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PIO TR ER, HHA#TERELRRY 4. BEFENTIE, hsulin BIZFHRIBEEIL ALO #
EOHRBTHEML, PIOBETIRA R VERMSEEZ KM URMMEREZRL 2. GLUT2EIETH
BIISEREBRTCHEIMEMZEID, HRABTTOMEMIEED > /. PDX-1, MafA, Cyclin D &V
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HMTH 5.

B p ke Aoy & LT, BRWE
RN 2Tk o i IUBE <P w2 HENR T 1% (FFA)
MAE LS & o CTHE S B EEE, TRk 255
CBE 5. §7%bbEMO S IMEER & FFA
MAEAST| & & 7 HIRAEA b LAY, Nfafk 2
MRV, =77 V=REY, REVED
B p il DR 2T S5 & LI
TAR M=V R EMT SR, LM E DD
EHHTEEILNTVS

VHUZTEBRCMERETETHLF T VY
Y VAR (TZD) 3, GLP-1Z AR B 3EY
$ X U dipeptidyl peptidase-4 (DPP-4) R & #°
ASHE R E T OVEN I BT B TRE R R,
Bk e E MR 2 Ik 2 2 & & i
H LT &7 TZD I N2 B K peroxisome
proliferators-activated receptor (PPAR) y % i 1t
t32ALY A2 FT, KM 2 A
YA VEZERYET 5. HERIKEICE
W ISR O X 0 p A
TEH %3645 2 L WE SR TWw 52", PPAR

MBI EBLTB Y, GLuT2™?
% Glucokinase™" DFE B BME ¥ H 2 &,
S HZEEMIZL - B, TR -
A B L OCBAL A+ L A Bl < ) REE
DHE SN TWRY, DPP-4 BLESRIE A » 7
L F v D fEWEFE To % DPP-4 O & [
% 1, Glucagon-like peptide-1 (GLP-1) # X O
Glucose-dependent insulinotropic polypeptide
(GIP) D IMLF R EE % A PR PN CTHE N =
%. GLP-1 % GIP X IMAFMEAF IS A > 2 ) ¥

T RAE S, GLP-1 1277V I 2 4]
fEf % HbEFRFOZ L T2 %ET 5. F72,
B g MRS LTl - B EEH, 7
R b= ZIHEIER, LB L OVNMEkER L
ZWHIER 2 H50 2 & s S hTn 589,

ILAE,  UH2RUBE IR IR € 7V ob/ob 3B X UY db/
db <7 Z\ZH§ % DPP-4 FEFE (Alogliptin :
ALO) & TzZD 3£ (Pioglitazone : PIO) o $f i
555, WENRMI B PRS2 X 0 A 7 7 v
I — AREEA ¥ R YWD EE RS

S
I\'DL

CEPHEINTVAEMY s o BRI
KR OG- OENEEZRTIOTHY, W
AN & 2 B p AL ORFE VR O 7 F B 12 0&
WSH B EEZ LML, FOFFMIIOWTIE
KIRE L TAH R A%,

KWFGETIZ, dbdb <=7 A% 5 ALO &
PIO DB 512 & 2 B B #ill i 4% 6 PR 3 X0
AMEL, 5T THEEHHET 5720
(2, BB I 7O BIEFREBIN 2 R
5.

R L JiiE
LAY

NG 2RI R £ TV = 7 A & LT HEPE6
BKS.Cg- + Leprdb/ + Leprdb/Jcl (db/db) = A (H
A7 L7 A&, dn0) 2L w2
X, EEBREIM A8 L CER2+2C, W20~
60%, MBIKEH7~21KD 7 ) —> ) 7 HH
FTHFL, BB (MF, 41125V
FETE, ) LKEKE HHERS . K
fgeix, NI ERFREBIY EBRZ B X OKEE
ZUF (No. 10-063), 11y & RE K 2% Bl Wy 52 B 45
SHco & f7 o 72,

FERBEG T 1

HE VG Y db/db < 7 A%, MAE% 12 ALO
¥ 5.8 (ALO 30 mg/kg), PIO #5-% (PIO 25
Bt B 5 8 (ALO 30 mg/kg, PIO 25
mg/kg), b L <1320.05% HVEF T XF )L
U—X&ﬁ(zybm—w>ﬁ(%ﬁm®
45, 1 H1E® PM5:0012 D&%%ﬁo%
AFZE T O EY PG, ESE%&”” WD E U
E L7

mg/kg),

HKE, FfaE, LT — 5 e %
M, KRB X OB R I36:HE 2 5108
i CHEE L7z SRR ERIR 2 © 638 s
L0 2H L2108 X TIT o 7. MR E X
7V —=AFAN® (Fv A EmTHE BAER)
ZHW, BRIERICATo 72, MAE0HE L 728810
AEHE -80CITTRAE L 72, A R Vi
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B, MAERPERRIEEE, AT 74 KA F v
R, MV TR, AR GLP-1
WEICIE, FhENBRKRESTI AL VR
YRy b (FRAKEREERIZERT, BHE), b
Y ZYEe54 FEFAMT7a— (FGHEET
LRSS, KR), ~9 X774 KA 7F
YELSIA¥ v (AL Ly A, RE), 7L
# I~ ELISA (RWIEWFZEAr, &), GLP-1
(active) ELISA ¥ v b+ (BRX &t v ¥
) W

oS XY AR

R AL, AREMETIZBWTA YA
)Y (ka—=1 ¥ R® LOKANT kg, AARA —
A0 =Rtk #WE) 2~ REENIC
P57z SR REIR 2 5305 Z & 121205
#BE T, MAEEMNEZ7 ) A7 M L®%
vy, BRIMERZIZAT- 72

WBEBIRIK & G 1 > X ) > G E

W B D BB 121X Kitamura © @ 7 EP (2 #E
Tagrr—EEibEt vz, 1.5 mgml 2
J %} —+ (collagenase P, Roche. Swiss) & 10%
v ¥ BEAF L % & ¢ HBSS (Hanks' balanced
salt solution : 137 mM NaCl, 5.36 mM KCl, 0.44
mM KH2PO4, 5.55 mM Glucose, 0.03 mM Phenol
Red, 0.34 mM Na2HPO4, 0.27 mM MgS0O4, 1.26
mM CaCl2, 5.83 mM NaHCO3) %, ¥ h\JL
¥y — ) (0.05 mg/g) & THEMENME:Z AT -
7z ADORRFIC27 — ¥ OES S T3 ml IE
AL, BENERSEZ. 3975 F—¥EAR
Lo TR L7 B 2 SR, 50 ml 2 =7 )
Fa—7I1BL, 37CTLIHBRKBIICIRE 9
L7z, HBSS 30 ml %0 CTa.Lv (1,100 rpm,
207) &3EMDEL, wHEDONL Y MIZI0 m]
DHBSS WML CTEBEB7 4V — 2L
7z. & 5 |Z Histopaque-1077 (sigma, St. Louis,
MO, USA) % v Tl (2,500 rpm, 22%5)
L, WAk & oL wilik z o de L7z, e
J& % $RILL, HBSS %30 ml AdL Tl (1,100
pm, 253) T AEERIEMD KR L7z mEI

o IoBE % ¥ ¥ — LICE L ERBMEE T T,
Ry PMEHWTHEEEZRNL. £ Y AY ¥
SRNE T TIE, -80CICTHMEMmL, 1>
AN rEmllER, BEERLY ) — IV THER
L, il Lz@BREEE~Y X4 v 2 Vil
Fv MITHNELZ.

DN T —=RIEEIEA > XY > G (GSIS)
Al U 7275 3 CERILL 72§ B % KRBHEPES
Ny 77— (5mg/ml BSA &4 KRBH, pH7.4)
TTLA vFax=11L, @l (10,000 rpm,
14) #IZEiE#3.0mM b L <1216.7 mM 7 v
a—REEHL, 6054 v F =1 L7
L (10,000 rpm, 143) X DR 57z Bk
ZH, #idLoBEERE~Y Y 24 22 Vil
EFX Y MITA VAU Vg2 E L.

WG DRk FHI B
SE1LERNC, < P2V E 7 — )L (0.05 mg/g)
2T A DERENIRRIR 2 47\, Bl 2 fi5 1 L
FN=Y VEE-8T T 4 YA LR, 4 um
DA T A PERZERL 7.
SRR EIE, TR T vl ELE
V= ® (FGhisE ToEmAa4, R, =
5 ) —=WIZTHi/ST 7 4 % PBS THHL,
VBB LTV A 78y — 7% w755 R
THALIE 217 o 720 LRPUKE LTHIA > A &~
Pufk (Santa cruz, USA), L7V #1 T~ Hiufk (Santa
cruz, USA), #HLKi67HiMk (abcam, UK) % fii
M L7z PBS IZTHER, 2RMMA L LT,
Anti-Rabbit IgG Alexa Fluor 488, Anti-mouse IgG
Alexa Fluor 594, Anti-guinea pig IgG Alexa Fluor
488, Anti-Rabbit IgG Alexa Fluor 594 (Carlsbad,
USA) &7z HEL O FHi 12 1E 7 > He
%47 7:. TUNEL 7 v £ 1 &, DeadEndTM
Colorimetric TUNEL System (Promega, Madison,
WD &, BRI & 4T o 7

EREZHIFEIT
B p MR SRR (mg) x (% JE S i)
X (% BEBMME) W CXvEMLA KER
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EHEHEZICE L, SFRWEEHES X OES
AL O FHANC & NIH Image (Ver. 1.61) % v
2. AVARY Y - FNH Ty TEEEIZEBA
VAN YBEUT VA I VBT I
S50 DOBEE % FIVCHBETHE L, BB
KBTS pMlaoE &% % ML L
7. Ki67¥f, TUEL 7 v & A 3R s h
TWbd0%HEEE Lz, BYERERIE, Ki67
P CIIRBENO AL ¥ 2 YBERMTLE %,

TUNEL 7 v £ 4 TIEEBENOETOMBEH %
Gkl L, SO OBES % W CHBICHE L

EEEEN Lz, 7Y R oRHG,

NIH Image (Ver. 1.61) % v 7-.

LCM %

e p Al & FIRB YT 5720,
BECUHEECTHV. LK 7#HB o MR
T H BN % W HEI2 3 % LCM (laser capture
microdissection) {7 & H\ 2 72, R Y ML E & —
W (0.05 mg/g) (2T ™7 A DIEIENFREEZ 1T\,
TR 2 PRI, SRR R LR L2 A Lttt RAF
L, #2204 A%y PT8umIZA T
AAL, AF4 K77 AR T, JetaF T
—80CIZCTHMRAF L2, AT 4 F&T70% T
% J —)V, Diethylpyrocarbonate (DEPC) HL¥/K
IZZENENIWIR L7212, A~ F2 ) T
30 gt L7z, & 512 DEPC LK, 70%,
95%, 100% =% / — V2 £308 [ L 72 4,
F YL VIR L Mgt ETo 7
%, PixCell system (Arcturus, Mountain View Ca.
USA) ZH W THRRYI A NORERIZ L —% —
ZHG L, —ERICD & 30l DE S % B S
T AV LITERIL 72, AN A 2 SR L 72
BRI pMINEA S CAFAES 2 LB 2 SR L
7z.

RNA #/t & Reversed transcription
RNA ffi H} IZ 1Z PicoPure RNA Isolation Kit
(Arcturus PN 12206-01, Applied Biosystems, Life
Technologies. Corp. , Carlsbad, CA) % ffiJfj L 7-.
DNase LHZ38IML, 7/ LA DNAD I Y % 3

A= a ryaemEL .
{Z  1¥ TagMan Reverse Transcription Reagents
(Applied Biosystems N808-0234) % i i L,
cDNA 5B D72 O 7 F 4 % — |21 Random

Hexamers % i\ 7z,

Reversed transcription

Real time-PCR %

SYBR Green 2 & % real-time RT-PCR (reverse
transcriptase- polymerase chain reaction) % % Fi
W7z, 77 4 < — I3 GenBank ® nucleotides %*
5% »a— F L7 mRNA sequence (230 &
Primer Express (Applied Biosystems) Ti%al L,
blast # VT 77 4 < — OMFEEIZ DO W THE
A L7 T pMlgsAL, Wlasm, 7K b—
YA BALA P LA AR b LA, IRE AR,
PhiE, WAL 2 7 T4 ~—%fiH L#Ez
FRBTOT 4 = VOB ZITo 72, TN
w05 ul, 794 ~—#H%]l ul, SYBR Green
PCR Master Mix (Applied Biosystems), i UK
DRME 11 ANTIRALL0 11 D BB % 1FIK
L 7. ABI PRISM 7700 (Applied Biosystems)
T55% A 2 )V ® Real time-PCR % 175 7. PCR
% 1350 C 243, 95 C 1043, 95 C 158,
60C 145 & L7-. &THOHEEB T Dissociation
curve SAT AT WRHEIRE, 7 AU —A S VE
AUk B T PCR products DR % 4T - 72, #fx
THRBPBOERLD2D, Wz ba—L
L T18srRNA %\, 2-ACT % FHE L 7.

Bl FHIBERT
ETOT—FITFIHYM = EHERZE (mean =
SEM) TitL7:. M oL#IZ ANOVA %2, %
BT Tukey-Kramer % FiV 720 p <0.05%
EFRADD E L7 Mg IMP®  9.0.2
(SAS,NC, USA) %M L7-.

E A

FHINA D CHICRIZTTHE (K], 2)
ETOHTEMEICEI o728, TV b
T — V& g LT PIO BB X OVOF B TR
EHINZ D72, 22 IR RS A VS840 A A &2
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© a HE (&/day) b EmR (e C ZmEmME
50 10 200
180
45 8
160
T
40 6 I A 140
120
35 4 100
80
30 2
60
25 0 40
BW  7TW  8W  9W  10W 6W 7TW  8W  9W  10W BW  7W  8W  9W  10W
(mg/dl) d FER (ng/ml) € WRERmIEA R (mg/dI) f ZeEERmIETG
600 6 180
160
500
140
400
120
300
100
200 80
BW  7TW  8W  9W  10W 6W W 10W 6W W 10W
22 RS M ENEFA %= i EHERGLP-1
(mEa/) 8 (ng/mml) h og/mD i
' 0.25 « 50 *
* *
18 0.20 40 il
T
0.15 30
14
0.10 20
1.0
0.6 0.00 0
6W 8w 10W Cont  Alo Pio B Cont Alo Pio B

M1 R#T72—5—DZAL
a FEOZAL. b AR O, c ZERFIEEOZIL. d BEkEMEEOZEL. e RIS > 2 ) Y EDZAL.
£ Z2 R e TP R NR I D 2L, g ZB GRG0 BENR T R i > 221

—o-Cont —e—Alo - Pio —— i FA

*: P<0.05 vs cont T : P<0.05 vs 6:8#5 § : P<0.05 vs Alo
h. ZEJEIEIMAE 7V 7 T UMl i AR ME GLP-11i.

o AR mIT AR
*: P<0.05 T :P<0.05vs Cont, Pio
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) a  pITTU1:EE) b ipITT(AUC) C PFaRRHFY
140 14 100 *
*
*
120 12 |,7 80 §
§
100 1 60
§
80 + 0.8 40
§
60 : St 3 g 06
n | “

40 0.4 0

0 30 60 90 120 (53) Cont  Alo Pio  #H Cont  Alo Pio A

H2 A >R yARREB L MR 7 74 KA 7 F Ul
a4 YA VAR b A4 A YEMRE (AUC).

—o-Cont —e—Alo ---- Pio —— it F

*: P<0.05 T :P<0.05vs 0 min §:P<0.05 vs Cont, Alo
c. MAET 74 KA 7 F /il

ot ARl mT AR
*: P<0.05 § : P<0.05 vs Cont, Alo

THEIKMETH Y, PIOREB X OPHHEETZ
OENL IR > 7z, FEREMBEfE I 2 > b e —)b
BLIB LB CHRICRMETH Y, R
LM R ZBD . EERIMSEAS >~ 2)
UEE, 6B L LB L ALO BECA EITIMm
L7zo2xf L, PIO # Tl AMBEBIZBWT
I M= VLB LIKETH D, R
X ALO B & PIO RO ICME L. 4 VR
) VM PIO BB X ORI BE T L,
TFA4RA T F EIEPIO BB X OBHBET
FETH o7z, MBTEPER GLP-1MHIE 2 > b
O — U, PIOREL ML, ALO#EB X UHF
HAHECHMETH Y, BV A T o HIE
ALO BB X UPE B CTHEAIM AR L D FRIC
T L7z Z2ligiRe e PR I i X 38 A A 4
BCRTT2EIMICH Y, ZZIEREMLE NEFA
LHEETH - 7.

FHIA DWEBFHELE D L O 5 A FERE~ K IF
W (K3)

XA & B db/db =7 A DPEBED R
FHLPCTHHNT, FFA AV - 7N
Ty EREE AT, BEERE Kb X

O BRI R~ DEBIZOWTHE L7, W,
afilaB XU pHILOEENBIEIXEhZEN
JEBERE L ORI AIE S 5%, 3 ha—
VHEETI a ML HLBANDRADE L A5
N, ZOREOFLIVIEERM AT L D EE S h,
PR CZOUHII I VEHE THH- /2. T,
B gL R AN AT Y b — U
S LM AR L, PR CA IS8
LTw/. HafifRIEHTHELREILE
ROGholz. HEEREENA Y2 v EEB X
OB 7V 3 — ZARIEEA ~ A ¥ 53U SO5
&, 3 ¥ b a— VB e bk U SR AI A LB TR
ML, 4ECBEABECTEHTH - .

WER DORBEFHINERT (1K14)

WA p A A AR 2 B S 2125 5 7
DA, HIKREE N IRAT % 4T - 72 M B gl ~ — 7 —
Td 5 Ki67 btk p Mgt a1, ALO £ 721
PIO T CHIMME N % 720, BEHITE CA BT
L7 F72, 7TRMN=—VA¥—H—¢LTD
DNA $HE) W fir ik il 53 T& % TUNEL 7 v
A Ti¥, TUNEL BpifiRagid, ALO F721%
PIO T CIAMEIN % 720, PEHAMECHEICHA
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a AVARYY FIhdv—EgE(12:860)

db/db Cont Alo _
b a,BilREE

*

Pio 3 H 0

. Cont Alo Pio #tA
Green: Insulin Red: Glucagon
(nglislet)y ¢ FEERAVARVEE (ng/mlfislet) d GSIS
90 %% 5 *
80 |
70 4 +
60 *
3
50 *
40
2
30 I
20 1
°
0 0
Cont Alo Pio i3] Cont Alo Pio #H

L 32mM m16.7mM

X3 HHFNADBERMELES X O p MRS RE~ T

a A YAV Y VAT FEYetn Gk A YAV Y KN hTY). b e pAESEN: p M, [
a L *: P<0.05. ¢ BETIREA ¥ AU & *: P<0.05 **: P<0.01 vs cont. d. R )V 32— GmM) B X OHIEE
Fha—2A 16.7TmM) 12X B 7V a— A&t 2 4w bos [ 3mM, Il : 16.7mM *: P<0.05 T: P<0.05 vs
3mM.
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a Ki67 b TUNEL C 7Hoia
(%) (%) (%)
%1.8 @ 0.10 8.0 *
#1.6 g
ol
14 g 0.08 #6.0 ‘
1.2 H H
K10 ¥ 0.06 a5
Q # AM
0.8 H
{;l_ @ 0.04
il 0.6 =
5 0.4 Z 002 .
502 2
£0.0 0.00
Cont Cont Cont  Alo Pio #A
B4 RS O RIE LR A N FEAT
a. Ki67B A=, b. TUNEL Bpthiiass. o 79 ¥ Gt ikim i
* 1 P<0.05
#1
BET W avho-vlE Alo B Pio #f PEHIEE
A YA VG i B R R T
Insulinl Insl 1 2.30 0.53 34371
Insulin2 Ins2 1 1.54 0.50 § 2.44
Glucose transporter 2 Glut2 1 3.00 2.37 6.03
LB T
Homeobox gene HB9 HIxb9 1 2.11 1.61 9.35% § T
Pancreatic and duodenal homeobox 1 pdx-1 1 2.12 1.38 570% § T
Neurogenic differentiation 1 Neurdl 1 3.08 2.55 776% T
v-maf musculoaponeurotic fibrosarcoma oncogene family, protein A~ MafA 1 2.94 1.34 15.80% T
Hairy and enhancer of split 1 Hesl 1 0.24 % 0.72 0.38
B B R T
Cyclin D1 Cendl 1 7.23 3.41 8.68 *
p27 p27 1 0.30 % 0.44 0.24 %
7R b= AW T
[ -cell leukemia/lymphoma 2 Bcl2 1 5.61 1.99 7.54%
Caspase 3 Casp3 1 0.29 0.72 0.29
SIERMEAL B R R T
nuclear factor kappa B NF kB 1 0.53 0.15% 0.18
Collagen type 1, alpha 1 Collal 1 0.46 0.11 3 0.03 %
Collagen type3, alpha 3 Col3al 1 0.39 0.14 % 0.09%
BRALA T L A B AR
Superoxide dismutase 2, mitochondrial SOD2 1 1.46 2.48 2.35
Glutathione peroxidase GSHPx 1
Z DAt
Glucagon-like peptide 1 receptor Giplr 1 3.12 6.74 11.20% §
V-akt murine thymoma viral oncogene homolog 1 Aktl 1 2.71 2.44 450% T
Extracellular signal-regulated kinase-1 ERK1 1 543 212 5.58 %
Insulin receptor substrate 2 IRS2 1 3.00 1.52 4.03 *

* :p<0.05vs I b —VHE  § :p<0.05vsAlo#E  T:P<0.05 vs Pio #f

L7z, BERWHAELOFEEEZ, PIO ffB X OF
HEETHRA o7z

FERNINA NS & B JBE 5 AN AT FE BN D jE
(#1)
Y ha— VLK LT, Insulin 1, Insulin
2 AR T FE BLE & ALO HE & O JH ¥ < 84 1

Mz/;RL, PIORECHAMINZRLZ 7
Va— AR A A VWi B E glucose
transporter 2 (GLUT2) & Ax T 38 Bl 13 492 3
fECRINME R 2 R, PEHRETZ o Bm) I
o 7z AR B 3 (Homeobox gene HBY:

Hlixb-9, Neurogenic differentiation: Neuro D,
Pancreatic-duodenal homeobox-1: PDX-1, v-maf
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avian musculoaponeurotic fibrosarcoma oncogene
homolog A: MafA) BAZF5BIEX, PEHEET
AR L 72, ALK B Hairy enhancer
of split-1 (Hes-1) Bfx 738 EI1Z, ALO S
L OPEHBECICT L7z, B o B (5 T
cyelinD1 33 5 1% PIO B TRy @ ) % 7R L,
ALO BB L UFHBECAHEICHIM L 72, HigM
PO B E AR T p27 FEBLE 13 PIO AE T A6
M%) L, ALOBER X ODFHIBE CH BIICT
L7z, 78— 2PN B B cell lymphoma
protein-2 (Bcl-2) i £ ¥ 5& 3L & 13 PIO ¥ &
ALO HETHOIMER Z 7R L, PFH#ECHEICH
TRI N7z, 7RI =T ZEHERHE Caspase 3 &
BFRBABIENARTHA L. £KE - #
e AL AR St B 8L (Nuclear factor kappa B: NFkB,
Collagen type 1, alpha 1: Collal, Collagen type 3.
alphal: Col3al) #fn¥F 38 Bl 5 X ALO T4
il %2 R L, PIO #fd X OVPFHHE CA BN fE
ThHolz. BILA ML ZIPHIBEE (superoxide
dismutase 2: SOD2, Glutathione peroxidase:
GSHPx) #AZT-ZBIRIT &N ATECTHIN$ 5 15
MIZd o 72. ZDM, GLP-I receptor: GLP-IR
Extracellular signal-regulated kinase-1 (ERKI),
V-akt murine thymoma virdAloncogene homolog 1
(Akt) A= T BLRNE ALO B & PIO BETHIM
AR L, PEHAECE HICHIEI .
EBMBLDOERD L URIEICLHATH S
Insulin receptor substrate-2 (IRS-2) HAin¥ D3
BmAME LcL 25, ALO BECRIIMEIN %
AL, PEHBECTHEEICHES hTw ().

E

BESRO X [JBRIC, ARFZEIC BV TH PIO &
ALO OB G- 2SHIIM By 70 E B Al PR 3 &) S8
FETHIENHSII R o7, EIEEIRET
&, BE BRI B o GLP- 12 A RSB = MK T
FTHEOWE (2 RY 59 P INS-IE H
Ba?) L HIET L o (5 v b,
v ) Bhs FRRHHEEICIVA VY
LF UV ZHREREREIERT I L0HMEDH
2% BT, ARFRAS R E B ) ALO

HOMBE IR BRI R B X OB B MOk
BRERD L N0l FOERE LT, High
BECIIHESRMEIC X 5 GLP- 12 B AR HE KT
BAHND—T5, WEEF B R TR S
F T L > T GLP-1ZBAREHHINT 5720 &
ERLTWVWS. —F, AR TIE, &kE%xE
LT ALO ORI RIFER S iz, EHIMNAHKD
GLP-1Z AR mRNA BB EIE, T bu—
MR L EFEERHTHEBLTEBY, HEIEN
HBUHEOREDOERSEELTVL00b Lk
W,

WA OB T, X B L MR SR A3
ZONFEKE LT, WA X 2 BRI O
REDEABBEOEVYH TSNS, DPP-4
FHESRIZ A 7 LF v DIhiE e 2 8 S &,
MERIEEA XY v i fRtEE (GLP-1&
GIP) & 7 v I 5puidfEM (GLP-1) (2
L0 IfkER Y ET AP, TZD #iZ, F IR
Ml 2 BENER & L, BN PPAR p I2#E
ALRXR &ANTUO¥ A4 ~—%# PPAR
response element (PPRE) 454 L, co-activator
DEFITE ) BEEE T OEE 2 kT 52,
FOMER, A VA VERZHEARNVESTHDT
T4 RERT F U OWEPMEE SN, 2 OFERIE
iR 2> S /BRI Ml AsFF E x5 2 LT
£ v 20 Vbt R ST 5%, £72, PPARy
L RXR DT T ¥ A{<—id, NF«BiEM% M
FLA v AY VP2 B3 5 TNFale &4%¢
JEMET A S A4 Y ORB - W ERTEES
LIZEoTH A v 2 Uitk 2T 52,

RHFZE TR O NMERIE, Th BN OFEH OE
M 2 Xy b D TH o 7.

J# B B & 1X ALO & PIO @ H 4 A Tl
HHMEIZ A SN S D ODOHHEETOAGE R
Bin% A7z, Ki67 Jefs, TUNEL 7 v A Ok
R s, MR L DI B GEEE O JT A
MERTEEDIZT R b= 2IGMET 2 B R
FTZEHWHLLTH Y, WA OVEHBERE D&
WS, AR BT AN RICES
LTwahEEZ LM/

HAZF BN TIX B S M DS
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b W, 7RPF—YACELSEET A
phosphatidylinositol 3-kinase (PI3K)-Akt #& 5 <°
Mitogen-activated protein kinases (MAPK) #% I
DOTRICHELBHAR 22 T2 -ETHE L
T, pdx-1 &2 TP, cyclin DI EBIETY, bel2
BIETT?) OFEBRIE, WA A TG
ZRl, PERAESICEDERICEILLTED,
B THRONTBEE —B L7

HE, 2R RE OREOI T, 4 YR
VIRPUE ORI L S ITE M g T
R A ¥ A VBRI UWANEZ Y, T b e 5
WIEBREICH T 5. M EREERICS
T, PI3K-Akt #% % 35 & OF MAPK #% %13 &
ETH Y, pHIKAERA ¥ 2 v EZER
knockout = 7 2% IRS-1 knockout % 7 2% %
IRS-2 knockout ¥ 7 2% &l 7235 1%, 4~
AV Y 7D g ED X R OHME R
WCEETHAZLEZRELTWS. /2, BM
MOBMERZICL DA TR pHaNOREL
A N L A&, ¢-JUN N-teminal kinase (JNK) %
WEHALT 5281280 Akt ) Y EZHIHI L,
A YR YT 7T VRS E, PDX-1084
BAZRTY. 72, B pAMRERY OE
&L THEBME IR EE OB G IE K& WS, 3
Yhu— LT, EHRGRETIE, R
BRI B W TS R A PR O F B
WEEZRDTEY, PFHRETORE B M =R
FRCHERIF TR E D RELFHLTWE L
Ezbhiz.

a¥ bua— VR L, RN ARETRERA
YA YEROBEME ZV 3 — ZREEA VA
Yok R, FFRAETX ) EET
Holz. A YA YRIEFEIBITA VR
VU AEERICERE G R & LT PDX-1,
MafA 7°d % %%, 3EH) A ABECIZ M #AE T 0
FEHEAHIML, PRAMECEBEFEICHIEIN TS
D, A2 VBEFREIBIOCA Y2 U E
EPWINLAEREEZ SN 72 GLUI2
AT D ERBETHIMEmMZRLTBY, FHHF
W& B 7N a—2REA ¥ R V5w
FEHNROERO—D L EZ SNz Insulin B

£ U° GLUT? #1xT @ promotor #3512 1% PDX-1
DIIBALT I B TAAT motif AL L, i
BE Wi # (2 X % PDX-1D B/ 471X Insulin %
GLUT2O B2 KT &8, 41 VA V%
BKFEE5. XoT, EAMNMACL DB LM
TatkBe st DR & L CRENR IR s o Bk
BREVWD D ERDLNS., T2, ELMBED
HEAFIZEA v A ) V9% autocrine RYIVERT§ 5
TENEETH VT, BN RE L
B p Al > A A7, BB Ml EAME RIS S L7
LEZOLNS.

A ML XL HERT 29 2T
AVA) Y FVEBOTCEETH), H
TD LIS E S % IRS-213 I g ML o B4
ICMEE# 2 5T, INS-1E #il fa®,
Glucokinase knockout ¥ ©7 A% , IRS-2 knockout
< 20 i~ 2% streptozotocin 5 S
Wi~ AN A IRS-2BEFEBLIE, B B
ML OB, BB LU ¥ A Vo5 ik
THIEDPHEINTWS, RIFRICBWT,
IRS-2 %113 ALO BETHIIMEIM Z ] L, PEH
HECHBIHIM L2228, REEF O % 5
WE ik, WE B MR = & MR REAE R IS B % BF
MR EHAT 29 2 CEELEEHZH) O
L # 2 5N 5D, IRS-2 1% cAMP response element
binding protein (CREB) @V Y #ft% /- L#EH
FHi % 215", GLP-1iZ CREB OIHHEALZ 4 L
IRS-2 5Bl 2 n £ %", ALO & PIO D
¥ 513 IRS-2 AR5 Bl 2 AN 1 By Wi L
72. GLP-IR BIZTORBBEEZHR L L 25,
PEAIBECHEFICHIES A TBY, FHICES
IRS-2 BIZFHEBIHMOEF DO EDEER S
N7z, GLP-1R ZHL = SRR 0B % 5%
VT 503, PEHEECHREINRIBEEVEAS & U BEEE 1SS
L72Z A%%, GLP-IR BAZTFRILOH BN
Lo Lz Bbns. PIO BTl GLP-1%
BRBEHOBIENEH 5 b DD IRS-2 #EI& T
BHOWIMZE Ao H R E LT, MG
PR GLP-1D3 A2 W7z, GLP-1¥ 7 F v
WEDAR T3 Th b0 L HEEI N,

ARFFERERAL,  FEEE OO BAR T RAT
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KXo THONZHDTHL. EEEZBKLT
WA OHRTS, BERMIIH T 5RO
WERRET 5720, TXHB) 2oz
(aMifE, oMz L) DRAZETZITN
W59, LOM AR L2, BB MR
VR O 5 7 Hfl 2 A IR 51213, &
FIORHE L ORI RITTHEOR L &0
AR R SLETH Y, SHOFETDH

L

JI i 2780 PR 5 € 7V db/db < 77 AR B
Alogliptin & pioglitazone O B F1 % 5- 13 AHMINY 72
B BRI ER 2 3 5 2 LAVRIBE 7.
Z O L LT, IRS-2FBLOMMNY % B g A%
HHE LTV B REEvRE S .

o

MEMRBIIHIY, ABFFEDILED S CIER E
T T 722 0 22 G ER R SERE IR - AR -
WNF B DMK PR CREZ2HEEERLE
F. FRERBITICHY, BNV REE
B IO e B OB BRI ER#E L EIF ST

b, ARFIEE, HARFMRE SR 782l ) &
(21591153) B L WIKEKR 70 ¥ =7 MiFZERE (23-
$k5) DIEBIC X D iTbh.
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The molecular mechanism by which the combination treatment with
DPP-4 inhibitor and thiazolidine derivative yields the additive effect
on the preservation of pancreatic S-cell mass and function in
obese diabetic model db/db mice

Hidenori HIRUKAWA

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

ABSTRACT This article background is pathophysiology of type 2 diabetes especially
pancreatic B-cell dysfunction, and it' s progression over time. Thereby the preservation of 8-cell
function is an important tool to obtain a long-term glycemic control. A dipeptidyl peptidase-4
(DPP-4) inhibitor and pioglitazone (PIO) are known to protect the B-cell damage in diabetic
animals. This study will show the effect of combination treatment with DPP-4 inhibitor (alogliptin:
ALO) and PIO on the B-cell mass and function was examined in the diabetic state, additionally
its molecular mechanism was analyzed. Six week-old male db/db mice were orally received
ALO, PIO, ALO+PIO and the vehicle for 4 weeks. After the intervention, effects of 4 regimens
on the B-cell mass and function were compared, and the gene expressions for the core area of
the islets were also analyzed by using Laser Capture Microdissection and real-time RT-PCR.
Blood glucose levels were significantly lower in mice treated with active drugs compared with
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the vehicle. PIO and combination with PIO and ALO improved insulin sensitivity. The islet
insulin content and B-cell mass were significantly increased in mice treated with PIO and ALO,
and these effects were further potentiated by concomitant use of two drugs. In addition, these
drugs improved the islet morphology. The immunohistochemical analysis showed the drugs
accelerated the B-cell proliferation and suppressed the cell apoptosis. The gene expression
analysis demonstrated that ALO and the combination treatment increased the /nsu/in mRNA. In
contrast, /nsulin mRNA level was decreased in PIO group. The GLUT2 mRNA was up-regulated
by active drug treatment, particularly in the combination with ALO and PIO. Interestingly, the
mRNA level of /RS-2 was significantly amplified in the combination of two drugs. Furthermore,
GLP-71R mRNA level was up-regulated by PIO and ALO particularly combination treatment, Both
ALO and PIO accelerated gene expression related with cell differentiation and proliferation
such as PDX-1, MafA, Cyclin D. The Bc/-2 mRNA was also up-regulated. On the other hand,
these drugs suppressed the gene expression levels related with the promotion of cellular
apoptosis. These effects by PIO and ALO were more significant in the combination treatment.
The presented results strongly suggest that the concomitant administration of ALO and PIO
shows the additional effect on the B-cell preservation, Two drugs exert a cooperative action on
IRS-2 regulation, which is indispensable to conserve the B-cell mass and function, through, at
least, enhancement of GLP-1 signaling.
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