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In vitro generated EPC aggregates for implantation contain high proportion
of CHGA™NKX6.1" cells while very few INS™ or GCG" cells.
Immunostaining of the cell population in EPC aggregates.

EPCs are differentiated from human 1PSCs by in vitro directed
differentiation.

Insulin-deficient diabetic environment in host upregulates insulin secreting
capacity of the grafts derived from EPCs.

The wupregulated insulin secreting capacity of grafts in diabetic
environment is reproduced when EPCs are derived from another hiPSC
line or are implanted in genetically induced Akita model.

Endogenous insulin is severely defected in diabetic mouse model used for
implantation studies.

Both exogenous insulin supplementation and hyperinsulinemia induced by
a HFD feeding suppress the insulin secreting capacity of EPC-grafts.
Partial attenuation of hyperglycemia by dapagliflozin has no effect on the
insulin secreting capacity of EPC-grafts.

Diabetic environment in host affects EPC-grafts to increase endocrine cells
including insulin producing cells without affecting graft mass.
Supplementary information referred to Figure 3-9.

Lowering insulin action directly promotes the differentiation of EPCs into
INS'NKX6.17 cells in vitro.
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BFIT, AFOFHERICE > TRERRIRTH S, I IXAENIZHEE &
NERIDSHERE U CIRE DS L7 RBE & B S, F, SRBIBEZOET AR &0
STERENE « 74 7 AZANOEALIT X0 EFHEIIHAHETHENL TS, K
E TIX10FRITIZER D 50% 2L B3 EE & e S L8008 %5 (Ward 2019),
RGBT D IRIEMOFERIL, = F VX —EBREN =LV —HEES ER5 2
ETHIERZEND, BRFFOREIII 2 —_X—RAT 40% REL 5D, IO
FREOECK NITHER E O 4 (5ONEE % B HAVIZEIRT 2 & S5 (Shi 2009,
Laugerette 2005),

RER & B PR IA

B 13 2 BUBE PRIFFIE O ERIR - CTh vV |, EEIC/e 2 & IRE MR R Cm i
JE78 & L A TOMERBIIEDOTRIEY A7 @b DH 2 b, fERRERLED
DL - TERY . IEEHO T EIREOBEEMIT &SV, FIREIX, A AT~
DYERAR I X 2 EiimbE s Fifed 2 2 & Clsasfas 2 5] & 2 KRR T
HO 1AL 2 BN D, 2 BIFERWIL, AE 72 & O BREEH) R CEAR A A
X0 A LRV DR WAEBELOA R AR PEEZ R TIHEETH O . 1 BUHER
XA R R PEA WY DRI E S LD B OB RE TH D, 2019
FIZBWT, R TIEERAD 11 A2 1T AOFEIE THIRFRZRE L TBY ., A%
IRRIR AR S 720N ED7e b 2045 FETHRELBIBM LT 2 & FRISAT
W5 (EBRFERES 2019), FERWEIL, 3 KREDHE TH D DHERISVEREEDE ) DhE
PRIFVERE | TBE R PERR IR IR | DSRIREIZ 72 D, DA ZEOMMAg 2E 7 & oo K.
EEELISE T, FRFEE T, Hiila e FEYYENEELT D U A7 R
EWZ & (CDC 2020), BEJE(LZBG 72O BRI ho—L &2 {fgo 2
ENBEETHDHZ L HMESNTVD (Zhu2020), &% &ML, BERBEZT T
72 HERIE TERCB W T L EERFEO —2 & L THEH SN TR Y, LIE R
RREOGIHEIZ L DT Y A7 % LH S5 (Nakagami 2004, Tominaga 1999),
72 JE IR I A1 20 TE 3 1B & SR E OB PR IPT & I & A 2 fil) oD T % 7 3 TP BE RE 22 7
OWRRETIL, BIIREECMERE L, IMEEF R EORMEREZFEZEHZ3Y 27 235 <
2572, ZEERMFEEOZ Tl BEmIED b TEHT 2 Z LN HE
Th b,
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TUERZ & TURE R

PUBM OB, O Z TEWRZ MR RO 55 72D EEHT L C
=72 (Rodgers 2012), 2012 FIKETrA I EY > L X2 I 7 BAR ST H,
ZSIEFHEME ARG TH O | PR A~EREEA T 5 72 DICRITERIS T 5 1%
BRRKEV, FHEA~OEBEIERHZLEL LRV REMERUERmRE E LTk, &5t
R OWIN & il 2 A OB N D S CTE 7z, Y R—VIEKRTH LA
WY REZ sy EB—FITH LI, BIELREDOHEE T ORIERAN SV
(Padwal 2007), F&%)) « Mt & BT+ L FEWERW 2D, L0 R TLEER
RIEPVEFUIERmIEDO R N HIFF STV D, FUBERFEE S LT, RafFzifbl=
F =L 2 RBT D700, RO A VR = VRBZRIRICHK AT 52 & T
A VA W EART SU B, JFIRICHK T 2B A2 IG5 8277 1 NI,
A A P ARET LT T Y D UHED A T = X LD R L MEERET
ERERCHEA SN TS, LoLaRns, FNMEME - 220 - BME4E shdiE 2
ToRTHLIEAN T T 2 HIFFIR AR & L TRE LY,

HILBEBERDT 7T v

ARNOZ RN — T ZOFENTIE, & < 0D HHEA~OILEA), BT
IRAERATNC L DHHED B 2 5 CTE 7228 (Blouet 2010), ITAEIF R/ 5 D
T TV ESN U THIRA~B NI E R ET DM OFENRHA L NS T
7o TO—ONHLEICBIT2RBROBINTHY | BENICHKAL CE-/F
HRD 12 BT 5 Z ST L E OB —2 L L TRl ST\ 5, BRI
ZiE, ERCAFET DL E N WA, EENOIRE (IBIGEE). ARk (7
A= R) H RN TEOCEN TH 27T K07 2/ Bk EHEEH L TR~
DHLERNVE L Z5WT 52 L2k, BREORZMAHNFHE <415 (Janssen
2013), Z v A URERTF R-1 (GLP-)X°RT'F K Fri v -Frry (PYY)L,
/NG R ERSORE IS < FFAET 2 LA CREAE - DI SN DL E R LE L TH D,
GLP-1 (M RIFA 72 BRSO A AV V3 WMEEEIER ., T72bb A 7
VFANERAR R B SN TS (Drucker 2007), GLP-1 <° PY'Y I ZE AN /EH %2
KL, BEROMENZE S LTV D (Neary 2005), ZD X 91z, {HIBEIZ, BIL
T B2 AL - W T BN OB B3 NOWERE & LTOERHLALTED,
EHOTRVXF—HEEOHERIZHERL TV 5,

g

WElg 3, THARIEESR 2 & Lol 2 /B2 0 98N e B O, FEAGH %
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PEIT D ARNE U ZELE - T DN E E AT Hlds Th D, FEBONSY
WHEREIX, BB OMICERICHATET AR 5, BERIX, EIZA VAU V&5
W BB/, 7 T wWT Do, Y~ N AX T &S DSl
SRR S, MAHEORE 22> bo—/L a2 Al LT\ 5, | BUERIBAEE T
X, BERMIA A BIE SN TV D T2 DIZBROIERIETIEA VA Y U2/ d 5 L
IR, BT A LAY VREIRERIE SN TWD OO, SEMEA AT
SRS D Z TN EHAMITELS, £, 4R VRGO
HIERMBE 25| S 2V X7 ERE R TH D, FICEIEEO R 1 BFERp
X, R OGS & 7D, BEBEIL, B LIRS N o425 - BRET
IZHERIDO A A Y AEFRIMEE =2 U U I biEREND Z LD (Anazawa
2018), 1 BUPEGRIFE OMRIGRIE S L THN. SN TV D, LU S, R —0%k
R0 TIER<, £o, BRINIMESOEBLEL TWaWned, BiED R
BMEZ 5 BEIRESNATWD,

ABFFED BB

U, JABOTL - {RIFEOT-DOT 7 a—F 13tk 2 2L TWD, BN
IZiE, BERECEEEEICIN A, WiEERMN, Ko Fakibaw. # X7 8l
Al PUAREHS, XTF R (ToH)iAlL ZREK, B, Mgk
D, AR TIE, BT TF RELThUERIVH LRI ENK Y
ZeinH (3f 1 #2), Ko ke LT/ 7oA77 Vg —LT LT AT
=7 —F 2 MGAT2)fLEFSE (5 2 =), BfiHMiids LTk I induced pluripotent
stem cell (iPSC)H RFERN /> WA TS (55 3 B) &2 VT, THIRE CRER O N3 iis
BEREIC 5 2 2 B N = > b v — LR B IS % B EH 2 5f L 7=, AHF
ZeI. BEIRIFCHEGE O TR F 71 XIREOBLE N O T2 72488 % L, A0 H o
BRLFBEBICHMKT 222 HME L,
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Mo a2 o XTBENAKSEDZenHD 7V T AFERTF R-1

SrIMRENER & ks LR ER ORRES

EIE &S

TIVT) T URERTF -1 (GLP-1)i%, RKEFRERUIIN U ToHs ézhé{%ﬂ:ﬁ
RNVELDO—FETH D, GLP-LE, MHEEIFRICHEBMIAE B DA R Y 53
ZHli% 9% (Drucker 2007), GLP-1°7 /L a1 — ARIFVEA A U L 43 Ubil] (,%f(j— )
NXTF R (GIP)D L5 BB EBRRKORFIZ L DA A Y VWO RIX, A7
LF UAEA L FRIEN D (Baggio 2007), GLP-1iZ%7=. 7 v <Pk MZBWT,

B PEH AR X OB AMEIERH 2 7~J (Baggio 2007, Holst 2007), {&14HA!GLP-1
DIN_RTFINRTF 2 —F-4 (DPP-A)IZ & 543 fif % [ E 3 % DPP-4PHE HK S|

GLP-17 7)1 7 (GLP-1%Z &RIEEBNEK) 1%, HraflpRmsk & L ClRICAH ST
B0, BEEMFEO = ha— W ZFGZTH D (Drucker 2006, Gentilella 2009),

GLP LI E N WL CREAE S, LRI FEsvE b (B1G. B M.
FERBNC 2 < s34 LT % (Eissele 1992), IFE IFE RIS L ONPHAR I B~ figH
% E‘%@@GLP-M;K MAEFH DODPP-41Z & 1 /T i3 b B ATENE L &
1% (Hansen 1999), GLP-LIZAFIR & @i 3 5 <0, R IC I\ T H DPP-41Z
X0 RIEHA LS5 (Deacon 1996), & DRI HLEO LT, A7 LF
AERE, BEEREOA VAU W50 %LL EICF S LD EHERI ST
% (Tseng 1999), /% T, GLP-1ZAFAREBI=TRIE~ T R L, MERMHED L7
& MPERE R A 7n 3 (Baggio 2007), £ 2, BIENORBRICIVEEIN
HGLP-153WAE., BHEOPEEF MO FFICE s TEETHL EEZHND,

M REL S D 7= DI LA TREA S A NIKIMEDOGLP-1 2RI 5 Z & 23 #]
BENE D EH ST E 72 (Tolhurst 2009), 51 21X, Coptidis rhizomeEEEl%% S
J VT AaA RTHDH LY > (Lu2009), ﬁEHG& 2Ny A RS
(TGR5)7 == A I (Thomas 2009)} & VG ¥ /7 B 45 7 1K119 (GPR119) 7

=Rk (Chu2008)IZ>\ T, GLP-1%3 M@iﬁéﬁﬁ%ﬁofﬁﬁﬁi‘ EAlET 5 LN
IFIEN RSN TND, Ehvpz, 58 VELEERN OGLP-155 Wi &
L AN E MR RE R O BRFICB W, L Bifefmbi oy hr—ic
BN REMENRH O | BRSNS,

B & NERIIR X987 72 GLP-13 W DRI E & L TE <A B TWSD A (Anini
1999, Elliott 1993), B f~7F Kb £7-, 7 v & (Dumoulin 1998)C1H L& N4
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WHMAEER (Cordier-Bussat 1998)IZ W CGLP-10 W& HIE L, = LTk MMIBW
Twhey ¥ > /X7 B OERHERIIGLP-10 WA iR T 25 Z E g S Tnd
(Hall 2003), 3 SIZLIENC, R UEa a It d ENd ¥ 37 BEZeindD K4y
fi#) (ZeinH)2S, GLP-1EEEN S WAHIRE R KOV v M/GIZE W TGLP-143U4
i< JE 5 Z LA R L= (Hira2009), + —f8iGICB WV CTZeinHiZ, [HIHGL
HIRE 2> & OGLP-1/3Wh %, REMRR 2/ U CRIBEMICHIR L7z, —5 T, EIFIC
BT ZeinHIZ, FENIERIC KX D GLP-157W4 (Brubaker 2003) & [RIARIZ,  [FIAZLAR A
ICEEEEA L CGLP-15 A 5% LT,

AHFZEO BEYIE, 7R 7RGLP-10WHE 7' F R T HZeinH7AS, GLP-143
WORL 2> TP BE G52 50820 ERpTH2 L THDH, REET
v MEHWTHEENZ L a— 2 AR (IPGTT)Z %M L, FIGICHEE Lz
ZeinH2Y, MR 7 va—=2 . A4 2 ) B L OGLP-1EBEEIC 5 2 5 8 4 3~
oo Flo, BT OZ v NMIBWT, BIEGREERL—7NICZeinHE B 5- L7112
G ERARIMAZ 35 1T 5 M AEHDPP-4TE M & JE L7z, GLP-1OABER ZEE T 5
&L HIEEEN ORGSR TT N2 X 5 NIRPEGLP-1O 73 Wi iE, ARG OB R
DT BHRIRBEIZBWTHN A N T T U—I2e 1G5,

Hofn  EBIME L Fik

1. T F R

ZeinHZ BE#HR O J51E TR L 72 (Hira2009), %9, Zein (ALK T3ERRA
Sfb, AR 50 gZ& ik 500 mUZHRE L, pHZ7.0(ZFH%E L7-, ¥ 2 papain
(250 mg, Papain F; 74t 77— R7 > R~ LR 7 TSR, AR 28 L,
55°CT6057 [ & < H5 L 7o, £ D%, Whig/KIZ2053 iR L CRER S 241k L
7o O BER KOS [EE (0.2-umifliFLES) %, I8 2 SRS Rl L TS 7o/ R
wZeinHE Uiz, WX 87 BAK#RY) (MHY)IE. Sigma (St. Louis, MO) & ¥
BEA LTz, m— U —{EIC X D ERETIL, ZeinHIE65.6%, MHY(%80.0%~7F I
T, TiLb DYy, ZeinHT1,600 Da, MHY C1,200 DaLl FCTH 5
(Hira 2009, Cuber 1990), BE#? f7i% (Cohen 1986) CHIE L 7= ZeinH & MHY o ik
BLORT I BEtHAL A Table 1-1127R7 7,
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Table 1-1. Free and total amino acid composition of ZeinH and MHY.

Free (mg/qg) Total (mg/g)

ZeinH MHY ZeinH MHY
Ala 2.9 6.8 55.5 92.4
Arg - 28.9 11.8 103.4
Asp* - 3.1 62.9 86.7
Glu** - 9.6 217.1 143.0
Gly - 5.9 16.2 258.2
His - - 5.0 6.9
lle 10.7 12.1 30.8 26.3
Leu 8.3 14.1 141.1 46.4
Lys - 7.5 - 47.4
Met - - 8.6 -
Phe - 9.1 475 25.9
Pro 3.6 - 70.3 139.6
Ser - 5.1 42.9 40.8
Thr - 4.9 20.9 24.1
Tyr - - 37.3 6.1
Val - 6.3 26.8 33.9

Cys and Trp were not detected.

-: not detected, *: includes Asn, **: includes Gln
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2. B

7 s D e Sprague-Dawley 7 » & HARTZ R Lo —RRAESHE (BRI IR)
L OREA L, @ik, AIN93G (Reeves 1993)IZEHL L 7225% 1 ¥ A > £ % H
WV, B HRGEE L B IREOKSE T CTHEEE L, 1285 E OB E ) (911H18:00-
20:00), =E{A23E2°COFHEIZTHE L, 31 57HMOBULIIR D% 28R IZ
i L7z, SO Sk X OERIL, EERFEBMEREESDOED D
FLUE|CHE U CENE L7z (KiR%508-0138),

3. ARBFT (HFRY == L—2a )

— e, v RV E X —/L (40 mg/kg; Nembutal Injection; K HAEA
BSRPRA St REF) DREIEN S 512 L 2 B IV, LUF O4ER) Rt
AToTz, HEAHIEH, AMSEFHIRE B CHE L. oK a2 U L
oo MiEZHEEL CTHONSEIkZEH L, U =207 —7 /1L (Silascon No
00; 1.D. 0.5 mm, O.D. 1.0 mm; & v o —=1 ZkR Sk, M)R) AL, #
EARTRERSMEERLTEE L, 7 —7 /1350 IUml ~ 1 > (%@%H&Eﬁ%
fh, HEEN)Z ST/ AR K CHRE L, VT, EE (EFEA)DEFHRIC
o CUIBH (BAME) L. F 74 VEVEOMNEZHER LT, 2-3mmdDAR Y =F 1L
F = —7 (Hibiki Fr No. 4; SR &tks =4 | BRUE) O/M & Jesisic AFLIA AT
> U @ F7—7 /L (Silascon No.00; I.D. 0.5 mm, O.D. 1.0 mm; 7“73_:‘/71‘%
A&t &, N7 A4 Y X0 45 emo EEEIRGICHREA L, ﬁ%/\%fﬁiﬁ
AT =T NEEE L, RET - FRRTORRATE D LI, 22|K0>777~
TVO B E G TS EIMCH L CEE Lz, BETEGRICL s
L. BfE (B85, BMNEI v~ ESEHZ K VS L=, 7 v M. 3 L<IZ
AR OEEHIF O%, FEBRICHH Lz, B EESHIRICEA LT —T L
X, BELRVEDITENENAEREEAKE A~ U EE AR KA RS
L7 /NBRNEYOFHNIE, BGH T —T A OEBERG LY /S Wiz, [E
FErZ LD BT WEBE Lz, 2l onT, FERESCHRIETENCEIH% T
AL R BT, Eilo, FERBRIE TIRFOZZEIBA T E RN FREE T IRV T/NEN
KON EBIET D2 & TR LT,

4. REEZ v N EHWI=ATF REIGE RN S L iiERE R
FBRL: MPERERER CTld, HLEENOXTF FIZ K HGLP-153W % LTz
MBEFHETER 23 5 72010, Z v a— R &GN &EE Lz, *XFF K
(MHY<‘:Ze|nH)<‘:7k (control)i. GLP-13WAZ X3 2% EAERY IR 2 B 4 5§~ 2 72
. WIBEREC T —T v A L THRE Lz, MHYIZ, invitro (Cordier-Bussat
1998, Reimer 2006) 33 & Oin situ (Dumoulin 1998) D kA 12 35\ Y TGLP-143 A& ME
DG SN TWDHREMNTT FE L TEIR L7, Basal (-30 min)O i 4> 7 /L

16



ZSEERIR T T —T V55200 kIU/Ml 7 7 aF = (Rt TS, K
BRFF) 3 L OB0 IU/ml ~ XU &G ATV ) IR LT, BREUE (2 fal h
T —F LN AB0 UMl ~/% 0 > &8 AT A BRATE K Tliti7- L7, BasalfRILoE
%, MK @ml)d D WNEARTTF RERK (500 mg MHY & 7213500 mg ZeinH#% 2 ml
A 2 Bl 7 7 — 7 v b EIGE IR G- LT, B #5-30571% 0 min
TEM L, Z0%, 7 va—RA%&1gkglZ TEVENES L, gy 7 i,
7V a— A 515, 308 X600 HICEIR L7, =05 (2,500 x g, 15 min,
A°C)T KV A [ U, A FE i FEEE ORI E £ T-80°CIC THFERE L7z, 1L
$Ep 7V 2 — AR EIEGlucose Cll-test¥ > b (FYelisk T3 S4h), 1R Y
> ¥ FE 1 Zenzyme-linked immunosorbent assay (ELISA)3F ~ b (AKRIN-010T; #k%
RO X BB E O THIE Lz,

FER2: FIIGICH G- L1227 F RAGLP-155WMC -2 B BBIZ W T, Z L
a— R totalds L Qlactive GLP-1ZIET D72 O+l E2 HET 5729
(2, FEBRLE TR AR FERR 2 Fh U7, TEERY (7-37) & RTEMHER (9-37) D 7
% & tetotal GLP-1EEZE D KIZ, A 7 LF & LTOFEETIEZR L, GLP-1D
DFWHERML TWD EEZONLTO, [A—OImiEY 7 V2 Tactive GLP-13E
FEHRE Lz, FEBRLERBRICREET v MIBWTIPGTT % £ L7z, Total
GLP-1JI7E F o i 3> 77 ik, 200 kIU/MmI 7 7' v F =23 L OB0 IU/ml ~/3
VomgATey ) o PIZENY LTz, 1EMERIGLP-13IE FH O ik > 7" /v i,
EDTA (1 mg/ml; FM{ALZ2AFZERT, REARIR), 200 KkIU/MI 7 7' r 9 =28 L 1U50
uM DPP-4[H% 4l (catalog no. DPP4-010; Linco Research, St. Charles, MO) % & A/ 72
U UZER LT, T Ototal GLP-13 £ [GLP-1 (7-36) + GLP-1 (9-36)]i%
ELISAX v b (BRASHRANIEMZERT, FIR) 2 . active GLP-1J= I ZELISA
> I (Linco Research) % F v CHllE L 7=,

5. WEET 7 v b &AW A~TF RREIGERENERS & BRI - DPP-475% ]

E
[ ~DZeinHES X OMHY O $: 523 i HDPP-HEMEIZ G- 2 5 5 B % i~ 5 7=
D MEET 7 v MZBWT, Kb L IFERTF RFIKZ RIS ELV—7HNIC
P 5%, BIBEIRICEE L= T —T A bR 2 LT, — K%,
r & 3 (80 mg/kg; Ketalar; 2 — =kttt A B L OF 700 (12
mg/kg; MP Biomedicals, Irvine, CA)DREENEZ 512 L0 Z v b ZFRFE L, HIEH A
GBI L7=, &dich >y b L76-TmmD AR Y =F L > 7 —F /L (SP 10; 1D 0.28
mm, OD 0.61 mm; #E=Na+EE B 8B AERT, B O/ & el AFLAATZ S )
=1 %5 —5 /b (Silascon no. 00; ID 0.5 mm, OD 1.0 mm; # 7 a2 —=1 7K E
)% [EIGREIBER O FIRGEIRIZIR A U7, BIGE N2 AP R K CHEd L
7oo FGAEERL— 1%, B EER5 cm2r 535 emic/ERLL . L—T o ¥ & T
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IIHEA R TREER LT, [EIGERAR B 7—F /L 7)> B basal (-30 min) D ML > 7 /L %
BEL L, SR TH T —7 50 UMl ~/R Y v %8 A T2 A B i /K Tl 72
L7z, K (2ml)d 5 WIE~T7F R (500 mg MHY % 7213500 mg ZeinH %2
MK I IAFR) % B GAsE B L — 7 N e 5 LTz, #5300 (0 min)icEif L, 3
BRldbs LU EEMEE Rz DT OIZBENIC 7 v a—X Lgkg)aHE L=, 7V
a— A H15, 308 L6 ZICEIG Y 7 —7 A bR L=, R, 7 v
MZIIFRERIRRE 2 HERF T 2 72027 X I U IF v T DU 2Bk S L, IRIEMER
DOy R&2fEH Uiz, DPP-AEMM O Mg ¥ > 7 /1i%, 50 IU/ml ~3
Vomaghlzy ) PIiZm LT,

DPP-4iEM X, ETHDH 7 Vv -Frl) p-=ba7=1 F (Gly-Pro-
PNA; Sigma) (Flock 2007, Karl 2003) DNk s fE=s - FaEE & L CHIE L7z, 5 plooif
FEL80 DT v A 3y 77— (0.25 M Tris-HCI buffer; pH 8.0) & /K96 7 = /L
T L— M LTz, KSR L721.6 mM Gly-Pro-pNAZ 80 plifshn L < 5
ZBRALG L7z, 37°CTO0 s SH 7%, 1M EEfE (pH 5.2) %40 pidsin LT i
gL, v 27 r 7L — KU —%— (model 680; Bio-Rad Laboratories,
Mississauga, ON, Canada)(Z T K405 nmDO W YEAE TpNAZ HIE L7z (A), HE L
HEliR % G0 T v & A /Ny 7 7 —C37°CT604y MFRIR L 7=t 12 M 2 R4 % [
Mt A2 MY 7V T EICHE L. [FARRIZE R 405 nmTIOBE 2 & L 72
(B), MAEDPP-MEMEIX, WA (A)DHB)DZELGIEIZ IV EH L, 155
1 umolDpNAZ FERET HiEMEEZ 1=y N EER LT,

6. ZeinHifk 1% 5- & MHERERER

Z v MBS, 7 —F 1 > 7 F = —7 (Safeed Feeding Tube Fr. 5,
40 cm; TAERA S, HAEE)E AW COKELBLRRR O CTHANES LZ, —®
%, BEk2> Hbasal (15 min) D IfigH > 7 V2 8B L, K (8 mi/kg) E 721X
ZeinH (250 mg/ml; 2 g/kg, F 7213500 mg/ml; 4 glkg)a 7 4 —T 4 > T F 2 —T %
AWTRO#S Lz, OG5 %ICT Vv a—A (1glkg) % MEENES LT,
72— AP HERT (0 min)ds X UM 515, 30, 60, 90, 1204314 (2§ R ifn. - £ Hi
L7z MY v 7T BER & RREIC A~ R L, g 7L o — 2 ps %
HE LT,

7. WEMEMT

ETOT—Z X PEEERZE TR L, —uilE S L <X oohliE sy
HUHT (ANOVA) & | Fisher's post hoc testd % UM ZDunnett’s post hoc testiZ & 0 |
FHEMOAEZE (P<0.05)%ME LT,

I R
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1. 7T REGR G MEHER X OMmf A > R REICE 2 D8

HEET v MIBWTIPGTTA FE M L, MfEE & 1 o RV AREICKT 5
ZeinHEIIGEENE G- OREL BT L., ZVva—X&2RAk545L 7 1a—
A BRNGLP-13 W E BT D alREMEN B o 7272, £72, [RIBEENZeinHD
GLP-1534 & BB IZ 39 DA 2 5El L 72 o 7o 7ed . AR TiEfkn 71 =
— ZAAGTRRER TIX7R <L IPGTTZAT o7, SRMUMRETOERIZI N T, MmAEEIL 7
JLa— ZERENPE S (1 glkg) 6054 I BV CURIE EREIC R - 72728, Mk
»7VE6055 7% £ TTHREL L T2,

Fig. I-IAT/RLTWD K 51T, BRI HR G- I3EN b EZ 5 S
(-30~0 min), /K% #5-L7=Controlf#t Cix, 7 /L a— 25, ﬁu*ﬁfﬁ&i%.l
mg/dl (0 min)7>#198.8 mg/dl (15 min)iZ % T EH L. #56040% 12 131F X basalfE
[ZR > 72, MHY S GRETIL, 7}v:~7\&515:»oot030 f&@ﬁu*ﬁﬂ'ﬁﬁ)Control
HLD HENBRWMERIS D 7203, ABRETRO N7, — T,
ZeinH¥ 5 RE T, 7/1/:1—7\&’5Ll5ioot030 f&@ﬁu#fﬂﬁb@ontrolﬂii URY:1
BIK T Lz, £/, 7 a— 253045 % O IiUFEE X iMWﬁ FCTR-
72. ControlBEIZRBW T, Mo v AU ERE ilﬁlﬂwf\@ﬂ(&’%k %y-Z Yty
79 (-30~0min), 7/ a—XFEHHZIX, 0.09 nM (0 min)2>50.47 nM (15 min)iZ
EH L7 (Fig. 1-1B), MHY$:ERETIE, 7 v a— A E 5 AT (0 min)i X M55
BolfrA A Y PRERControlfE L D HEMNZ LR T AR H TN, H
BT Rrolz, —FH T, ZeinHE G TIL, 7V a—2E5EAT (0 min)k X
W53 DA A U RFED ControliE L UV § F £ 46.3(% (Control: 0.09 nM,
ZeinH: 0.56 nM)¥5 L (O"2.44% (Control: 0.59 nM, ZineH: 1.16 nM) bH- L 7=, 7 /1=
— AFHI0GHUBEIZHOWNT Y, ZeinHE G-HED A A U IRFEIX, Controlf#fs
FOMHY#G-8F & b U T M 2R L7z,
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250 - 1.5 -
i.p. glucose i.p. glucose
200 12 4 l a = Control
—_ —tr— MHY
§ . —a—2ZeinH
2150 4 ileal % 0.9 J
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S 100 »n 0.6 4 administration 2
S £
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50 ——MHY 03 J
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0 ! ! ! ! ! ! ! 0.0 T T T : T T T 1
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Time after glucose injection (min) Time after glucose injection (min)

Figure 1-1. Plasma glucose and insulin levels during IPGTT in conscious rats after
the ileal administration of water, MHY or ZeinH. Water (2 ml, open square, presented
as Control), MHY (500 mg/2 ml, closed triangle), or ZeinH (500 mg/2 ml, closed circle)
was administered into the ileum 30 min prior to intraperitoneal glucose injection (1 g/kg).
Blood samples were collected from the jugular vein before (—30, 0 min) and after (15, 30,
60 min) the glucose injection. Values are displayed as the means + SEM of 6 rats in each
group. Two-way ANOVA P values for glucose (A) and insulin (B) were 0.14 and < 0.01
for the treatments; both < 0.01 for time; and < 0.05 and 0.26 for treatment x time,
respectively. Plots at the same time point not sharing the same letter differed significantly
between treatments (Fisher’s PLSD test, P < 0.05).

20



2. XTI F REIPGE G AHGLP-LREIZ 5 2 5 2

feN T, RS & AR DEBRSEIFIZE W T, ZeinHPMHY O [RIIGE FEN G- 3
GLP-1yWZHIBL L T\ D il 7=, ZeinHFR SHECIL, 7 v a—2&K 515508
L OB0 % D b2 Control# L © A EITIL T L, b EH-oMf2380 6
NT=DIZx LT, MHYE G TITRO biviehoTz, Zhb OfEFIE, Fig. 1-
IADFER L —F L T\ %,

Total GLP-1J Dbasalff(£3.20-3.78 "M TH ¥ . = Ol &t LT, B
W (Hira 2009)I286 W T Hor LTV D K 9 IZEEHR 5% Dtotal GLP-LRFE D2k
NS o Totod, FREHEIRGE N 5-% o i Htotal GLP-1J# £ 1X-30 min2» & D
k& (Atotal GLP-1)%Z 7~ L7= (Fig. 1-2B), /K#5- (Control)iZifi HFtotal GLP-17
FEWCABRELE 5 270>, —FH T, ZeinHE L OMHY O [al 5 N £ 5-
%, 15 minfEZFR< &, AR CRifehy 722 ftotal GLP-URE O EH %2 75 L7z
(0~60 min), Total GLP-1}2/Z > bk F 1 ZeinHK G5RED T DIMHY & 5-8E XL 0 B )
ICIRVMEE 2 D 0 . EH B G ZL o — A H1555 1% TEEDNTIES T Dm0 F,
ST, Fig. 1-10OF R bAhE 5 L, ZeinHEIBE e 512 X D GLP-143 W43
FE S A, A AU et & obE R/ oMslRAERD Sz, [AERIZGLP-1
YW A I LI-MHY 52 L o TEA v 2 U 4 uMetE & il B o3
OO T,

A VAV o WMRHEVE R 2 A4 Hactive GLP-172 £ & L 7= (Fig. 1-2C),
%1 ChasalDactive GLP-1IR L IZ A B R 21X 72 2 o 72 (5.78-6.25 pM),  [ElF~D
K5 (30 min) & 7L 2 — R JEFENF G (0 min)iX, total GLP-1 & [FlEE(Zactive
GLP-UREICHERENE 5 2 o7, MHY# 5.8 Cliactive GLP-1IRFED |
AT DN D -T2, BEREHTIX -7 (0min), ZeinH# 58 Tid,
active GLP-172%1%5.9 pM (30 min)%>519.3 pM (0 min)iZ £ TH< EF- L. 0 min
& 15 minCeontrol# X VW L A EIZE 2 - 7=, Total GLP-1J2/E (Fig. 1-2B) & 13/ &
FILT, active GLP-1JREEDHERIL, MLH A > A U U ROMAEEOHER & ) L T
HE DI Z T2, MHY & ZeinH T, #5#&IZFHE S 5 I Htotal GLP-1 & active
GLP-1DOSZAR—E N H 5 Z & 1E, MHDPP-4IEMEDE W L » T TE 5%
NH L7, Tz, WIZZeinHE X OMHY D [aliFE N & 512 X 2 1L H
DPP-4EME~D B % G~ T,
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Figure 1-2. Plasma glucose, total GLP-1 and active GLP-1 levels during IPGTT in
conscious rats after ileal administration of water, MHY or ZeinH. Water (2 ml, open
square), MHY (500 mg/2 ml, closed triangle), or ZeinH (500 mg/2 ml, closed circle) was
administered into the ileum 30 min prior to intraperitoneal glucose injection (1 g/kg).
Blood samples were collected from the jugular vein before (—30, 0 min) and after (15, 30,
60 min) the glucose injection. Values are displayed as the means + SEM of 6-8 rats in
each group. Two-way ANOVA P values for glucose (A), total GLP-1 (B) and active
GLP-1 (C) were all <0.01 for the treatment; < 0.01, < 0.01, and < 0.05 for time; and 0.07,
0.23, and 0.11 for treatment x time, respectively. Plus (+) signs indicate significant
differences from the basal value (—30 min) in each group (Dunnett’s test, P < 0.05). Plots
at the same time point not sharing the same letter differ significantly between treatments
(Fisher’s PLSD test, P <0.05).
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3. XTTF WEIGE G- DPP-AIEMEIZ 5 % 5 2

DRt o#E (Hira2009)D L 512, BT 7 v b & AW CRIGEIRIC 7 —
TNEEE L, WEO G E— 7 NG T B GERIR D © O8I % i
L7z, Basal® ifi. F1DPP-4E M HEM THE R 21T 72 D> 72 (24.0-28.3 mU/ ml),
7V a— ZMEPENS- (0 min)iZ X 5 ML DPP-4/EE~D BT R Si7e -
7=, Controlft Cix., FIIF~DOKFESIZ LV [ DPP-4IEM MK T4 B #2138 -
72H (-30-0 min), AERE(LITE X 2o 72 (Fig. 1-3), MHYEZ 5B CTHLAE
AT 7 oo, — T, ZeinHFEG-AETIX, M DPP-4{E 730 min & 15 min
T-30 minf& (basalfE)IZ L~ THEIIE T L, £ D1%605 £ TlilbasalfEiZ R & 72
WEDDFERIT ER LTe, ZeinHE G- O ifi. 1 DPP-A1E M DAK F EE A I dbasallz
% LCOminC26.8%, 15 minT22.1% C&h ~ 7=, ZeinHX 5-FE D ifi ' DPP-475 4
X, R, Mo2BEL Y b ARITEWEAIN B o 7o, ARFERAE R, BT T
v MZEBWT, ZeinHEIGAEER /L — 7N G- D3 A G #F R (L H DPP-475 M 2 (X T
52 &R LTS,
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Figure 1-3. Changes in plasma DPP-4 activity in the ileal vein in anesthetized rats
after ileal administration of water, MHY or ZeinH. Water (2 ml, open square), MHY
(500 mg/2 ml, closed triangle), or ZeinH (500 mg/2 ml, closed circle) was administered
into the ligated ileal loop at —30 min, and then glucose (1 g/kg) was injected
intraperitoneally at 0 min. Blood samples were collected through the ileal vein catheter
before (—30, 0 min) and after (15, 30, 60 min) the glucose injection. Two-way ANOVA P
values were < 0.05, < 0.05, and 0.76 for treatment, time and treatment X time,
respectively. Values are displayed as the means + SEM of 5-7 rats in each group and are
expressed as the percentage of basal (—30 min) activities. *, P < 0.05 compared with
basal levels (—30 min) (Dunnett’s test, P < 0.05). Plots at the same time point not sharing
the same letter differ significantly between treatments (Fisher’s PLSD test, P < 0.05).
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4. ZeinH#E O # 5.8 B IZ 5 % 5 528

WHEZ v N &2 HAWZIPGTTIZE W T ZeinHiR 1 #% 5- OB % i ~7-, ZeinH
1228 K4 glkgDO H & THH- L7z, 29/kgD &1L, Rt TARE2509D 7 ~
Mzt U TEESH 72 D500 Mgz #5795 Z & #RITHE L TWVWbDH, 2 TOREC
BT, MPHEIL 7 Va3 — 2515551 T ESH L. ZD1%30-12057 12 0F THER
PR T L7z (Fig. 1-4), ZeinHA A& EL72T7 v FTlL, Z7va—Xh15%
L OB BV T, HEERFICA BRMBHEDIK TR bz,
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Figure 1-4. Plasma glucose level after the oral administration of ZeinH during
IPGTT in conscious rats. Water (8 ml/kg, open square) or 250 mg/ml of ZeinH (2 g/kg,
closed circle) was administered orogastrically 15 min prior to intraperitoneal glucose
injection (1 g/kg). Blood samples were collected from the tail vein before (—15, 0 min)
and after (15, 30, 60, 90, 120 min) the glucose injection. Values are displayed as the
means = SEM of 6 rats in each group. Plots at the same time point not sharing the same
letter differ significantly between treatments (Fisher’s PLSD test, P < 0.05).
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HAET BE

THALE BRI D LRI VE LB e N D 238 58 2 583k L TGLP-1% 77l

SYWENTZGLP-11T A > A U W OEEIER 22 S12 X v . IEH AofE v
ﬁﬁ# & o THERAENZE A2 5 (Drucker 2007, Baggio 2007), GLP-1
OEAREE G- 1%, PERMIAICEREER L TA v A U U3t a3 2 sulfonylureaZ
DINEDIES L T D 2BE IR FBE 1B W T H N e U IR IERH 2 89 %
(Nauck 1998), ERINTOLEENME EDT-GLP-17 F 1 7' DPP-4fHLEHIH, 27
BERIRIRRESR & U CHRE CTEA ST b (Holst 2009, Lovshin 2009), v
2. LAIRED & DOGLP-1430ih A % — 77 N &3 D581, mthEReccE 2 fRm L7
BT RIBRITORNVED,

ZeinHDGLP-173WAEMEIX, + 48022 £ 0 &2 < L2346 3 2 =I5
(CRWTHS B SN D (Hira2009), [FIIGZ 2205 & 0 S AZIc i A4 2 Fic
XV, E¥T vy MZBW T/ L a— AR O0AMEOGLP-13wMAm EL, A > A
U WO A ST U C g B2 S 415 (Strader 2009), Zavik, #EAH
BNz 73— 20280570 B il USRI S VD RIS, A U7z B ERAL O L
fel 73 & DGLP-173 Wk a2 fil L, £l i@%/XJ/MMﬁ%@ént;&#%
B3 208 LitZew, ZOWEL, M EFASFERINHEIZ, ZeinHIZ XD
GLP-170W % WP 9 % & & Trih 2 #iifil T & 5 arRetE 2 R4 %,

HWHET v MZBWT, FIBEENICRS LzZeinHiZ 7 Vv 2 — A 5123
S5 MmpE EF 24 L (Fig. 1-1A), = O/ERITEEM 8D 57z (Fig. 1-
2A), ZeinH&EGHEIZBIT 2 7 v a—2F 54 (0 min) & &E#ZR DA 2T 53
DOIEENFR E LTEZ BND (Fig. 1-1B), AHFFETIE 7V 22— R TIEENIC
BE L=720, 7va— AR O RE I B oM IZE S LRy, 0
72, ZeinHD X 9 72T F KR, A AV U UMEEIC K 2 & o T 5h
AN CTHDZ ENREIND,

—J7TC. MHYZ 7V 2 — 252 L0 §F% S D b L5 2 A B3]
Lo 7o (Fig. 1-1A), Ziud, @721 EFIZRT 514 A U 53 Wans
Controlft & [FIL V2o lofcb & 2 Hivd (Fig. 1-1B), MHYZin situsk
(Dumoulin 1998). in vitro%2 (Cordier-Bussat 1998, Reimer 2006) DAfF 481235V T
GLP-130 G2/ T 5 M7 F R LTHEINTWD, BETOMZEIZB W
T. MHYIXGLP-1FEAEET VAN CToH HGLUTagiifgIZ I\ T, ZeinHX 0 £ 55
WGLP-173WAEME A 77 L7z (Hira2009), it 2, A8 TMHY & 5.8 & ZeinH
FHRETIRERA v A ) VREOZFEEENH O LoDl ZeinHE Hlg LT
MHYIZ & > THEE SITGLP-13 W3 g8 - 7 Z E BB L 7o & TR LT,

ZeinHB L OMHY DEIGEREAE 51X, EHHHREEET » MIkW T
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total GLP-1j2)% O & CTRee I 728N &2 355 L7= (Fig. 1-2B), MHY$: 512 L%
total GLP-1D 43 WA L TAESMZ ZeinH % 5-BE IFEEL L T2, GLUTaghfife &
W 7zin vitrosBR iz B W T KA E (5 mg/ml) TMHY X ZeinHX Y $ 55 GLP-1
SIUNEMEZ R L7y (Hira 2009), AHFZE T D500 mgdD f2 5- 13 bzt i FH i & JE
DI, GLP-170 WA KIBIZHIE SN TEDENRLZIZL Do 7zd)h L7

VY,

Total GLP-1 & (3% RAYIZ, active GLP-11%ZeinH#& 5-1C L » TO A EIZ 1ML
HREN ER L. MHY#EGIZ X > TEFEER LT b e -7 (Fig. 1-
2C), Z ®Dactive GLP-1D St L MAEE-C1f A o A U RO ZEE) (Fig. 1-13 &
DL2A) IS LTV D K 9122 573, total GLP-LIEE DA H) (Fig. 1-2B) 2>
SR T & 72\, Total GLP-1iZactive form (7-37) & inactive form (9-37) DGLP-1
Zadel=, total GLP-1JRFE DB NIX. active GLP-10D 434 & 1fiLH C Dinactive
GLP-1OEME MM L T\ 5, ZD1=, ZeinHEHEE L MHYER SR TRO 1
7= I Hactive GLP-1E O F E 72 721, total GLP-1IRE D72 & LTENLD
AREMEDY B D,

Active GLP-1JRE O biX, 20 S4L7=GLP-1 £ DPP-4iZ X 5 RiEMAL (4
fiff) 2 2 T TN E TR S T2GLP-1D [ 5 & K35, ZeinHPE G-7f & MHY $¢ 57
Toif.Hactive GLP-1JEFE D7 (043 L TUM5 min)iX, DPP-4(Z X %active GLP-10D 7%y
FRORREDZIZHR LGS, T70bbh, ZeinHE G- TIXHW SV 7ZGLP-10 5y
FEDNEAD L TWD Dy, HDWIEMHYEGHETIZZAREML TWeZ LB X
Sid, Z9 LT, AFFEOFERIT, GLP-10 WKL, £9 L b ifi Factive
GLP-1IRE DOEINIIIXKM S NN E 2R LTV D, ZeinHEE G 1X 7 /v a— &
FeERT O min)iZBWTHERICMIF A > AV RES ERIE 03, KI5
TR LTV (Fig. 1-1B), ZORRED EFH CIHEmbE 2 5] & & 2 91213
+oThdERbnS,

FHHIL, BIIBEENICES- LizZeinHE MHY 2, FREET = » MR W THE
N R - DPP-AE M BT 5 0 & 5 &7z, Active form& L CLffE)>
H3W S AVTZGLP-10 9 B KI50%LL E2SFIIRICA D F TIT /0 S AL TARTEER
IZZE A S U5 (Hansen 1999), DPP-413JH i, &g, /MGRI1-fxl7s &% < ofd
MRICESRE A & L CHIET 7210 T, MAIZBWTHRAER & L TE LT
1£9 % (Deacon 2004), AMFFEIZHWT, HILEREO KL EE HMIREY b
EWRIC Y 72 B EIGERIRD B ORI, FIGLME D & 55U S AL 7-active GLP-10
DPP-4IZ L 553 H L & TV D Th A 9 MLk H DO DPP-4EMEDRIE % AIHEIC T
Do

BLVRNZ 212, ZeinH& 513 ML DPP-4EM: 2 F &+ (035 & TUM5 min),
— 7 CMHY # 513 I DPP-HEHEIZ A B 72 B b % 5- 2 727> 7= (Fig. 1-3),
Controlf# & MHY #% 5-8F T 7L & 1L 7= 2 22 B ETE) (—-30~0 min) O JE RN IF AN 72
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D, I S T2 KA K o TR A — RS AR S 2 Z & R L T % 0
H LV, ZeinHIE GHEDOFERIX, BVERNOT'F R EMEIC I H DPP-41& M
FRTSHLAHREMEEZ R L TND,

AREFRIL, REET v NEHWEZERIB IO 134T L~ L2
23, ZeinH#% 5-12 X 5 If. 2 DPP-41% M DK T i Zactive GLP-1RFE D L5 (Fig. 1-2C)
ERIL TR BN (0B XT5 min), ZiviEZeinH#% 512 X % active GLP-132 &
O X, LHIRE D & OGLP-177 WO Rl & DPP-4IZ X % active GLP-1D 2k 7247
FROIF O S OFERTEH D Z L AR 5, RAVIZ, MHY$ S TldifH
DPP-4JEMENME T L7y o 7272012, GLP-143#s & il L 7= & @ Dactive GLP-17&
EORER EFITRONT, FERELTA VAV U RUWORERE X 2o 72
EEZLND, 2BBERFET L TH Hlean Zucker7 v b A HW RO 7L a—
A AMARBRIZ I T, 20-30%F2EE D HE /B 72 [ DPP-4TE M OAX T 25, active
GLP-URFED L5 L ipE LR oM AZTH D Z & BHE I TWD (Tanaka-
Amino 2008), i % . [RIIEE KD ZeinHIZ X % i DPP-47E DAL T (0 min:
26.8%, 15 min: 22.1%)1%. /W SN 7-GLP-1% {EMR CHERF T 2 DI HFHE T -
EEZBND,

BB EN I G- L 7= ZeinH A L DPP-41E M 2 K F &85 A = X AT R
HTHDH, — OO E LT, ZeinHERDOWI X7z ~_7'F N2 X HDPP-4D
HEMERD D, w7 RAZBWTHRTA X X7 EOEBEMN, /NMEHERT O
DPP-HEMZL T &5 Z & 23 STV % (Gunnarsson 2006), & DR T
X, RA Z LRI EOMIT L > TEL KD 7T F RAVNMGEREAFET
HDPP-4DKLE L 720 | B AAIICDPP-4IC & B3R & HE L T DOIFMEEIK T &
B2 EARREL TS, Mz T, Y7 aFA(lle-Pro-lle)ey 7 1 F B (Val-
Pro-Leu)72 E D kU7 F KA, invitros&IZFV TDPP-41Z K % GLP-1D )y fif %
P L (Kieffer 1995, Deacon 1995), DPP-4DFHEH| & L THAE SN TV D
(Rahfeld 1991), Zi1 b O IE, W S 4L7=ZeinHH Sk D~ 7" F R A3 [A1 A5 R .
HODPP-HEMZFHE T 2 & W IR E R 5, IBNTREZ B N O &
DEREINTVDI=0, FGREEL—7NIZB W TZeinHIZIE L 252 i< W
H LW, R EICHFEET DT 2 ) XTI F X =Nt $ZeinHE
IIREL ., IR FORTF RBNAET, T 5 BWI S LTl FDPP-4TE 4 2 BHE L
B5, LLRRL, FmxA X "7 EOEIUT X 5 DPP-4IEMEDR T I3/ MEHH
kP T LA ONT, KT (IREFFIR) TIEEE o 5729 > 7= (Gunnarsson
2006), AMFZETIE, FIGFFIR~DO I =2 L —3 3 X »> CZeinHE &5 L7
v~ DI ODPP-4IEMH DR T 23 2 &3 TE 72 (Fig. 1-3),

Zeinlx, BUKMEOE SOOI Z 7B E LTabLRTWD, FEEE,
invitrolZ B8\, ZeinHIZHAZ v X7 BB A LTI 7 L7
F N X BIKSFRCIE 277§ (Higuchi 2013), MHYIZEE~ D & 2D 72

29



WH DD, ZeinHIX, Zeinkz 7 vk T —BALEE L CTH 5B IR Y (Zhu
2008) & [ARIC, 7l 7 7= %5 ATV (Table 1-1), DPP-4[Z~7"F
RONKImNH22EEH O T v ) 07 7 = 283 5 72% (Demuth 2005).,
ZeinHXPZeinHDIHAKIZ X 0 4 U&7 F RDPP-AILEFEIC TG LTS5,
MHY &t U CZeinHIZlFiE T X Va2 D72 < G 2 &b, ZeinHIZ i 2 & %
TV DIERET 2 BEOGLP-17WA~DF 5 13/hsn & Bbivs, ZeinHIZMHY
X0baf R0 NI VB (UNVE I EER) S EATWNZ, v a1y
v ETNE I UVEGLP-1WNER A AT H Z ERHE I TWAH DT (Chen
2009, Greenfield 2009), VHILIC K> CHEBEL 72207 X VBP0, ZH DT
2 BEETIRS T T RMRZeinHIZ & - T SN A GLP-10 MM B 5 L ¢
WhHEEDbND, ZhbDELRF, GLUTagiliiZs W T, ZeinHO 7 2/ ikl
BT 2. 727 X BRIRA W 3 ZeinH & Feig L CH9 W GLP-130 G EE R LT Z

Lo ELnvitro TR U IR 7 LT F U AUER L CIREL L 7= ZeinH A LiE L)
MGLP-13WE A /R L= Z & & FJ& L7e\ (Higuchi 2013), GLP-14yWAMiEiE/E
M & DPP-4fLENER D4 2 2 DWW T, IEHEARKRZ[FE T DITITHE e D a3 2
ThD, ZeinHAMLKE 5F-20H] 3 5 GLP-13EEIF /R A =X L L LT, vAg
VURT VX = TEEA R W ERET 5 Z s SN TTWAH D
(Ball 2004), WX & 7=ZeinHH R DR Sy F X7 F ROUERET X/ BES EAEA
AU o3RI LT A ATBEMEIZ DD T b BLBREE U,

2 g/kg (~500 mg/rat) > & TR O & 5 L7=ZeinHiX, HEEZ v MZEBIT 5
IPGTT Ciik b7 24 L7= (Fig. 1-4), Z OfESIE, X0 AFNZRLTO
ZeinHD M EA-MGHIEHA Z R L T 5d, ZeinHO &L, [RIEGHEE (500 mg/rat)
IZHA_NTRAOEEG LG E O Em < e EHERI L Tz, 2 glkg (~500
mg/rat) TO#RE A 512 g EF-IEHEH 2 R~ DIz +m7E o7, BRAakEG S
72ZeinHAS, GLP-LIZINX CGIPO B BEE LT Z ENEE LT LB X BND
(Higuchi 2013), GIPIZ. + 8o 2e M oA 3 2 YHALAE PN 40 WA e KGR et 70~ &
YW ENDIELE R NE T, GLP-1E [FIRRICA 2 Y UM EVER 2 Ff oA
v LF L Toh D (Parker 2008, Mortensen 2003), ZeinHD#% M $¢ 5-12 X 2 i
HEEIWVERIL. GLP-1Z AT v 2 A= hOGIPZFIET v X =2 hD#E
WX VEEE L2 D, GLP-1E GIPDO T OG- RrE T % (Higuchi
2013),

RTA BN EOROAEEIX, T oD% 5T ERIZHE DT HGLP-1
YU RS D 2 & B STV B (Hutchison 2015, Jakubowicz 2014,
Giezenaar 2018), 7 v MIBWWT, HxTA ¥ X7 EHORKRAFEGIT L 5 M
active GLP-1/2% 51X, DPP-4[LEHK DK 5LDPP-AKIEIC L HTICiRD b
—HF T, TXABMY URNENAAL. B A 0RO 51T X 5 i Fractive GLP-1
BE O EFHIL, DPP-4[LEIK D 5-CDPP-4/K I L - THEFR S #u7= (Shimizu
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2020), ZAUE. BT A X R TEOR O #H54% O i Factive GLP-1RE O _EF-(1Z
1%, GLP-1O4UWMIEAETS 1T T72 < . [FIIFIZDPP-4IZ L A5 i DR EN 555 =
L HTRET D, KE T KRS OWT S, Ty MZBWT, GLP-104%
WZERR L, £, ofzimsl L, b EAMEERZ RS2 EhdmE ST
VW5 (Ishikawa 2015), AHBFFEIZISVN T, DPP-4IEME: O/ 1B EF R I 7 CRE D
STz, GLP-UI W IEE TRFMEH L TW 2 REt b &5, GLP-10DJ5
FITVE F I3 2 W LRI 0T 42 0D 2K A AR O SRR HE DIE AL S G5 Z & %0
(Hansen 1999), GLP-11Z & % &1 O JERHI AR O FI 23 T FA R BE I C O I 5 %
ML TEE S Z ENHE SN TV (Nakabayashi 1996, Balkan 2000),

FLBH L, RET v MIBWT, ZeinHORIGHEG X, 1 > AU WD
HEBR 2 pE o CTHEE ER- 2 L, — 5 TMHYIEA > A U 0 b b 5540
HEIEEZ o7, ZeinH & MHY X [F% O 1. Htotal GLP-1JRFE D b5 % 3558
L7273, active GLP-1JREE|IZeinHZALIE L 72T v MZBWTOAHEEN L TV
oo BREET DT » MZEBWT, MHY TIEZ2 < ZeinHO [E 5 # 513, B GEF R f 4
DIMAEFDPP-4Z2 KT L7z, ZeinHD[EIIGH 5-1%, GLP-153ii4 & GLP-10D 53 fif B3
DOMFIHER L, A AV U EER LTc, ZiLE TIZ, invitrolcB\WT
DPP-4[HETEMEZ R TR T F NIEEHRE ST 572 (Tulipano 2011,
Corrochano 2018, Nongonierma 2016, Hatanaka 2012, Taga 2017, Neves 2017), &3
SOMDIRY | AREFIEIL, BT T RABGLP-1D 53 UMIEHE & S i o M5
TEH L. WS I-GLP-1OEBIERNBIE I ND LW IHIMEZ R LTHIH TO
WETH D, IPGTTIZHIT D ZeinHD M EH-IHEHEHAIZ, BOE5GICX->Th
IRENTZ, AWFZEORERIT, NIKVEGLP-1Z2F)H L Cilukf= > b o — L ikE2 4R
M55 R FIIRIER. FRICIFERE R 2Tk 22V Ra0 72 7B - BEEIEORM
BTG LD,

31



BowE

EB)TINTVER—AT VNV RT U RT 27— E2lEED, [FE
FEMEHCE SNVE HUMREREN, TREZEIEHIER I L OHURER
W - JUEREA DR

EIF S

R U720 B B, PAROMIE Y 27 ATkt LTy 7 Ay1 & U CHEER
2, FE2R, KRN DO 7 v AR U CREERIICER L. ZHuc X v
DOEFMENHERF STV D, MR A=A LD—>2L LT, HILEIZBITD

(AR /MENEE DIEFN] 238 5 (Youn 2014, Blouet 2010), #1 2 1X. /MBI TIH
LIZ Z > TR U IEMIERIZ. I SR L DG4 LT, HILE R LVE
DFWEREL ., BSOS O RV F—/"T7 o X%l % (Chu 2008, Edfalk
2008, Hirasawa 2005), HEE OFEHUL, HKAEMBROIEMEIZ X 2 HLE EBH, &
RERG BAZ K9 2 et Bl R I B 53 2 A B MIEE O EAZ 5l S & 2
(Rodriguez de Fonseca 2001, Gillum 2008, Wellner 2013), AE#<°> 2 BRI D XK 5 72
REHER B OFREAFRIZIB W T, 230D OIS /AR IHER RS O Fw m B 5 L <
WAHZ ERRIBIINTVAS,

E)TINANT VR — AT T AT =T —F 2 (MGAT2)I%., &g
BOERMKGED THHIENRE T ) T 7 )t —L (MG)NH YT L
7Vt nva—n%&4ART 5 (Shi2009), MGAT2 13/MGCTE3s 8 U, /NGB b Bl
FZBWT MY 77 U tu—/L (TG)HA MR OAEE;SE Th 2 (Kayden
1967, Phan 2001), ~ 7 A 2BV T, MGAT2 D&KL, /MG EE» S DfiE
BRI B2 S, — 05 T/ TE D ORIREZ IS, fEHEEOIE
T =CMBERE B 5 2 15 < (Yen 2009, Tsuchida 2012), GLP-1 @ X 9 7 fE A /EH %
AT 5WHICERNVE L DOGWMRES, RFIEEICHT OBHMEOKRTS £z
MGAT2 K~ T AT HIL TS (Yen 2009, Mul 2014), Z L5 OFEFIE,
MGAT2 D RGEICI T DRI OB 59 2 HE /24 1T, MGAT2 @
PN, BN & Z AU BT 2 REHEEROIRRICH L THEHTH L LW o s
BART D, TNETIZWVLS 22D KSF MGAT2 FHEIHENS A I TWD
(Devasthale 2018), L 7> L7223 5 BIERKRERICI VT, MGAT2 OIEHAIHE )
REHER BRI RITTERH IO W TZHREN R 540 T2 (Okuma 2015),
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FEHEDIIINETIC, ROBGTHEZIRING MGAT2 [HEH TH 5 CpdA %
A& L 7= (Sato 2015), CpdA Ok D% 51%, @R EAR~ 7 AZB W TEAEN
HWERZRL, BIEFREEA MLV MY Fy i Lo CTEERMERFESE LI
<~ AET BN, B & @ikl 2 & L7z (Take 2016), AAFZE T,
CpdA & [F U< 58 0IRA 72 MGAT2 BHEEME % 7~k Compound B (CpdB) %
FVY (Sato 2018), 1) MGAT2 BEMERA., 2) IEH~ 7 AZBIT HHLE R LVE VS
W R BRI KX TEA. 3) —EER I - 2 BERBET LV Ch L EIER
Afif oblo/b ~ 7 AT I 1T DG BF T AVERH . 2 RET L c, AWF9ET — & 13,
I i B ARBE R FR D e e R 1) L 72 SRFLA) MGAT2 [LEICEI L ¢, HilioF
Wl 2R L T\ 5,

Hof  EBMELE ik

1. fERHEY I L O

CpdB, CpdAB L Ov A7 U & v 4%, mHEIEM TERASH G T
ARSI, MGAT2 & BT S VEEER SR [T Vv 7 e —L 7 b0 k
527 = 5—F1 (DGATL). DGAT2# L X7 £ FILCoAT LF L LT 27 =
7 —81 (ACATL)|Din vitroPlEIEVEIL, FreeStyle293ffifid & T FESE & X
JEEFBLIE, TORAELZEUHEE S ZMEH L, SBER AT 5 OGS
*THHERZHE L TRD 7= (Sato 2015, Sato 2018), U 7 7 /LF R (Victoza)
IZ. Novo Nordisk Pharma Ltd. (Bagsvaerd, Denmark) X ¥ lEA L7=, & DOfthDFkIE
I3 THIFE A TRDEHIEK TRt ORI K v BEA L 72,

2. @Y

HEVE CSTBL/6) ~ 7 A%, BARZ LTS CEREN D OEEA LT, HEME
B6.Cg-Lepob/J (ob/ob) ~ T A(X, HARTF ¥ —/L A& « U S—RRAStE (#0511 H>
SIEAN LTz, BWid, FRCREHEDRWVIRY . B@H R (CE-2; HAZ L7 S
O B HAGEE & B AEOKSEM T CEE L, IR 20-26°C, 1AL 40-70%, 12 KffE D
HIRE B OBREE CHEE Lo, BRI f i L OSERIE, 5 H 3RS TN
SO ERIMIGEER B S DO ED D FEHEICUE U CEE L 7=,

3. ORI EI R A MFER (Meal tolerance test, MTT)
— &R L7z CSTBL/6] ~ T A (9 Wfm)Z HW T, RIS MTT % 90 L
72, Vehicle, CpdA (3, 10 mg/kg)® 5\ ME Cpd B (3, 10 mg/kg)iL >V > 7 & HWVTHE
5 LT, (bAWIT 0.5% A FLtb o — iR (vehicle)|Z8E L7-, #% 0 #
5.6.5 BEfit: & 5\ T 16.5 BRI 2, AR /KIZEE L7 pluronic F-127 (500
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mg/kg, 5 mL/kg, BASF, Ludwigshafen, Germany) %, U "% > /X7 /& Y /\—+F (LPL)
2L DM TG DMK A RET 2 B CIEENER S Lo, EERAERS 30 2
B, a—riE a7 -H(T Ay Ve oSt DA 3:17 (viv)
TIRE LT-iRIRIREN R (10 mlkg) 2/ O H LT, KRB AMRT (0 h), B
L2, 4h BICERIML U (5. MmAEd TG B 2 W& L=, /NBIZB W T RSN
JEENSARENDI A 17 TG (CM/TG)DHEEE #R Frfd (AUC)% .
R EN & 2 A L7ZBEO T TG RN D, Aff L TORWEEOINH TG R
ZAELBIWTEI LT,

4. CpdB DIy E)HE

Ei R (HFD, 45% kcal fat, 4.7 kcal/g; D12451, Research Diets, Inc., New
Brunswick, NJ)% 49 #[ B HER S 72 54 #iD C57BL/6J mice (& CpdB (30
mg/kg) & BRI &5 L7, #5025, 0.5, 1, 2, 4, 8 BL W 24h i1 (F
) L7z, MET CpdB #EE A, BEER (Take 2016)D J5i% & [AIMRICIRIK 7 v~ k7
T 74— BT DEESHTEEEIZ I EE LT,

5. RSB FHEM: O WL R LT WS T A VEF O REAf

— iR L7z C5TBL/6) ¥ 7 A (9 Hin) % REEIZHS W THE T L, Vehicle
# L<1Z CpdB (10 mg/kg) &k O#e5 L=, CpdB I 0.5% A F /Lt /L v — APAHK
(vehicle)|ZW&# L7=, #5300k, IEE & L CTA Y —7 7 8mlkg)d L < ITHEIK
WMENR (EFEMTT LA L7z b 0 LR, 10mlkg) 2 D& 5 LT, {bEWi s
ik KL OWEE A 1. 2. 3hRICBRIL LTz, MiEFOXTF K Fro v -Fa v
(PYY)H L O GLP-1 ORFEZHE LTz, CpdB OFEMNRH 2 MRT D72, AV
— 7 WAL 2h #ZOIMmEEF TG IREE A2 HIE L7z, Vehicle 572127k (8 ml/kg) %%
OG5 L7~ A Zxtlaite L7,

6. FAREIGAER

C57BL/6J ~ 7 A (9 #in) % FiV T, HFD (D12451; Research Diets, Inc.) & A5
£ (LFD; 10% kcal fat; 3.8 kcal/g; D124510B, Research diets, Inc.) D £ i8R %
REAM U7z, B ARG THIML L2, B2 OREEZRIZ AL HFD & LFD % [A]fRF
IR L., — BB EANE L, ~ 7 AIAKRE L EBEELZ LTS T LT,
Z D%, vehicle & L < 1Z CpdB (10 mg/kg; 5 ml/kg) = fk 05 L, &4 DREFD—
e OREEF R A JE L7z, CpdB 1% 0.5% A F/LE/L 1 — AVEHRICIRE LT, Battxt
L LT10% YAFAALERFY R (DMSO)E A EHEHKIIEE LY 77
VT R (0.04 mg/kg; 2 mlkg) & B2 TG94 HRE b RRIT T,

7. HFED &R oblob ~ 7 A % F\ - 18 ¥ 535
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HEPE oblob ~ 7 AT, 8 W) b IRERE& T FF & ¢ HFD (D12451, Research diets,
Inc.)% 7 HMH H RS Y72, HFD #4562 @E%., ~ U A 2KE, BiE, b
~EZrE Y (GHb)B X OMIEF AT ST A =2 TSV THEED I LT,
Vehicle, ¥4 27U %> (3 mgkg)d %ML CpdB (30 mg/kg)%a. 1 H 1[I T36 H
MO EHRE Lo (5 mlkg), (LEWIL 0.5% A F v/ m— XK (vehicle)ll
Rl L7z, BB, RE S EAJE L7z, 5B 34 B H (day34)i2dB\ T
i L. GHb & &5 MAER A LT T A—Z ZH/E LTz, MZ T, EchoMRI-900
(ANLT v AT 4 VRS, TR 2 W CTIRIEN EE & (fat mass) 35 X OWR
HERfE & (lean mass) % HIE L7z, Day36 (23 T, Vehicle 3 L 8 CpdB THLE L
7o~ 7 A & fEBIZ Oxymax > A7 2 (Columbus Instruments, Columbus, OH) DX}
F v 8= ATz, 3h DFIfL#% | EFETEE & (VO2) & bk FEEARE (VCO2)
Ze 22 IR¢fA] (13:00 72532 11:00)IE L7z, HIEH . vehicle £ 7213 CpdB D% 51
18:00 (Z3Hi L 7=, MRS (RQ) & =X /L X —HE & (EE)% . UL FOFHEXNLHE
H L7z,

RQ =VCO/VO,
EE (kcal/h) = [3.815 + 1.232x(VCO2/VO,)]xVO;

8. I AHFREEDHIE

Migs > 7 ik, BT CREFIRD U< IXEm SR SR L, =000 B
(1,500 g, 10 57, 4°O)ZIMIEZ LRI LTz, A > 7 LF U ARIVE Do fRZER T2
(2R > T TR v EIREE 100 L)/ 7 7 e =2 (IR FE 500KIU/mI)
& DPP4HEAT v 7' ) 7F o (FEIREE 10 uM) TULE L=, EH T AT
7/ 702727 —8 (ASHBLIRT 7=T7I /7oA77 —8
(ALT)iL., HEWGHTEE 7180 (BRREStLB S NA 77, HEHS) CTHIE L7, GHb
L, Y —HE U a~tra b U aiEr (HLC-723GS; # Y —fRkAark, B
) THE LTz, A > AU %, Enzyme-linked immunosorbent assay (ELISA)= =
(634-01481; BRI v BERE R) &2 W THIGE L 72, Total GLP-1 35 X U total
PYY iZ. ELISA & v b (total GLP-1: 299-75501, total PY'Y: 291-73501; Fn:ffi ik
&b & AV CHIE LTz,

9. HERHIEAT

ETOT— X FE {2 TR Uiz, 2 BRI O IX, Student’s #-test
% L < X Aspin-Welch test 217> 7=, ¥ 7=, Bartlett's test CHEZHIMEERE L7214,
F EARAFYE ORI A William's test 4, Z2#EFL#ELIE Dunnett’s test & 7213 Tukey's
test 2 FHUNCTHENT L 7=,
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EIE AR

1. Invitro {2317 % CpdB ™ MGAT2 |Z %19 2 BHLETEM:

FERFH G SCEIZFEEHEHOME Y (Sato 2018), CpdB 1L & M L~ 7 2D MGAT?2
(2% U CHR A 2R EEME A R L7z (Table 2-1 B X OV Fig. 2-1), & hBLO~ T A
D MGAT2 IZ%13 5 ICso X, FHZH 8.1nM & 0.85nM T -7=, CpdB L.
W5 T VIR RS (DGATL, DGAT2 35 1O ACATL)IZ%f LT 300 fi5LL |k
DFRMEZ R LTz, ZThoD7 a7 7 AuiE, LENZHE L7z CpdA & [FZE7 -
77 (B PRI~ TAD MGAT2 (2492 ICs (X, TN 7.8 nM & 2.4 nM)
(Sato 2015),

Table 2-1. In vitro inhibitory activities of CpdB for MGAT2 and related
acyltransferases.

MGAT?2 DGAT1 DGAT2 ACAT1
human/mouse human human human
ICs0 (NM) 8.1/0.85 2500 >30000 >30000

CpdB CpdA

o] F 0 cl F 0
¥ D QP f) Ve
N~ N NS N N-N
£ H 6] ¢ H N= g F
i 'Q N_d{\N J F

H
N
o 7O we E
0 L F
e ‘ F

Figure 2-1. Chemical structure of CpdB, and previously reported CpdA.
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2. IE% C57BL/6] < 7 AIZHITF % CpdB DIREFEM R &M A TG EE EFIxf
5 2 A

CpdB D REZIMLH TG /;Ef“ FHAORBEETMT D7D, CpdA % [5G %T R
ELTHWTY T A MTTIZET AIH TG BEDEZiH~7-, CpdB L, &Ik
mEIRAMO 6.5 FEancR & 595 &, M TG BED EH-ZHH L, A
CM/TG ® AUC Z A EIZHAD =8, ZOEHITHE 3 mgkg T 7 F—ITELT
(Fig. 2-2A ¥ J 1Y 2-2B), 10 mg/kg Ti%. CpdB IZ Vehicle £ 5-#F & thig L Cifn.
CMITG % 37%{15%?%@72:0 IR ERSEDIE T2, CpdB % B AA RO 16.5 FEfH
AN &G LG aIcB WV THRED wwz (Fig. 2-2C 3 L (¥ 2-2D), CpdB D&
% TG R J:%W%M’Eﬂ?l I, CpdA LIFIFFRI%ETH 7=, CpdA L, T DY
HET — 2 b H 0T~ ?Xmlﬁlﬁm&—@f 24 WFfE] MGAT2 FHEZ T Z &R
SN TUW5 (Take2016), CpdB Z millsi &AM~ 7 AT 30 mg/kg D FH & THk H &
B U784, T CpdB 21X 24 Kfif% C 0.58 uM TH Y (Fig. 2-3). Ziuix
~ 7 A MGAT2 [HL5E 1Cso D#) 700 1jD\LODfE“C“3?>o7L: (Table 1), FfR7TT.
CpdB % (£~ 7 A2 10 mglkg D HETHE L L725E I8V TH IfEH CpdB i
FE1X 058 uM LV miRE TH o7, CpdB @ﬁ?&mﬂﬂ TG IR EHIHIER (Fig.
2-2D)B L ORI ENRET — & LV . CpdB XA & 10 mg/kg TOHEHREIZLD ., <
T AR T 24 BRI O MGAT2 FREZ KT 5 Z R s, Thwpx, L
DR TIX CpdB D =% 10 mg/kg UL EIZFEE LT,
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Figure 2-2. The effect of CpdB on hypertriglyceridemia during an oral meal tolerance
test in mice. Fasted C57BL/6J mice were given a liquid meal orally with intraperitoneal
injection of pluronic F-127 (LPL inhibitor) to inhibit plasma TG lipolysis. (A) The brief
schematic diagram of the experimental procedure in (B). (B) Changes in plasma
chylomicron TG (CM/TG) levels and the AUC during 4 h after the meal challenge (0-4 h)
when CpdB (3 and 10 mg/kg) was administered orally at -6.5 h. CpdA (3 and 10 mg/kg)
was also evaluated as a positive control. (C) The brief schematic diagram of the
experimental procedure in (D). (D) Changes in plasma CM/TG levels (0-4 h) and the AUC
when CpdA (10 mg/kg) or CpdB (10 mg/kg) was administered orally at -16.5 h. #P < 0.025
vs. vehicle group by one-tailed Williams’ test. **P < 0.01 vs. vehicle by Dunnett's test.
Data are represented as the mean and SD values (n=6).
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Figure 2-3. Pharmacokinetics of CpdB in mice. Plasma concentrations at 0.25, 0.5, 1, 2,
4, 8, and 24 h after a single oral administration of CpdB (30 mg/kg). Data are represented
as the mean and SD values (n=3).
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3. IE% C57BL/6) ~ 7 AIZKT 5 CpdB DIEE % EM: AL & AL 4T 5t
T D EEEH

MGAT2[HE DOELE A VT VI3 2 ERHZf~ 572912, CpdB (10
mg/kg) % #¢5- L 7= 1E % C57/BLEJ~ ¥ A (ZIRRIREN &<o A4 ) — 7 A A L7
(Fig. 2-4A), 4V — 7 MAGHTIMFPYVYEE Z G F IS S, ZO8nL,
VehiclefEIZbb#EZ LT, CpdBOFHIF 512 L » CTHREICHM L7 (Fig. 2-4B), /I
Z. T, CpdBiIA U — 7 M fmf3sfE# o if. Ftotal GLP-LREE D -2 A =2 HN
IH 72 (Fig. 2-4C), #EMEO FRAZZE L, total GLP-13 EHIE H O i ikt
T, AV — T ARSI ORES TOAHE L, WIKRE R A I -
TiL. vehicleds X OCpdBZ# 5 L TH MHPYYE L OGLP-1IRE O A 1Tk
Shgnolz, CpdBlE, AU —7 AR KM% O M PTG E D L5257
FHE L, ZOMEEFEEMITI0 mgke THEITH AR LIZZ & D (Fig. 2-4D), Z O
BRARICB W T eMGAT2BLE N R SN TWD Z EDNRBE SN, b0
FERNG . CpdBOR N HIL, IEF~ U7 AIZEB W T ~OIREFHEMPYYE
L OGLP-1DOH AT 5 Z & SR STz,
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Figure 2-4. The effect of CpdB on plasma gut peptide levels in meal- or oil-loaded
C57BL/6J mice. Fasted C57BL/6J mice were loaded with a liquid meal or oil following
administration of CpdB (10 mg/kg). (A) The brief schematic diagram of the experimental
procedure. (B) Changes in plasma total PYY levels for 2 h post meal or oil load (0-2 h)
and the AUC. (C) Plasma total GLP-1 levels at 3 h. (D) Plasma TG levels at 2 h post oil
load. **P < 0.01 vs. water-vehicle by Dunnett's test. TP < 0.05, 1P < 0.01 vs. oil-vehicle
by Tukey's test. #P < 0.025 vs. vehicle group by one-tailed Williams’ test. Data are
represented as the mean and SD values (n=5).
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4. TEHCSTBL/6I~ 7 A 21T 5 CpdBD E Mg A AR U %3 2 HnH/E

CpdB (10 mg/kg) D E g B OBEIC R IFTIEHEZRH D =02, EW
C57/BL6) ~ 7 AZBW T, mllalif LARNEN &I k3 2 @R 2 38 L 72 (Fig.
2-5A), EFRFMERE GLP-1 7 v/ ThHd Y 7 7 F K (0.04mgkg) X, IF -
FUZBWT, R A 7 = X LA S O OWELFAE D E O EE O B 2 158 4R
RO S/ D Z LRSS TV =728 (Hansen 2012), FHPExiBBE L CREA L
72 Vehicle ZLE (2~ T, CpdB @I L@ BN & OB IEZ A EICHED S (Fig.
2-5B). — 5 TIKARH B OB EEIZ S\ T ME A 2 7~ L7z (Fig. 2-5C), 215
DOfEFRE LT, o F—HIREIIAEICRED Lic (Fig. 2-5D), Ziu 6 O R
I%. liraglutide (X EHFEIZ TILZ2WVWHE DD, EFH~ 7 AIZEBWT CpdB (2L 5
MGAT2 FHEIZEIRGE OB R Z R IR L, R kL X — B R & i) 3
HTEERELTND,
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Figure 2-5. The effect of CpdB on fat intake in a two-diet-choice test using C57BL/6J
mice. C57BL/6J mice pre-administered with CpdB (10 mg/kg) were given an HFD and an
LFD simultaneously, and overnight intake of each diet was monitored. (A) The brief
schematic diagram of the experimental procedure. Energy intake of (B) high-fat diet and
(C) low fat diet and (D) total energy intake. *P < 0.05, **P <0.01 vs. vehicle by Dunnett's
test. Data are represented as the mean and SD values (n=5).
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5. @RI AR oblob ~ 7 AIZE1T D CpdB OHUBEIRIEF L OHUAE 1EH
MGAT2 FHEOHHERFEEH I X OHUIERAIEH 2R~ 2 72012, A Ol
fEFS J OV 2 BUBEIRIAE 7 /L Td L =il B AT oblob ~ U7 ZIZFT, CpdB (30
mg/kg)x 36 HARIERE Lz, £ AV REdER CTHLIEL T Y XY v
%, BARTOFESE & ORFHIB W TR E 7 /v CHIBEZRTUEIRIFIERZ R L2
EMND ARERIZEB W THMER R & L THWE, 34 BXER 5% (day34).CpdB
ALE T vehicle ALEZEHENTAHEIZ GHb L~ULA KT &7 (Fig. 2-6A B L
Table 2-2), CpdB #LE T vehicle ALEIZ LT, BREOAEERE 2D S & (Fig.
2-6B). KEEHIINZ ) 23.9%40# L (Fig. 2-6C). AElEE 4K F &7 (Fig.
2-6D), Day 34 {235\ T, CpdB #LEREIT Vehicle ALEREIZ bL#E L C I 4EH AST -
ALT B ORMER 2R L, ML A > AU PRI OWTIRBAME %2R S 72320
S 72 (Table 2-2), Day36 2B\ T, FHO T /L X —{HE &I L ORFRREGIC,
Vehicle # & CpdB #ECZEIIBO LR -T0, ZHHOFERIZ, CpdB 12X 5
MGAT2 FHEIE, @RI OEEIZ2BEA MG L, K~ v 2E7 /U280 TR
BLOWERGZNETHEETRELTND,
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Figure 2-6. The effect of CpdB on diabetes and obesity in HFD-fed ob/ob mice. CpdB
(30 mg/kg) was administered orally once daily for 36 days in HFD-fed ob/ob mice. (A)
Changes in GHb levels 34 days after the repeated dosing. (B) Cumulative food intake,
(C) % changes in body weight and (D) lean and fat mass composition measured with Echo-
MRI. (E) Average energy expenditure (EE) and (F) Respiratory quotient (RQ) during light
and dark phase at day 36. *P < 0.05, **P < 0.01 vs. vehicle by Dunnett's test. Data are
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Table 2-2. Levels of GHb and plasma biochemical parameters in HFD-fed ob/ob mice

treated with the compounds.

Parameter Group Pre Post
Vehicle 59 £ 0.2 64 =+ 10
GHb (%) Pioglitazone 59 = 03 49 + 04 **
CpdB 59 = 04 54 + 0.6 *
. Vehicle 109 = 22 89.8 + 38
Plasma insulin o
Pioglitazone 103 += 29 30.8 = 16 e
(ng/mL)
CpdB 106 = 30 109 =+ 40
Vehicle 291 + 50 611 =+ 150
Plasma AST (U/L) Pioglitazone 314 + 61 733 = 174
CpdB 333 + 64 492 + 122
Vehicle 330 = 26 756 + 175
Plasma ALT (U/L) Pioglitazone 347 =+ 53 803 + 132
CpdB 3718 + 76 632 + 144

*P <0.05, **P < 0.01 vs. Vehicle by Dunnett's test.
Data are presented as the mean + SD values (n=8).

46



FaF BE

MGAT2 B OREIE. MGz T 2 BEFMEIRE ORYLIZREE & T, K
EPMAEE 2 &, 2O = VX —EEEORENICEHE LT\ 5 (Devasthale
2018), AHFFEIL, CpdB 2L D MGAT2 FHEN, [EHF~ 7 AZBWT, EAMH
TEHZAT 2WHEILERLVE L OaW e BIEEOEBI (T72bbEFEIE) %
HET D EEHLMNTL, mﬂaﬂﬁﬁf@:ﬁ oblob < 7 22 BT L OER
RAESET D AREM 2R LTz, ~ 7 A MTT (2B 5 CpdB OREFZIMHF TG 1EE I
SIHIVER (Fig. 2-2B 38 L1 2-2D) & | vrjx Bt 5 HEYEREDT — 4 (Fig. 2-
3B ARAFFEORERIZIBVNT, CpdB @ 1 H 1 B D513 FHEAY 72 MGAT?2 BRE
BERTETWDLEEZX D,

THALE NI, BN OREFR LT L, GLP-1 X° PYY R EDRY
F RFVECZ MU T 5, IBEEBICEKIS LT, /ME FEICIEET 5 LAl
falZ, GLP-1 R°PYY %709 % (Husted 2017), ZAL5 2 o@{mt@w/% X
WHEARLEE LTESHALIL, Z00IEHMAL TREROREICHE S L TW5D
60% kcal fat O BRI %2 EHHER L 72 MGAT2 KfE~ 7 A B W T, BAER~< v

ANZHEARTREEOMF GLP-1 EEO EANEIE S 72 (Yen 2009), OS5y
MGAT?2 [H3 3K JTP-103237 I, 35% kcal fat O &I & 2B L= v b _z»ou\f
NEE A DM PYY JEEEZ BN S H72728, GLP-1 IZ2W\ T iimﬁﬂéﬂ‘foti))o
72 (Okuma 2015), &3 b OLIFTOHE TiX (Take 2016). in vivo (ZE 1T HIH{LE
RIVE AN RIET BT TV, A TlE, CpdB c_ot‘é MGAT?2 PR
%, EF~ U7 AZBWT, [FE&EGZOIMS PYY & GLP-1 O FR 2R S
B5H LN TE (Fig. 2-4B 15 X8 2-4C), MGAT2 K~ A TlE, FEH~DJF
BHEHEZ NS5 2 L2 < BNIEESS MG 72 E O BEFMHEIEE OWILAS . /N
EHEPOTHAERBITL, TOMREBIEL TWDHZ ERREINTNSD (Yen
2009, Tsuchida 2012), Iz T, WL DDA, GLUTag M2V T, MG 2
GLP-1 W24 5 Z & Z/~x LT\ % (Take 2016, Hassing 2016), /IMNEEFEIZ IS
7% MG OEFEIX, LAl GPR119 Z I L CHE(LE R AT O 2 FiE 3
52 EHHEENTWD (Hansen2012), Tz, CpdB iE. NEEWIN Z R IE &
. HALE FHICE IENES MG 28NS, ZofERE LT L Mianrso
GLP-1 X PYY DIMH~DEHEEE L TWHhD ot L7y, RERMEIRE Ok
FINZRE 5 LT % GPR40,GPR119 38 L TOYGPRI120 72 & KB L7z~ 7 A3 CpdB
ICHFESNDHLE R LT WD AT = AL HOWTHERHERERMET S
NH LiLR, 5% OERO—21%, CpdB 12 L% GLP-1 pWOKRIZE D A Y
v R AT LFUANEA AR EE D DPP4 [HERE OJFfHIc L iR b
MWEIINTH D,
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e D FEEE AR R D — D1, TERENR I B W TEYEBRUCKIGT 5 F—,33
VRENKBELTWAZ ETHY, ZoZ Lk, @ENRMEEORF LY HE
WEEALIEDL L) RERENORE~LBHENRGEL Z LIZFHFHLTND L
WO 23 5 (Johnson 2010, Tellez 2013), ~ 7 A2V NT MGAT2 DiEfs 1K1
%, BFEIGRICE O TIEE N DIEE~ & BB 2 b S, ZHUT
IRV X—BEN L NEHEERET 72 & ) Bl b O TlEzRy (Mul2014), A
22 Tl, ~ U 2O EELERGABRICIBV T, MGAT2 [HEAIN GV & OER A
BIRICPHET D Z & 278 LT= (Fig. 2-5B~D), LLRTIZ#H4 L 7= CpdA 1%, MGAT?2
K~ U ZNCBWTEREMHIEH 2R &3 (Take 2016), F 7=, CpdB IZ CpdA &
[FIARIZ IR CHR ST 72 in vitro MGAT2 BRETE 2R L=, ZHd x, CpdB DFE
HER BB BHNHIERIZ, MGAT2 FREIEMEICKAF L TWD & Bbind, BEVELR
BHOWNARS 72, MGAT2 &EinF K HIEIA MGAT2 AE  EHIFES &
EHME G20 572 Z ERLURNIHE SN TND 720, AFRORERICITEE L
TWRWEE ZTWD (Yen 2009, Take 2016), (F > H¥E % FW 7= BEEOFERN
BRI DR A OFATI D 7= 012, HLE & IMOE RIZED B e El %
HOTWHZ EERLTWD, FlxIE, REHEINL. SRR OWE Y 7 J v
ELTHRET AABIEMIEE Y I RTh LA LAA V= F ) — LT I (OEA)
D/NBIZEIT DFEEICE T 2 H 7= 53 (Tellez 2013), F7-. BFVEDARHIEE T
2B D R—= " Vi EFET 55T, 224 LA 7 Ve — L 3FEL
RN EBHE TS (Kleberg 2015), 2L & idhlic, ERFEIMEAA D GLP-
1 7 s Thdrl) 7 70T NiX, 7y MZBWTHEHEOEWEEOEIUE &
RN S/ D Z ENHE SN TEY (Hansen2012), 2, mABMI&IZXT T
BHREHMEOENC GLP-1 7T AR5 L TWD ZEERBTLHHLDOTH D,
CpdB M IEEEREZHRE T D A D = XL EEET D722, CpdB M/ NMBIZEIT D
OEA DFEAZIMEE 570, WMOBRMRITHEL 5 2 513 E GLP-1 473 ih 4 i
TOHDEIZOWTHRD Z ERFRANS LIV, FFETREZ L L LT, &V
W ORBPE AN ROTE R 2R A28 THAH 9, £z, AWUSEHERIC, B
BLADORBHRSREEOR T XL —ENEEL TV D AT E2ICEET
SRR

oblob ¥~ T AL, VT UBRLBFICEREZAL, TOMRE L THEL -
EEOEMEA R Y) VR E o T m b AR, 2O~ T RAET VI,
NER <0 2 ROBE PRI OVEHE & 451 L 7o 88 536 L OSEEL 2R 2l e i B8 W TR S
WHILTWD (Wang2014), oblob ~ 7 A b £1-, IE#~ 7 AR L CElEl&
(2 BEELEME DN A 74 Z & (Shimizu 2017), & L CE DB RFAIL, &
JENE CTREUMABET AL TEDICHEEMIT I EARESHL TS
(Trevaskis 2012), AFFEICIBWNT, BB BEAN oblob ~ 7 AZF1T % CpdB DX
T GE, IRERINA R L, GHb O % 522 IZFE L7z (Fig. 2-6A 3 X Ot 2-
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6C), HH OLRHDHIRY | MGAT2 [HEIEN, A~ U RET /WMITEIT 5 EHE IR
BLOMERGOUWECHHBMERHZRET 2L 2R LIEOIIHOTTH D, =
NHOERIZ, FiZ=x X —V v FEERO\mEREIIE Sz 2 &1
£5HEHEZTWD (Fig. 2-6B), 5 HMOER 5%, CpdB ALEIL, vehicle JLE R
(ZHeHE U CIRRA B RF AT 2 U REZK T S0 o7z (Table 2-2), AR
FINC, A A AR ER TH D AT Z Vi, HERICIER A R
VIREDOKR T ER LT, AT, I THRICH . CpdB IZ L D =R/ X — {5
SOMEY P2 %9 2 BRE 72 5 B ER O D72 /v o 7= (Fig. 2-6E 38 KX OV 2-6F), ZHU 5
Fﬁ%i A A ST OBEE &R B T DIEER oM E XY b

A, BEEOWAMN, SRR AR oblob ~ 7 AIZHIT5H CpdB OHUALM I X
Uﬁ%@%@%mﬁﬁbfwékwiﬁﬁ%iﬁﬁé miE &%= Afr LT
MGAT2 Ba KRB~ T A X, AT 2 L0 LRI 2 RFEHE &0
MLUTWDZ ERREENTWDZH (Yen 2009), CpdB D EHKGIC LY =x
R —HEENHIM L7220 o7 Z LIE PRI LT\, FEMITRII7Z723. leptin
BARFOE RS (Hwa 1997), mEMIE~D R X 5 T O R OFFE )
(Trevaskis 2012), = R/LF—{HEBEDOBDITZEL TWLDO0E LW, J7ik
FIZOWVWTE 2R, oxymax VAT LATORIUEEARICOW T, AFZETIZA F L&

DFBZ O T 7D 3 R OBILRER 258 7= b oo, K0 ki35 2 &n
f%éﬁ%bh@mowmmk%k%@bf\qmsiMT%Auﬁw@ﬁ@
%%%@ﬁﬁ¢%£%ﬁ?éﬁé@ﬁ%ﬁbt(nmzm O[T, T
REHMOINHE],. &5 WITESHNCIE. ~ 7 2T TIE MGAT2 DI L~L (%
&f%ﬁw%@@(%uma@mmm\Hw_ﬁﬁéﬁ@WEW%_m%wa

AREMELEZ B R D, TOEET, MGAT2 FLER ., (KEIK T 72 & 025§
@&%% LCHTNa— IR DOREICH L AR TH D alialE
(Devasthale 2018) L BHE# L TW 5725 5, FH HIL, CpdB M IEH C5TBL/6) ~ U

ANZBWTR LI L S 12, BRI EART oblob ~ 7 AZHW T HERMGINEH %2
BT HHEE R VE ORI EE 5 2155 2OV TR TE TV,
BB AL oblob ~ 7 AT % CpdB ODIERICE DL AR T2 212X, &
IR S S,

JEE BRIk U CR R 72 B & A REIC T DAL E DO — D23 Ik = T
T, HEbIE<HOLNTWAIRERN L —TU 14 FNA 82 (RYGB)IF TH 5
(Puzziferri 2014), AT 2 BUBE R BF 12V T, RYGB it 3 ISR E D 721
TR KERIFNEIRESTH Z LN BTV D (Thaler 2009), RYGB i & %% 1) 7= &
FTIE, BEEBRICHEST7Z GLP-1 R° PYY D X 9 A2 bE AR /LE 43 AN B il L
(Svane 2016), BFMEAFE I3 2 B TR0, BBAFMEO @ WE AT 2 P8
P iﬂ“éﬂwﬁm&T (Miinzberg 2015, Ullrich 2013) 3 EiZ2 ST\ 5, 2
5 DEARIE, HHEET B THME S TEY (Hankir2017), RYGB 7
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DAWRERAICHES L TNDEEZTHNTND, LLERDL, TOAH=RX
LADFEIXIZ > & D LT evy, ARAFETIX, CpdB 23, A L RYGB 7 & [FlER
IZHAEE T TF ROpwEB L OEETEOEBREZHREG T2 2R, £,
MGAT2 DOEIET-KHEIL, RYGB i &R U< TE/NG~EZET 2 I5EESC MG
72 EOREMENEE NS5 (Yen2009, Tsuchida 2012), RYGB 7534 %& 72 1 H
ZHIZHT AN AL, MGAT2 BLEOZNE BEET 5008 9 i I RH T
HY, EORLPENLETHD,

AL TIL, MGAT2 BREN., B O < /NMBIZI T 2 15 E/NEN R R~
DN LY | JEEFHEMEOWMLE LT F RO & mlglh &R R EZ#HE I 2
Z L& &R LT, CpdB DBEENVIEOEBIZBENICHET DA D= A LEF]WD
7o DI, HALE OBFMENRE OBAIZEE T 5 GPCR X, HLERNLVEL D%
BERZEBLBIICKIE LIz~ U AT VO HABEIILO0E LI, B O
ITITIER LT T Y | 2RV F—EREBMEREWVWEFICERRECT NI &
X, TOMEAEZINET D RTIA LT T4 —AD—DOTHDHEEZHNLTND
(Swinburn 2011), AAFZE TR L72 MGAT2 BRSO SKFRE R 69 % #2720 R
1%, MGAT2 DRRE DB Z AU B 5 REHEREDIRIRIZAN TH D &
YAt MEIXFLTWS,
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3
AV RY Y REFERFIRBICE T 5 & b AL L rethepiiid b RN

Sy WSHTERAIE DBFEE DA R Y V3 USRE S DIRRY

EIF S

1 BUBE IR 1, ERMIAN S B CAE O BFIC K VE S L, A AU UK
ToHZEIZkoThlERIIND, BURDA R ARFEA LI CLTH L=
Fe— AR BE RS AL, ZOREBIET U > MUVRL T RPER & LT
HITVW 5D (Bertuzzi 2007), Z 4L 5 DO HBFE D quality of life 1, & B 7K MECH
ERRMPERIEIC LV FE LI ELIND, ZNUHOBFITHBWT, HEBENSE
NIIRPRIETH D Z EDNHE STV D (Anazawa2018), L L7any 6. ZhRN
REESNTNDH DD RF—REL W) REREREDRH DH, N —REZ R34
B8, T, BNAE R —HRBER O 0 I, SR R O R BRI S %
RS2 Z EEAMTHRRI SN TS (Kieffer 2018, Latres 2019),

%< O/NEM A AV TZRBRICEB W T, b MR (ESC)R°t b AT EHE
PEERHIRE (iPSC)H HVERL U =i s, 1 BUBE R 2 4R1G 9 5 AlRetE 2 /R L T
% (Toyoda 2015, Kroon 2008, Rezania 2012), = » %< 1%, b M, LS. Al
DFAENTIT DR A TR LB 7 in vitro /3 biFE 7 a 2L 2FH LT
W5 (Kieffer 2016), 272N H 5 b DD, BUK, invitro THEEE % 524210
FFEL L 2B BB 72 N 0 WA AL D B R IR A /L9 2 Z 21X T& T e Wy (Veres
2019), Z AT, BAEZICARREICE W T L - il 5 2 L O EEMZRIET
Do

—XEINT, AEERNICBAE S LTSI, TR oA E ORI & OIS 72
E. ZLORERFICERIND, ZNbDREIL, B0 LA, HilaE
B, BEREICEZB L., RALHIICH O TIE, HMEoRBRIc L BB L2 52 5,
FER. AR FOMER] (Saber 2018) P HURIRAS/LE DA E (Bruin 2016)1%, in vitro
TR U 72 RS OB Db « IEGRRRICH B 5.2 2 Z L RHlE S
TW5, 1 BUERIFEZ ISR 2 ES AlIEH 0 AR BUFEHIIE O B 5 23 FEhE S
ATV DM (ClinicalTrials.gov NCT02239354, NCT03163511), LI B h OFEfR
TR RE DS BAEAI AL DZEENZ 5 2 BT DWW TITH BT o T ey,

REARE~Y T AICBITH e b ESC HRIERTERAAY (Pancreatic endoderm cells;
PECs)DBAELZ, A M L7 R kv (STZ)ahFMEOHERIFIRRRIL, BAE F H kA
VAN USWDIEIETH H M e b C-peptide JEEEDHMNA E D D Z L BSHAE &
LT3 (Bruin 2013), BAE%L ., —H D4 L7z PECs 1. W47 WARTBEAH D
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(endocrine progenitor cells; EPCs), AR 7Zem /L& U pEEAME, = LTz ET
AN WISt s~ & b L JRER I~ & oA R U /C-_T'F R &
HiEZLND, ZONETIL, e b C-XT7TF FEEORINT., B LT~
PECs O/ LPMEE L 7= Z &2 LD & LTWD (Bruin2013), LML 5, Zi
(ZITBREMIR AR, b - BRGERR, HEIH & W o T SRR Em A 1L O AT
wéoé%m\ﬂzﬁ%@%%%ﬁﬁfﬁ\ﬁ%yxuymﬁ%%m%\%ﬂ%
IZfe < 2 LV TORBREENEE TV, 2B EL DRSPS LTS
ZEN, ZOBRBOHMEA N AL ETET S EOLEMEE R LTINS,

EPCs 1%, F&AFH9I21Z PECs 7> B A48 /LE o BEAE R 0D )5 BN 55 b 23 e AU 72
fa & UCTHALESTIT A 2 e TE | NSOV O/ TH 5, £
Z. EPCs (%, PECs & tifii L C. EPCs ~D LB D AN B T X 5720, 7K
A NERBEIT j‘éﬂ%%iﬁw T UAHB R D3 iy & BRAE T D 72 O I A H 72 FTREME DS B
%, FT-. BEFRHYIZ EPCs 1%, PECs (R TIEN WML~ & 73k % rlRetk: %2
*Mbéﬁlj%[néﬂﬂﬂ’j%/ﬁfﬁ< GATWNDTZD, ZORIZEWTY EPCs O D3 EAE
gk UTidarE Luy,

AWFZEIE, & b iPS MR DAERIL7Z EPCs Z#fEH L. A > R U U RZBER
JRIRREDS . RNV W O Ai % D BN B X DB L Z DA N = A L%
FARDZEHEEHBE Lz, FHODHDIRY TEHOH T, A AT VR ZHERIF
Jﬁﬁéﬁi\ﬁ&% vr?x BWTEPCEBER DA LAY V3WEENZ DL Z &
o LTz, . MERIPINHENS, EPC BAER OB EICHEL 5 2312, B
(e ihé% S ) VIEEARM A SN WM OB A BN L Wn D A
AV U RWREN @D D L CHIS R EE B X D L ERLTZ,

28l EBRMEL Fik

1. & b iPSCs @D in vitro 73 bihE

ATEERAIZEH 0 2 2D v b iPSC #F (Ff-114s14 18 L O FEWI18) %, FEI K
iPS FARBFZERTIC & > THERG & 4. StemFit AKO3N 5541 (RO FERRA S, BEHD)
Z WD THES « MERfS R L=, Robot FiPSC &, 16 5T 17 A& H
T, ERAOEERAT = ThhH, WIREE (A7 —U 1), FIEEE (A7 —
T 2), BIFHEING (AT —3), BERRE (X7 —3 4), WHUWREIEE (A7 —5)
DEFERNZ MBS LTz, HbiFE I, BBl e harz —fHdE L-7e b
aNEFEH L7 [A7— 1~4 (Toyoda 2015, Nostro 2015, Agulnick 2015, Russ 2015),
AT —37 3-5 (Rezania 2014), A7 —3’ 5 (Kunisada 2017, Pagliuca 2014)], #EHHIZLL
TC. Fig. 3-1A [T &/~ L7=, b b iPSCs D fIL, MR T ¥R

ERARFZOEBRHEHEE ST L KR EZ T,
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A 7 —73 1: Roswell Park Memorial Institute (RPMI) 1640 5% H1 (12633012;
Thermo Fisher Scientific, Waltham, MA, USA)(Z 2% (v/v) B27 (17504001; Thermo
Fisher Scientific), 1% (v/v) X=3U /A NV 7 h~A > (P/S;168-23191; & 1
7 A v AFOFERISRE S KRB, 5-100 ng/ml 77 F > A (R&D Systems,
Minneapolis, MN, USA). 3 uM CHIR99021 (Axon Medchem, Groningen, Netherlands).
10 UM Y-27632 (‘& L7 A v LRGSR S B L O 1% (viv) A FILZ)LIR
T K (DMSO; 045-24511; & L7 A v A FeidEpk NSt 2 imm L TR 7 —
1 Bz U=, Rkt b iPSCs % Z ORFHIC FHE#E L. iMatrix-511 (381—
07363; & L7 A N AFEMEKASH)Za— L2 L — T 12 x 10°
cells/cm® D% B THEAR L, 1 HEFZE L7, iV T 2 HIAL #llaZ 2% B27, 1% P/S,
5-100ng/ml 77 FE > A, 1%DMSO % 1 L7= RPMI 1640 55l T L7z, 7
7 F B A% 100 ng/ml THEHT 254, DMSO [T LR 2o 72,

A7 —37 2: Improved MEM Zinc Option iIMEM)35 I (Thermo Fisher Scientific)
12 1% B27.1% P/S (MEM-B27)% £ I8 50 ng/ml 7 7 F il R+ (KGF; R&D
Systems) X AN L CAT — L 2 B2 U HifldZ 2 D54 HE R LT,

AT —3 3: iIMEM-B27 (2. 50 ng/ml KGF. 0.5 pM 3-keto-N-aminoethyl-N'-
aminocaproyldihydrocinnamoyl cyclopamine (KAAD-CYC; Toronto Research Chemicals,
Toronto, Canada) ., 10 nM 4-[(E)-2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-
naphthalenyl)-1-propenyl] benzoic acid (TTNPB; Santa Cruz Biotechnology, Dallas, TX,
USA). 100 ng/ml / %> (Pepro-tech, Rocky Hill, NJ, USA)¥ L N 250 yM L-7 A =
JVE VR (A4544; Sigma-Aldrich, St. Louis, MO, USA)Z L TA T — ¥ 3 B %
AL, Mz Zoffic2 b L<IE3 BREE L,

AT —T 4 HfEZ025% bU T F L YT I NUEE (EDTA) TR
BEL. faomic e~y 7 ¢ 7 LCTHMMEL . iMatrix-511 T=— b L27 L—
T 3-4 x 10° cells/cm? D% B THHERE L 7o, B3 HI1X . iMEM-B27 IZ 100 ng/ml KGF,
50 ng/ml EfZp%ER 7 (EGF; R&D Systems), 10 mM == > 7 I R (B Utk
NRY F A HEAS). 50 uM Y-27632 33 L V250 uM L-7 A 2L B U EEE RN L 72

AT =V AEEMAEH L, 4 HFEEE LT,

AT — 5 BHERTE OO, Bl X9 ISR A HIEE U CHMRRE L,
K2 96 7 = /L7 L — [T 30 x 10° cells/well THEFE L 72, BiHlE, iMEM-B27 IZ
250 nM SANT-1 (S4572; Sigma-Aldrich), 50 nM L/ A £ (Sigma-Aldrich), 10
uM ALKS inhibitor II (SC-221234A; Santa Cruz Biotechnology), 100 nM LDN193189
YEWRYE (HY-12071A; Medchemexpress, Monmouth Junction, NJ, USA), 1 uM L-3,3',5-
trilodothyronine (64245; Merck Millipore, Burlington, MA, USA)., 1 pM XAV939
(X3004; Sigma-Aldrich), 50 ng/ml ##E £l i #5 5F [K] 7--2 (100-18B; Pepro Tech,
London, UK), 1 uM y-secretase inhibitor XXI (Compound E, 565790; Merck Millipore)

53



BEOI0 pM Y-27632 ZIRIM L7 AT —V S A FEA L, 36 LT 4 BHREE
BT, ERLTGEREZ ~ U ABMREBICEH LT,

EPC {2 DWW T OiBNITE#H % Table 3-1 (28 LTz, AT —Y TOHLFHEED
PRSI, FEN MM O F Al FR IC S & | BEH (Toyoda 2015) & IRk 7 1 —H
A M A FYU— (FCM) & SeE 02 K » TRl L 7=, 8 L7=HiR DM %2 Table
3-2 V2R T, Invitro IZ81F % EPC b A A U UEAMB~OZEEEEIX, BE#
D71 k2L (Rezania 2014, Pagliuca 2014) &2 H L. DL FIZREMZ2 7,

&% 96 7 = /L7 L— MI/ER L7- EPC ¥R %, IMEM-B27 (Z 10 uM
ALKS Inhibitor II, 100 nM LDN 193189 Mz 35 KX TV 1 uM L-3,3",5-triiodothyronine
WM U5 10 BEESE L7Z, 72— {20\, 200 mg/dL (K7 /L=
— ) EEAT LM, 72157 a— % (G8769; Sigma) Z WsH L T 540 mg/dL (&
TNa—=A G DMEEN LT, A VA OB TSELT0, A
VA UARE D B27 (A1895602; Thermo Fisher Scientific) 2 L 7= 551, F 721
BT F K S961 (Phoenix Pharmaceuticals, Burlingame, CA, USA) % #S0 L 72 55 #t
A L7z, S961 1% 100nM TR A AU U FIKT o2 A=A & LTHE
3% (Knudsen 2012), BHEIZDOWT 48 HOEERZMHEA L, EFHIZHIX 3 &
L<IiT4 HREBEITAT o7, 10 HHOR:E#% | INS'NKX6. 1 #ildds L O INS'Ki67*
HIEA~D I EFFERN =2 FCM IZ X 0 3 L7z, 3 BIOMSZ U7l A | 45 % B7p
%3y F D EPC & AW TCHENE L7z, INS'NKX6.15HIfED FCM iR 7 —F ¢
Y7 AT ORBRIZIBW T, 10 H R OREEBAAEHZ IV T INS'NKX6. 15/l i 3
1.5%LL FiZ72 5 X 9T E LT, fifaEkid, NC200 (Chemometec, Allerod, Denmark)
AW THE L7e,

2. Y

7-15 s O M NOD.CB17-Prkded/] ~ 7 A2 (NOD/SCID; HAF ¥ —/L A
U R—RA Stk #4311 R)IZ, STZ (Sigma-Aldrich) % f & 50 mg/kg © 5 H [FAEIHE
N&E- L, BERBSET LV EZER L7, [FEE NOD/SCID « 7 A2, STZ Dy &
LTHEALZ0.05M 7 = U ERFEER (pH 4.5) % [FIRRICHR S (10 mIkg) L. FERE
R~ AL LT Lz, BERIS Akita-NOD/SCID ~ 7 A%, Kt AKITA/Sle
~ A (Akita; HART AT)L o —HRR AL, $R ) & #HEPE NOD/SCID ~ 7 2D
KRB L O AER L7, @ifbE 2917~ 7 A &8k L, NOD/SCID ¥ 7 & & 10 X
PLERLUAR LTz, SCID & Ins2* Ol )7 DZE 1%, PCRIZ X 8 AFALHE T
MR LT, [AAl D Ins2ikie 8 %47 L7220y NOD/SCID ~ 7 A%, AR (WT)
DOIEPERF~ T AL UTHEH L7z, Biid, FRCREA 20 RY , #E R (CE-2;
AARZ U7 RS, 3R O B BfGEE & B KSR T T E LR 20-26°C,
AL 40-70%, 12 WefE] OB E IO BREE CHA T Lz, B i L UvEE
Brix, BN TEMASHO ERIMMGEZE SO ED 5 FEEICHE L THEE L
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7o BTOBRRICBW T, ~ 7 X XIEH AR N & (AR 2 RIS T2 E
it L7~

3. BiEE L OBHE N @ in vivo FEM

A Y TNT CRBIRREETIZRB N T, =7 ZAOEPHE T~ EPCs DEEER (30
x 10° cells/BEERR) & 192 (B L7z, BT (B & BREOR)IE, BiEA
OREEBRCTHRE LT <, £, MENFEINT < EWAEFRNIAD
L, BN E U TGRIR LT, R8RS W T, KR CTRl—/Yy F® EPC
EER L7, BFENEO~U ZAZHEBE LR RBRLH DL, £2TO~ U R, BHLRE
(2 A v % A (1 mg/kg, Metacam; Boehringer-Ingelheim, Ingelheim am Rhein,
Germany) % HL[E|fZ T 5 LT, BAERZICHEEDHEEIZIHB W T, TEE T CREIR X
DERIL L, ~/NY /7 7 aF = ALERIC 4°CIC Tl L, AR L7, 1
e b C-XTF NREZBMA OA AU V3o fE 2 5l 5 7=
[CHIE LTz, #H 70 a3 — 2 A4 Cld, —&KHR%IC 7L a— R 25l o
BH LT (2 ghkg), 7/va—AE5EFE L OG5 ZEEORMICE W CRER
L0 EM L7z,

4. A RV EHgiR G-

STZ I OFERRIK NOD/SCID ~ 7 A2, RFEEAR 7 (Model 1002, Alzet;
DURECT Corporation, Cupertino, CA, USA) % fZ FIZHE LTt b1 AU > (50
nmol/kg/day; HRASHATF FUFFERT. K% 14 A RIFRci G Lo, FMRPE
A A Y AR LTS 2 R T AR TR 5720, A4 AU LB LY IE
oA B OB MK T U 72 81K D 7212 EPCs % B4l L 7=, EPCs B4l 4 33 L O 8 i
IZBWT, HAETA, VR U EFHHR G T 570012, BEER - TZH LG
DIZANEE 2 7= (Model 1004, Alzet; DURECT Corporation), {EMLBEFIREE % [ <72
(2 A AT o ORER FHE R AR E 2 He S TEARIZ 40-60 nmol/kg/day
O THE Lz, A > AV Rk G- %25 1 T W R EE O B KI5 NOD/SCID
~ 7 A & IERERRIE NOD/SCID ~ 7 A Zxf L CH EPCs # B4l L 7=,

5. mfiEli& (HFD)& i

HHEFR IR D 7 F 5D NOD/SCID ~ 7 A2 EPCs 2 BAl L. T DEE ) b B
12 #1% % T HFD (D12492; Research Diets, Inc., New Brunswick, NJ, USA)Z %5 €H L
7o WERZKGEE L7 [FEE OIERERH NOD/SCID ~ 7 A % control diet (CD)#f
E LT LT,

6. Z 7Y T7nuYrORERE
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STZ §53& M DFEIRIS NOD/SCID ~ 7 A{Z, vehicle (0.5% A F /LB B—X,
wiv)b L<IEF MY UL/ 70 3 — 2SRl E AR 2 (SGLT2) & IRAIPREFAI T 5 & /3
7YV 7avy (10 mgkg)w 1 B 1A 4 HMEO#KLYS (10 mkg) Lz, /37 )
7 u Y 3RS T — NFERT (RER) L VEEAL, 0.5% AF L —2
AR L7z, Vehicle MLIERE L X /X7 7o VU MVEREZ 45 %22 BEIZHT,
EPCs OBHE S L <I13E T2 i L=, £ D%, vehicle H L XX /7Y 71
U UALE % 12 W EESE L7z, Vehicle AL A L 7= [Fl#E R O FERE R NOD/SCID ~
v ALHE L, EPCs 2 BHE L7,

7. HOLHRPEYLE,

Bt OB R 3 L OB ISR L72BAE R &, 4°C 12T 4% 73T 7R
VAT VT e RCHEE L, BEH (Toyoda 2015) & [RAED ik Tt e ta T %
D7z, M L7ohuik % Table3-2 12- 7, #OGHRMGIE, BZ-X710 #OGBAMEE (R
RKetF—xo o A, KR EHWTITo 7=, B 2K L. chromogranin A
(CHGA). NK6homeobox 1 (NKX6.1), > AU ¥ (INS)BLRI /LA (GCG)
(251 % 3 F& % cellSens Dimension Y 7 k7 =7 (AU LR AR S, B
) W CERMNT Uiz, BMEEREOERIL, BE# (Bruin2015) & FERIC I L
= BARMIZIE, FBEAIC O E K 100 pm LA EDOBREAZEW - @Y 5 % 3
H L<IT4MHE L TEbmE ezt B Tt E R Lo g O 5 E
AW TBHEA 2EROELZFEE Lc, FURIZOWT, B OmfEIIEFEE &
DOEEFUNT TSN CERIE Lz, INSTKi67T IR L, &8 122 & &K 100 pm L
FOBBERZENEYY R 2 4B L, BREFECY=aT7 VI RL, &
R Toh Y v NMEOEEEE B BROfEE L TR~ L,

8. IMAFEEEDRIE

A ACCU-CHEK Aviva (2 > = « XA T 7 ) AT 4 v 7 AR S, HR
YEHNCTHELZ, B b C-XTF REBXOE b R O MmBERRE L,
&% @ ELISA % v ; (Mercodia, Uppsala, Sweden) % VN CHIIE L7-, Mg~
AA AV X, Morinaga mouse insulin ELISA % v b (BRE&t8ok AR A5t
At IR E2 FHWTHIE Lz,

9. FAELUEBEBOHEE

B 2R 2 B HIEEICH A L, BEELlE L%, L TFTOFIETE F
ARV BEIOI AT OERENE LZ, BA&KE 75% =8 ) —L
/0.15N JGIRPRIRH TR L CEIBE L, D%, 4°C TR Lo, 1oy
LR 2RV, BETOE FA RV VBRI BIAN T OREE
ELISA & v b (Mercodia) % VN CHIE L7z, [RIEED 5L CHIBEEER DR L E
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GEENE Lz, FEA VAT UERBIZONTH, FEREHO/NF ZRBRIZAB L,
mouse insulin ELISA % > ~ (BRASHEARAK AR FIEIT 2 HW CTHIE LT,

10. HEEHAEAT

T ITEE R R 2 Con LT, 2 BEM O bbigid, Student’s t-test & L <
IZ Aspin-Welch test 247\, 2 B % Bonferroni 7 THIIE L7z, I AR DOREM 2
L. EIHT (ANOVANZ L D EEl L7z, F7-. Bartlett'stest T3 HMEARE L
7-1% . ZREEER D 7212 Bonferroni i IE Dunnett’s test CHEHNT L 7~
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Table 3-1: Additional information on EPCs generated in vitro from hiPSCs.

In vitro differentiation
Figure iPSC line | Period of stage 3 | Period of stage 5
(days) (days)

3-1, 3-2, 3-3, 3-9, 3-

Ff-114s14 |2 3
10, and 3-11
3-4 Ff-114s14 |2 4
3-5A, 3-5B and 3-

FEWIJ18 |2 3
TA~C
3-5C, 3-5D, and 3-6 | Ff-114s14 |3 3
3-7D~F FE=WJ18 |3 3
3-8 FE-WIJ18 |2 3
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Table 3-2: The information on antibodies used in this study.

Primary antibody Species Source Dilution
SOX2 Rabbit 35795, Cell Signaling Technology | 1:100
SOX17 Goat AF1924, R&D Systems 1:500
FOXA2 Rabbit 07-633, EMD Millipore 1:100
PDX1 Goat AF2419, R&D Systems 1:200
NKX6.1 Mouse F55A12, University of lowa 1:360
CHGA Rabbit ab68271, Abcam 1:500
Neurogenin3 Sheep AF3444, R&D Systems 1:2000
Insulin Rabbit C27C9, Cell Signaling Technology | 1:200
*Insulin Rat GN-ID4, University of lowa 1:600
Glucagon Mouse (2654, Sigma-Aldrich 1:200
Ki67 Mouse 550609, BD Pharmingen 1:100
Ki67 Rabbit D3BS5, Cell Signaling Technology 1:100
CK19 Mouse MO088, Dako 1:200
Trypsinogen Sheep AF3848, R&D Systems 1:100
SOX9 Rabbit ab196450, Abcam 1:100
Fluorescent secondary antibody | Source Dilution
Nucleus Hoechst 33342; H3570, Invitrogen 1:200
Alexa 488 conjugated For each species; all from Invitrogen | 1:500
*Alexa 546 conjugated For each species; all from Invitrogen | 1:500
Alexa 594 conjugated For each species; all from Invitrogen | 1:500

*: Used only for flow cytometry
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EIE AR

1. Invitro 7HLEFE CTER L7 EPCs D71 7 7 A )b

t b iPSC (F£114s04 #8)% | Fig. 3-1A (OR300 fb#FE 7 1 h =)L C EPCs ~&
IMEFEE L7z, BER D K 912 (Toyoda 2015), A7 —< 1 [SRY-box (SOX)17 forkhead
box (FOX)A2" % 5 #£ 1 & A 7 — ¥ 4 [pancreatic and duodenal homeobox
1(PDX1)"NKX6.1" % $54%E] (Fig. 3-2A B X 3-2B)ICBWN TEmWor kil B8R 2R
L. A7 —3 5 ClIMilaz —BEfifit U CREMERZ R S 870, WIRZEMIL L LT
SOX17H/IfE, BEPNIRZERMAE & L C PDXITNKXG6. 1HIIE, PN 434/ PN 4 6 i BRI
& LT CHGA™ (Cai 201D/ LFF R EZ FCM IZ XD HIE L, &% DLy
PR IT 98.6+1.1%, 90.1£0.6%, 59.4+4.2% T - 7=, CHGA" il i D KB 4y
(52.9+4.0%) 1% NKX6.1 ZILFBLL TV . Ziud p Rk /b9 2 rreetE &2 Rig
LTWh, =T, AVAVUBIXOI VI 2RI HMITIEEAEE L
TV o 72 (Fig. 3-1B B LW 3-1C), 1 7 v FDOEBRIZEBUWT, invitro /0 bikE
~—H—DRFEA 72 FCM 7’ 12 » k% Fig. 3-1D B X O Fig. 3-3 1279, PN4UARI
BXARAE O~ — F— T & % neurogenin-3 (NGN3)IZ B L CiL, BE# (Yamashita-
Sugahara2016) TH/RINTWDH L HIZ, FDORBUIAT—T 5 O Tk ToH
0 (T — X Rie#). a0t Tt EPCs D KERS C NGN3 & 7 /L &
N7z Tz (Fig. 3-2C), £V R, AHFFETIEL, NGN3 OB — 7 @i L7
SYWHTER I DOE A4 EPCs & EFRT D, BAHREBRIZEEH S 417z EPC BRI,
W bRz~ —H —Td % cytokeratin 19 (CK19) (Lyttle 2008) % & Ei3 2 M 2 & 2.
oy~ — T =T D b T ) = o REREME RN~ — 7 —T&dh 5 SOX9
(Seymour 2017) & R T HHIITIE L A EEA TV -T2 (Fig. 3-20),
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A

Undifferentiated Definitive Primitive Posterior Pancreatic Endocrine
iPSCs endoderm gut tube foregut endoderm progenitor
SOX17 PDX1 NKX6.1 CHGA
do 3 7 9or 10 13 or 14 16 or 17
| Stage 1 | Stage 2 | Stage3 | Stage 4 | Stage 5 |
| I | ] I
Monolayer Aggregation
y-Secretase Inhibitor XXI
KGF Sant-1
KGF EGF Retinoic acid
AtV A NOGGIN Nitrammide ALKS inhibitor II
CHIR99021 RO K‘}‘.}?JPC; ° Y-27632 LDN }93‘89
i Vitamin C B
Vitamin C XAV939
bFGF
Y-27632
B CHGA NKX6.1 Nucleus c INS GCG Nucleus

Endocrine progenitor cells for implantation

N
51.0% 59.2%

NKX6.1*
CHGA?*

CHGA?* INS*

Figure 3-1. In vitro generated EPC aggregates for implantation contain high
proportion of CHGA'NKX6.1" cells while very few INS™ or GCG" cells. EPCs for
implantation were generated from hiPSCs by stepwise differentiation. (A) A schematic
diagram of the differentiation procedures. Representative cryosectional images of Ff-
[14s04-derived EPC aggregates stained for (B) endocrine/endocrine progenitor marker
CHGA and pancreatic progenitor marker NKX6.1 and (C) pancreatic hormones INS and
GCG. Nuclei were stained with DAPI. The lower panels show magnified images. (D)
Representative dot plots indicating differentiation efficiency into endocrine progenitor
stage (CHGA'NKX6.1" and CHGA'INS"). The differentiation induction efficiency was
inserted. (E) A representative image of a host kidney with sub-capsular implantation of
EPC aggregates. Scale bars, 100 pm.
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d3 d14

SOX17 FOXA2 PDX1 NKX6.1

TRP CHGA Nucleus

SOX9 PDX1

Figure 3-2. Immunostaining of the cell population in EPC aggregates. Representative
immunofluorescence images of planar cultured cells stained for (A) SOX17/FOXA2 and
(B) PDX1/NKX6.1 at d3 and d14, respectively. (C) Representative cryosectional images
of EPC aggregates stained for the indicated markers. Nuclei were stained with DAPI. Scale
bars, 50 um in (A) and (B); 100 pm in (C). TRP, trypsinogen.
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Undifferentiated
iPSCs d3 d9 d14 d17

L
SOX17*

SOX2*
N

< A f 97 2%;’
< kR |
2 e/ 1 &—
L 4 / 4
NKX8.1* - o
= A
©
< .
= S : il O
CHGA™ ] S
+ A To.2% "5 2%
< - B
INS* '

Figure 3-3. EPCs are differentiated from human iPSCs by in vitro directed
differentiation. Cell populations at individual stages were analyzed by flow cytometry.
Representative dot plots indicating high differentiation efficiency of definitive endoderm
SOX17"SOX2 cells at d3, posterior foregut PDX1"NKX6.1" cells at d9, pancreatic
endoderm PDX1"NKX6.1" cells at d14, and endocrine progenitor NKX6.1"CHGA" and
CHGA'INS  cells at d17. Each of these differentiation induction efficiencies is inserted.
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2. BEIRIFAR A MBI D EPCs OBMEL A > A U /3 UHE
RANDA LAY VIR ZFERIFFREDS EPCs @%*ﬁ?&@ﬁ%ﬁ TR T
B 72T, STZ THERIE 2 5% L 72 NOD/SCID ~ 7 A DB % 2 EPCs % Bl
L. B OEEZ M L7z, STZHERF~ U A TIL, STZFHLED~ T R &L
NCHH AR BN B 2R L2 (E1 504-576 mg/dL), L7>L. EPCs DAL
Bhift 12 B Tl E AR T &8, 18 B%ICITmEIZIERE L Lz (FY 82-
93 mg/dL) (Fig. 3-4A), B kA > AV v OETCH L MiEH e N C-~_TFF K
DIREEIX, STZ FEALE D non-STZ FEHEIRIE~ 7 A THIERIFE STZ v~ 7 A TH I
H Of%E & ILIZHIIN L7225, B B Ici VT (4-13 ), FEREIR~ » ATtk
NRTKERIF~ 7 ADF N EE AR LIZ (Fig. 3-4B), M b C-<X7F NI
X, WREE H 700 pM BRE T T b—IZ@E L., 7T b—IZ3E L7z LA o M %
IEFRPHNT o 7o, BERPI~ U7 AONREMEA > A YV RIERAEIZ, EPCs DRBHED
BT TR SN TnWD 2 &, £, BRIV Tiif~ o 2 C-X
7T RIEED non-STZ ~ 7 A2 T STZ ~ 7 A THIPIZIERWZ & 2R LT
(7 —FAFHD), ZNHORERIT, AR MERFEERED EPCBER DA AV
NWEENEED D EERLTVD,
*ﬁﬁ%f WHEZS EPC BHLH O B il s L CORREERIET 20025 7=
L B 13 B LIS HIZB W T, MR & IEERIFFO Mg e ~ C-_TTF
M;%E%:ttaﬁx L7z, —&HERICE Y MEF e b C-_XT7F FREIX STZ vV AT
# nonSTZ ~ 7 A THIL F LTz (Fig. 3-4C B LV 3-4D), & HIC, EAs =
—2HMFOMmMHF e k C- «7% RASWINZHOWT d, STZ~ W A & nonSTZ = 7 A
TRIZTHY ., Bhi% 18 HIZBWTEBM AT O B HilE & L COMBER R M
TENRN & 75>méh7‘_ (Flg. 3-4E), 2 HDFERIE. EPC B DA R Y
VOYWEEII DR E (Fig. 3-2B) i, B-cell & L COMBMDRREDEIZL D H DT
RN EHRIBR LTS, AA NOFERFIRBIIBMHEE R (4~13 #E)ic1 &
UV ee ) Z @7 D T, LAFEOFMIIBMEZ FWICER LT3 LT,

64



A =<A= nonSTZ-control B 3
~— nonSTZ-EPC =O=nonSTZ-EPC
== STZ-sham =O—=S8TZ-EPC
700 ~ == STZ-EPC 3 1000
= 600 > b
g 1 2 g 800 {
E 500 1 N g
Q. -
2 400 1 S 00 .
o [
=] ©
o 300 A E 400 A
H 2
3 200 ; = .
@ E 200 1
100 1 ©
STZ Implantation o
[0 — 0
10 5 0 5 10 15 20 25 0 5 10 15 20 25
Weeks after implantation Weeks after implantation
Cc D
300 - 1200 v o nonSTZ-EPC STZ-EPC
1000 o = Non- Non-
= % 200 4 800 - % 0 - fasted Fasted ] fasted Fasted
[=} <3} o
~ =2 600 o N = 20
g 2 100 4 400 4 g g "] 2001
= | T 40
& 200 g -400 1
N 0 - 0 § o -60
b E — -600 1
g 1000 3 o 1000 + 2 -80 e
E ¢ 800 { 800 1 g -100 - -800 - 0
< & 600 4 . 600 1 @ 0 - 0
E o 400 400 *x =
g2 £ 4 -200 | -200 1
. 200 200 - 8 ¥
(7] .
0 4 0 % 2 -400 -400
Non- Non- c ®
Fasted Fasted ~ -600 A o -600 1
fasted fasted © >
nonSTZ-EPC STZ-EPC -800 - -800 -
E —O—nonSTZ-EPC
=O=STZ-EPC
—~ 800 1
=
2
[
T 600 A
[«
(4]
Q
Q400
©
£
3
.E
o 200 9
£
w
©
o
0 T v r v
0 30 60 90 120

Time after glucose loading (min)

Figure 3-4. Insulin-deficient diabetic environment in host upregulates insulin
secreting capacity of the grafts derived from EPCs. NOD/SCID mice were injected
intraperitoneally with 50 mg/kg of STZ for 5 consecutive days to induce diabetes or with
vehicle buffer for non-diabetic control (nonSTZ). Six weeks later, each mouse was
implanted Ff-114s04-derived EPCs under the kidney sub-capsule (STZ-EPC and nonSTZ-
EPC). Sham-operated STZ mice (STZ-sham) and non-operated nonSTZ mice (nonSTZ-
control) were also prepared. Levels of (A) non-fasting blood glucose and (B) plasma
human C-peptide were measured at the indicated weeks after implantation in the indicated
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groups. (C) Plasma human C-peptide levels before and after an overnight fast were
measured and (D) changes in the levels (D) were calculated at 13 and 18 weeks after
implantation in the indicated groups. (E) An oral glucose tolerance test (2 g/kg) was
performed at 18 weeks after implantation. Data are presented as the mean + SD. *P < (.05,
**#P <0.01; STZ-EPC vs. nonSTZ-EPC by Bonferroni adjusted Student's or Aspin-Welch's
t-test in (B). *P < 0.05, **P < 0.01; fed vs. fasted by Student's or Aspin-Welch's paired t-
test in (C and D). nonSTZ-control (n=3), nonSTZ-EPC (n=3-6), STZ-sham (n=4), and
STZ-EPC (n=3-6).
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WIT A A RZFERIAD EPC BT A AV V3 bRE I 52 5 5288
23, iPSC DIRITIKAE L TW DD EMatd 272012, Biltke LT FEWIS H2kRD
EPCs Z{HfH L7=, FEWI18 2K EPCs I%, &/ {LiFE BRIz C, SOX17" (N
RZE) A % 97.8+1.0%, PDX1NKX6.1" (FEPNIRIE) M % 74.4413.7%, CHGA™ (N
STUAHTBR) AL & 58.3+14.4% & F+, —HTA VAU URBMlaZIZEAEEAT
Weno Tz, ZOMdZE STZ ¥EJRIH NOD/SCID ~ 7 A DE#EE N IZBHE L7z,
i M 279 STZ BRI~ 7 ATk, fMiEh e b C-X7'F NEEIIBME 10
F CTRBEHISIGIN L7225 — 77 T STZ FRRLE O FENEIR I~ w7 A T MNEA & 7>
Tl o7 (Fig. 3-5A BL O 3-5B), MA T, BIOHERE~ D AET )V THEF
Mg 272D, A AV ARIFHEREIR P & 5| Z 4L 23 Ins2h 25 B2 453 % Akita-
NOD/SCID = 7 A ] L7=, iAEH 3 L OWER T oK~ 7 A4 2 Y 3,
ELOLDOHERFET VBV THIFEAERBLTWD Z & 2R L (Fig. 3-6).
& MBS O FRFE & WKE RIS £ 7 /L ClREES - 7= (Fig. 3-5C), EPC BAEIZ L v, M
e b C-X7F NIBE IR 8 I F TREGANCHIM L, 2D L3 R~
TADFT 2R E L THE LIZIFRERF~ U 22~ TEa o7 (Fig. 3-
5D), ZHHDFERI Y [ AR MEIRFIFIEIZ L D EPC BAEA A > A U V43iibHe
FIo¥ERIL, T2 PSC BkoA v A Y U RZBERIFE T /L & I3 IERIFHIER
D BT,
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Figure 3-5. The upregulated insulin secreting capacity of grafts in diabetic
environment is reproduced when EPCs are derived from another hiPSC line or are
implanted in genetically induced Akita model. (A and B) EPCs derived from Ff~-WJ18
hiPSCs were implanted under the kidney capsule in STZ-induced diabetic and non-diabetic
NOD/SCID mice (STZ-EPC and nonSTZ-EPC, respectively). (C and D) EPCs derived
from Ff-114s04 hiPSCs were implanted not only in STZ-induced diabetic NOD/SCID mice
(STZ-EPC) but also in genetically induced Akita diabetic NOD/SCID mice (Akita-EPC).
Each non-diabetic control mouse was implanted the EPCs similarly (nonSTZ-EPC and
WT-EPC, respectively). In all experiments, levels of (A and C) non-fasting blood glucose
and (B and D) plasma human C-peptide were measured at the indicated weeks after
implantation. Data are presented as the mean = SD. **P < (.01 STZ-EPC vs. nonSTZ-EPC
by ANOVA in (A) and (B). **P < 0.01 STZ-EPC vs. nonSTZ-EPC or Akita-EPC vs. WT-
EPC by ANOVA in (C) and (D). nonSTZ-EPC (n=3-4) and STZ-EPC (n=5-6) in (A and
B). nonSTZ-EPC (n=4), STZ-EPC (n=5-6), WT-EPC (n=3) and Akita-EPC (n=3-5) in (C
and D).
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Figure 3-6. Endogenous insulin is severely defected in diabetic mouse model used for
implantation studies. Levels of (A) plasma mouse insulin levels at the day before EPC-
implantation and (B) pancreatic insulin contents at 18 weeks after the EPC-implantation
were measured in STZ-induced diabetic NOD/SCID mice and genetically induced Akita
diabetic NOD/SCID mice. These levels in each non-diabetic control mice were measured
similarly. Data are presented as the mean + SD. *P < 0.05, **P <0.01 STZ vs. nonSTZ or
Akita vs. WT by Aspin-Welch's t-test. nonSTZ (n=4) and STZ (n=6) in (A). nonSTZ-EPC
(n=4), STZ-EPC (n=5), WT-EPC (n=3) and Akita-EPC (n=3) in (B).
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3. MHA A Y N EPCs BHEH DA > AV V3 WEETNC G- 2 % B8

RA MERIFIRE DB HOWT, JRKKF 2R ET 27202, FERIFICE
T4 AV U REPBIERT OA LAY U WEEN R ESEDLNE D hER
L7, £9. EPCs OBMEANCIREERN 7T M 22U % 40-60
nmol/kg/day TR FHi# 5 L7 (Fig. 3-7A), 1 > AU U 5.0%, EPCs BHERTH
L OBH% 11 B E T, STZ IZ L VFFH L7 @itk % T 300 mg/dL LA FIZE
TERFESEE, AR VRG> TiEf e b A R Y PEE TN L7223,
A b C-RTF NBEEIZIFFERFE~ U R LTSS &R L -ULCE TR
T L7z (Fig. 3-7B 3 L 18 3-70),

T, EIEMEOBIUC L D NEMA > AU 2 RIERNCEEIN S B 7@ A
VAU VMJEET VA V2, NOD/SCID ~ 7 A2 EPCs #BHi L., D%, @
HRELITEEMEZ 12 BREGE Lz, BME% 128 T, IEMEREETEE &
L BB TS > 72, BIEEOEBIULE A A Y VIEEZ R Lz
(Fig. 3-7D B X O 3-7E), @RI EREZRBWC, MEF A > 2 U > BRI,
M e ~ C-_7F NIBHE#% 12 3 £ TIRMEFE L 72 (Fig. 3-7F), Z OIKfE)>
5. BEMEEETOEA AV VigER, RMERZRANRMEA R Y 5w 5
IZE D L ERTE 72 (Fig. 3-7E), DD L, MHA AV VREOHEIE
EPCs B/ H O b C- X7 F RpWaEEESE, mA RDOA R U RZIE
B OA AV VoUW % @8O DVER N & % FIREME DV R STz,
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Figure 3-7. Both exogenous insulin supplementation and hyperinsulinemia induced
by a HFD feeding suppress the insulin secreting capacity of EPC-grafts. (A-C) Human
insulin (40-60 nmol/kg/day) was subcutaneously administered via osmotic pump before
and after EPC implantation in STZ-induced NOD/SCID mice (STZ-insulin-EPC). STZ-
induced NOD/SCID mice without insulin supplementation and non-diabetic control mice
were implanted EPCs similarly (STZ-EPC and nonSTZ-EPC, respectively). Plasma levels
of (A) blood glucose, (B) human insulin, and (C) human C-peptide at non-fasting state
were measured at the indicated weeks after implantation. (C-E) Feeding of a HFD (60%
kcal fat) was started in NOD/SCID mice at the same time as EPC implantation (HFD-EPC).
NOD/SCID mice fed control diet were implanted EPCs similarly (CD-EPC). Levels of (C)
blood glucose and plasma levels of (D) mouse insulin and (E) human C-peptide at non-
fasting state were measured at the indicated weeks after implantation. Data are presented
as the mean = SD. **P < (0.01 STZ-EPC vs. STZ-insulin-EPC by ANOVA in (A-C). **P
< 0.01 HFD-EPC vs. CD-EPC by Aspin-Welch's #-test in (D). **P < 0.01 HFD-EPC vs.
CD-EPC by ANOVA in (E). nonSTZ-EPC (n=3), STZ-EPC (n=4) and STZ-insulin-EPC
(n=7). CD-EPC (n=3) and HFD-EPC (n=4).
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Wiz, ZOFRAMERIZRT2IMBEOEELFARD =02, STZ BERIF
NOD/SCID ~ 7 ZZHNT, EPCs BAERIEIZA A Y a3 IR IESEN
T L0 S 20 S =, #3270 7a Pk, BligO 7L a— 2L
ZPRET 28INAY SGLT2 FHEHKTH Y, Zhva 1 A 1 B, R TERZSHA
¥ % 10 mg/kg (Han 2008) D HE CRIER G- LTz, # /37U 71 Y U ALEITL ER
(Z S 2 g L7223, IR R IRFMEE X EPCs Z4H L 728 T H 4 300 mg/dL
FEEET= » 7= (Fig. 3-8A), EPCs Bilits, #3770 ZAUE LB R~ 7
ZOIMAEF B b C-~X7F RIEBEEIL, vehicle & ALE L 7-BERF~ 7 A & [A4E T, %
DL YVIFIEREIRIG~ 7 A LD b &y o 72 (Fig. 3-8B), ZHUHDFERIL, 4 v A
U UIEAFRI 72 A T = X LS L BB 72 @ s Ot I, EPCs B ~D 7k
A MERIZIZEE A EEEE B 2 WAlREEEZ /R LTV 5,
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Figure 3-8. Partial attenuation of hyperglycemia by dapagliflozin has no effect on the
insulin secreting capacity of EPC-grafts. The SGLT2 inhibitor dapagliflozin was
repeatedly administered before and after EPC implantation in STZ-induced NOD/SCID
mice (STZ-dapa-EPC). STZ-induced diabetic and non-diabetic NOD/SCID mice with
vehicle treatment were implanted EPCs similarly (STZ-veh-EPC and nonSTZ-veh-EPC,
respectively). Sham-operated STZ-diabetic mice with or without treatment of
Dapagliflozin were also prepared (STZ-veh-sham and STZ-dapa-sham, respectively).
Levels of (A) blood glucose and (B) plasma human C-peptide at non-fasting state were
measured at the indicated weeks after implantation. Data are presented as the mean + SD.
*#P < 0.01 STZ-veh-EPC vs. STZ-dapa-EPC by ANOVA in (A). *P < 0.05, **P < 0.01
vs. nonSTZ-veh-EPC by Bonferroni adjusted Dunnett's test in (B). nonSTZ-veh-EPC
(n=5), STZ-veh-sham (n=5), STZ-veh-EPC (n=5), STZ-dapa-sham (n=6) and STZ-dapa-
EPC (n=6).

73



4, FERIFA A N HEORH EPCs A 7 O AT

STZ ¥R % NOD/SCID ~ 7 A 233\ T EPCs Btk 6 B IZFha Jr 2 i L.
B OB\ &M 2 ffAT L7, iR e b C-~XT7'F FREICIIRE 2 ENH
LHH00, B 6 kOB O HH TOMFLERICHRIE~ 7 A H kB A
& IEHEIRIF ~ U AR i TR o 7= (Fig. 3-9A, 3-9B 1 L O Fig. 3-10A),
SHRIC, BEF 2RO A 2 BT VE T DOERITERF~ 7 ADB
MR OFRE -7 (Fig. 3-9C), AEBNZ a5 &, 6 BEFAOMmMF & b C-
TFRRELBHA A AV CEEORIZRWVIEOHBEBRIFE O bt/ (Fig.
3-9D), MNZ T, SRR X 5 E BT ORS S, FER~ U 2 ORI IE,
JEBERIF~ 7 ZADOBHE 2T CHGA & A > AU KL Ttk & R s
DRIZERENZ ENROLIL, —FHTNKX6.1 &7 T AZHONWTITIAER
X7 o 7o (Fig. 3-9E~H), BT, BERW~ U XA OB A TIEHEF MO
INSKi67 #7232 < B 547~ (Fig. 3-91 1 X O Fig. 3-10B), KERIF~ 7 A & IpkE
R~ ADEL L0 b, PDXITCKIY OEREE & & 74, % 212 SOX9" &
WERTERARAL> CHGA MR IE & A B T, [FIERIC Ki67T Mz & A Tz
(Fig. 3-10C), T DIE, BHEEDRBE A OA > A Y U WEREIITITE G- L T
WZ EERELTWD, BHIFAD G~ — A —IZBI LTI, Stz L v,
A A UEMERIIEIZ urocortin-3 & MAFA DY 7 F a2l HZ LixTE 2
Nole (F—2RiL#), FLwd L, KA MDA VR U RZERFBREIL, B
R OBEEIEEEHEXHZ el D] ELHHAEN LTA R Y U PEAT
fa % E oINS E 5 Z E0on Sz, Pt LT Bley o
BRERBRIZ I T (Fig. 3-4). Blltk 24 OB # bt Uiz, € OREE, HEIR
W~ U AOBMA L, IR~ 7 A0 A & iR L TEEICEIZZRNH DD,
B 2RO A v BEXORINV A T OERNRSE ST (LAY 2 BER
JH~ 7 R 5.27+1.66 nmol, FEEFRIFE~ 7 A 1.4320.52 nmol, 7V H = BERRIE
~ 7 Z 1.59+0.27 nmol, FEHEIRIFE~ 7 % 0.37+0.02 nmol), = Dk HLI%, HEIRIE AR
A NERBEIZB T DB A R Y VEAMBOEMX, P e ~ C-_TTF N
JENTT h—IZE LI B HERF SIL TV D AIREE A /R L TV D,
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Figure 3-9. Diabetic environment in host affects EPC-grafts to increase endocrine
cells including insulin producing cells without affecting graft mass. A cohort of STZ-
induced diabetic and non-diabetic NOD/SCID mice were implanted EPCs from the same
batch, and the grafts were explanted 6 weeks after the implantation (STZ-EPC and
nonSTZ-EPC, respectively). (A) Plasma levels of human C-peptide were measured at the
indicated weeks after implantation. (B) Weight of explanted whole grafts and (C) the
contents of insulin and glucagon were measured. The representative images of grafts were
inserted in (B). (D) Correlation between individual plasma human C-peptide level and graft
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insulin content and the correlation coefficient were shown. Representative
immunofluorescence images of the grafts stained for (E) endocrine/endocrine progenitor
marker CHGA and pancreatic progenitor marker NKX6.1 and (G) pancreatic hormones
INS and GCG. In left panels, graft and kidney tissue are delineated by a dashed white line
(scale bars, 500 um). In right panels, higher magnifications are inset (scale bars, 50 um).
Areas of (F) CHGA or NKX6.1 and (H) INS or GCG immunoreactivity relative to the total
graft area for each graft. (I) Number of INS'Ki67" cells relative to the total area of INS
immunoreactivity for each graft. Data are presented as the mean = SD. **P < (.01 STZ-
EPC vs. nonSTZ-EPC by ANOVA in (A). *P < 0.05 nonSTZ-EPC vs. STZ-EPC by Aspin-
Welch's or Student's #-test in (C, F, H, and I). N number of STZ-EPC is 8 in (A), 5 in (B-
D) and 3 in (F, H and I) and that of nonSTZ-EPC is 6 in (A), 3 in (B-D) and 3 in (F, H and
I). Nuclei were stained with DAPI.
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Figure 3-10. Supplementary information referred to Figure 3-9. (A) Levels of blood
glucose in STZ-induced diabetic and non-diabetic NOD/SCID mice before and after EPC
implantation. Data are presented as the mean + SD. STZ-EPC (n=8) and nonSTZ-EPC
(n=6). Representative immunofluorescence images of the explanted grafts stained for (B)
INS/Ki67 and (C) PDX1/CK19, PDX1/SOX9, CK19/CHGA and CK19/Ki67. Nuclei were
stained with DAPI. Scale bars, 50 um.
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5. in vitro \ZBIT 5 EPCs DA A VEAMI~DO S LFHEICBIT A A A
ANEH DB 5

EPCs DA > A ) VEAMREASOSMEFEEIC BT S v a =Rl f R v
D BEFRD T, BEROLiF SR (Rezania 2014, Pagliuca 2014)72> 5 A1

A /%Bﬂib‘f_*ﬁ:j’oif)\/f VAN URERT B TR N BRI TS
FCTEPCs # 10 HREE#E L1, B/ L a— A THE /L a— ADSMETY ., B
HICA VA UZFIRT 2 T=A K S961 ZiRINT 52 & T, INS'NKX6.17 4
R DAL FHE R DMENTZ DA EITHE M L 72 (Fig. 3-11A B X O 3-11B), S5
INS'NKX6. 1 I DS bFERIT, K7L a— 2D TA v A ) VARG %
NS AICBNTHEM L, m7 L a— 2K BT O AR TR o7
25 (p= 0.059), HIMERPRD Tz, 7V a—RAOEEIZEHL T, K7 va—

AR TE 7V 32— 2D 5T INS'NKX6. 1 I O/ BRI+ 5 2
LT 72 o 7o, INSTKI67T M Do LiFE S L M fuEEEE R ORI AR X, BRI CTZEIT
PO BN o T2 (Fig. 3-11C~E), 2L b OfEFRIL, D7 < &Y invitro D53{LEk
HMAT, A AV ANEH O T 2NEEEIIIZ EPCs 75:% INS'NKX6.1 g ~D 731k
Rt 5 2 L AR L TV D,
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Figure 3-11. Lowering insulin action directly promotes the differentiation of EPCs
into INS'NKX6.1" cells in vitro. The EPC aggregates were cultured for 10 days with
previous report-based medium to induce the differentiation into insulin-producing cells.
The medium contained glucose at 200 mg/dL (low) or 540 mg/dL (high). Under the both
glucose concentration, medium without containing insulin (insulin free) or added an
insulin receptor antagonist S961 (100 nM) was used. (A) Representative flow cytometry
plots showing the proportion of INS'NKX6.1" cells and (B) the average of three
independent experiments. (C) Representative flow cytometry plots showing the proportion
of INS*Ki67" cells and (D) the average of three independent experiments. (E) Cell number
of the aggregates after the 10-day culture. *P < 0.05, **P < 0.01 vs. control by Dunnett's
test.
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1 BUBE PRI 27 5 i ie B SRR 2 W 7o i o ZBLZ AT ¢
SR CRGMIHFFEN T STV % (Latres 2019),  FRA G 0O 728 O R TFH E
D—o1F, BAEE OMIEMIC G 2 5 R A MRBEORETH 5, A2 TIL, &
A FDA LAY CIRZFERIFIED  SofE AR~ T AZEB T iPS il B >k EPCs
DBWHDFEENEL 52 20 E R L, RE ZoomEE /T L7e, £
— O HIL, A NOPERFREIZ, Ve b —HIFA AV U RZEI LT
EPC BAl DA AV 3R ) DR T 5 Z &, Z D BIE, FERERIFICH AT
PERF DR A NHROBEA X, BEAERIZENRWEDOD, A A VEA
MR Z & DTN GWMIEE LS EATNDHEWNWS ZEThD, A A V5 UHE
JEBMWEAA Y A) CEBEOBIZIEOHBENBREDO LN Enn, 20220
FUIBEHE L TV a7 A9,

PERIFAR A R CTILtf e bAoA R Y /C- LT F ROHEMNINEST S (Fig. 3-4B,
3-5B, 3-5D, 3-7C, 3-8B, $ L U 3-9A)WEfFIL, Bhih Tl & % 2 DOBLG TRl T
x5, —oHIE, BT OA R UREAMBEOEMTH D, —OBIE
fEl % DA A VEEAMIINDA AU UAWEESIOEEINT, FHT B ~DHk
APINEL TWD Z L 2R d 5, ikl X 2T 1%, EPC BAE 23 A
VAU REAAR L O ED A A VEAMAE L L EATNS I L E
RLTEY, —2HOEHEZ R LTS (Fig. 3-9G~1), MX T, invitro iXERH>
SARLNTMATIEH LD, £ A Y ANAERAOK T, INSKi67 Hiud st
FHERLEINEED Z &<, EPCs @ INS'NKX6.1" #if~D 43k 2 ek L=
(Fig. 3-11A~D), Z#uZ, INSTHIA~D M LfERERmE o722 & b BERIF AR X
NTOA LAY VPEAMBRBOEMZIES LTtz L TW\D, — 5T,
Hc%ﬁﬁm%®m$t%CmW?$ﬁ\%ﬁ%vﬁxf%#%Frv?XT
b, MERHEIZZD R BN DRIV TS RIS LK T L7 (Fig. 3-4C),
BAb T DA AV U PEAERMIE OB OWT, 2o H O E R 5 B4R
HWix72n, Tz, BHER OA AV VEAMBEOREIML., A U FEA
ﬂ@@%ﬁk4/x)/FiﬂﬁmwAm&ﬁﬁ@miot_k@ﬁﬁ%ﬁb
MPA R HEIMOIEIZFHFEG L TNDH EZZLTND

PERIFIRRE CIZER T el o 2 U RE, mibE, £ 62 X 56 0HEZR

S O E TVWD (Anazawa 2018), MLHA > A U R A2 A L=
A(ﬁg37Bki@%7m%mnmv%%(ﬁg31U@F%ﬁ%>-Txb BITD
A LAY RZD EPC BAEF DA AV 3 WRETI OIETRIZEF G- LT\ 5 L
ESE VN Txkﬁmrr%@%%uowft%%E%%%wfxﬁ%@iémﬁ
S L7=fliX7evn b 0o ESC kD PECs Z W= Z Ofia R LT\ D
PEC Atk BV T, BEIRIF~ v A 1L, FEREIRIFE~ 7 AR TE WL H B
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N C-_TF NREZR L, ZOMINIANREDA 2 HiFTICE VKT LTW
S A Z 7~ L7z (Bruin 2013), AFZE Tl L TV 5 EPCs 1%, F84EFHIIZ 1T PECs
(R TIEN o WefliE ~ & 4319~ 5 RIREM: 2 Fik & D BERTBRHIIE O &8 1340 72\,
PECs %# F\W 72 BE$) (Bruin 2013)DEIGAZ 1%, FEN W O BERTERAIIL D /(L7210 T
< BIERAHORVE CEAMROEMEEE L THWLD0E Lz, £&
b % & PECs X° EPCs, RERAR/LE L EAMO X o ZpiafEix, my1 oA
VDR TERIET 2 L9 5@z rmd L o7, —FHT, OGOV T
H O TidZewy, EPCEBIEA OA A U 3UWEE ) ORI, /X7 ) 7a vy
DR E 52 & o TIEM R IR b 2 ZERITIR N S G E L 2 T e )
>7= (Fig.3-7B), ¥/ 7 ) 7 ¥ THE L7~ U AL, EPCs ZBHE L 725451
BT b IR AY 300 mg/dL F2E Th > 7272, 300 mg/dL LL T D i A3
EPC BAH A 1t L CIEAZER R E L R T8 9 NTEEMA TH 5,

A AV ANERH DK T2 EPCs DA A Y EARRA~D M A RS 5 &
V9 invitro FEEROFERIT. A VAV v 7 ADRE AR/ LTS (Fig. 3-11),
WS DMWDEERN, A A 2 TNV F ORI PRI D Z3 b ~D B8 5% 7~
L T\ %, Phosphatidylinositol 3-kinase (PI3K)i%A1 > A U /2 K = THEMAL S 4,
wortmannin X° Ly294002 |Z X % PI3K OFHFIX. in vitro IZB W T MalHko
e SRR R AR D b RS 5 Z LV B LT D (Ptasznik 1997), PI3K 23
R DOFAEICK L CRORFIR L L THIET 2 Z LD, AIFZEORE R (Fig.
3-11A B L O 3-1IBICEET A RFD—o7h LAV, FOXOL 1%, PI3K 22
FHOFRINALE L, ZOEREIEEIZA VA o Tz kv Ser® U gk
I L CRE &S, FOXO1 BERITH 5 AS1842856 (%, ESC Hik o FERTHRH
oA AV EAMBASO S b EEET D Z ENHE STV S (Yu 2018),
Z DG TIX FOXO1 1FEMIaD A > A U PEARIE~D /b Ol e THHE S
TWBZEIZRDDT, £ AV T LD FOXOL ENA AU v FEARE~
DML ERET S L IBbn D, Db, ABFFEHERIC FOXO01 X85 LT
WRWWE LIV, RERIERIA7Z 23, FOXO1 LSO Tt F &2 LinA A
Y PI3K ¥ 7V DIEMHALIZA A Y U PEEAME A~ b E AICHIE L, — 5T,
A LA URZHERFIRIEETIZZ DOV 7T AT L, A A Y VEAMA~D
IMEBEICHIEI S NS, LW #EE S 2 T 5, Invivo THash H L7z INS'Ki67"
FR DA SUWT (Fig. 3-91), in vitro Ti% INS'Ki67HIALOEMITFRD Si7e
o dzlz® (Fig. 3-11C 38 XUV 3-11D), B4 L7z EPC LIS O AR fEA B 5 L T
HEZBEZTWD, A AV T FNAGFICONWTER AR A LT~ T
A% W=D, invivo TD A 5 = R LRNTIZENL D0 E LIL7e 0,

BAEtE ORI EAR X, BAMOA A W 25D 5 2 & &R
L7 (Fig. 3-7D~F), ZiuZ., BAEMICEZEIT V& 35 Bruin 5 OBEH & H72
HRERTHD X HIZHR X% (Bruin 2015), AHFIE TIIBMEEZ 2> S @B R
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ZRM L7 olzxt L, BE I, ®IEEZ 7 BEAR L TA >R U ARBIEN
FHINTCREETBEL TBY ., mELRARMOZ A I IRER>TWD, A
VAU PR EE DA LAY U T REO BN A E R LED D
(Kahn2006), A > AU ARPIHENER SN D F A I 7D, ARUF5E & BER DR R
DIEWVICEE G L TWD AR B 5, FEM7R A I = X AFIATER, "miEE %
BT L CTA R Y SRPIEREE SN2 T EPCs #84 L 7256, UE
72 NIRIEA > A U 3 Wd EFIL EPC BHER OO E A AU U3 E I8
B SH20h Ly, L L2, BE#H (Bruin 2015) & ARAFZETiL, Bl
AL (T & BHRIE T, BRSO I 72 Al (SRERREET A R LR, MR
(PECs & EPCs)7p EEBRT VA VNI BT, BT 5 Z LITEE LW,

BRIRICEBWT, LB NOBEE T TIIEEBER OKREZ S0 5
(Anazawa 2018), %l 21X, FAZINHIFIOREE IS OMRRICEEE 5 2 5
(Shapiro 2000), F£72, 7 v MIBWT, BiZFHICKIT 2R E A R Y AL
B OGNS & 2 B BB AR i ~ DAL, RBEAF OEEZUET D
(Jimbo 2014), AHMFFETIiL, EMEA A Y OMEIZ LY MbEfEZ =2 hae—L
TH L, BHEESTIEA R Y VEANAZIZE A EE E 720 EPCs (Fig. 3-1B, 3-
1C B LW Fig. 3-3)DBAEEZ DA AV 3 UWEE I M3tk 35 Z & 2~ L7 (Fig.
3-7C), TN 2, RRZRFEN WA 2 72 1 B RIS 12 k3 2 MifRTE i 2 5
25T, BH®BS T ELTOA A ALEL, BRATICHRET AEEZ KT
SHDLAREERH S EHERL TWD, BF, X707l a2 dlbéd s
SGLT2 PHEZEDS 1 BUEIRIGICXT T 2914 2 U OB SEMRIE x5 & L
THRREN, A A U EEEZED SE oMay he—La2dET L2 L
DN 72 (MceCrimmon 2018), o > A U U R ZARREIT R R O FEBE
mMODHEBZ BV, A LAY LA OMBER T IEORIRCOF L, B 2 R
SHTWS oM b —lE > TRWEIREO —oont L
W AWFZEDRERIT . BEE B 120 2 AT 2 O TR O MRV E R BN T
BAtitt 07 & L CGE LTIERIZM E WD SUIZE LT, HrL VW ERE 5 2 T
HTHAI,
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BATE W

AIFZETIE, BT F R & LTZeinH, ES L&MW E L TMGAT2[AE
OB E LTt MPSCHISREEN /S UWARTERMAL 2 v, 1HLE & o
WP IESRE 2RI U=, BERIF R X ONER O TS « o nfeEM: & it Lz,

HF1E ZeinH

F3H DIXLARNZ, ZeinHAGLP-1FEA N /WIS L OV v M/, R
[FIFIZ B W TCGLP-10 W 2 R 35 Z & &7~ L7z (Hira2009), AH#FZETIE, [A]
P G- LT ZeinHAS . GLP-13 WD RIlFE 2/ L CitbEREIC B2 5. 2 5008 9
RRET L7z, ZeinHOGLP-14543s K ONMILBHIE I Z %69~ 2 BB A SEl 4~ 5 7= D12,
[l & ZHERARIC D T — T VA REIE LT REE T » N & W CHERENBE A madii &
Fhi L. b, A 2 B IXOGLP-12HIE L, M T, MEEFZ » b
IZBW TGRSV — 7 INIZ ZeinH & B 5- L 7 2 I [RIIGERAR ML 35 1 % 1. - DPP-
ATEMZHE LTz, ZeinHOFIGHR 51X, PEAME, 1 R Y WO HEEz
S TIE ERZIMEI L. — 5 THREZ 2R IR RYMHAYIZ L - TiZA v 2 Y
VO UMIEE & E BN SRS Hiie o 7o, ZeinHO MU _ES-HIVER L,
BOBGICE>THhRENTZ, ZNHOFERI D MHYIZE R TZeinHIZFR W
GLP-177WMEEEEA 23~ EHERI L7228, TARIC X L i Htotal GLP-13R £
HIZR%ETH -T2, MRAIC, EMERIGLP-1D M Fh & 13 ZeinH & L& L 7= T v
MIBWTEEEITHEINL TWe, FEET 7 v MZBW T, ZeinHOEIG#E 512 X
D BRI S O if FDPP-AEMEIZAR T Ly MHYBEGIZ K » TIFE T LT\ e
Molz, BT F RzZeinHIX, 7 v MZBUWTGLP-1D 23Uttt & 43 i o
MHFVER L, A4 v A Uawa ik sE, b EF20Mf+2 2 &R aEh
776

PUBEIRIREE A N AL 0, IR C OB AEOMEIN EMEH & SN b0,
HEEICBIERT %, B POEHEEICBWT, A ML i, EIFER O FK
WAEAET S Z & CIHLERENOIRTBIRE LY L5 S8, ZO/R. g
FIRTCREDIEMEALIZ X AGLP-1/3 3 5] Z i Z S4v, MHGLP-LREDS EH-3
% EEZ BTV D (McCreight 2016), BEIEIRAA D A RV I 0%, I &R
BNDRWICHED S, BRI A RV b RSO IMEERE T VEM %
AT EnD, FEHELE L TME FEHOFGDORE SN RIS (Buse
2015), E£7-. BERICB VT, A MR AL B PGLP-12E o EHI,
DPP-4fHEI L O fFHIC L v #Y9R <41 (Migoya 2010), F£7-, A hFLI &
DPP-4fHEIEDNFH A, DPP-4RHFEZEHAI L D & W BB RIBIEH 2”92 &8
WE I TS (Kaku 2017), ZiuBiE, AMFETR LT, B~ 7F RGLP-
1D G WMIEHE & 3 I O BFITAER L, 52 ST GLP-1D A BRAEH 23 Fé 4 &
NDEWVWIWEELEFL TS, BIfE, GLP-100WMEdEZ FEH L LT RS
AT B PR IR IR R B K OPUBEM I 22, BB R VE MR & L C
GPR1197 == % I (Ritter 2016)°GPR407 == 2 k (Ueno 2019) D BHFE A3 b &
NTWDEN, ZHSIZMERPICBEIT L CEEE DS Ol bIEA T %, GLP-1
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XUt . AR ONT P IRAEEE 0D 2K i SR Dl TR ML & 1 L it B ek
B Z R 2 LN HRE SN TWD (lwasaki 2018), ZeinHIZ, GLP-10 453 % i
W2 & RIFFZ, WALV, RIEER RIS A D FRTD LK F1 O DPP-4/EE %
KTFEE5, Bk, X0 AR EL U Coinmm i cNIAPEGLP-10
VTN EED D ZENEENL LT, TRARMBERONTTF RIZLY ]
BECHDZ L, BERFEBLVIEROAEFIZL D THOBAICE O TERE
VY, NIRPEGLP-11F, 280K PRI OFIERFR I B TRABRY 22 0 WA HEBE A3 & C
WA & 0 | BETE R M OKERFIZ B 28 72 2l 25 AE B 08T 2 > T &
Thh ., BRI X720 (Hira 2020), ABFIoHESIE. NRPEGLP-12FH L T
My = b — VUGEE RN T 5 0B PRI REZ T 5,

HoE MGAT2RHEIK

MGAT2/X, /MEIZEWTTCOBAKDOEEERD D> Th b, FEELIXZ
NE T2, MGAT2OSRFIFIFLZE Y . ~ 7 A 2B CIER & Z U B3 A 403t
PR AR L CHRZRER 2R3 2 & 285 L7z (Take 2016), AAFZETld,
MGAT2[HE D, 1) ER~ 7 AZHBT 5 HE R VE o L IREEBUCRTT 2
TEH. 2) EERER < 28R E T L Th D s Aroblolb~ v A ZH T
DA BRI 2 ERIC W T, OG- A[EE72 1K 1 OB IRIMGAT 2L E
HCpdBZE AW T~ 7=, CpdBIZA A LEAM LI-RKREIREAZ G Lio~vT X
IZBWT, MHPTCD LR ZFHE L7z, IFEAMIL, HILEFRLEPYYEB I
GLP- 1053w &R L. Z O ECpdBDHFH G-I L v s s iz, EW~
T AZEIT D EIEN R SRR R ORIGRER 2BV T, CpdBiXEi A& DL
2RI IRSE L=, @Bl & Affoblo/b~ 7 2 ~DCpdB D5 [ 18 #% 514,
EAEERL I OEESMNZMHE L, GHbO LR ZHELZ, ZhbDfEFRI%,
MGAT2 DIRFRAIIHE DS . IEE A EM: DML R ILE oW & BB B R A e
L. BB ZOMERBZUGET 52 L 2R LT 5,

AETIE 2 5 I & U CHGR S V7 AR ME R AR 31T, A~ EEER T 5
T2 DIZREIWERNCHRT 2D U A7 Ban K&V, RIEMERIEmRE S LCix, M
D26 ORFMEITE OB Z T HHEY N—BFHEKA VY 25 v R HIKR
NTWD, AU A%y MM, B ORI T 2 2805 R IR O3 IE % T3 %
2% (Mancini 2008), BFMEAEE AR LD E FHM &SNS Z L2 LD T - 5N
f§72 & OMALEERPEIER & L THE ST 5 (Padwal 2007), AEE WL
HWERAZBTHMOEREAE LT, 370 Y=L ) T o —/Li%ks
Yo7 BEHESRE (Lin 2014)°DGATLFHLE L (Haas 2012)738 525, W 4Ld THi
72 E OMABEIERIC L D PURIER & L CoORIREAHEN TV D, MGAT2BHEHK
IZOWTIE, BUIR TR BGE O MG 1L 72V, MGAT2XKHE~ 7 A TIXENE D FF
Rid7e <, R ~OIFEEEHEORIM L RO S ->72 (Yen 2009), F7-.
MGAT2iZ. /NMEIZBWTTCH AR OALEEEE D —>TH 573, DGATLH
MGATIEM 2 H 95 Z L 3 iE STV 5 (Cheng 2008), ZALH DELEHNG |
MGAT2D RN 22 R E L, /IMEICEB W TEFMEREOWIN 2522l ET 50
JCiE e <, AR EH CRINEZBIESE 5 EEESN, OO MR E
DO LEIERZ I &R LIt <, ZeERE0WNL Ly, IREOEEE

84



(TR AL TV 5 (Saito 2018), AMFFERERIL, /MG L NEENENIER
JEFNEERE OFRET 2, EF ORBPURRISHEL G R 52 L 2R LI EER ]
PLEZDBND,

B3 b NiPSCHIREEMN /3 TR

1RUBE RIS BRE ~ OB OB I DGR & LT, @i F kI
NHFE STV D (Nakamura 2020), 7 A MERERIE. ERHIAG HA 3k O AR EA 72 R A
DBAEIZE 5T, EOBMBREEZ AL T HDEKRRKNFTHDH, AFFE TR, A
VA Y IRZHERIFIR B AR R EN AT ORBAE A OZFENC 5% DB L
ZTDAH = AL ONWTIHARTZ, B FPSCH5, CHGA'NKX6.1 M % 2% < &
T, —F Tlnsulin" i 21% & A EE F 72 W WETESHIIMEPCs 2 /ERL L 7=,
EPCsZ fE R~ U ADBEWIK NI LT 2 A, A A Y U RZIERFE
BBIX. BHAHRA R UHWORRIETH LI e RC-~7F RRED L5
PRS2, TOMEIL, A AV O 51X > Tk L., —F T,
A A IEAFRMLBE RS T 3K C & % Dapagliflozind [ 48 #% 512 X % 5455 I 72 &
MBEDSFEI K> TIEEZZ T e o Tz, @RI X 0 . FEREIR
R~ AL HE L CHERB~ 7 AREOBEA 1X., B EEICENED I
oI B Eb LT, A4 R VEAMEE SN E S ER/LT
WD EDBRINT, A VAV U RZBERPINEIX, B EEICEEL 5 2
TNA R VEAMEE SNSRI OB Z IS E 5 Z L2k b, EPCs
DA VAV I WREN Z @O DH T LR L Tnb, F7z, EPCsOBHEE
DEFE T, BRFROA A o E&N, IEHERE~ U7 A TRERFE~ U
AN LTS8 DS nNE o722 ik, BB RIS A R U W E DY
2 BT Tl <, BT TH BRI O Rk KIERED & £ D AletE 2 ~m LT
W5,

AWFFEAERIL, b NIPSCHI RPEMAL 2 W T2 AR IR 2BV T, B
AR I PO E EORENHHAT RE200%, HERFENRND ZRL
TWAHE LRV, KETIEAR A VRS R P R D 5 HKI60%723 LT Td b
(Miller 2015), A > A U U ESHAEIC L D2 REB MRS S D, GLP-1R0Z D
T u ik, EaEmE - AERTERIC L DB oRE. 0. FERHIIIS T
LPLT AR b= AR FIC X D MEREE OBMEAE OUEPHRE SN TWND
(Mller 2019, Zoso 2016), Z AL 5 i, ARG LIAERFBFICI 1T 5 & MPSCHIK
PRI DO BHREIEHEIZ BT, GLP-17 Fa O HNER THh 5 2 & ZoRigd
5. LLZNG, GLP-17 Fa 73 ELCIENORIWEAN RS S ND
(Dejgaard 2016), F£7-. T, BEOEGREEZRGLP-17 7o 73 Eifisiv7zn
(Sofogianni 2020), B ONEMIZ LV BIPME T T D ATEEMERNH D720, 1H D
WORFEE T IFHOKOBNCZIDREE TR L 72 UL a0 HlfRA2 &
%, RiodZeinH (BB1E)SLMGAT2RAESE (BB2&) 2 FIH LT, WKRMEGLP-104E
HEHZ RSB ST D 2 EnTE T, LV ELeT, »oquality of lifed
HERF LT W HTREME N & 5, B B MIPSCHI SEIEEHIIL OB EIZ BV T,
BEOOFHIK & OMAG DEIC L 2B OMEER LD EEH I NDL 00D
LiL7e\vy, 202U TA A Y O IR TAERH 2358 7 S 40 Th 5 1004 25 #8D
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. ZORNIHERISITEITERAIFERE L TE 72, & MiPSCH RGO FR K
JERIZIANT TAR BAFERFER L T Z & 2854 5,
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L EFET, KFEOZFITICHTZD ZR2DZHHEZBHEEZBY £ LA
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Wi LET,
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