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0 B4 9 FE S B2 A SR IR SR & B W 5 R DR e sh J i B |29
~BRIRE TN db/db X I ANDEF T Y ¥V,
V7 7 vF FEH A TORGE ~

AW K2

NG EERFRAFHEIRG - AL - WWAFRY:, T701-0192 ABHRIE577

98 2BBERFORBEREZNH TS LT, E L HRBRERFIEHOTEELRETH 3.
PPARY{EBNER 1 > VL F U EIERF/ETNHYO B M REICH P, BEHPRER
HOKRETHY, FEEBHTORTITHTEY. AMRE TIIIEEERKET IV db/db ¥ R
RAVWT, REEDERD Pioglitazone (P1O) & Liraglutide (LIRA) IC& 2 B MilaRENRICRIFTT
HEERILA BYPETIVC7ERE, EITETIVICIE16EREZAL, E(CTL), PIO, LIRA,
FRADAEICH T REXBICLIZELHRL, EFOEENE g IRANDMHREHRFTT S
7=H2HEANAE L. %7 laser capture microdissection (&% AW T, BEI7HEEOBEETFH
WFEINEIT>7-. BHETIVOLIRAH, ETHOHAH CEENNEOXZTERE A0, 1>
A MEICEBLEEBE G o . EITHETIVC Insulin, GLP-1ZREBEFHREHFETL 1.
aME - #IEICRE 4 B Paxl, NeuroD, ERKTISREIETIVOAERF A S, 1> XA VEHEERF
Padx1, NeuroD HEI#TdH > 7. —F, 7K b—> XAEBEEILF Caspase3, Bc/2ODHIB L, T
TFIVTTP7RI=2 ZMHEFBICEEI L. ChSORBIIHABTLYEE CHRETENICEET
Hotl-. IBEAK, RE, BIEXMLX, MEEX M ZEEEGFREIE, BETITCEELE
oz, B EXVUIREERETIE PIO, LIRA (391t - HIERE L 7R F—2 ZIMHENC K 5 B MHlafk
EOREREL, ETH TR ZOMREBENTHI L, TOMRIIEANDEENEATHSZ
EPHSHICE -2, FARRRISEED S DFEEN AP ERROREBERDFICEH THEIZ &
ZETRRY 3.
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D, ERIFEIEA 2R VIPUE & B B
BEREREEIC L 24 Y R VP WARTH L. Bl
PRI PHE PRI, ReE 7 IR oo R I
WA R TH DD, 4 v A VA ei
FIEMANSTTICERLTBY, B AMEE

HEETFOFIE L V) BIENERIIMZ T, 12
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VALY RKEVENTIEREI SR, fHIN
WK T 2F832LEBICTRMN=V 2%
ETSE, WAMREORVED 26T & E
ABNTWAE, T, BUSMAIREN A > A
VY OEERR WK T2 263 2T T
SR T3, ThE TICIERIMEE T
VENV IR & & DI p AR BE AV T S
HIEDPWMEESNTELY., - A2 a0,
WERE T IVEI I BT PPARYIEE) % 4
YV rEEE BBk RE TR EE D
WTHEDRASNE DO £ I3FER
WoOMETH 0 REER BRI BT 2T
ST\, FRREME RS O PURE IR R IR O B
NP R OMHEE A MEGET 52 LI2X Y, 2
RUBERRIR D & DB REH & DFEP A A, L %)
RWTHLDPZHOLNITHIENRTE, £
RICBWTH o CTHEREHRE 2 5. K%L
DOHMIE, TTIC LM RER RS
T\ % Pioglitazone (PIO), Liraglutide (LIRA) &
vy, BRI ERER) A B A B A TR 2
LHEDEMETLEILETHS.

MR E Jik
LB

MBS 2 BUBEER i E T V<7 A & L CHEN: 6 58
#h BKS. Cg- + Leprdb/ + Leprdb/Jcl(db/db) < 7
A (HARZ V7 HRalatt, d0) 2 EH Lz W
BEMETVE LC7HEE~Y A%, WWEERE
EFNE LTIGHEE~ Y 2% vz, SR
2L CEm2+ 2C, BE20~60%, HEHH
R 7 ~21 027 ) — v 2 THEECHE
L, BEEE (MF, 4 = > & VEERE T3, BR0)
EAREREY HHEBR S22 REFFEE, NG
EERLR B F Bk 2 B & 0 KGR & 521 (No. 11-
063), N1 EERF R By S ERtaeH 1 3D & 17 5 72,

HEHN T T i

mimL~ > 2 & H12, PIO B (25 mg/ke/ H
FEOPEY), LIRA (0.2 mgkgx 2/H 5 B2 Fik
%), PEFEE (Comb) (PIO 25 mg/kg/H + LIRA 2

mgkg X 2/H), 2> ba— VEE(CTL) (0.05%
Carboxymethylcellulose ; #£I1#¢5- + PBS ; T
TS O A BECHER L (&8 n=5), AM10:0012
RS, AM10:00, PM5:00IZ 2 TR 24T
72, AW CIZEHA O LY EHEN L g ML~
DORRE T S22, 2 HEoENKkS %
#i->7z. PIO, LIRA #5813, ™" 1230
EPE L7z

HH, AfLF7— 5 WE T

RE, HEALE7— 213 78, 16O Zh
FENAARIHTHE L2 RILZEERD S
1Fole. MAEEIX, 7V —2F 1 Ve(FvE
A M, AR 2 H v, BRIMEHZISIT - 72
M 4E 55 U 7= 3R RN € £ ¢ - 80T 1T TR
L7z MAEA v 2 ViRERE IR E R~
T AL VA VlEF Y b (R ERESERT,
W) %2, MmAEREERENET Y 7)) &
4 FE- 7 A M7 32— (REMIETEMRRNE
L, KBR) % T - 72,

LCM %

B g MBI T RB AR 75700, I
MHEECTHLLZEIREO g IR E
5T ZBURHT % W BEIC T 5 LCM (laser capture
microdissection) #:'" & Fl w72, XY RNV E
Z—)F b1 A0.05mg/g) il T ADJE
PEPREE 2 A7V, Tl 2 BREUER, SR HLRR e
AN ANSURERAEL, SUIRZ2 2 )4 A5 >
FT8umIZATA AL, AF4 K7 T A
f, G952 F T-80CICTTHMRAL /2. R
74 F%70% L% / —)U, Diethylpyrocarbonate
(DEPC) ALERKIZENE NI IR L 71218, ~
< MF L) T AM L7z, & 512 DEPC
JLBRIK, 70%, 95%, 100% L% / — )L il %30
BHBRL®B FUL 255 MiRL #M
# ge fo & 47 o 72 %, PixCell system (Arcturus,
MountainView, CA, USA) & i\ CHLERYI o
BEFRBICLV—F—%2 R L, SHEE 7 4
VAIZERIL L 72, sl 2 3R L 72 1%



AN IRREE IR AP IR IE O B AL PRI HA R

W B2 EASHEAET 2L 2 SR
72. RNA i H} & Reverse transcription RNA #Hi
Hi 12 1 PicoPure RNA Isolation Kit (Arcturus PN
12206-01, Applied Biosystems, LifeTechnologies.
Corp., Carlsbad, CA, USA) % i il L 72. DNase
W EBEML, ¥/ ADNADI Y F I % —
¥ 3 v % ol L 72, Reverse transcription (&
TaqMan Reverse Transcription Reagents (Applied
Biosystems N808-0234) # ffi [ L, cDNA &H®
72D 77 4 <% —121% Random Hexamers %
w7z,

Real time-PCR %

SYBR" Green real-time RT-PCR (reverse
transcriptase- polymerase chain reaction) ¥ %
W7z, 79 4 < —1d GenBank ® Nucleotides 2*
5 ¥ »u— F L 72 mRNA sequence (22D &
Primer Express (Applied Biosystems) C &% &t L,
BLAST # VT 7 I 4 v —OMEMIZOVT
FERE L 7. WE gAML, AR BE A, 7R
b= A, BRIER LA, AR ML X,
REARCHTA2BMETFHIINT LT I4
v — 2R LEE TR T T 7 1 — IV OfEMT
EATolz. FYTNE 05 ul, T T4 X —
% 1 ul, SYBR Green PCR Master Mix (Applied
Biosystems), AHUKOREZE 9 ul AN TR
10 ul @ BB % F)1% L 72, ABI PRISM 7500
(Applied Biosystems) T55% 1 7 )L ® Real time-
PCR #4757z, PCR 4f350C 24, 95T 10
5, 95C 168, 60C 14r& L7z, &TOEE
12 B\ T dissociation curve 7 AT 12 & 1) fiFf B i
WEEERL, 740 — 27 VELIKE T PCR
products R L7z, BIZFRIHAZROEED
729, W3 v bua— & LTI8SIRNA %
WV, 27T REME L7

Bal FHIERT

ETO T — FZ I3 FIYMHE = FEHE R (mean +
SEM) CTro L7z, BB o LERIL ANOVA %, %
BRI Tukey-Kramer 3% Fv 272, p <0.05%

T 79

HFEEZDHY & L MEMEEICIE IMP ®9.0.2
(SAS Institute Inc., Cary, NC, USA) =il L 7z.

R
LAl T X — S DI

A3, FWE 7V TIZ LIRA BT CTL #
ICHAREBIE - 7228, #ITETIVTIIERE
3 h o7z (Mla, £). ZSAEHRMBEAE I, Hi
E 7V TIL LIRA #, Comb #: T CTL #FIZILL
BEIE D - 72 (K1b). #ATE T IV TiE Comb
HOABEIRMETH - 72 (Mlg). —T7, 228
BFIMAE A > 2 VEIETHE & D IIRER 2= % A
Tedro 7z (Mle, h). Z2fERE AT PR ifE 1,
A€ 7V Tld LIRA BEASZ O 3 BRI IR T
BHEZ, HEATHTIZ LIRA #, Comb #£A5 CTL
FEICHAREBIAE T 2o 72 (M1d, 1), ZeBERE i
54305 B AR I (FFA) B L1 70 T AR R 5
%< (Hle), #EATEF N TIZLIRA 2¥,5 L7-
2HCTMETH - 72 (K1),

FEFNINANZ o B I A 5 TR BIN D 7E
Insulin H#HETF

Insulin 1, Insulin 2 BB EIIREIFNE
BEZRDTVWD OO, BIR TR AL
L) B ZRTMEIICH 5 72 (K2, b). —H,
HETHTIZ SN S OFBUI RN AW 5 2012
KTLTBY, EANMAZL > THELZRD
7o 72 (X2h, i).

oA >R Y CH TG

BB RE R FFICB W TIRD THETH
b, A VA VEETHERNT Pdxl, NeuroD
WZOoOWCTHRIETFRIAZFME L 72, RHETLT
&, Pdxl BIZTFIBIE, WEHFWAERET R
Wb OO, FEAINAIZK - THINT % MHmIC
o7 (K2c). F 72, NewoD minTFIH I,
BWEFT VTR AABTLEALTBY, Comb
BT ENICERE TH - 2 (R2d). —4,
HEATIIE 7OV TIREHIN A L 2RISR
o7z (K24, k).
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B 1

7 i (a-e) B £ U168 (£-5) DA 2 BORERIKE 7 V< A (db/db =7 2)IZBVWTC, EX 77V

N R &

e

i

o ik
#H=E b ZEEFMEEE C YURUVIE
(mg/dl) (r;g/ml)
450
350 4
250
2
150
50 0
FION:I] DN 3 h *ART A%
(mg/dl) (ng/ml)
450 6
ﬁ:& 350
4
250
2
150
50 0
AT A% T ABI Rt ARR B Nt A%
g EmERrms o MBI
AR BATE FFAfE
(mg/di) (mEql)
350
20
250
1.2

150

50

(mg/dl)
350

250

150

50

T AR

R AT 2 TORH T 2 — 5 DEAL
(a, DRI , (b, g) ZEWERFIMAEAE |, (c, h) Z2IERE A > 2 ) Ui, (d, 1) Z2 5 e e vk
NEIAAH , (e, j) Z2RERF I 4E FFA il
CTL % (circles), PIO % (triangles), LIRA ¥ (diamonds), Comb % (crosses) .
Tukey-Kramer method. *: p<0.05 vs CTL, § : p<0.05 vs Pio, ¥': p<0.05 vs Comb.
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a Insulin 1 b  Insulin 2 c Pdx-1 d  NeuroD
(x101) (x101) (x104) (x104) &
*
6 6 30 4 16 *
<
- 12 4
R 4 20 -
7]
©
- 8
4
>
o 2 24 10 4]
s 44
o
0 - 0 0 0 -
CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb
h i j k
6 6 30 4 16
12
< 4 J
g 4 4 20
x
8
7]
©
- 24 2 4 10 4
4 4
2 -
=
oo 0 o W e ﬂﬂjl
x o 04 04 0
CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb
*: p<0.05
e GLP1-R f PPARy g ERK1
(x104) (x10°%) (%104)
20 4 6 25 4
< %
nzé 15 20 4
4
2 15
b 10
E 10 - *
] 2
e ° 5
0 - 0 - 0 -
CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb
| m n
20 6 25
20 -
< 15 .
4
4 15 |
=
9 10 -
e 10
- z
2 51
=
©
© 0 - 0 - 0 -
CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb

*: p<0.05

2

7 B (a-g) B & U°16:8 5 (h-n) O LG 2 BBERFEEF IV~ T Z (db/db ¥ 7 Z)IZBWT, ¥FZ) ¥y, Y57
F REHANARIRTD, £ A YEGH - W BER T, Ml L - B3 K 7o H

(a, h) Insuin 1, (b, i) Insulin 2, (c, j) Pdx-1, (d, k) NeuroD, (e, 1) GLP-1R, (f, m) PPAR 7 , (g, n) ERKI.

CTL ¥ (white), PIO # (light grey), LIRA # (dark grey), Comb #¥ (black) .

Tukey-Kramer method. *: p<0.05.
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o1 > XY > PE LT, PPARy

A YR WIS 5, GLP-1 ZHfR#E
ZF5BUE, BT F L CIIRE2Aa B850
W OO, LIRARE, CombHIZBWTHW
E2sH bz (K2e). —7, EITMET LT
RPN O P 2BHRTAALR,
AN & 2 RO D HR L Tz (2D, F7-,
PPARy AR T-HBLIMHY & bITA AL 2
HERZEAR SN h o 72 (H2f, m).

ML - A T

Pdx1, NeuroD \ZHIfE LIS L Tw5
ZEFHMOENTWEY, ZhS5ORTIEREE

a Caspase 3

(%x10%)
6 - %
<
b4
& 4
(2]
(-]
-
»
>
K] 2]
®
©
0 4
CTL Pio Lira Comb
C
6 -
s
[ 41
£
(2]
(-]
-
2z
2
®
4

CTL Pio Lira Comb

X 3

FVIZBVTOARMNAIIZ L ZRBITHENA LN
72 (KM2¢, d, j, k). MI@HEFHIZ 2222 % ERKI &
BFRBUOVTHRMETVIZBVRTOR,
LIRA #C CTL #1Z X, Comb #E T3t 3 #
FTARTICIH LA R RBMA A 5 7z (K2g, n).

TR P = X BT

7R b= ZREHERIE T TH 5 Caspase 3 1%
B, #ATHOMmET V&SI AR TR T
Ho72(K3a, c). 7R b= AWHEETTH
% Bel2 \IZB W T H Wi & b IZHHAIAM AT X
DIINLTHY, Comb# TITMEFEMIZHEE
TdH -7z (X3b, d).

b Bcl-2
(x10%) *
2, [ ]

0 4
CTL Pio Lira Comb

12 - *

0 4
CTL Pio Lira Comb

*: p<0.05

7 Wi (a, b) B X 16581 (c, d) DI 2 BUBERFBTE TN < Y X (db/db =7 A)IZBWT, EF 7Y ¥y, Y57
F FEHAARIRTO, BSREI T7THRO T R b — ¥ ABMEN T ik

(a, ¢) Caspase 3, (b, d) Bcl-2.

CTL % (white) , PIO % (light grey), LIRA % (dark grey), Comb ¥ (black) .

Tukey-Kramer method. *: p<0.05.
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a FAS b SREBP1-c c NFkB
(x10°%) (%10%) (x107%)
16 1 8 10
8 4
g 12 6 -
4
— 6 4
g 8 1 T 4
0 4
>
2 44 2 -
® 21
4
0 0 - 0 -
CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb
g h i
16 4 8 10 -

12

4 6 8
s
['4 6
-
" 8 1 [ 4 I
e I 4
2 I
o 2 2
E=
e
0 0 - 0 4
CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb
d GSHPx e SOD2 f XxBP-1
(x104) (x104) (x104)
10 4 8 - 20 4
< |
E s 15 o
=
e 61
; 10 I
> 4 -
2
g 2 ar
0 0 - 04
CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb
10 8 4 20

10 4

04
CTL Pio Lira Comb CTL Pio Lira Comb CTL Pio Lira Comb

Ratio vs 18S rRNA
o N £
N S
—
«

4

7 ik (a-f) B X U168 ik (g-1) D JGH 2 BIFERHEF V<7 2 (db/db ¥ 7 Z)IZBWT, EF 7V SV, VST VF
FEMIA AT CO, WS KET 7HEBORE AR, 495 BIEA LA, MafkA b L ZBERE T 0 g

(a, g) FAS, (b, h) SREBP1-c, (¢, i) NF « B, (d, j) GSHPx, (e, k) SOD2, (f, 1) XBP-1

CTL # (white) , PIO % (light grey) , LIRA # (dark grey) , Comb # (black) .
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GE &, K BIER P LR, MK P L
X PGB T

B A5 3 5 FAS, SREBP-Ic #E{n¥
FEBULHME TN, #ITHET L L BITHAL
XL ERD Lo 72 (K4da, b, g, h). FKAER
KT TH 5 NFxkB b FARICEZTRIAOE
IR o o7z (H4c, i). BILA ML AR
FEWEFTH D GSHPx, SOD2, & S\Z/MafkA
L ABERFTH B XBP-1 122\ T b i
BEDBIIAALE IR SN h 5 72 (X
4d-f, j-1).

£
2HBEIRIRE T VEICBWTF T VY Vv
WA 7 LF EREIC LS BT IRERD
RIS A MEIZEED LY. LrL, 3k
ALEDOMEIHRERPTORETH Y, WKk
T TORPEICOVWTIEVEZHS 2 TIELR
V. R REAE R DSHURE IR R I X B R B M AR
R RUTTIE R 12OV T, AT
BEEET NV E LCT7 G dbdb <=7 A%,
BERTTNVE L CL6HEE db/db <7 A% Fw
7o, —M R ADHK MR 2~ 3ERELE
Z5hE, RERMET VTR MIBBEL (4
Y, EREEFVICBWTY [HEM] 2d
ehlEZONDL. THEEY Y AOZRERI
PEME I IR, 1638 H~ 7 A O Z2JEIRE MR 1 2
U EEHETH -7 —, 16AKICB T 5
W B RBE D Insl, Ins2 Bin 5B 7 HiH2
WURMETH Y, ZIERIR A > 2 VED [
BeDI8F — VBRI, ZhiEAf YR VEE
BRITR LT s EIclEES L Tw 5, Bl
LA VR Yo RERKE s E L Tw b
Ezons. DXy Tl <idze< [
RBHEE | OXBELRETLDICRYLRTH D
LEZ D, R TIZ 2 HM OB A E
v, AR X 2 K0 70 52288 % i) kRS
L, A X EENZ BN DOEEZ R
FL7z. EHICLCM xR HWT, BE 2R
LTwaflifaohd, BT OMNIE(q
Mg, oMINEZ &) O A% #G T, BB M

X B A OB A RIS L. 20
KR A2 VEGERE W, fHlSL
BT SHEIRIRE O & L L IK T 5530
O, BHEBYHREREHTOE Y ¥
Y, VI ZVF FRGIEIING OBIZT O
ZWIME 5 2 ENRMIEICBNTDHIHL L
oo 7z, — 75, WEEHE IR A & O FEHIA A T,
NS OMIETHBIR AR RIS L7, wil
DEWVIZED ZD L) fHENAECRREE L
T, WERMETVORAL ¥ 2 ¥ EETiRE
WFFHBDSToHE L T2 2 &5, RIEF LT
DA VA YHELKRE G BEEET OB
MEL-eE2oN5. $72, GLP- 12 DR
RIS TAETTFTNVEBY 7 9—¥ %A L
T Cyclic AMP/Protein Kinase A signal pathway %%
WYL S 5. mIMBEIRE T T, GLP-1% %1k
RKBIDMET T 5 2 2% M SR Tw B0,
RAFFEIZ BT S GLP-1Z AR ZBUI R
NETHTHL NI TLTED, GLP-1%HE
KOTHIZHBPRKA Y F VDT v L
Fal—varvildy, #ITEFTIVTIELIRA
W2 X % Insulin BIETHBEOBEMABA LR
Mol-Z eI ng. -, #EiTETV
T 22 W IR 250 mg/dL DA b & BAZ 72 w5 1l
PS5 NTHBY, By T ik p M
fo B & OBRAE D MEFF IS E B 4 IRS20D FEHAK
FRERK O YLAME T+ 528", 72,
£ YR VHMOKTFRS, £ YA VY 7T
NAIILTWAZ EDRHEEZ SN,
—FTHBRENW LI, 7R = AR
BIETFIZDOWTIE, WEERICI2»D ST
Caspase 3, Bcl2 £ HIZT R b= A& ¥§ 5
FHINIEB) L CWwiz, ek db/db < 7 A Ok
MWL Z WA L2z fE <id”, 1282 E—2 12
S RIBEBEIIETL, ZoB, Mk~ —
71— Ki-67B A B DT % ) olzxh L,
TRMN=V A —H—TH 5, Caspase 3 bk
MBI IZRRAE N R AL Z RO TV R, O
B, KW TASNIBEBENADVTENTD,
MIFLREG I N7 R b — 2 2T L TIEEH
REDBZ HND L) Rk R E R+ F
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LHHDTH5H.

NREAEW, #5325 &8R0T
WML DICAAIC L 2B 2RO o7, &
72 BRAL - ANBARZA P L X, PIBK ¥ 7 F VD
WagR Bel27 7 I ) —SBRMICL Y, 1L
HRPIEI B L 7 R b — ¥ AR5 T 5 &
Wi SNTW B, EHIEA A L 72 AT
JETIREBI e h o7z, AL - KA L X
NOREIZOWTIE, IR ZkRh
BTHDHIEERRTHME DR ENTH
D, AR R IR E DAHTEHOTH 5.

4 YA YEAEK St BB Ww T
A CH LA SN H, LIRA Tl
GLP-1Z A KH#12 & 5 PKA OIS ALY, F
72 CREB @) Yt % /- L IRS2FEH % B &
#+2 BHIBNTOAL YA V¥ FF N ETT
X%, PIO I & % BN GEARAE OB
WZOWTRAHRNAE L, SHOMGHE
ThHb. TEM=TYAFEBRETHRERHRIIOV
THPHIC X AHMRD RS A S 7z, LIRA A%
IRS2-PI3K-AKT Z# 43 % ##% &, CREB 4L
7z Bel2 DFEBTLHEREIKIC X Y Bel2 BInTF 5B
RIS EZZLONLDICH LY, B2 1k
TaE— & — I PPREES 2 A LTEBY
PIO AN HENMIC Bel2 Z Bahn &, AIngsh 5
AL 72 HeEAE 2 S s, €7
VEIII BT B HE B HIRL D, B Rk As
EHIROSNC 52 B x -k, gl
NaBIERE I MmN A~ 7 RAZBWTHET T A
X127 AT TLTWRY., £ v 2 LF>
Bl SR, S 5 Z5R Bl g B Al & & 2
LNBANLT MY MYy, BEEBSYIREIT 5
Th, 147 AT ELTWEY,. &
AUZINES IS PE D B MM A REAR T 23K € &
HEEZOND. db/db < AD BHINEEKRE
#RWETIE, BICTRP =Y ZADHEATY
HOIZHL, MR 128 k2 BT 5
ZET, RRMICEENIC fMILE IR T
LTwl st sncna™. 72, B
SFTVNYUE Ay LF UHEEICL S
db/db, ob/ob, KK-Ay <7 A 1z ¥ 4 72 BE R

EFNVEWICKT S, BB R 5 AR
BENRTWELDOD, £ 18 ~128#D p
AL HE S RE S LB PR IR S T B RIS B LT
LWETH B oMM BIT 2 HRET
LT, Zh b OIEHAHNE S LIE5E DR
W2, TR Z2OWHNCH < 2 LT M
ERZFHENSELELTWE. —FT, M
N Re DI TH 5 7 a— AREEA ~ A
VAW ERESETVLIHRELAONRS.
AW T, WREREHE T VBT 2EH O A
YR VHERK, St - MEERE, TR -
AHPHFIRIZ OV TIZEHRA Y TH 72 Lo
L7235, 1638 L V) FREETIIC BT 2%
WIAATIE, 4 ¥R VEEK, Maat - 8
FHIZOWT, WENOEAIAIZBWTHEIR
BRONL oz, —FTHIREWZ L2, 7
R b — ¥ A BEEE T E R T TV RIS AT
BBV THIEAIN AR RS A SN HERIFE
ETIVEIPICBCTHEERE L & B IR M
fakE s gL 2%, B AMBRESREZET S
INSDEHNL, 4 VA VLK - LB
Lo 2 TIRERM CORERESA LN
B, TRP—VANOBEIHEDMEREIZH
DOTIHIICE L Z LA, SRP THEI S
Niz. THIERRICBU 2Bk 2 £ 2 51
W2, BERISE R A 5 Oo3W i A 0 BEENE
EFRLARETLI0TH AL, B BN =T
TER O 4T Fil % &3 2 121E, &E
DB L OB RITTHEEORF D &0
BN LR LETH Y, 5HOFETH 5.

L ZH.
ASRie]

PG 2 BURE R & 75V db/db < 7 AR B
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The molecular mechanism by which the short-term intervention of
anti-diabetic drugs preserves pancreatic f-cells in db/db mice:
comparison of their straightforward effects between early and

advanced stage of diabetes

Tomohiko KIMURA

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

ABSTRACT We compared the protective effects of pioglitazone, PPARy agonist, and/or
liraglutide, GLP-1 receptor agonist, on pancreatic -cells between early and advanced stage of
diabetes. Male ab/adb mice were treated with pioglitazone (P1O) and/or liraglutide (LIRA) for 2
days in an early stage (7 weeks of age) and advanced stage of diabetes (16 weeks of age). We
performed biochemical analysis and examined gene expression profiles after such treatment in
the early and advanced stage. LIRA and PIO+LIRA treatment ameliorated fasting hyperglycemia
in the early stage model, and only PIO+LIRA showed the same effect in the advanced stage
model. Fasting serum insulin levels were not different among 4 groups in both the early and
advanced stage models. /nsulin and GLP-7receptor mRNA levels were markedly reduced in
the advanced stage compared with those in the early stage. Gene expressions of insulin gene
transcription factors (Pdx7and NeuroD)were significantly up-regulated by PO and/or LIRA
in the early stage, but not in the advanced stage. Cell proliferation-related factor £EAK7gene
expression was also up-regulated only in the early stage by drug intervention. By contrast, in
both stages, pro-apoptotic factor caspase3 mRNA level was suppressed and anti-apoptotic
factor Bc/-2 level was up-regulated by drug intervention. These effects on gene expressions
were statistically significant only in the PIO+LIRA treatment group. Gene expression levels of
various factors related with lipid synthesis, fibrosis, oxidative stress and endoplasmic reticulum
stress were not changed by drug intervention.

The present results demonstrated that pioglitazone and liraglutide showed the protective
effects on pancreatic B-cells in an early stage of diabetes by stimulating cell differentiation/
proliferation and suppressing cell apoptosis. These effects were limited in an advanced stage
of disease. Our results strongly suggest that a pharmacological intervention from an early stage

of diabetes is more effective to preserve the B-cell mass and function.
(Accepted on August 27, 2014)
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