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TNH T VRERTF KR -1(GLP-1)IZ & 5 ¥ g N {R i o 2B o f7 e
~b b GLP-17F 8027 5 7 NVF FIZ & BHEREET IV
db/db = 7 ANDA AFEERD S DRRE)

TH F
NN R R 2R - A - W ARESE, T701-0192  A8aliidE577

P8R TIVATHENTF R -1 (GLP-1) DEBHMREREBERAOIFRIBEZHSPICTSLD, E
b GLP-177OJ&FEUZJILF K (LIRA) ICLB2BERFEETIVEMADNAKEREIT o/~ i
HA10BE D db/db 77 A3 U, LIRAS L I3 U EEgE&xE 2HEH L I 28 ET®RSL,
BESRKESOMEZN, £EZMERICMA, BRI EICFET IESKETOLBOEGFRA
DEALICDWT, laser capture microdissection, real-time RT-PCR Z WM&ETL /. LIRAD 2
BERSEE, db/ab ¥ T ADRBNTA—42—, 12X EZMHEREL . LIRA O 28/
S#%ICERUAESKEQTILO—RXREMESL > X 3R (GSIS), 1 >R 253N
U, M4EREEIEEA LTV LIRA O 2:8EH%EE, LMD s g EstF, m7
K= ZBEF, HBEX ML XEBEFORBEZEMESE, MLPFEEF, 7R IFE
BfnF, MIFEZX ML XAEEF, BEAREGTOHRBEZHEU /2. LIRAD2BEKRE(E, EHIC
REBNTA—2—2HELEY, BIKEDGSIS, 1RV CEE, DHEBSEICIIFELL
o7 LIRAD2HE#®RE, ERHMROMLEHERESREF, M7KR— ABEFORERRE
B ¥, 7RMN—2 ZBEEGEFORBERLU P, BIEX ML X, MEEINLZ, BEEK
LAY 2EEGETFORBICEEE LA, BIREZAV-REASRE (HiaEHE 7Rbh—
VR, BIEX ML R) ORI, EEFHERBERE—HL L. LIRA FEZRM S MREEFASER
EEBIC, BERPSEHOYEENUABEXI ML X, NNAFEX ML ZAOEBERICE VR HRE
ZHEME £ 3.

(22495107 22 H & #2)
F—T—F:INWATVRRTFF -1, Kpaa, MRBE BILA VA, DMk LR

W3 TH BV, TDDIZIE pMlaiEse 2 i

2 RUBEIRIE BB A 7V o — A st A
YA VWS R ST s Y,

I BRI OB ITREMIIR TS 5222, &
SISHIEEILIERE RS L I LA LT b
CERHEEN TS Y MRS A PHE
DO PRHIR RS 72 MU R 4 0 PRI HE R DS 2

RIS LD EETH L. ZD72D, Btk
PRIGIGIROERE & LC, BB ML= B X UHEE
ORFFICHET 28I EF Y, chET
WA ¥R VIRPUESGESRIC X 5 2 BB IR R
HOWE B MR REYCGEER SR IN T 5
L0 RBRIS, AR, PUBERREE L LTHiIC
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B LI Vh TR TF K -1 (GLP-1) B
ML, B ALY B X O B kA ©
AR A 2 BT XY 2 TR O Bk
ZYEHELELIDOL LTSN TV S,
GLP-Lid Bk~ - PussIRBIER 28 LT\ 5.
IR & L CHHARAEEA A ) V55
PRAEVE™ ¥ 3 X ONMBEARAEYE 7 v T v 55
WHIHER Y 2 H6 55, HICIMER &
LCHWNAEPEHGBEER ', ARHE
B4 2 VRSN 2. 55
(2, GLP-11Z, B B ifa o g™ 2 g%,
SAL? ZREL, TR =T R 2T 2
DZERHESNRTWAS. LA L GLP-1%
RIS 3 % B2, ARWNICIA#ICHET 5
VRTFFINRTF ¥ —¥ 4 (DPP4) 12L& D
HR PR E NS TRIGT 5 L v I
HEAH L. Pie b GLP-17 - a 7#H)) 5
ZVF K (LIRA) &, EMER GLP-1034%1 Y
VURTILVFZUVICEBL, y IV IVEX
N—P =L LTSV P VRIS A L
TTNT IV EDRFEEERHITL, DPP-4HKHT
P2 E L2 8K THHY

AWF2E1E, GLP-11C & 2 B SN H o
ST TS 2ICT 5720, LIRA Z VT
REHE BRI & 7V db/db < 7 AW B L UE
Wi A% ikdk, ol BT IREER O %
e L7z

k& Jiik
LT

e PE1038 #5 BKS.Cg-+ Lepr/+ Lepr®/icl (db/
db) <A (HARZ L 7HRE&M, a0 23
L5570, HMEIVMPAL. v 7R
(&, FEBRIIM A8 L CEiR22+ 2T, {20~
60%, MRHHRER 7 ~210 02 ) — v x) THE
FETHEL, BEHL MF, Vv 5V
BET3E, W) LoKEKEZHHBERE 72 K
Whgeix, JIERKF B ESRZE B2 OKEE
ZF (No. 06-062), I [ BE Ak 2= Bh ¥ 92 B4
I SOR-T e Al

SR Ty

HEPELOME W5 db/db < 7 2%, EAEZ |2 LIRA
P58 (LIRA 200 ug/kg) d L <&V & MRl
W (PBS : phosphate-buffered saline) % 5- # 12
o, 1H2EOETHES (AM9:008 &
' PM4:00) % =T 7. K% TO LIRA $5-
B, BT ko s L.

HHE, A, AT — 5 HE

REP L OEHET 9 EE) 5128 F °F
APE L7z, RSB HIRD S10:88 L D 18
T EIC12E E TIT o 72 MiBEEE, 7Y — A
AN (Fv A EBTE BER) 2H
PRIME B2 04T - 72, A48 L 72 3R 30k
—80CITTRAFEL . I3EA 2 ViR
BEEEES Y 24 Y2 YlEF b (Fk
AERERFIERT, RHE) 2, SRR G
ERER N 754 FE-FA M7 a—
et T3k A, KB 2 W ITo 72 .

PO VUBSli 3

LIRA %5 2 A#B L 0281, 2HEEM
T (10K LA Eofifr) 2B wTA ¥ A ¥
(ba—=Y ¥ RY20H4 kg, HAAL =4
) =&, M) 2~ AREERICER S
L7z, BRILIZ30%0 T & REIRD S 4TV, B
7Y =274V ZH, RILE#ZIIT-
7.

I 7 LCIIRIR & F SO 1 > R Y > ad e
I I o B 213 Kitamura & O 5 12
#LTagr+—EHLELTHW. 1.5mg
ml 27 7" —+ (collagenase P, Roche. Swiss)
£10% 7 ¥ J& A ML i % & & HBSS (Hanks'
balanced salt solution : 137mM NacCl, 5.36mM
KCl, 0.44mM KH,PO,, 5.55mM Glucose, 0.03mM
Phenol Red, 0.34mM Na,HPO,, 0.27mM MgSO,,
1.26mM CaCl,, 5.83mM NaHCO,) %, X FN
VE S —)b (0.05mg/g) (ZTHEIPENREEZ 1T -
o~ AONHEIZ27S — Y OF ST 3ml {E
AL, BE~HHSER. a5 F—EiEAR
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Lo TR L7 Bl 2 BRECL, 50ml =2 =% v
Fa—T7IZBL, 37C TI95MMkBEMICIRE 9
L7z. HBSS 30ml ZHlx Tl (1,100rpm, 2
Gr) R 3EEMDEL, REONL Y MIZ10ml
OHBSS # ML CE&EBBE 74 V¥ —I1ZHL
7z. ¥ b | Histopaque-1077 (sigma, St. Louis,
MO, USA) % Fiv>Tatls (2,500rpm, 2247) L,
NG IRAE & AV iRk & B L 7. e &
FRELL, HBSS %30ml AtCimls (1,100rpm,
257) THEMER MR L7z REITHEK -
T KBRS v — LIS LERBEMS T,
Xy FEHWTERIREZRNLZ:. [ VR
) U ERIE T TIE, 80T IS THME AL,
AV A vERIER BIRBZBIY ) —
WVCHEMRL, Hik LoBEmEE~Y 24 V2
VHIEFR Y MICTHIE L.

I 7 LC AR 5 U E

Hialk U725 CHRILL 72 7 K 1E, 50 u
1 ® High-salt buffer (2 M NaCl, 2 mM EDTA, 50
mM sodium phosphate) % {%Jll L 72 PBS I2°T 2
WIgE L7z, 1o MBERRAEsL7z 55
N7k % &.0 (12,000pm, 543) L72%%,
F#H10ul 210ult- 7% 7 — )b, 50 ul Triton
X-100-methyl alcohol (1 : 1) &RALZ. B
KBRS RWE AR L M) 7)) &
FAFE-7AM7a—IZCTHEL.

TN T = RSB > X AR (GSIS)
Hiak L7207 3 CHRILL 72 7 I E % KRB-
HEPES /N v 7 7 — (5mg/ml BSA & KRBH,
pH74) T7 L 4 v FaxX—=1FL, &b
(10,000rpm, 143) 12 EiE#%3.0mM b L <
1316.7mM 7V a2 — X L @R L, 60514 ~
Fa2~R—b+L7 & (10,000rpm, 143) I
s EiERH, iRl EERES
YAAL VAR VHIEF Y MITA YA ViR
e L7,

W5 FCRDRIFEF IR
EE128ER I, XY F2VVE F — )b (0.05mg/g)

2T ZADWEEMNRRIE 2 A7\, R & H5 i L,
RNV VEE 8T T 4 AL, 4u
m DFHYYA T 4 FERZER L7 fpEdtaid
BERDURE S > TIT o 72, TS T 714 >
PR LVEY =LY (RS T ERR A,

KB, =5 7 =W ThiNT 74 %, AR
PEARNVFF T —XEE 70y 755720,

3% BEEILAKEM A & 7 — V2155 iR L7z,

10mM PBS (pH7.0) Tk, 1 kbufkE L
THUEE ARV E V2SR (TFFRT VA
TUHik T v FRYS A F =11 1,

25C, 1HR, #hA&tt=F 1A, Hx0), #it
<7 A PCNA (proliferative cell nuclear antigen)

E/ 7u—F bk (4C, 14K, #RUatt
=F LA, ), P~ 7 X4-HNE (4-hydroxy-
2-noneal modified protein) €/ 7 T — F Lk
(4°C, 14F:H), HAZALHIEDETERT, 49F)

ZREA L7 PBSICCHR, Y T IVAT
1 ¥ MAX-PO" (BRR&tE=F1 4, 30 %
AL, 25CTIZTI00 M KIS S &7z, PBS 2
TPGtE, ¥ v TIVAT A~ DABEMHR (kX
Ktb=F VA, BWH) ZHEML, 25CI2T7
SRS S, 7 Wil Mayer
Hematoxylin {2 CTfT-7z. TUNEL 7 v t A1 {3,

DeadEnd™ Colorimetric TUNEL System (Promega,
Madison, WI) % Fi\y, BEHEY 1230 X 47572 .

TEHEZ NIRRT

SRy AR, BT KEWmE, SvhTr o
Vb AYF U EMIE, PCNA Byt i
4-HNE B PEf e, TUNEL B M HL o 51 i,
NIH Image (Ver. 1.61) =\ 7z, WE B Hife &
&, BEERE (mg) x % BT INEHRE < % B
MM X 0 S L7, PCNA feiEdefn B X
U'4-HNE 98 deta O f 58 1&, BEH™ ¥ 12 ko
X, ERICOMEICE ) PER L fE
POBDsREER, 0xi Gtz L), 1x (555
P Gt B IR I VDS, R O R HIE X
PATRE), 2 00 (PEEEERGTE SR RV
MlE2s 2 MLLT), 35 (GRRYE  JetafR DS
EVCHTREAY 3MELLE) ICEERIL, S50 oS
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REZHVWCHZEL, FOFUEEsEB L.
TUNEL 7 v £ 1 1Z, 100D KE% HWwT
% L, TUNEL B oS %2EH L
7z

LCM %

I p B RB 2 RGN 5720, BRI
MPETHEL L7207 7 /o f M R A&
e F 5 BUBRHT Z W HEIZ T 5 LCM (laser capture
microdissection) ¥ & H 72, XY AL E
% —v (0.05mg/g) 2T~ 7 A O fE e Rk %
ATV, RN 2 PRI, SRR R L A0 1 A L
WRAEL, KU EZ27YF A5y T8 um
IZAFA AL, AF4 F7TRTEY T, B
BET-B0CIZTHMRAELL. AF4 %
70% L% / — v, Diethylpyrocarbonate (DEPC)
MHERKIZZNENIORMER L7z, ~< FF
¥ Y T0M Mgt L7z, & 512 DEPC ALER
K, 70%, 95%, 100% L& /7 — VI &30% i
BL2tR, F2L VIS HEL MRkt
%47 o 721%, PixCell system (Arcturus, Mountain
View Ca. USA) % V> CHLERE) [ N D 7 KRS
KLU —F—2RHE L, SHEL 7 1V AIZ5RN
L7z, AN ER 2 BRI L 712 (2 g Ml s
FAHFAET O BRI L 72 .

RNA 7/ & Reversed transcription

RNA #ifi 1} {2 I PicoPure RNA Isolation Kit

(Arcturus PN 12206-01, Applied Biosystems, Life
Technologies. Corp., Carlsbad, CA) % i} L 7-.
DNase AL Z3BML, 7/ A DNA DI Y ¥ 3
% —3 g v %&[AIH L7z, Reversed transcription {C
1% TagMan Reverse Transcription Reagents (Applied
Biosystems N808-0234) % ffi Jj L, cDNA £ K
D72 DT F A4 < —1Z1% Random Hexamers %
)i ARyl

Real time-PCR /%
SYBR Green {2 & % # X U real-time RT-PCR
(reverse transcriptase- polymerase chain reaction)
HBrH w7 79 4 < — % GenBank D

nucleotides 7*5 %7 » 12— N L 72 mRNA sequence
2 3% 0 X Primer Express (Applied Biosystems)
Tikal L, blast # VT 7 5 4 ~— DM
ZOWTHERR L7z, B gL, e s,
TRV BALA VA NEAEA LR,
TREERICET %774 ~— %l L&RT5
B7a7 4 — VO &iT-> 7.

o T VE0Sul, TIA X —HIRE
ul, SYBR Green PCR Master Mix (Applied
Biosystems), AiFUKDREZ 9 ul AN THRE
10 u1 @ BB % B L 72 ABI PRISM 7700

(Applied Biosystems) “T55% 4 7 ) @ Real
time-PCR % 7> 7z. PCR £&fF1350C 2 47,
95T 1043, 95C 158, 60C 14r& L7
42T O FEER B W T Dissociation curve 74T % 1T
WRBEIRE, T A E — A7V ESIKE) T PCR
products DR E 1T - 72, BIZTRIABOER
b7z, WEa » ba— )b & L TI18srRNA
R, 27T REHR L

BETFHIRERT

ETOTF— FIZTFE £ FH#EFRZE (mean
+ SEM) Till 7. £ o kiEiE Mann-
Whitney U test # Fl \», p<0.05% HEZEZDH Y
& L7z HMEHHE T 1E StatView- ver5 (SAS,
NC, USA) ZfEiH L7,

OB
ey

LIRA ¥5 1 ABIZBWT, v bo— L
LWL, db/db < v A DR IZHRA L (LIRA
BE:237x16vs. 2 b —)UHE:39.8+0.8y
#, p<0.005 [K1a), FREHIIIHS 7
(LIRA # : 41304 vs. 2>~ bu— U : 433
+05g p<0.05, 1b). F 72, Z2HEHE A
il L OEEREIMAES > 2 VD, 2~ b
O— VR E R LA L7z (LIRA #£:126+7.2
vs. I ¥ b — U169 +10.1 mg/dl, p <0.05,
[Klc; LIRA #£:33%03vs. 2~ ba—#:6.0
=0.5 ng/ml, p<0.01, 1d). ThsozhH
1% LIRA ¢ 5- 2 % ¥ CHfE L, LIRA I, %
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a b c
60 46 ~ 400
°
= £
)
;\é 40 S 44 i 30
o oo &
& 20 *k & 42 E 200
11 i *
0 0 % ﬂ1m ¥
=[] 158 2;8 [} 158 2:8 [} 18 218
(%5 HAM) (EHFI% 5 HAR) (EFI 5 HiR)
d e f
£ S
C ~—
ol @
K = 150+ 90 -
~ 6 oI
§ # 120 X 601
. _E_ ~
% 4 ¢ B 9] * 30 1 *
g g
H Tt i
w2 . - M e X ; 0
B Bl 138 28 B Bl 138 238 0 30 60 9 120
(|5 HM) (FEHI 5 H#AM) BFFE (59)

M1

R8T A= —DBALB LA ¥ 2) AR

—o— IV b= (n=7), —m—: V)T 7IVF NI (0=7).
a BAREOZE. b AEOZEL. o ZEFMEMOZIL. d ZEBME S > XY SEOEAL. e 22 R IMAE
i ZEAL. £ A4 v 2 ) YAMRE (£ 2 A ¥ 208467 kg BEFEPEES.). * p <0.05, ** p <0.005, T p<0.01, 1 p

<0.001.

5. 2 8K R BV TR R IR ILRE (LIRA ¥ :
113£24 vs. 2 ¥ M — )V 1 133+6.5mg/dl, p
<00L M1le) BLXOA A V&2 (K11
by HEI . 2HAABRORH R IT A -5 —
DF—=FFRL TRV, LIRAWK, 2HM
AABICBW Ty ba— Vi L IRL, K
i, 2SR 3 & OVZ2 ) e A vh ek MR A
ORMZPIHI L7z, 2 HA AR O 225 i % A
VAN MEE, 2HEMNABZLITRLD, LIRA
BElday bo—VEEE LML 7. 2 By
ABEDA VA VIEZHEIEN L eho Tz,

JEEZ ST L OF 4 AN e~ D552
LIRA (2 & % dbvdb =7 A DT IKIB~ND %
BEHSPICTLHAMT, FForvhTy oY
% MAYF U EmRL T, FET KBRS
X OWE B M A DB O W TR L 72,

LIRAHGHOBEITKEIX, v bu— Ve
HEL, BEFL)RFEIN TV (K2a).
F7:, LIRAIL, I bu—UBEE B LER
MR A2 AR s 7 (LIRA B :7.7+0.7
vs. 2 ha— )L 14905 mg, p <001, X
2a). LIRAICX 2 2HEMNABROBET KEA ¥
AN rE®miE, 2HESABOT Y Fu— )V
R LA RICHM L 72 (LIRA B : 33.7+23
vs. I ¥ b —)V#f:17.2% 2.1 ngfislet, p <0.01,
HM3a). Iy ba—VHOEIKEL VA ¥
EEITARE DI TAEANED N
7228 (2 H:271+17vs. 238 :17.2+21 ng/
islet, p=0.1, [XI3a), LIRAHOFETKEA ¥
A rEREIGERE EDITHEREISEmLA (2
133723 vs. 2 H :27.0+1.7 ngfislet, p <
0.05, B 3a). LIRA® 2 HA-ATIZ, KT K
B O GSISISH§ 2 BIIRD b N 2o 7205,
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CONTE: CONTE:
T TTE AT
#J“. '\-"‘:4; 12 3 *
g — T —
A ‘f"‘ [<) —
;;'-:\.,\_ o np Ll £9 : o 2 T
) sl W ! 1
| Y d E 6 — ;1"51_‘
LIRAEE 2 LIRAR% L:1]
TSNS o # 1
0 0
c d
CONT =3 -
B | e e I #
o 3 * M o B oos2 —
1 1 oS L iyt N
¢ A= By
— f = = 0.26
LIRAZE @ 5 ﬁ :
] K 1 (@] — K I
:- ® 013
-
% =
0 x o 0
- 3 =

2 BT REMMRG O LK

o e VB (1280, T U I 20T MR (12806,

a WETINERESE B X OB p Ml (%% n=5). b. PCNA (proliferative cell nuclear antigen) fE3E4ett (% n=5).
c. 4-HNE (4-hydroxy-2-noneal modified protein) $e&%¢ft (£#F n=5). d. TUNEL 7 v 4 (£#n=3). B3 bo—
V1 DNase % fi\v272. Scale bar: 100 um. * p <0.05, T p<0.01.

a b C
* *
1 jm
w40 oW L ﬂlﬁﬁ 24 .
o _ 4o N 1
A aE 30 1R 36 # 18
W i iy T
Qiﬁ 20 %iﬁ 24 D 12
S # S N
w < 10 ) £ 12 2 06
0 i N
2B A 2B A 2B/ A 2B A 3mM 16.7mM 3mM 16.7mM

2B A 28BN A
K3 BEITRBIIBIFAEMENNT X—F —DILEK
| = Ay 7 S BRI/ 2 Al b
a BEIREA Y2 vE&iE (&#n=5). b S KREPERDIGE (%8 n=5).
c B E s/ Va—2 3mM) BLUOEREZVI—Z (16.7mM) X b7V a— A REEA » 2 Vs (%
FEn=5). *p<0.05, T p<0.0L
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2 H A AT, LIRA 1Z16.7mM O & i &
Va2 — ZHAMIT L 5 GSIS # 3% L7z (LIRA
B :15+02vs. T b — V#0901 ng/
ml/islet, p <0.05, 3¢). BT REHHEIRE
EEIE, VPO —=VEICBWGHERE DI
WinL7:» (2H:224=11vs. 2:8:41.0+8.0
ng/islet, p <0.05, X3b), LIRA I L5
7 IKE~OREREREZHH#RILZ: (28 :
21.2%23vs. 238 :19.9+3.0ng/islet, X 3b).

T 5 LT 3 D SE FER R HIEHT

RIZ LIRA 12 X % I BRI s PR FEEF 0 X 7
S AL EWHLPICT B0, REMEEN
MENT 2 AT > 72, Mil¥ghii~— % —C&H 5 PCNA
RERLOME, LIRAFIZZY bo—LEtE
i L PCNA Btk Ml geassdim L (K 2b),
BALA N L A~ —% — T H4-HNE 5 geth
T, LIRA IZ X )4-HNE B B4 L
72 (W2c). /2, 7TRF—=V AR —H—Tdh
% TUNEL 7 » & 4 Tl&, TUNEL B4 5l g £
I LIRA WX DA L7 (K24d) .

JE B AN E T FEBIN D
EHICLIRAICE 2 2HB LU 2N AR
Z, BB MIEEIE TR OBIT O W THE L
7z, LIRAIZX 22HB X U2 AL, &I
L 7 A AR HE Efn T (HIxb-9 : Homeobox gene
HBY, Neuro D : Neurogenic differentiation, PDX-
1 : Pancreatic-duodenal homeobox-1) 7% ¥ X
&, AL ¥ & {5 1 (Hes-1 : Hairy enhancer
of split-1) DFEBLEALT &7 (M4). A
B 542 & 5 T (ERK-1 : Extracellular signal-
22w T b A Bk
2, LIRA® 2 HB L2 H AIC & 0 FE8lE
ML 7: (M4). LIRAO2HB LU 28
AL, TR = AWHEE T (Bel-2: B
cell lymphoma protein-2) D FEH & % Win s &
(K5), 7TRM—Y AFEEET (Caspase
8, Caspase 3, CAD : Caspase-activated DNase) O
FHEEZWO L2 (K5). T 0@IEF~
ORBEIZRR Y, LIRA I 2HEMAAICBW
TOARPLEEAL A b L A& 5T (Catalase, GPx:
Glutathione peroxidase) @ 583l % BN X 4,

-

regulated kinase-1, cyclin D)

Hixb-9 Hes-1 NeuroD PDX-1 ERK-1 CyclinD
(X109 (X109 (X104 X109 (X109 (X109
*

%20 * 8 16 i ‘ 6 24 — 20 *
= 15 6 12 45 18
(o]
10 4 3 12
>
° 2 15
(0]
© 0 0

28BN A&

X109 X105 . X109 X103 X109 X109 =

< 8 . 4y 4 4 12 16
E 6 3 30 -, 3 9 )
< 4 2 2 2 6 8
4
. 1 1]ﬂ 1 °
c 0 0 0 0 0

2B A%

X4 SRR LR A B E R BT 0 7 7 4 VDK

bV, Y7 VF N
LB 2 AR (K n=4),

T 2 HA-ATR (%58 n=4). *p<0.05.
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Bcl-2 Caspase 8 Caspase 3 CAD

X109 (X10% X109 (X10%
<20] 4 o 12 ¥ 4 &
T 15 |3 9 3
2 1
=10 2 6 2
2 I
ke 5 1 : 3 1
g ol Il 0 0 0

2B A%

(X109 (X109 (X109 (X109
512 8 " 4 o 4 o
% 9 ‘ 61 1 31 3{ 1
6 | 4 2 2
(/)]
>
o 3 2 1 1

2B A%

M5 BESMIEAERNT R b — Y AMEBERFEB T2 7 7 4 VO

M-V, YISV R

B 2R (KBEn=4), FEB: 2 HAARE (%8En=4). *p<0.05,**p<0.005, T p<0.01,#p<0.001.

AR b L AR T (XBP-1: X-box-binding
protein 1) B X VIRE SR ERT (SREBP-Ic:
Sterol-regulatory element binding protein-1c, FAS:
Fatty acid synthase) DFEBL % /A S €72 (146 ).

A

AREFFRIZ BT, N RIEE 7V db/db <
7 2% L F GLP-17 5 B 7 LIRA O 5%
TV, Z OB S-% db/db < 7 A DWE B HIN
BEMMEELZ LML ZOHE
&, EBEYIREAT o 2 2RERIRE TV S >
M2 L, LIRA & [ARIC GLP-1% &R /EE) 3
T® 5 Exendin-4" Z @V 5 L 72855 R db/
db <7 A% L LIRA #BMEH L L 72351
—HTr".

#EZ IE O PCNA i guta o5 R1%, GLP-1
DWE B MR AR FH oS R s s A S 1 & A
LTWAWMEEEZREL TS, X 5(2 LIRA
OG- B I ORG-S, fHIICE R
7 B H L O M o AL AR A B AR <2 M B
REBIZT ORI EZWME &, oMt
PIHBIEF ORI L WA S E7-2 L1E, GLP-1
AEEICHIRL b L OB E R E S5
CEWEXDVEpMEERMESE S L ER
SRBTHLDOTHAH. - LR
% — % —"T& % Hixb-9 BInT B L N5 WHI
BAfie~ — 5 —TdH 5 NeuroD EIZFDFEBLIZ
xf L LIRA DSEIEEMNITEET 5 L v ) R,
GLP-1% B #ila & 0 Kbz fliia L <L T
HALTWwAZEE2RBLTBY EHIMET 5.
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GPx Catalase XBP-1 FAS SREBP-1c
(X109 (X109 (X104 (X109 (X109
<4 8 B % 2] _* 0] —
o 1 1 1
= 3 6 12 9 15
@
s 2 4 8 6 10
o1 2 3
©
2| 0 0 0
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N TIZ GLP- 1 E oMl > 7 F )Wz
EREICOWTIE, BOooWEN LRI T
%. GLP-1ZBENOREH, 7T =NV Y 7 F—
EiEMAI EA L, cyclic adenosine monophosphate
(AMP) /protein kinase A (PKA) & 231G MEAL
EN%. &5\ GLP-175EM DNA As L O
N2 B W T, phosphoinositide 3-kinase (PI3K)

% p42 mitogen-activated protein kinase (MAPK)

) epidermal growth factor receptor (EGFR) ",

Protein kinase C{*¥ & E 2% H 2o TV 5.
DL I LMBBIZBIT S GLP-1Y 7 F ViR
EX, GEpMREZEkE Ty XS —F
ZERORRA ZHBEAEHICE DITDIRTn 5.

ABEZETIE LIRA ORI 5-1 X O REI#H 512
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2T 5HBBIICB W TS, Bcel2, Caspase 8,
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AMP-responsive element-binding protein % i~ L,
Bel-2#fnF B L OWEIEDFEBL, Caspase 3if
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The molecular mechanism of human glucagon-like peptide-1 analog
liraglutide on pancreatic beta-cell preservation
in obese diabetic model db/db mice

Masashi SHIMODA

Division of Diabetes, Endocrinology and Metabolism, Kawasaki Medical School,
577 Matsushima, Kurashiki, 701-0192, Japan

ABSTRACT We investigated the molecular mechanism by which the human GLP-1 analogue
liraglutide (LIRA) preserves the pancreatic f-cells. Ten-week-old male diabetic db/db mice
received LIRA or vehicle for either a period of 2 days or 2 weeks. In addition to morphological
and biochemical analysis of the pancreatic islets, gene expression profiles in the islet core area
were investigated by laser capture microdissection and real-time RT-PCR. LIRA treatment for
2 weeks improved metabolic parameters and insulin sensitivity in db/db mice. Two-week LIRA
treatment increased glucose-stimulated insulin secretion and islet insulin content, and reduced
islet triglyceride content. LIRA treatment for 2 weeks up-regulated the expression of genes
involved in cellular differentiation, proliferation, anti-apoptosis and anti-oxidative stress, and
down-regulated genes related to anti-differentiation, pro-apoptosis, endoplasmic reticulum stress
and lipid synthesis. In the 2-day experiment, LIRA slightly improved metabolic parameters, but
glucose-stimulated insulin secretion, islet insulin and triglyceride contents were not affected.
LIRA increased gene expressions associated with cellular differentiation, proliferation and
anti-apoptosis, and suppressed gene expressions involved in pro-apoptosis. However, it had
no effect on genes related to oxidative stress or endoplasmic reticulum stress. Morphometric
results for cellular proliferation, apoptosis and oxidative stress in the pancreatic islets were
consistent with the results of the gene expression analysis. LIRA increases the pancreatic f3
-cell mass not only by directly regulating cell kinetics, but also by suppressing oxidative/ER

stress, secondary to amelioration of glucolipotoxicity.
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