loss of transplanted islets caused

by innate immune rejection is a major factor responsible for the low efficiency of islet

transplantation in the liver and that islet transplantation from one donor to one recipient

in mice becomes feasible when innate immune rejection is prevented by targeting

HMGBI1-NKT cell-mediated pathway in the liver (6) (18) (23, 24). In the present study,

we show that the efficiency of islet transplantation in the ISWAT is superior to that in

the liver since hyperglycemia of STZ-induced diabetic mice was ameliorated after

transplantation of 200 syngeneic islets, which is the number of islets yielded from one

mouse pancreas, without any treatment when the site of transplantation was the ISWAT

but not when it was the liver (Figure 3a). The superiority in the efficiency of islet

transplantation in the ISWAT to the liver may depend on difference in innate immune

response in the site after islet transplantation, although it remains undetermined and is a

matter of future investigation.

In the current clinical setting, where the liver is the site of transplantation,

sequential islet transplantations with the use of 2-3 donor pancreases are required for the

treatment of a single IDDM patient (1-4). Thus, it will have a tremendous impact on

clinical islet transplantation if the beneficial effect of islet transplantation into the

ISWAT is recapitulated in humans. As to one of the potential reasons for the improved
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efficiency of islet transplantation into the ISWAT of mice, the present study may suggest

that B cell mass in the adipose tissue containing transplanted islets may increase after

transplantation, based on the finding that the blood glucose levels of recipient mice

declined gradually after transplantation. The issue is of interest and need to determine

whether transplanted islets expand after transplantation in this particular site.

Recently, it has been reported that insulin producing cells other than allogenic

islets, including islets from other species such as pig (25) and those derived from ES

cells (26) and iPS cells (27, 28), might be potential donor sources. This may afford a

solution to an essential obstacle facing clinical islet transplantation, shortage of donor

organs for allogenic islet transplantation. For transplantation of these cells,

subcutaneous site has now become of much attention with the strategy to induce new

vascular formation by the treatment of the subcutaneous site prior to transplantation to

improve engraftments of transplanted islets (11, 29). In this regard, the ISWAT might

have an advantage since it contains the feeding vessels of the epigastric artery and vein

(SDC, Figure 1 and SDC, Figure 5) and therefore there is no need for such pretreatment

of transplant site to induce neovascularization. Thus, the ISWAT might be an ideal site

for transplantation of these insulin-producing cells, where the transplanted cells can be
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easily evaluated and retrieved when necessary in case of serious side effects such as

infection or tumor formation following transplantation.

Taken collectively, the findings reported here should have a significant impact on

islet transplantation by demonstrating that the ISWAT is a novel functional site,

providing a potential solution to current obstacles facing clinical islet transplantation if

the finding obtained in mice is also the case in humans.

23

76



[s eI R ISR OV I

24

Acknowled gements

We are grateful to Dr. Peter Burrows for helpful comments and constructive criticisms

in the preparation of the manuscript. Technical supports by Yuriko Hamaguchi, Nozomi

Okuyama and Yuri Otsu, Islet Institute Fukuoka University, are greatly appreciated.

24

7



e
B O 0@ Gy

e
=)

25

References

1.

Shapiro AM, Lakey JR, Rvan EA, et al. Islet transplantation in seven patients with

type 1 diabetes mellitus using a glucocorticoid-free immunosuppressive regimen. N

Engl J Med. 2000; 343(4):230-238.

Barton FB, Rickels MR, Alejandro R, et al. Improvement in outcomes of clinical

islet transplantation: 1999-2010. Diabetes Care. 2012; 35(7):1436-14435.

MecCall M, Shapiro AM. Update on islet transplantation. Cold Spring Harb

Perspect Med. 2012; 2(7):a007823.

Hering BJ, Clarke WR, Bridges ND, et al. Phase 3 Trial of transplantation of

human islets in Type 1 diabetes complicated by severe hypoglycemia. Diabetes

Care. 2016; 39(7):1230-1240.

Holmes-Walker DJ, Gunton JE, Hawthome W, et al. Islet transplantation provides

superior glycemic control with less hypoglycemia compared with continuous

subcutaneous insulin infusion or multiple daily insulin injections. Transplantation.

2017; 101(6):1268-1275.

78



[s eI R ISR OV I

10.

11.

26

Yasunami Y, Kojo S, Kitamura H, et al. Valphal4 NK T cell-triggered I[FN-gamma

production by Gr-1+CD11b+ cells mediates early graft loss of syngeneic

transplanted islets. J Exp Med. 2005; 202(7).913-918.

Pepper AR, Gala-Lopez B, Ziff O, Shapiro AM. Revascularization of transplanted

pancreatic islets and role of the transplantation site. Clin Dev Immunol. 2013,

2013:352315.

Komori J, Boone L, DeWard A, Hoppo T, Lagasse E. The mouse lymph node as an

ectopic transplantation site for multiple tissues. Nat Biotechnol. 2012,

30(10):976-983.

Kakabadze Z, Gupta S, Pileggi A, et al. Correction of diabetes mellitus by

transplanting minimal mass of syngeneic islets into vascularized small intestinal

segment. Am J Transplant. 2013; 13(10):2550-2557.

Kawakami Y, Iwata H, Gu YJ, et al. Successful subcutaneous pancreatic islet

transplantation using an angiogenic growth factor-releasing device. Pancreas.

2001; 23(4):375-381.

Luan NM, Iwata H. Long-term allogeneic islet graft survival in prevascularized

subcutaneous sites without immunosuppressive treatment. Am J Transplant. 2014,

14(7):1533-1542.

26

79



[s eI R ISR OV I

12.

13.

14.

15.

16.

17.

27

Sutton R, Peters M, McShane P, Gray DW, Morris PJ. Isolation of rat pancreatic
islets by ductal injection of collagenase. Transplantation. 1986; 42(6):689-691.
Okeda T, Ono J, Takaki R, Todo S. Simple method for the collection of pancreatic
islets by the use of Ficoll-Conray gradient. Endocrinol Jpn. 1979; 26(4):495-499.
Vitali A, Murano I, Zingaretti MC, Frontini A, Ricquier D, Cinti S. The adipose
organ of obesity-prone C57BL/6J mice is composed of mixed white and brown
adipocytes. J Lipid Res. 2012; 53(4):619-629.

Ito T, Itakura S, Todorov I, et al. Mesenchymal stem cell and islet
co-transplantation promotes graft revascularization and function. Transplantation
2010; 89(12):1438-1445.

Kemp CB, Knight MJ, Scharp DW, Lacy PE, Ballinger WF. Transplantation of
isolated pancreatic islets into the portal vein of diabetic rats. Nature. 1973,
244(5416):447.

Yasunami Y, Lacy PE, Davie JM, Finke EH. Prolongation of islet xenograft
survival (rat to mouse) by in vitro culture at 37°C. Transplantation. 1983, 35(4):

281-84.

27

80



[s eI R ISR OV I

18.

19.

20.

21.

22.

23.

28

Matsuoka N, Itoh T, Watarai H, et al. High-mobility group box 1 is involved in the

initial events of early loss of transplanted islets in mice. J Clin Invest. 2010,

120(3):735-743.

Lenschow DI, Zeng Y, Thistlethwaite JR, et al. Long-term survival of xenogeneic

pancreatic islet grafts induced by CTLA4lg. Science. 1992; 257(5071):789-792.

Watanabe M, Yamashita K, Suzuki T, et al. ASKP1240, a fully human anti-CD40

monoclonal antibody, prolongs pancreatic islet allograft survival in nonhuman

primates. Am J Transplant. 2013; 13(8):1976-1988.

Szot GL, Yadav M, Lang J, et al. Tolerance induction and reversal of diabetes in

mice transplanted with human embryonic stem cell-derived pancreatic endoderm.

Cell Stem Cell. 2015; 16(2):148-157

Jo J, Hara M, Ahlgren U, Sorenson R, Periwal V. Mathematical models of

pancreatic islet size distributions. 7slets. 2012; 4(1):10-19.

Kojima D, Mera T, Nishinakamura H, et al. Prevention of high-mobility group box

1-mediated early loss of transplanted mouse islets in the liver by antithrombin III.

Transplantation. 2012; 93(10): 983-88.

28

81



[s eI R ISR OV I

24.

25.

26.

27.

28.

29.

29

Itoh T, Nitta T, Nishinakamura H, et al. HMGBIl-mediated early loss of

transplanted islets is prevented by anti-IL-6R antibody in mice. Pancreas. 2015,

44(1):166-171.

Pierson RN, Dorling A, Ayares D, et al. Current status of xenotransplantation and

prospects for clinical application. Xenotransplantation. 2009; 16(5):263-280.

D'Amour KA, Bang AG, Eliazer S, et al. Production of pancreatic

hormone-expressing endocrine cells from human embryonic stem cells. Nar

Biotechnol. 2006; 24(11):1392-1401.

Pagliuca FW, Millman JR, Girtler M, et al. Generation of functional human

pancreatic B cells in vitro. Cell. 2014; 159(2):428-439.

Rezania A, Bruin JE, Arora P, et al. Reversal of diabetes with insulin-producing

cells derived in vitro from human pluripotent stem cells. Nat Biotechnol. 2014,

32(11):1121-1133.

Pepper AR, Pawlick R, Bruni A, et al. Harnessing the foreign body reaction in

marginal mass device-less subcutaneous islet transplantation in mice.

Transplantation. 2016, 100 (7):1474-1479.

29

82



[s eI R ISR OV I

30

Figure legends

Figure 1. Islet transplantation into the inguinal subcutaneous white adipose tissue of

mice.

a. Transplantation procedures. A vertical skin incision was made on the left inguinal

area (left) and a small pocket was created in the inguinal subcutaneous white adipose

tissue (ISWAT) after the identification of the left epigastric artery and vein (arrows)

through the surface of the adipose tissue (middle, left). Then, islets loaded in the tip of

the P50 tubing were placed inside the pocket (middle, right). Finally, the orifice was

closed with a stapler (right). The scale represents Imm.

b. Non-fasting blood glucose levels of STZ-induced diabetic C57BL/6 mice with or

without islet transplantation into the ISWAT. Diabetic mice remained hyperglycemic

and died without islet transplantation (n=>5) (Control; CTL). In contrast, hyperglycemia

in diabetic mice is ameliorated after transplantation of 400 islets in the ISWAT (n=13)

(Tx). Individual lines represent the blood glucose levels of each animal. ; An animal

died due to severe diabetes. *; Indicates removal of transplanted islets in the ISWAT of

an individual recipient mouse at the indicated time point.

c. Intraperitoneal glucose tolerance test (IPGTT) of recipient mice at 120 days after

transplantation.
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The recipient mice (n=5) bearing functional islet grafts in the ISWAT received the

IPGTT twice before (<) and 7 days after the removal of transplanted islets (O). The

blood glucose levels at 0, 30 and 120 min after the glucose mjection between the mice

before and after the removal of transplanted islets were significantly different by the

Two-way ANOVA followed by Bonferroni post hoc test. **; P<0.01. The values are

expressed as mean + SD.

d. Macro photos of transplanted islets in the inguinal subcutaneous white adipose tissue

at 60 day. Exposure of inguinal subcutaneous adipose tissue revealed that the

transplanted islets formed clusters with new vessel formation. Left and right panels

show maecro photos at low and high magnification, respectively. Arrows indicate a

cluster of transplanted islets with neovascularization. The scale represents 1mm.

e. Micro photos of transplanted islets. The sections of transplanted islets were stained

for H&E and for insulin (green), glucagon (red) and DAPI (blue). The right panels show

the higher magnification of the box area in the left panels. Bar in the pictures of lower

and higher magnification represents 200 and 50 pm, respectively.

Figure 2. Visualization of transplanted islets in the ISWAT by microCT.

a. Macro photos of transplanted islets at 120 day after transplantation. A pencil rod, 0.5

mm in diameter and 4 mm in length (open arrow head), was placed adjacent to the
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transplanted islets (closed arrow head) as an index of the size and location of

transplanted islets on CT images.

b. The CT slice line is indicated by a solid line.

c. Transplanted islets (indicated as g) were visualized as an enhanced mass (closed

triangle arrow) in the surrounding adipose tissue. The pencil rod (p) and the femoral

artery (f) are shown as an arrow with open and dashed head, respectively.

Figure 3. Efficiency of islet transplantation into the ISWAT is superior to the liver.

Non-fasting blood glucose levels of STZ-induced diabetic mice (C57BL/6) receiving

200 (a, upper left, 200 sc), 100 (b, upper left, 100 sc) syngeneic islets in the ISWAT or

200 (a, upper right, 200 pv), 100 (b, upper right, 100 pv) syngeneic islets in the liver via

the portal vein are shown. The blood glucose levels of diabetic mice receiving 200 or

100 islets beneath the kidney capsule are shown in the lower left panel of a (200 kc) or b

(100 ko), respectively. Individual lines represent blood glucose levels of each animal. *;

indicates removal of the ISWAT (a, b) and of the kidney (a) bearing transplanted islets

of an individual recipient mouse at the indicated time point. Kaplan-Meier curves in the

lower right panels of b and ¢ indicate the percent of recipient mice with blood glucose

levels of less than 300 mg/dl after transplantation. #: The difference between 100 ke and

100 sc was statistically significant by log-rank test (P<0.01).
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b. IPGTT of recipient mice at 150 days after transplantation of 100 islets into the
ISWAT (>, n=7) or in the liver via the portal vein ({J, n=7). The difference in the blood
glucose levels of mice at each time point was statistically significant by the Two-way
ANOVA followed by Bonferroni post hoc test. *; P<0.05.

Figure 4. Islet allograft rejection in the ISWAT is prevented by costimulatory blockade.
Non-fasting blood glucose levels of STZ-induced diabetic C57BL/6 mice transplanted
with 400 BALB/c islets in the ISWAT treated with CTLA4Ig plus anti-CD40L (a, upper
left, n=8) or control antibodies of CTLA4Ig plus anti-CD40L (b, lower left, n=5). The
bar in the figure 4a indicates the duration of the treatment. Individual lines represent
blood glucose levels of each animal. *; removal of transplanted allogenic islets in the
ISWAT at the indicated time points. H&E and immunofluorescent stain for insulin
(green) and DAPI (blue) of transplanted islets in recipient mice treated with CTLA4lg
plus anti-CD40L antibody at 90 days after transplantation (a, upper right) or control
antibodies at 10 days after transplantation (b, lower right). The images of higher
magnification of the lower panel show the box area in the images of the lower
magnification. The bars in the images of the lower and higher magnification represent

200 and 50 um, respectively. Kaplan-Meier curves (c¢) indicate % graft survival in
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recipient mice treated with CTLA4Ig plus anti-CD40L antibody (n=8) or control
antibodies (n=5).

Figure 5. Human islets function to ameliorate hyperglycemia in STZ-induced diabetic
NOD/scid mice after transplantation in the ISWAT.

a. Non-fasting blood glucose levels of STZ-induced diabetic NOD/scid mice without
transplantation (left, n=4) or transplanted with 2000-2500 IEQ human islets in the
ISWAT (right, n=6). Individual lines represent blood glucose levels of each animal. t;
animal died on the indicated day. *; The ISWAT bearing islet grafts was removed at the
indicated day.

b. IPGTT of recipient mice was performed at 60-90 day after transplantation, and that of
diabetic mice without islet transplantation at 7 days after STZ injection. Mice were
fasted for 15 hours prior to the examination and blood glucose levels were determined
at 0, 30 and 120 minutes after the glucose injection (IP, Img/kg). The experimental
groups include STZ-induced diabetic mice receiving human islets (n=3) (1), naive
mice (n=6) () and STZ-induced diabetic NOD/scid mice without islet transplantation
(n=4) (\). The blood glucose levels after the glucose injection between the mice with

and without islet transplantation were significantly different by the Two-way ANOVA
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followed by Bonferroni post hoc test. #**%; P<0.0001. The values are expressed as

mean + SD.

¢. The human C-peptide levels in the plasma of recipient mice (n=3) at each time point

of IPGTT. The values are expressed as mean + SD.

d. Histology of human islet grafts in the inguinal subcutancous white adipose tissue of

STZ-diabetic NOD/scid mice at 60 days after transplantation. Bar in the image

represents 50 um.

35

88



Figure 1 Click here to download Figure Figure 1.pdf &

a
b

_ + CTL _ s

F1000 S 1000 El

E) ES E

g 800 £ 800 3

* e

g 600 ' T g 600 é.

2 400 t £ 400 ]

3 200 3 200 =

2 o 2 o

0 30 60 90 120 150 0 30 60 9 120 150 0 30 120 min
Days after transplantation Days after transplantation
d
e
insulin, glucagon, DAPI insulin, glucagon, DAPI

Figure 1.

89



Figure 2

Figure 2.

Click here to download Figure Figure 2 corrected (TPA-2017-
1540R1).pdf

90

3



Figure 3 Click here to download Figure Figure 3.pdf

a
_ 200 sc =100 200 pv
5 3
1000 3
E 800 £ 800
& 600 g 600
S a0 S a00
Y o
- 200 g 200
-3 * ok ¥ I}
2 0 z 0
0 30 &0 90 120 150 180 0 30 &0 90 120 150 180
Days after transplantation Days after transplantation

1000 200 ke ke sc

-
=]

Blood glucose {mg/dl}
N OB O &
e e e

= - I

% mice with blood
glucese <300mg/dl
o

[ 50 100 150
0 30 60 90 120 150 180
Days after transplantation Days after transplantation
100 s¢ 100 pv

1000

5
8

Blood glucose (mg/dl}
8888

o O o o o

. *g

Blood glucose (mg/dl)
@
S
o

0 30 60 90 120 150 180
Days after transplantation

0 30 60 S50 120 150 180
Days after transplantation

g
g 1000 100 kc °%S
T
T 800 s g
@ 25
g 600 52
E =AY
& 400 22
B 200 28
8 E3
m 0 2o [ 50 100 150
0 30 60 90 120 150 180 Days after transplantation

Days after transplantation

(@}

blood alucose (ma/dh

M OB o

e 2 © 9

o & © © o
E3

%

*

0 30 120 min

Figure 3.

91



Figure 4 Click here to download Figure Figure 4.pdf =

a CTLA4lg+anti-CD40L

Blood glucose (mg/dl)

Insulin, DAP1
0 30 60 90 120 150 180

days after transplantation

b control ab .

S 1000 s T

E) :

£ 800 < e

g 600 ‘ : i g

3 400 ) oL

= $;

T 200 o e i

2 '\ g g N -

= 0 Qe

0 30 60 days HE HE Insulin, DAPI

c 100

CTLA4Ig + anti-CD40L ab

e

% graft survival
I
1)

0 20 40 60 80 100 120
days after transplantation

Figure 4.

92



Figure 5 Click here to download Figure renamed_2a037.pdf =

a t
g 800 i 5800
o o
£ 600 £E600
g 3
€ 400 t S 400
3 3
o
5200 4 t 5 200 5
o o
i< =]
= o4 T T T T 2 o4 T T T e
0 30 60 90 120 150 0 30 60 90 120 150
days after transplantation days after transplantation
[
b 500 Hotokk
2 i *okk fE‘
% 21.5
£ 300 2
g 1
2 200 & _g_
z =
3 100 g05
= H
0 0
0 30 120 min 0 30 120 min
d
H&E insulin, DAPI
Figure 5.

93



JP 6300287 B2 2018.4.4

(19) BXESEFF (UP) i F A& #®HE2) (1) iserEs
$FET 8863002875
(P6300287)
(45) #17H RREE4H4H (2018.4.4) CHBFAE FERI0EIFAE 2018.3.9)
(51) Int.Cl. Fl
AB1K 35/% (2015.01) A61K 35/39
AB1P 310 (2006.01) A61P  3/10
AB1P 540 {2008, 01) AB1P 5/50
C12N 5/071  (2010.01) C12N  5/071
EREOEE (£ 17 H)
@l HEES 5 E2016-513798 (P2016-513798) [|(73) &eariE® 598015084
(86) (22) HEER SER27TEE4A 148 (2015. 4. 14) 2EE BRI AR
(86) B HEE S PCT/JP2015/061492 EEEEATHEE MBS TE19&1 &
B EEAESES  W02015/159889 (74 1B A 100080180
87 BEELME SER2TEIVA22H (2015.10.22) #EL HE B—N
EEWERA SERG2BEEILA2LE (2016.11.21) |72 REAE =E #—

Bl EEEERES 61/979,229
(32) #5E8
(33) WEETRE  KEUS)

BEEEETHERCEATHLIO®ELS

ER26E4A 140 (2014.4.14) FRE ABREIKZEN

#EE RE BK

BARRIZA

64 [RADER] 1 A Y ELEREMREBERAREA

(G7HO0Ooooooood

Do0o0o0ao

0000000000000 000000000000000000000000000
0000000000000 0000O000O000O000O00000000000000
0000000000000 0000000000000000000000000000
DO0O0O0O0OONKTOODOOODOOODOOODOOODOOODOODOOOODOOoOoOooooo
0000000000000 O0O0O0O0O0O0O0O0O0O00

Do0o0o00

000000000000 0000000000000000000000000000
0000000000000 00000000000000000000000NKTDO
D000000000000O00O0O00O0O000O000

000000

0000000000000 0000000000000000000000000@0NK

TOoooooogooooooooooooooboooooooooooobooooooboon

gboboooooboobobobooobobobao
gbooooao
ugbdbobdoooboobobobooboooobuoboboboboooouobobobaa
ocooooOooOoOoO0oOoOoooooooODbObOO/0O0O0O0OODOOODODDDOOOOOOO
gboobooooooobobobao

94

10

20



gboooaod

oooboooooobOocooboboooooboo0ooooo0oooboooooDbO0OdNK
TOoooooogoooooooobooooobooooooo0ooobooooooboon

goo
god

O

s e e e s Y [y

O

Ooooooooooooo0 o0 oo ooo0D oo ooDoo00 oo oDoDoo0 oo oDooo0ooooogogogol|o

0

) ey e s I

O
g
g

o5 oo o

Ooooooooooooogoao

OO0Oo0ooodg
OoOoo0ooodg
Oo0Ooo0oood
OOoo0ooodg
OoOoo0ooodg
OoOoo0oood
O0Oo0o0ood
OOoo0ooodg
OoOoo0ooogdg
O0Ooo0ood
OO0Oo0ooodg
I B
Oo0Ooo0ood
O0Oo0oood
OoOoo0ooodg
OoOoo0ooodg
O0Ooo0oood
OO0Oo0ooodg
OoOoo0ooodg
Oo0Ooo0oood
OO0Oo0oodg
OoOoo0ooodg
OoOoo0ood
O0Ooo0ood
OO0Oo0ooodg
OoOoo0ooodg
O0Ooo0ood
OOoo0ooodg
OoOoo0ooodg
OoOoo0oood
O0Oo0o0ood
OO0Oo0ooodg
OoOoo0ooogdg
O0Ooo0ood

O oOoooo4Qgoogao

O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0ooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo

O Do oooo0oooooo00ooooooooooogogoao
O 0Ooo

O

Ooooo»woioooooo4ooozo0oo00000 oo oooo oo oDoDoooUoooooDooUoUUoooDoDoogoomooao

Ooooooooooogogogoao
Oo0oooooooooQgdg

OO0Oo0ooodg
OoOoo0ooodg
I R B
OO0Ooo0ooodg
OoOoo0ooodg
OoOoo0oood
O0Oo0oood
OOoo0ooodg
OoOoo0oood

O
O
O
O
O
O

O Ooogogo
O 0OooQgoo
O 0Ooo0gooo
O O oQgogog
O Ooogoo
O 0Ooo0gooo
O 0Ooo0ooo
O Ooogoo
O 0OooOgoo
O 0Ooo0ooo
Y [ Y
O Ooogoo
O 0Ooogoo

OOoo0ooogd
OoOooooogd
OooOoo0ooood
OOo0o0ooogd
OoOoo0oooogd
Oooo0ooooQgod
Ooo0Ooo0ooood
OoOoo0ooogd
Ooo0oooogd
OooOoo0ooood
OOo0o0ooogd
OoOoo0oooogdg
Ooo0oo0oooOgod
OoOoo0ooood
OoOoo0oooogd
OooOoo0oooogd
OooOoo0ooood
OoOoo0ooogd
OooOoo0oooogdg
OooOoo0ooood

O

os00000000000OCOCODODDOOOOOOOO

(2)

JP 6300287 B2 2018.4.4

gbooogooboboboobooobgobobobooooboboboboo
uboooobooboboboooboobad

gboooobobobobobooooobgobobo

O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Ooo
O Oooo
O 0Oooo
OO oo
O 0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo

0 0O 11ibmd
IDDMO O O
gooon
ooboood

O Oooo
O Oooo

O Oo0Oooo
O Ooo0oooao
OOoo0oooao
O0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O0Ooo0oooao
O OoOoooo
O Ooo0oooao
OOoo0oooao
O 0Oo0oo0ooao
O Oooooao
OOoo0oooao
O0Ooo0oo0ooao

T1DMO
oodod
oo
oono
uon
ogdod

OoOoo0oood
O0Oo0oo0ood
OoOoooodg
OoOoo0oood
Oo0Ooo0oood
O o B
OoOoo0ooodg
Oo0oo0oood
O o B
OoOoo0ooodg
OoOoo0oood
O0Ooo0oood
OO0Oo0ooodg
OoOoo0ooodg
Oo0Ooo0oood
OO0Ooo0ooodg
OoOoo0ooodg
OoOoo0oood
O0Oo0oood
OOoo0ooodg
OoOoo0oood
I B

95

O Oooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo

T2DMO
ooo
gboo
goad

O Oooo
O Oooo
O 0Oooo

pvOOOooOoOOoOODODOOOOOoDOoOooooopOOOOO0OO0DO0OO0OOOOODOD

10

20

30

40

50



e s e e e e e ) e e e R s [
[ s e e e e e [ [ |
Ooooooooooooo0o o0 oo ooo0 o0 oDoDooo0o oo oDooo0oooDoDoooooDooogogQgog
e = [ e e [ e [ O

e e e e e e ey ) e s e sy e s [
I ey e e ey e e e e sy [ [ |
O O ogo

O

O

O

O

OOo0oooogogoao
OoooooogoQgoo
OOoo0oooogoogoao
OO0 oooogogogao
OoooooogogoQgoao
OoooooogogoQgoo
OOoo0o0oooQgoao
OOoooooogoQgoao
OoooooogoQgoao
Oooo0oooogoogoao
OO0 oooogQgogao
OoooooogoQgoao
OooooooogooQgoao
OOoo0o0oooogooao
OoooooogoQgoao
OoooooogoQgoao
OOoo0oooogoogoao
OO0 ooooggogao
OoooooogoQgoao
OooooooogooQgoo
OO0 oooodggogao
OoooooogoQgoao
OoooooogogoQgoo
OOoo0ooooogoao
OOo0oooogogoao
OoooooogoQgoao
OOoo0oooogoogoao
OO0 oooodgogogao
Ooooooogogoo
OoooooogogoQgoo
OoOoo0o0oooQgoao
OOo0oooooogogoao
OoooooogoQgoao

OO0 ooooogogogoao
oo oooooogooo
Ooooooooogooao
OO0 ooooogogoao
oo oooooogogooao
oo oooooogogooo
Ooooooooogoogooao

OOooooogod
OoOoooood
OoOoo0oood
O0Ooo0oooogod
OOooooogod
OoOoo0ooood
Oo0Ooo0Ooood
OOooooogod
OOoooood
OoOoo0oood
OO0Ooo0oooogod
OoOoooood
OoOoo0oood
Oo0Ooo0Ooood
OOoo0oooogod
OoOoooood
OoOoo0ooood
OOooooogod
OoOoooood
OoOoo0oood
OO0Oo0oooogod
OOoo0oooogod
OOoooood
Oo0Ooo0Ooood
OOooooogod
OooOoooood
OoOoo0oood
O0Ooo0oooogod

O Ooo0oooao
O 0Ooo0oooaoo
O0Ooo0oo0ooao
O 0Oo0Oooo
O0Ooo0oooao
O oOoOoo

O Oooo

O 0o oo

I Y o [

O Oooo

O Oooo

O0Oo0oo0ooao
O Ooo0oooao
OOoo0oooaoo
O0Ooo0oo0ooao
O 0Ooo0oooao
O0Ooo0oooaoo
O0Ooo0oooaoo
O 0Oo0Oo0ooao
O Ooo0oooao

O 0o oo

Oo0oooodgogooao

O O oo

Oooooodgooao

O Oooo

OOo0o0o0oo0oo0odoOo®©no
OO0 oooodogoao

O 0o oo

O O ogo

Ooooooodgooao

O Oooo

OooooooQgooao

O Oooo

€))

OoooooodgoOooOoao

O 0o oo

Oooooodgooao

O 0o oo

OooooooQgooao

O Ooooo
O Ooo0ooo
O Oogoo
O Ooooo
O 0Ooo0ooo
O O oOgooo
O™ oOooo
O Ooooo
O Ooo0ooo
O Ooogooao
O Ooooo
O 0Ooo0ooo
O OoOgoo
O Ooooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O Ooooo
o< Oooag

O Oooo

Ooooooodgooao

O 0o oo

Oo0oooodogoao

O O oo

OoooooodQgooao

O Oooo

OoooooodQgooao

O 0o oo

Ooo0ooogooogoo

O oOood

Oooooodgooao

O Oooo

OoooooQgooao

O Oooo

JP 6300287 B2 2018.4.4

Ooooooodgooao

O 0o oo

Oo0oooodogooao

O O ogo

OoooooQgooao

O Oooo

OoooooodQgooao

O 0o oo

OO0 oooodogoao

O O ogo

Ooooooodgooao

O Ooo0oooao
O 0Ooo0oooao
O O0Oo0oo0oo0oao
O Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao

O Oooo

OooooooQgooao

O Oooo

Ooooooodgooao

O 0o oo

Oo0oooodgogooao

g
t
O

Edmont

Oooooodgooao

g
a
O

Ooooooogoo

OooooooQgooao

g
a
O

on ProtocolU 0O OOODODOODOOOOOOOOOODODDDODOOOOOODOOQOODOD

oooobooooooboooooboooooooboobooooboboooobooboooobooo
ooobOooooboocoooooooooboooooboon
ooobDoo
oooooooooboooooboooooobooboooooboboooboboboooobooo
ooooboooooobooooobooooooobooooobooooobooboooobooo

96

10

20

30

40



ey e Y Iy
e e ey ) [y Ry

OOo0ooogo-gogao
OoOoooogogao
Ooo0oooQgogoao
OooOoo0oooOoogao

O 0Oooo
O 0Oooo
O 0Oooo
O 0Ooo
O oOooo
O 0Oooo
O o0Ooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O oOooo
O o0Ooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Ooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo

I Iy ey Ay Iy

OO0 oooooQo0ooDooUoo o0 oo ooogooDooogogoao
OO0 oooooQo0 oo oo o0 oDoDooo oo oDoogogooo
Ooooooooo0 oo ooo o0 oo oooooooogogooao

oo oo

Oooooogogooooaog
Oooooooooooaog
Oooooooooooao

O OooOooo
O Ooooo
O 0Ooo0ooo
OO oO0ooog
O Ooooo
O Ooo0ooo
O 0Oo0ooo
O OooOooo
O Ooooo
O 0Ooo0ooo
O OoOooo
O Ooooo
O 0Ooooo
O 0O o0ooOoo
O OooOooo
O Ooooo
O 0Ooo0ooao
O OoOooo
O Ooooo
O 0Ooo0ooo
OO oO0ooog
O OooOooo
O Ooooo
O 0Oo0ooOoo
O OooOooo
O Ooooo
O 0Ooo0ooo
OO oO0ooog
O Ooooo
O Ooo0ooo
O 0Oo0ooOoo
O OooOooo
O Ooooo
O 0Ooo0ooao

O0Ooo0oooog
OoOoo0oooo
O0Ooo0oooao
OO0Oo0oooog
OoOoo0oooaog

OO0 ooooogogodg

O Oo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O O0Oo0ooogoao
O Ooo0oooao
O 0Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao
O O0Oo0ogooao
O Ooo0oooao
O 0Ooo0oooao
O O0Oo0oo0oo0oao
O Ooo0oooao
O O0Oo0oooao
O 0Ooo0ooo0oao
O Oo0oooao
O Ooo0oooo
O 0Ooo0oooao

O
O
(]
O
O
O
O
O
O
(]
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
OJ
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O

Oo0oooogooao
Ooo0oooOoooao
OO0 oOoog-gogoao
OoooogoQgooao
Ooo0oooQoooo
Oooo0ooOooOooao
Ooooogogogooao
Oo0oooQgooao
OoooooOoooao
Oo0ooogQgogoao
Ooo0oooQgooao
Ooo0oooOogooao
OooOooooOooOooao
Ooooogogogooao
OoooooQoooao
Ooo0ooooOooOooao
Oooooggogoao
OoooooQgooao
OoooooOoooo
OO0 oOoogoQgogoao
Oo0ooogogooao
Ooo0oooQgoooo
OooOooooOooOooao
Ooooogogogooao
OooooQgogooao
Ooo0oooOoooao
OO0 oOoogQgogoao
Oooooogooao
Ooo0oooQoooo
OooOoo0ooOooOooao
Ooooogogogooao
Oo0oooQgooao
Ooo0ooooOoooao

O 0Ooooo

O 0Ooo0ooo

O 0O o0goao

O Ooogooo

O Ooooo
O 0Oo0ooOoo
O OooOooo
O Ooooo
O 0Ooo0ooo
O OoOooo
O Ooooo
O Ooooo
O 0Oo0ooo

O 0Ooo0ooo

O 0Ooo0ooo

O Ooogoo

O 0Ooooo

O 0Ooo0ooo

O O0OoOgoaog

O Ooooo

O 0Ooooo

4)

O 0Ooo0ooo

ood
od
A.M.
o

O d
[ |

O 0Ooo0ooo

O Ooogooo

O O
O O

97

oooooo
oooooo
Shapiro et
oooooo
oooooo

(]
O
O
O
O

O
O
O
O
O

O 0Ooo0ooo

O
O
O
O
O
O

O
O
O
O
OJ
O

O O0Oogoo

O 0Ooooo

O 0Ooo0ooo

O O0Oo0ooo
O oOoooo
O oOoooo
O oOoo0ooao
O Ooooo

Ooo0oogao

O Ooogooo

JP 6300287 B2 2018.4.4

oboooobooboobao
oooooooobooo
al.J00O00O00OOOD

gboooobobobo
uboooobobobad

omentumd O O O O
oooao

O o0Ooo
O o0Oooo
O oOooo
O oOooo
O o0Ooo

googao
ugodauo
gooao

O 0Ooooo
I I i [ o> S
O Ooogoo
O 0Ooooo
O 0Ooo0ooo
OO o0goo
O 0OooOgooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogoao
O 0Ooooo
O 0Ooo0ooo

O O
0O O
O d
O O
O O
O d
O d
O O
O
O
O
O

10

20

30

40

50



O0Ooo0oooog
OoOoo0oooo

Oo0oooooooooogogooooog
oo oooooooooooogooao
O

O
OO0 o0oDooggooDoDoo4gogoooaog
Oooooooooooogogooooaog
Oo0ooooooooooooooooo
Oooooooooooooooooao
O
O

OOoo0oooogod

u
O
g
u
O
g
a

N
o
'—\
N

goooooood
le ID 103738, 2
oooooood
ID 352315, 1-13
ooooooog

(5) JP 6300287 B2 2018.4.4

gbooooboobooboboooooooboboboobooo
oooooOoooooooooooboooooooboooooao
oooobOoooooooooooboooooooboboooooao
gbooooobooboboboooooooboboboboo
ubooouobobobobooobooboobann

O 0Ooo0ooo
OO oO0ooo
O Ooooo
O Ooooo

oooooocoooboooooonn

Danaei, G., et al. Lancet, 2011, 378(9785): 31-40

Atkinson, M._A., et al. N. Engl. J. Med. 1994; 331:1428-1436
Ricordi, C., et. al., 2004, Nat. Rev. Imunol., 4:259-268
Shapiro, A. M., 2000, N. Engl. J. Med., 343:230-238

Ryan, E. A., et. al., 2002, Diabetes, 51:2148-2157

Rabinovitch, A., 1993., Diabetes Rev., 1: 215-240

McCall, M., et al. Cold Spring Herb. Perspect. Med. 2, a007823,

Chentoufi, A.A., et al., Clin. Develop. Immun., vol. 2011, Artic
pages, 2011;

Pepper, A.R., et al., Clin. Develop. Immun., vol. 2013, Article
pages

O Merani, S., et al., British Journal of Surgery, vol. 95, no. 1

2, pp. 1449-1461, 2008

ooooooogd
oooooood

O Komori, J., et al. Nat. Biotechnol. 30, 976-983 (2012)
0 Kakabadze, Z., et al. The American Society of Transplantation

and the American Society of Transplant Surgeons 13, 2550-2557 (2013)

oooooood
goooooood

Vol. 123, No. 3,

O

O
O

O Oooo

O

O
O

Ooooooogoooog-.
O
O

OO0 oDooogog4Qgooood
Oooooogogooood
OooooogooooOoao
O
O

o
O

OoooooooooooooooogQgoQg
Ooooooooooooooooood

O0Oo0ooodg

OoOoo0ooog

OoOoo0oooo

I B
O

o

O insulin/glucagon double positive cells

0 Unger, R.H. and Orci, L. Lancet. 1975; 1(7897):14-16

O Bramswig, N.C., et al. The Journal of Clinical Investigation,
pp. 1275-1284, 2013

O Kawakami, Y., Pancreas, 23, 375-381 (2001)

O Vvitali, A., et al., J. Lipid Res. 53, 619-629 (2012)

ooboooogan

gboooooboooboboboooooboboboboooobDobobao
gbooboobobooand gbooooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

oboooobobobobooooobobobobooobDobobao
gbooboobobood gbooooao
ooobooooobobooooboooao oooooao

O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
OJ

O
O
O
O
O
(]
O

oooooOooooboooobooooobooboooooboboooooao
ooobooOoooobOooooboogoao /00000

O d
[ |
[ |
O d
O O
[ |
O d

oooooOocooobOoooobooooobooOoooooboooooao

98

10

20

30

40



ey e Y Iy
e e ey ) [y Ry

s s e e e e e e e O A
s s ey e e e e sy e [ I O R
s e [y I B
OoOooooooo0oooooo0D oo ooooooDoDooooDoDoDooooooooogoooao

OO0 o0oooogoogdg
Oooooogoogdg
OooooooQgdg
OoOoo0ooodgadg

O Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Oo0oooaog
O Ooo0oooao
O 0Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Oo0oooao
O Ooo0oooao
O 0Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Oo0oooao
O Ooo0oooo
O0Ooo0oo0ooao
O 0Oo0Oooao
O Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O O0Oo0oooao
O Ooo0oooao
O 0Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao

O
O
O
OJ
O
O
O
O
O
O
OJ
O

O
O
O
O
O
O
O
O
O
O
O

O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0ooo
O Oooo
O Oooo
O 0ooo
O 0O oo

O 0Oooo
O 0Oooo
O 0Oooo
O 0Ooo
O oOooo
O 0Oooo
O o0Oooo
O 0Oooo

O Oooo
O Oooo
O 0Oooo
O 0O oo
O Oooo
O Oooo
O 0ooo
O Oooo
O Oooo
O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0ooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo

O 0Oooo
O oOooo
O 0Oooo

O OooOooo
O Ooooo
O 0Ooo0ooo
OO oO0ooog

O0Ooo0oooao

O

O
O
O
OJ
O
O
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
OJ
O
O

O Ooooo

O 0o oo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

I Y o [

O Oooo
O Oooo
O 0ooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0O oo
O Oooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O Oooo
O Oooo
O 0ooo
O Oooo

O Oooo

O Oooo

O 0o oo

O O oo

O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Oooo

O 0o oo

O O ogo

O
O
O
O
O
(]
O
O
O
O
O
O

O Oooo

O Oooo

(6

O 0o oo

O 0o oo

99

O Oooo

O 0o oo

O O oo

O Oooo

O 0o oo

O

[

|

O oOood

O Oooo

O Oooo

JP 6300287 B2 2018.4.4

gbooooooooan

O Ooo0oooao
O 0Ooo0oo0oo0oao

O
O
O
(]
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

uo
gbooooooogoan
ooooooooooao
gbooooooognon
gbooooodgd

[ |
O d
[ |
[ |
O d
O O
[ |
[ |
O d
[ |
[ |

O Oooo
O 0Oooo

O 0o oo
O O ogo
O Oooo
O 0o oo
O O ogo
O Oooo
O Oooo
O 0o oo
O 0o oo
O Oooo
O 0o oo

O
O
O
O
OJ
O
O
O
O
O
O

10

20

30

40

50



ey e Y Iy
e e ey ) [y Ry
e s e e e e e s e Y Y
e s e e e e ) e [ e [ Y Iy
e [ [ [ Iy
Oooooooo0o0oOooo0o o0 oo ooo0 oo oo o0 oo oo oo o0 oD o oo o0oonDoDooo0oooDoooogooao

s e e e s e e sy e A |

]
O
O

O Oooo

O Oooo

s e e v [ B

OooooooooooQgodg
Oo0DoDoogogogooooogogdg
Ooooooooooogogogg
OooooooooooQgdg
Oo0oooooooooogdg
OooDooooooooggdg

O 0Oooo

Ooooooo0oooooooooDooooooooogoogooOoao
e e Y Y Y Y i [

Oooooooooooogooao

P

gboboboooboobooboboao

O
O
O
O
O
O
(]
]
O

O O oo
O O
O O
O O
O O
O O
O O
O O
O O
O O
0O O
O O
O O
O O
O O
O O
O O

[ |
0O O
O d
O O
O O

OoooooQgoooao
Ooooooogooooao
OOoo0oooOooOoooOoaoo
Oooooodgoooao
OoooooQgoooaoo
Ooo0oooooooOoao
OO0 oooodgoooao
Oooooogogoooao
Ooooooogooooao
OOoo0ooooOooOooOooOoao
Oooooogoooao

OoOooooogod
OoOoo0ooood
O0Ooo0oooogd
OoOoo0oooogod

O
a
u
O
g
a
O

gbooooao
ugboood
ooooao

OOoo0ooood
O O0Oo0ooood
OOo0o0oooodg
OoOoo0ooood
O 0O0o0oooodg
OO0O0o0ooood

a
O
g
a
u
O
O
/

ooooao
ooooao
ooooano
oooooao

Oooooooooooogooao
Oo0ooooooooooogooao
OooT ooogooooogogooao
OooDooooooooogooao
Oooooooooooogooao
OO0 oDoDoo4gogooooogogoao
OooTTooo0ooooogooao
Oooooooooooogooao
Oo0ooooooooooogoOooao
OoooDooogooooggoQg

JP 6300287 B2 2018.4.4

gboooooboobooboba

OJ
O
O
O
O
O
O
OJ
O
O
O
O
O
O

O d
O O
[ |
0O O
O d
[ |
O O
O d
[ |
[ |
0O O
O O
O O
O O

Y Y
O Ooogoo
O 0Ooooo
O 0Ooo0gooo
OO ogoo
O 0Ooogoo
O 0Ooo0ooo
O O ogogo
O Ooogoo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogoo
O 0Ooogoo
O 0Ooo0ooo

O O O streptozotocin (STz2)O

ooobooOoooobooooooooboooobooooboobooo

gbooooooboobobao
ubooooboobobabad
oooooOocoooooooao

gbooooboobobao
ooooooooboooo
gbooooobobobo
a

ugbooouobooboabd
ooooooooboog
obooooboobobo

ugbdobogbooobooboobooboooad

O
gbobooooooboobobo
g
OO

O O
O O
O O
O O
O O
O O
O O
O O
O O
[ |
O O
O O

\/00000C000DOODO0oO0DbODoOoOoOoOoao

Ooooooogogoao
Oooo0ooogoogoao
Ooooogogoao
Ooooooogogoao
Ooooooogoogooaoo
OoOoo0oooogooao
Oooooogogoao
Ooooooogoogoao
Oooo0oooogogoao
Ooooogogoao
Oooooogogoao
Oooo0ooogoogoao
OO0 ooogogoao
Ooooogogoao
Ooooooogogoao
Oooo0oooogoao
Ooooogogoao
Oooooogogoao
Ooooooogoogoao
Ooooogogoao
O0Ooo0oooao

O0Ooo0oooaoo

O0Oo0Oo0ooao

O0Oooooao

NOOoOooag

O O
O O
[ |
O O
O O
0O O
|
O O
O O
O O
O O
O O

100

O
O
O
O
O
O Ooo0ooo O

O
O
O
O
O
O
O
O
O
O
O

ooo
ooo
oooooOocoooooooao

OJ
O
O
O
O
O
O
OJ
O
O
O

10

20

30

40

50



e e e e e e e e e e e s e e e e s e s e s e = S [ s i [

e e ey ) [y Ry

s s e e e e e s e e s [ Y I Y
OoOo0ooooo4ooooo4o0oUoDoDoDooUoUoooDoDoDoooooDooogooao
Ooooooooooooo0 o0 oo ooo0 oo oooo0oooDooogooao
Oooooooo0oooooooooDooooooDooooooooogooao

OO0 oOoooodooooogodgogoao
Oooooo4oooooogogooao
Ooooooo0oooooQgooao
Oo0ooooooooooogooao

Oooooogooooaog

OoooogQgoQg
OooooogoQgaQd
OOoooogogdg
OoooogoQgoQg
OO0 O0Oo0Oooe oo

O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
O
O
OJ
O
O
O
O
O
O

OOoo0ooood
OoOoooood
OoOoo0ooood
OO0Ooo0ooood
OOoooood
OoOoo0ooood
Oo0Ooo0oo0oood
O0Ooo0ooood
OoOoooood
OoOoo0ooood
O0Ooo0ooood
OoOoooood
OoOoo0ooood
O0Ooo0oo0oood
OOoo0ooood
OoOoooood
OoOoo0oo0oood
O0Ooo0ooood
OOoo0ooood
OoOoo0ooood
OO0Oo0ooood
O0Ooo0ooood
OoOoooood
OoOoo0oo0oood
OOoo0ooood
OoOoooood
OoOoo0ooood
O0Ooo0ooood
OOoo0ooood
OoOoo0ooood
Oo0Ooo0oo0oood

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O

O Ooooo
O Ooooo
O Ooo0ooOoao
O O oOgooao
O Ooooo
O Ooo0ooo
O Ooo0ooao
O Ooooo
O Ooooo
O Ooo0ooOoao
O OoOgooao
O Ooooo
O Ooooo
O 0Oo0ooOoo
O Ooooo

OO0 oooogoggoooao
Oo0ooooQogoooaoo
Oo0ooooOooooaoo

O
O
O

O
O
O
O
O
O
O
O
(]
]
O
O
O
O
O
O
O
O
O
OJ
O
O
O
]
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

=

OO0 oooodgogoao

OO0 oOooOoooogog e

OoooooogoQgoao

I [y |
Oooooggdg

OOoo0oooogoogooao

Oooooogogoao

OOoo0ooood
OoOoo0ooood
OO0O0o0Oooood
OOoooood
OOoo0ooood
OO0Ooo0oo0oo0ood

O

O

O

O

O

C))

O

O OooOooo
O 0Ooo0ooo
O 0Oo0ooOoao
O 0OoOooo
O 0Ooooo
O 0Ooo0ooo
OO o0Ooog
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0OoOooo
O 0Ooooo
O 0Ooo0ooao
OO o0ooo
O Ooooo
O 0Ooo0ooo
O 0Oo0ooOoao
O OooOooo
O 0Ooooo
O 0Ooo0ooao

O

O

O

O

O

O

|

O

O

O

JP 6300287 B2 2018.4.4

O

O

O

O

O
O
O
O

O
O
O
O

-

O

O

O

O

obooboooooboobobobooooobooondd

/000000000000O00OCODODODDOOO

OooooogoQgoao

Oooo0oooogoogoao

OO0 ooooggoao

OooooogoQgoao

Ooooooogogogoao

OoOoo0oooogoogooOoao

OooooogoQgoao

O

O Oooo

OoooooogoQgoao

ogn

101

O 0o oo

Oooo0oooogoogoao

O O oo

OO0 oooogogoao

O Oooo

OooooogoQgoao

O 0Oooo

Ooooooogogogoao

O oOood

Oooooogooogoo

[

O 0o oo

OooooogoQgoao

O Oooo

OoooooogoQgoao

O 0o oo

OoOoo0oooogoogoao

O 0o oo

OOooooogogoao

O Oooo

Oooooogogoao

O O0ooo

Ooooooogoogoao

O O oo

OO0 oooodgogogao

O Oooo

Oooooogogoao

O Oooo

OoooooogoQgoao

O 0o oo

OoOoo0oooogoogoao

O Ooo0oooao
O 0Ooo0oooo
O 0Ooo0oo0ooao

O 0o oo

OooooogoQgoao

O
(]

O
O

O Oooo

OooooogoQgoao

O 0o oo

Oooo0oooogoogoao

10

20

30

40

50



OoOooocooooooooooooooooooooooooooooOoo.o
ey e A

OOo0ooooo4o0ooooo4o0 oo oooUooooDoDooogogooooaog

e e ey ey Y [ Iy
Ooooooo0oooooQgooao

O

Okeda, T.

O

O
O
O

O

oo oooooogooo

O 0Ooo0ooo
O Oooo

O 0Ooo0ooao
OO oo
O Oooo
O 0Oooo
OO oo
O Oooo
O Oooo
O 0ooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo

O Oooo
O 0Oooo

9) JP 6300287 B2 2018.4.4

gboobooboboboboooboobooboboboobooobonn
ooooao ooooooooooao

O
O
O
O
O
O
(]
]
O
O
O
O
OJ
O
O

gbooaond
ooooao
gobooon
gbooon

gbooooooogaan
oooooOoooooao
gbooooooognn
gbooooooogoan

O Oooo
O 0Oooo
O 0O oo
O Oooo
O Oooo

oboobooooboobooboboobooobooboboobooao
ocovs0000000O00O0DOCOCODODDOOOOOOOO
ocoooOobOOO0OO0O0O0oo0ooooooODbODbODbOO/O0O0O000
gboobooooboobobobooooboboboboo

O 0O oo
O Oooo
O 0Oooo
O 0ooo
O Oooo

/0000000000000 DO0COCDOODDODODOO0O00aO0OOpODODODOOO
oooooOoooooboooooooocooooao

O

O

0ooo00
CO,+95%[]
00000

OOooOooood
O

O oOoo0ooao
O Ooooo
O oOoooo
O oOoo0ooao

O
O

O Oooo
O 0Oooo
O O0ooo
OO oo

O
O

et al.

O
O

od
od

Ou 0o
0000000000000 ooU0ooDo0oOoUoDoo0O0OOooOooDoOoOoOooOoDooOd
000000000000 o0o0oo0ooDo0o0DooDooDOooDoOnDOooOosSigmald O 180
mg/kg0 0 0 0 00O000D0D0CO0OO00DO0OO0O00D0DDODO0OUOUODOoOOoDOoUOODoDoODOOoOOn

00000000 o0DOoOO0oO0o0o00OO0OoOoonGlucoCard DIA meter (Arkray)d O 0O O O
o000 ooooOooU0ooooO0U0oUoDoO0oU0UDOoo0DUOUOoUoDoOOoUOUDOoOoOd
0000 Uoo0ooDoOooU0oo0Ooo0oO0UoU0oDoOU0oO0OUDOoOo0DO0OUODDoODoOOUDOoOoOO
0odoooooooDoooo0ooDooOooooDooOoo0oDoDoOoooDoDooOooOoDooOg
0000000000000 o0o0oo0O0O0n0nKemp., C. B., et al. Nature 244, 447 (
1973) 0 000000000 Yasunami, Y., et al., Transplantation 35, 281-284 (1983
Yboooooao
oooooao
oooo
Jod0ooodoo0ooDoOooUoo0DooO0UoUoDoDoOO0O0oU0DOoOoDO0OooODoDoODoOOooUODOoODoOO
0odooo0ooooDoooo0ooDooOooooDoOoOoU0oDoDoOOoooDoDooOooOoDooOOg

ooobOooooooocooooboooooboooooobooooao
goobooooooocooooboooooboooooobooooao
oooobooooooooooobooooboooooooooao
ooo

000000000 /000000000000D00O0DO0O0O0O0O0O
ddodoooooo0bo 00000000 OoD0ooo0ooooooad
Cui, J., et al. Science 278, 1623-1626 (1997)0 0 00000 O
ggogoooooooooobbbbob oo ooooood
0000000000000 0000000000000000D0OOn

oopoDoDooooo

O 0O O Sutton, R., et al., Transplantation, 42, 689-691 (1986);
, Endocrinol. Jpn. 26, 495-499 (19790 00000 O00ODOODO
000000 o0ooOO0UooO0oUooO0oUooOoUoOoDUOoO,O0D0D0OOS%

102

10

20

30

40



oooooag
oooooag
opoooag
oooooad
oooooooao
opooooag
oooooag
oooooad
ooDoooooao
0 0O 0O 1500 1EQO
, iwvOooooad
oooooooao
ooDooooboao
oooooooao
oooooad
opooooag
oooo
opooooag
opoooag
oooooooao
ooood
opooooag
oooooooao
oooooooao
oooooooao
ooooog
oooooooao
oooooooao
ooDooooboao
oooooooao
oooooooao
ooDoooooao
oooooooao
ad

opooooag
oooooooao
oooooooao
oooooooao
obDooooboao
oooooooao
oooooooao
ooooad
ooooog
oooooooao
ooDoooooao
ooDooooboao
oooooooao
Yasunami, Y

. Clin. Invest.,

(10)

JP 6300287 B2 2018.4.4

ooooboooooooooooboooooooboooooDon
oooooooboooooooooooooboooboooooboon
uoobOoooooboooooobooooooooooooao

O Prodo Lab (Irvine, CA) D OO DOOODODDOOOOOOOO

0 0O CMRL10660 O (Mediatech) D OO OO O DOOOOODODODO

ooooooooobooooobooooaon
obobooooooobobobobooonn
gbobooooboobooboboboobooonn
uboboooboboboboboooonb
ooooooooobooooboogooan
gboobooooboobobobobobooonn

ooooon
gooooag
obooooag
gbooood
ooooon

O
O

O oOoooo

ooooao
ooooao

ooooano

ooooo
0 170mg/kg 10
ooooo
ooooo
ooooo

Oo0o0o0oO0oO0oo0oo0oDbDOoOO0oO0oo0oDbDOoOO0oO0obDDoDoOO0oOoo0oDOoOO0OOnnnFisherts e
Xact testU D 00000000 OO0O0O0oo0OoooOOobOOobOobooboooboobooobaadn

O O
O O
O O
O O
O O
[ |
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

O Ooo0oo0oooao
O O0Oo0ooooog
O Ooooooaog
O Ooo0ooooao
O Ooo0oo0oooao
O Oo0ooooaog
O Ooo0ooooao
O Ooo0oo0oooao
O O0Oo0ooooog
O Ooo0ooooaog
O Ooo0ooooao
O Oo0ooooao
O Ooooooaog
O Ooo0ooooo
O Ooo0oo0oooao
O O0Oo0ooooaog
O Oo0ooooaog
O Ooo0ooooao
O 0O0o0ooooaog
O Ooooooaog
O Ooo0ooooao
O Ooo0oo0oo0ooao
O Oo0ooooaog
O Ooooooaog
O Ooo0oo0oooao
O O0Oo0ooooaog
O Oo0o0ooooaog
O Ooo0ooooao
O OooOooooao
O Oo0ooooaog
O Ooo0ooooao
O Ooooooao

O0Ooo0oo0ooao
O Oo0oooog
OOoo0oooao
OOoo0oooao
O 0Oo0oo0ooao
O Ooo0oooao
OOoo0oooaoo
O 0Ooo0oo0ooao
O Oo0oooog
O Ooo0oooao
O0Ooo0oooao
O 0Oo0oo0ooao
O Ooo0oooao
OOoo0oooaoo
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O0Ooo0oo0ooao
O Oo0oooo
OOoo0oooao

O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0ooo
O Oooo
O Oooo
O 0ooo
O Oooo
O OO
O 0O O
O Oooo
O OO
O O o
O Oooo
[ Ry
O O o
O OO
O Oooo

O O
O O
O O
O O

gboobooooobooonn

O
O
O
O
O
OJ
O

O
O
O
O
O
O
O

O Ooo0oooao

O 0Ooo0oo0ooao

O 0O O
O O o
O OO
O O O
O 0Oooo
O Oooo
O Oooo
O 0ooo
O Oooo

O

O Ooo0oooo

O

O Ooo0oooao

O

O0Ooo0oo0ooao

O

OoOoo0oo0odao

O Oooooo

., et al., J. Exp. Med., 202, 913-918 (2005); Matsuoka, N.,

20

O O
O O
[ |
O O

O

30

40

OOoo0oooao
O 0Oo0oo0ooao
O Ooo0oooao
OOoo0oooaoo
O 0Ooo0oo0ooao

O Oooo
O 0Oooo

et al., J

120, 735-743 (2010)0 0 0 00000COCOODOOOOOOODODOO 50

103



ey e Y Iy
e e ey ) [y Ry
e s e e e e e s e Y Y
e s e e e e ) e [ e [ Y Iy
e [ [ [ Iy
Oooooooo0o0oOooo0o o0 oo ooo0 oo oo o0 oo oo oo o0 oD o oo o0oonDoDooo0oooDoooogooao

]
O
O
O
O
O
O
O
O
(]
]
O
O
O
O
O
O
O
O
O
OJ
O
O
O
]
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0OoOooo
O 0Ooooo
O 0Ooo0ooao
OO o0ooo
O 0Ooooo
O 0Ooo0ooo
O 0Oo0ooOoo
O OooOooo

O Oooo

O
O

OO0 ooooogogooao
oo ooooT 40o0oooo

O
O
O
(]
O
O
O
O
O
O
(]
O
O
O
O
O
O
O
O
O
OJ

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O OooOoooao
O Ooo0oooo
O 0Ooo0oo0ooao

O
O
O
OJ
O
O
O
O
O
O
OJ

O Oooo

O

O 0Oooo

O

O 0O oo

0

ogoo

oo oooooogoogoooo
OO0 ooooogQgogooo
OO0 ooooogogoooo
oo oooooQgooooo
oo oooog®T o00oodg

Y [ Y
O Ooogoo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogoo

O Oooo

O

O 0Oooo

O

O 0ooo

O

ooo
oooooooooooooooboobooooobobooooobooooobooo
/00000000000 DO0DOOODOODOO0DODOOODODODODODDODOOO

goooocoooooooooobobooooboooooboboooobooo
ooooooo

O Oooo

O

O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0O oo
O Oooo
O Oooo
O 0ooo
OO oo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0ooo
OO oo

O
O
OJ
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
O
O
OJ

O

O

good

OO0 ooooogogoooo
OO0 oooooQgoooo
oo oooooogogoooo
OO0 oo ooogogooo
OO0 oooooQgoooo
OO0 oooooogooooo

/
g
a
O
g

O 0o oo

O

O

O

good

O O ogo

O Oooo

O Oooo

1)

O

O

O

gono

/
g
g
O
g
g
U
O
0
U
O
0

g
g
O
g

g
u

O

O

O

oood

O

O

0

O

oo

O

JP 6300287 B2 2018.4.4

O

O

oood

O

O

O

oo

O O
O O
O O
O O
O O

(]

O Oooo
O 0Oooo

O
O
O
O
O
O

ooooon
oo/000

oooooOooooboooooobooboood

OO0 oooooogogoo

0
0
O
0

0
U

104

oo oooooogogooo

O
O
O
0

Ooooooooogoogooao

OO0 ooooogogoao

oo oooooogogooo

oo oooooogoogooo

Ooooooogogood

O

OO0 oooooogogoo

O

Ooooooogooao

Oooo0o0ooogogooao

Oo0oooodogooao

Oooooogogooao

Oooo0ooogogooao

OO0 oooodogoao

Oooooodgogooao
Oooooogooao
Oooo0ooodgogooao
Oo0oooodgogooao
Oooooodgooao
Oooo0ooogoOooao

oooooOoooooboon
O/0 0000000000

goooOocooobooooboooooooooonn

oooobOooooooogo/z0obDOO
ubooooboobooboboboood
oooODoO0oO0O/00000000D0OO
gboooooobobobobooan

oNoDOOOOOOooDOOoOOooDoDOon
ocooooOoOo/000Q0O0OODOO

10

20

30

40

50



ey e Y Iy
e e ey ) [y Ry
e s e e e e e s e Y Y
e s e e e e ) e [ e [ Y Iy
e [ [ [ Iy
[ = [ i A

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O oOooo
O 0Oooo
O O0Ooo
O 0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O 0Oooo
O 0Ooo
O Oooo

OO0 ooooogogogooao
oo ooooogooQgooao
OooooooooQgooao
OO0 oooooggogoao
Oooooooogoogooao
OooooooooQgooao
Ooooooooogooao
oo ooooogogooao
oo ooooooQgooao
Ooooooooogooao
OO0 ooooogogogooao
Oooooooogogooao
ONDDOOOoOoOooogaog

O O ogo

O Ooo0ooood
OOoo0ooood
OOoo0oo0oood
O 0Oo0oooogod
OOoo0ooood
OOoo0ooood
T Ooo0ooQgoaog
OO0Ooo0oooogod
OOoo0ooood
OOoo0oo0oood
O O0Oo0oooogod
OOoo0ooood
OOoo0ooood
OO0Ooo0oo0oo0ood
OOoo0ooood
OOoo0ooood
O0Ooo0oo0oood

O Ooogoo

O Ooooo
O oOoooo
O oOoo0ooo
O 0Ooooo
O oOoooo
O o0Ooooo
O 0Ooo0ooao

O
O
O
OJ
O
O
O

O Oooo

O 0Ooooo

O 0o oo

O 0Ooo0ooo

I Y o [

O 0O o0goao

O Oooo

O Ooogooo

O 0o oo

O 0Ooo0ooo

O 0o oo

O 0Ooo0ooo

O 0o oo

O Ooogoo

O 0Oooo
O 0Oooo
O 0ooo
OO oo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Ooo
O 0Ooo
O 0Oooo
O 0Oooo
OO oo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
OO oo
O 0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
Oo0ooQge

O Oooo

O 0Ooooo

O 0o oo

O 0Ooo0ooo

I [ o [

O O0OoOgoaog

O Oooo

O Ooooo

(12) JP 6300287 B2 2018.4.4

oooooOOoOooobOooooooNobd Oooan
gooboooooobOoooooooooao
oooooooooao

[ |
O O

goooooooobOoooooboooooao
gbobooooboboboboooonn
NDODOOGOooooOoOooooooooono
ooooocooooood

O 0Oooo
O 0Ooo

O O0Oo0ooooaog

OOoo0oooog
OOoo0ooooao
O 0O0o0ooooaog
O O0Oo0ooooaog
O OoOo0ooooao
O OoOo0oo0oo0ooao
O O0Oo0ooooaog
O Oo0o0ooooog
O OoOo0ooooao
O 0Oo0ooooaog
O Ooo0ooooaog
O O0Oo0ooooao
O O0Oo0oo0oooao
O O0Oo0ooooaog
O Ooo0ooooao
O Ooo0oo0oooao

O

g/00000D0O0000O0O0O00OO

oobpyOO0OO0OO0OpOO0OOO0ODDOOO

uoobooooooboooooooooonn
oooooooao

OooOoo0oooogoao
Ooooogogoao
Ooooooogogogoao
Oooo0oocoogooao

O
O
O
OJ
O
O
O
O
O
O
OJ
O
O
O
O
O
O

O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O O0Oo0goooo
O O0Oo0oooo
O 0Ooo0oo0ooo
O O o0OoOooo
O O0Oo0oooo
O 0Oo0oooo
O 0Oo0oooao
O Oo0oooo
O 0Oo0oooo
O 0Oo0oooao
O O oO0gooao
O O0Oo0oooo
O 0Ooo0oooo
O 0Oo0oo0ooao
O Oo0oooo
O 0Oo0oooo
O 0Oo0oo0ooao

O 0Ooooo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O o0Oooo
O 0Oooo
O oOooo
O o0Oooo
O 0Ooo
O oOooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Ooo
O 0Oooo
O oOooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo

O 0Ooo

oooooOooooboooooooobocooooao

105

10

20

30

40

50



JP 6300287 B2 2018.4.4

(13)

gbooboooooobooboobobobooooboobobobooboooboobobobao

oooobooooooboooooboooooobooboooooboboooobobooooobooo

ocooovs0OO0O0O0O0O0OO0OO0ODOOOODOODOODODOODODDOOODODDDOOOOOOO

gbooooooobobao

oooooo

ooooboooooobooooobooooooobooooobooooobooboooobooo

gobooooooooobgoboboboooobobobobobooooboobobobao

ugboooooobooboobobooboboooboboboboobooooobobobaa

ocoooooOOoO0oO0oOoOoooooooOobObObObOoOooOoooooobODbDbOOoOoOooogo/o

10

gooobooooooboooooooooobooooboobooooboooobooo

gcoooooOo/00O0O00O0ODOOOODOBOO0oOO0DOOODODDOOOOOOO

coooooboOoOoOoOoOoooooooOooODbDbOOoDOoOoOoooopOObOODODOOOOO

goobOooooobobOocoooboooooboogoao

oooano

gooano

‘Wwi| sjuesaidas 9|eos oy “o|dels e yum pasojo pue sdaoioy yum ploy st 39x00d Sy} O 901LIO BY] ‘8 "agn}
2y3 Jo di} 8y Ul SI3IS] ‘peY MOLIY "PaX00d Byj Ul SI9S] :MOLly }2300d ay3 apisul pade|d aiem aqny 8y JO
di} ay3 Ul papeo| s39|s] :p 1 © "uado 20110 Sy} dasy 03 paoe|d SemM 24NINS AR3S Y "aNSSI} 384 SNOSUBINOQNS

Jeuinsur ayy ul pajea.o sem 3axo0d |[ews ‘g "peoe|d sem eade [UINBUl Y3 Y} U UOISIOUI UBYS [EDIUISA Y/ ‘8

“20IW Ul ANSSI} 38 SNO3UBINOGNS [euINSul 03Ul uonejue|dsue.) 39|S]
g @4n314

‘AjoAnyoadsal ‘ulen

pue Aispie olsesida JoLiajul pue [BJOWS) MOYS SMOLIE Hoys pue 3uoT ‘(JYSU pue Ya|) umoys
a4 anssi} ey [eUINBUI JO S|9SSBA FuIPea "(1J8]) SA80.0) UM Payl| SI anssiy ey [euinsul Yo
‘uonejue|dsue.) 3! JO 9)S [2AOU B SB JOIW Ul ANSSI) Je) SNodURINOQNS [euInsul Jo Awojeuy
‘| @anBiy4

106



JP 6300287 B2 2018.4.4

(14)

ogoaoao

gooao

200 islets

“AjaAizoadsau ‘uiaA pue Auspie |esoway pue ouiseside Jouisjul s3edlpul

SMO.IE SUO| PUE LIOYS “(PESY MOLIE) UDIS S| UOIJBLLIOS [9SSOA MAU YHIM SAWN|o pauLioy S3a|si pajuejdsuel] iq
“3|ppi 3y}

U1 U23s S139300d 3y} JO 2INSO[O J04 Pasn (3jSueli}) a|de}s v "aNSsH Je} SNOBUBINOQNS [euInsul Jo aunsodx] ‘e
*Aep 9 1e anssi} 1e} snosueINogns |euin3ul ojul s39|s! pajue|dsue Jo aoueseadde ol1dodsoloep

24314

8
g is
G 0
B 33
&3 8
g 338
£ 828
< 2 S8
= 0 3 LES
v s e 250
- = i=3 >
o Q c o
- Q T < 0
c g < e
] o+ 8
Yy © c_-%
[>3 Sy SE8
m & 8£3
= 5 &2
sg 8 Sc3
=& s 885
I 5 £33 @
] 2 s&E
b S gD %c
SS50t
© 2282
7 T 0 Vﬁ
> E8= 23
a S5 on
g TEI 8T
[=] Eopol
£3235
58T w2
SSEEa
o= S ES
N3owo ST
8328573
2885%%
i e32 900
5-ELss
02 o*F 2E
w853t
53EEEQ
2o § o
228888
2o £ o
§22 g%
* P ]
28038
- 8EE3%8D
) SeEcls
2 Sz a8
> 228-8=
— o ® 0o >TTT
o o 25 P3 03
e 5880
=] So @839
< BE S 35T 3T
[l N R 1

goaao

ugbodauo

‘w77 0g uasaudaa sieg "uaas sem |20 aAlsod s|gnop uoSeon|3 /ulnsul oN uonejue|dsue.y Jaye

sAep (9 3e (jaued 4amo| ‘Ad) JaAl By} ul Jo (joued saddn ‘0x) deo Asupiy By} yresuaq syeus 33)s! jo ASojoIsIH

Idva

‘9 24n314

uogeon|3 ulnsug 1dva

Ad

oy

‘AleAnoadsad ‘w 7f | pue (G syuasadaa sojoyd 4omo| pue 4addn oy} ul sieg "uoneoyiusew Jaysiy Jo

s|aued Jamo| 8y} Ul umoys sem ojoyd Jaddn a| By} Ul UMOYS eale X0q Y] ‘AdOOSOIOIL JUBDSBION]S [EO0JUOD
9y} 49puUN PaAIasqo pue [y Pue UOFeoN|S ‘ulNsul 10y paule)s aam Aep (Z| 38 SHeJS 19|S! JO SUOIOSS By |
's39|s1 pajue|dsued} ul s||@0 @Asod s|gnop uoseon|3/ulnsul jo soueseaddy

‘G @4n314

uoBeon|h

107



JP 6300287 B2 2018.4.4

(15)

ogoaoao

gooao

*AjoAnoadsaa

‘wf Qg pue 00Z u9saides sulels JUSISION|—oUNWWI pue JH By} Ul siegq 's||90 aAIIsod ajgnop uogeon|3 /ulnsul
93e0Ipul SMOLIY "UonEjUEB|dSUE.) JaYje SABp (g 3B 901w pIos/JON 212qeIp-Z1 S JO aNssh 3} snoauejnogns
|eun3ul ay} ur syeJs 39St uewny jo sojoyd Adoososolw |oojuU0Y) g 4nSi4

> > < =3
< = = S~
® o =t N

(1p/Bw) asoon|6 poo|g

<

150 200

100
Days after transplantation

IdvQ@ ‘uogeon|3 ‘uinsul

Figure 7.

Plasma glucose levels of STZ-diabetic NOD/scid mice receiving human islets in the inguinal

subcutaneous fat tissue.
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Figure 10.

Plasma glucose levels of J T 18-deficient (NKT cell-deficient) mouse receiving syngenic islets

into inguinal subcutaneous fat tissue.
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