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L7F U BRERE LV BENER 4D d BEFREESE (db/db) ¥ (L,
BEAHIrSEOIER EAHEEERL, BpHRBES2CHRYIERRERETSLD
BE# 2 BERBET LY IR ELTARAESATWS, db BIZFATOESHE (db/+) <
JATHEPERBIIREL . EHERAFEREICEET 5 b BzF4 1% p IEMEEICR
FTRTFEBEBRS PICT B8, db/db, db/+, +/+~7 R ICHT 5P HREES
EFORBHENEFENICHITL, EBHBHLA. 8 - 128BOBED db/db, db/+, +/
4+ AERAVWT, #E, TERBROESLCSI AU AEEZAEL - %/, Laser
Capture Microdissection (LCM) {ICTY Y ADOBESEEI7HEEEZERL, AW,
#iE, FRF—RAFILETI2TEBEFORETOT ¢ —JL%& Sybr Green & Hu /-
Real time RT-PCR (CKVIEEBEAL 2. /7 AZEEIbO—-NEL. 8 -
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p<0.05). LCM & Real time RT-PCRETHONEA AU BIEFRES L5 L&,
8 BERD db/+T, insulin I BETFOLYVIEELRRERERD D (db/+ :9.57£3.96,
dbfdb :1.721+0.96, p<0.05), 12BETiE db/db (CHEWTH db/+ERFICHML TV
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VERRRSAEICIZIE B B K b — 2 AOTNE SEEMHEIC L 5 p HEEOR L HFBAET 3
e ENE. Fhdb BEFATOESHE (@b/+) vOREVWTIEZTRE—
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Background and Aims : The db gene is a splicing variant caused by a point mutation of the
leptin receptor gene. Diabetes develops in db gene homozygous BKS. Cg —+Lepr® /+ Lepr® /Jcl
(db/dh) mice and is characterized with a marked obesity, severe insulin resistance, and a limited
capacity for insulin secretion. The diabetes phenotype is not demonstrated in heterozygous mice
{db/ ). To clarify the molecular mechanism of pancreatic 5 cell dysfunction related to the db
gene, the cell function and gene expression profile of pancreatic islets were analyzed in db gene
homozygous db/db, heterozygous db/ + , and lean littermates ( +/+). Laser Capture Mic-
rodissection (LCM) and real-time RT-PCR were applied to analyze islet cell specific gene ex-
pression.

Materials and Methods : Male db/db, db/ + and +/ + were provided free access to stan-
dard feed. Body weight (BW), fasted blood glucose (FBG) and insulin (FIRI) were mea-
sured at the age of 8 and 12 weeks. To analyze the gene expression profile in  f cells, the islet
core area was selectively obtained by LCM. Primer pairs encoding genes associated with
pancreatic hormones, cell proliferation, cell differentiation, apoptosis, cell cycle, and organization
construction were prepared, and a real-time RT-PCR with Sybr Green was applied. Each gene
expression was relatively quantified by the comparative Ct method with each result in the +/ +
mice as a control.

Results : BW, FBG and FIRI in 8 and 12 week-old db/db mice increased significantly com-
pared with those in the other groups. At 12 weeks of age, however, insulin content in the islet was
markedly reduced in db/db mice and had increased significantly in db/ + mice as compared with
+/ + mice (5.1 3.3, 58.0 = 31.7, 24.4 = 15.4 ng/islet, respectively, p<< 0.05). Insulin I
gene expression had significantly increased in db/ + mice compared with db/db mice at § weeks
of age (db/ + :9.57 +£3.96, db/db . 1.72+0.96, p<<0.05), but did not differ between the two
groups at 12 weeks of age (db/ + . 7.86+3.56, db/db: 6.97=3.78). Gene expression in-
volved in cell proliferation (cyclin E & ERK1) and apoptosis (CAD) was accelerated in 8-
week-old db/db mice. However, cyclin E & ERK1 gene expression was down-regulated and
CAD gene expression was up-regulated at 12 weeks of age. On the other hand, a significant
increase in bcl-2 gene expression was observed in db/ + but not in db/db mice.

Conclusion : The present results demonstrated that diabetes development in db/db mice was
associated with pancreatic f§ cell dysfunction induced by acceleration of apoptosis and reduction
of cell proliferation. The db gene heterozygous mice have a protective mechanism against the J
cell damage observed in ¢b gene homozygous mice. The increases in islet insulin content and gene
expression suggest the existence of a compensatory mechanism in db gene heterozygous mice to
reduce susceptibility to diabetes. (Accepted on August 30, 2008) Kawasaki Medical Journal 33(1) . 1]
=21, 2007
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BAENCBITAHRRORER%E 55 2l
WERIEOIERES £ USER ICR b 2 5B YR &
LTA ¥ A S s LU ¥ 20 ViR
HABIF SNBSS OFEBOE I
ERWRFE L TCOBEBHERELICET, &
BlvoBRIIRTFORBEIEEIRLTY
5. 2RMEIRFIZAONG A VA ViEE
1, 750 ETREEICES E Mo
HEREIHEINLILOD, FO5THRIZD
WTIERZEARH L 5% . B HITubEREZ W
PICEREFT A%, 2 MR Rm O RIS S
WCHEELRIETH 0, B 5l fek ks &
D A B AR R R AR V2 BT T I D T
KThb.

22 Bk 75 B3 BKS.Cg— + Lepr®/ + Lepr®/Jcl <
oA (LT dbsdb < A) F, LTF RHEAE
I T-889 Lys O T4 ¥ by N pERIZ
EBAT7F4 vy FREERS, LTFUIIRA
T H B, I DR EHESERT 7 A (db/db)
i, HEf, BEETESHRH S TR ERD,
B4 v 20) VENIERER SR, B VA
JovE, shfEr &L, £B3~6 r Hik
AT KB S HIRAEML, RMEOA ¥ A
D YA AICE A Y,

BEEWZEIZNA TRE 2 VI BRIBETI
X O RIET B db/db = AL, b bR 2 B
RIGEF N E L CERICEREN SN T W5,
AT OBaERT T X (db/+) i3, PRI RE
WCIRES 2V, —%, BIRWERINE: ob/ob
<7 AL db/db MR EGERC X 0 5RO T
EETHOD, 4 A OMERGWMNE X
DR ORIEICEES R, db/db T T AD
4 22 YRWAEIIELRFICOWTIE,
[ A EE & W 200 S 2 O B AL & R
B3 B G A b B AS, MaEtEs & UelE
FEOESOMEEY L&D T, HHIhLX
EYEN e AN

i B AR RE D S F R I 5 1203, B

SKEBH 5 IE ML TOEE T E BRI
CEAFE R R 5, LIFLISHEERS KB
T ADA YA S —<HEMNIETH B
MING Y A W ST E A2, L L HIEEER
Z KETIEHIRECBMbs I thb,
BohFEOBREEAM bR E WY,
MING &4 ¥ A Y Yl BIRAA BN L 2 &
5, WMo ME LTHBIIHEH I TY
205 MEhbEHBHKTHEZ L, Sl
AOMII R BEZTERELEDL LD
HMEVLHLEZEND, ZORHIZIEBRES
L, INOOMENERET 720, faid,
Laser Capture Microdissection (LCM) 2% H
L, By KEoa7HERE T, Biilio
HE T8 2 BINWICRIT T 2 2 LM ETH
AT ETMERELI:.

Ao B, <7 A OMEHEREEE &
H T db T AN AW ARSI RIT T
ST EHOHITAILETHE., FDD
db Bin T REHEE dbrdb, ~T &R db/
+, E¥arybrao—N+/+<7 A5 5 LCM
BIZIDEONES KRBT HWT, BaHME
D s TR O LB % WA,

s SUHE

fERA BN

6 Wk, MOFEREGHK (db/db), ~TUOH
Gk @b/ +), EFarybr—NL (+/+) <
vARHAZ LT (KR X0@WALKZ fiF
F—iAE ME U=y VERRE, B
CfCRR R B HICEIR S, FiR2BCTT T -
fz. REBINIGERKFEYEBRERSOR
AT (No. 05-086), JIIWFEFRKS B
BRfgeTic D X ML Ao,
${bFE~v—H—DBE

Sl LD 2T EICAEFENTEE LHIZTY
ADREHED B 2RI L 72, B S I ER
W, MAETEEL, 4 >R YEEOHEET
- 80T THRAF L7z, AT Free Style® (F »
AR, BB AV TERERE
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SOMELZ. A A VRS A VillE
F v b (FRAERENrgET, BT 2w
ELISA {12 Cilllsg L 72,
BIEEFEREM 2 L EEHE

W2 KB o HOl 2 1 Kitamura & @ F 2042
RLTag P r—EEkEz B, 1.5mg/
ml 25 45—+ (collagenase P, Roche. Swiss)
L 10% NCS % & HBSS (Hanks’ balanced salt
: 137 mM NaCl, 5. 36 mM KCl, 0.44 mM
KH,PO,, 5.55mM Glucose, 0.03 mM Phenol Red,
0.34 mM Na,HPO,, 0.27mM MgSO,, 1.26 mM
CaCl,, 5.83mM NaHCO;) %, N ¥ p2ALE
=) (0.05mg/g) (2 THIBENBKEZ T 72
<Y ADIEIL, 27GOEFIRT 3 cc 2 iE
AL, BE~NERIE. o575 F—EHAL
Lo TR L7z MIEETHRIL, S0ml a2
F =TI L, 37C, 195 MAkEmMICHdE L S
L 7. HBSS 30ml % mzfpm(ummm
20 % 3EMDEL, BEORL Y MI10
ml @ HBSS Z M L Ca&RE 7 + v ¥ — 12
L 7z. # L T, Histopaque-1077 (sigma, St. Louis,
MO, USA) % HJv>Tale (2500 rppm, 2245H)
L, WNorisfik & Ao sl e o L7z, HE
I % L L, HBSS #30ml ATl (1100
rpm, 2457 TARMEE IEBDELA. &
B2 WT IRE % ¥ v — LI LSRRI
WTT, ERy FRFHVWTIRBEHRIL .
£ ¥ A YERIET TR, —80TIZTHiEAR
FLTBE, 17RY /a_aa"fﬂllm I, 7R

solution

BTy —NTHIRL, Al L7 ELISA ¥
ZTHlE L7
B S KB OB

8 EEN B L OF128 NS, XY ALY —
momw@)’T7©X®WWWMM%ﬁw
WElE s L, k=) Y - 28274 A
MU, dum OWYRT 4 FEREIERL
7. —#EY«fs & L T hematoxylin-eosin (HE)
ity 24T, BUER LV E 2 RIRGHA (P
AT, IR AT L BREREETT-
s

e IR DRIRIC - TiT o 72, T

&R (s33% W 1'% 2007)

B85 7 1 U % Lemosol R (FIGHLEE T3,
K, =% 2 =Mz Thiss#, WEEER
FF v y—EiEE T oy 7 557D, 3%
BEALKENA ¥ /2 — 2154 & L7-. PBS
(10 mM phosphate buffer saline, pH7.4) Tik
Weth, 1RPUEE LThilREVE Y 2 HRGH
R (R Vh I URE D o FR Y < b
AFFr=1:11, wFhd=F L1, ®5D)
12k BREROEIT- 72, 25CIZT2050R A4 >~
FaNR—3¥z L7 PBSIZTHER, v
TWVATA ¥ MAX-PO® (=FL 11) iR
ML, 25T T30% WS & €74, PBSIZT
s, Y TFIVAT A Y DABHBH(=FL
AR)EBML, 25CICTT7 MG S, #
fi B3/, w02 hematoxylin (2 TiT- 72,
LCM %

Ny bW E S =1 (0.05mg/g) IZTTY
A O RERE BRI & AT, BRI % SRR, OCT
287y FICANERREL, diUhzT o
SAFAF Yy bT8umIZAS A AL, X5
FH5 ATz, A5A4ALEZRATAF
(&, —EBIEE B g L LCM 2175 7228, K
DD DIF G F T - 80T I THESIRAT L 72
A4 F&70%=% J—)N, DEPC ALE K (Z
FRENIOME Lz, A~ bE ) TH
Foiidetn L7z, & 5|2 DEPCALHK, 70%,
95%, 100% L% ) — W2 &30B M Lk,
FL vz 5 MR U MR Y R AT - 7o i,
PixCell system (Arcturus,
USA) # T, MfWh N7 KEIZL—
W—n B L, ST 7 1 VAL .
A A Z30 gm & 0, T 7 i R
L7z (Fig. 1).

RNA #H & Reversed transcription

RNA HlIH1 12 it PicoPure RNA Tsolation Kit
(Arcturus PN 12206-01) % i H] L 7-. DNase L3
FEIML, ¥/ ALADNAOI VY I F—Y 3
% |nl 8 1 7=, Reversed transcription |2 {3 TagMan
Reverse Transcription Reagents (AB N8§08-0234)
ZfEHL, DNAGRKD=OHDT T 43—
|2 Random Hexamers % H > 7z,

Mountain View Ca.
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Fig. 1. Laser capture microdissection (LCM) {52 & 2 I 5 IS HERFRIL O TNH.
(a) e B E T ICS, (b) R L 7z 0o &2 W 7 IR RS, () BRI L7z o 7 il & B 5 IG

Real time-PCR 3%

Sybr Green {2 & % Real time-PCR & % v 7z,
Primer |& GenBank @ nucleotides 7* % download
L 7= mRNA sequence |2 %7 & Primer Express T
Er L, blast # HWT 75 4 = — DAL
DV LAz, BigH, WS, ok, W
h, Mo, TR =3 AEIZWT D primer
FAH LHs TR TT 7 4 — VO 175
5

2 E 0.5 ml, primer ¥ % 141, Sybr
Green PCR Master Mix (Applide Biosystems),
FHKOBEHE 9 u 1 AVTRMEL0 11 OBUSH
% ¢ B L 7z. ABIPRISM 7700 T 55 cycle @
Real time-PCR % 175 7z. PCR & fFE50C 2
5, 95T 104+, 95T 158, 60T 15r& L7
45T @ FEH 33 vy ¢ Dissociation curve 457 & 1T
WiEEREE, 70— A VEAIKE) T PCR
products OHEFR T IT o 72,

BZ TR OER{LOD, WiEa ¥ b
O— b & LTISSIRNA #Jflwvy, 27— 4 CT %
HEL /AT ARIER Y b= E
LChiwEsL 7.

& ol

ETOTF— F LT+ BEHETIE (mean +
SEM) TRt L 7=, Z#EM o g id Mann-Whit-
ney U test & i\, p<O. 052 FiEH Y & L.
FATHE 1212 StatView— ver. 5(SAS, NC, USA)
=AM L7,

& g

HEERNT A -2 DFE{L

KL, db/db =7 2B T §METL Y db
S, AR LTHEECEINL vz (db
/db 3 35.2 £ 0.3gvsdb/ +;23.2 = 0.4g, p
< 0.0001,vs+/ + 3 17.8 £ 0.3 g, p< 0.0001)
(Fig. 2). 8 o 22 IR U 1, db/db =
W A T207.6+ 22.2 me/dl, db/ +< 7 A TTL8
+ 6. 7mg/dl (p<0.05), +/+~<7 A T50.2=
3.3mg/dl (p<0.0001) & db/db~ 7 A TliEAl
B THEIL S ol £/, A
A VY, db/db < AT4.5+1.7ng/ml,
db/ +=< 7 A T0.6x0.1ng/ml (p<0.05), +/
+= ™ AT0.2+0.1ng/ml (p<0.05) & 2B
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W BEHERRE (n=5). % :p<0.05 v8 +/+T A, %% 1p<0.0001 vs +/+ 7 A (450
T ip<0.05 vs db/+= A, T 1 1p<0.0001 vs db/+= 7 R

FRIHE & FARICABEEZRDL, Zhbg
A —F DEREITIEENI BT D, FHEoEm
2ol 12O Z INE A » A r &R,
db/db <7 A TH LR Z D, db/ +=

AT/ FRTRAELRTHELRENZE

Wiz (% %5.1£3.3, 58.0+31.7, 24.4+15.4
ng/islet, p<<0.05) (Fig. 3),
B> KB OHEBFEHEL

YD db/db <7 ADWT KBIZ+/+ B
SWdb/+= 7 ALLBLT, &FMICEXL,
HMAELOBEMEE TR L EEZET L L E
b2, WEEHITR O BLT OB & kR 7o n
D39 AN, RIEMERSE T D70 7L

| p=0.002 |
80 r p<0.001
70
60
50
40
30 r
20 +
10 r
0 .
b db/+ ab/db
Fig. 3. +/+, db/+, db/db =" 2 (W b12EED)
DIEZ IR, ¥ A0 Y &R,

Insulin content (ngfislet)

AT BLPVSTMNAYTF D2 ERETITo
7oe A, db/db =y AT LN T
<, a7FHmb ¥t dh, T KBRS
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W RBH VA Ty - 2= P A ST AR L B 2 TR LR (2000 &ALz
() +/+=Y A, (bdb/+=<7 A, (e)db/db~ A (WL 8Hik)

a b
0.45 ¢ 015 r
< <
z g
gmm- 2 010
2 g
o L k=l L
§UM E&M
0.00 P 9 4 0 0.00 e B 5 8 4
+#HP)  ##C)  db/+(C)  ab/diC) +#HP)  #HC)  adb/+(C)  db/abC)
c d
g 05 §om
%om z
=003 g
2 g 3
g v o 010 :
& 0.0 3 I
' H x ¥
000 T i 0 | 0 | 0.00 i 0 | 0 |
##P)  #HC)  db/+(C)  adb/ablC) #HP)  +HC)  ab+(C)  dbalC)
Fig. 5. 8 b~ A M7 IS 0 7 8 & 4 0 s o i n sl o HbE
(

C 1 HET Ik T 7 AR, P I ICE LR
7 5 [ £ BEE (n=5)

O % R 7- (Fig. 4).
BEoKEI7HEEs LUEANERICE T 5EE
FREOHSE

EH oW KBTI T 73 g Mk, 1
HFIRIZ W o M, SMEABAL TS, 8
WEED +/ += 7 AZBWT, IO T
VA Ty s )= A Y F - pancreatic polypep-
tide (PP) %° metabotropic glutamate receptord
(mGIuR4) A95EBLL, 2 7HICIZENS O#E

a)Glucagon, (b)Somatostatin, (e)Pancreatic Polypeptide (PP}, (d} metabotropic glutamate receptord (mGluR4),

ETFORHEBO o7z, TOZEED,
LCM iz X o TR BN KR T 7 HUIRICIE
31E MDA ENH 2 LAV L 7 (Fig.
5), Lal, db/db= AlCBWTlRI AT
¥ V= b AYF v - PP R mGluR4 @ H {5 T
SEHATT T O 6N, 8HEETT TIS
HREHESE OFLIL 2 3R 12, 12:HH5 T b MR D &S
BThosz, Db D, Ak o ek rY T
R E e BRSNS (A
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8 W db/ +~= 7 A @ insulin 11 1{5F 558
(&, db/db~ 7 A LB LTHBIHEMLTY
72(9.57+3.96 & 1.72 % 0. 64, p<0.05) (Fig. 6),

w5

e A

. ik
o=

iE (5533% &5 17 2007)
Lo LAads, 128ECBE VTl db/ + & db/
db =7 ADORICIE, AEETD LR, T

8 WS db/db <~ ™ AT HB T, BAEE LS [

9% cyclin E, extracellular signal-regulated

a b
10 r 16 i
14 |
= 8 [ R
£ S 12 ¢
S s
XL S
4 >
2 o 87
e 4 e 6
4 |
2 |
ﬁ I_L Zi
0 : 0 L
++ db/+ db/db ++ db/+ db/db ++ db/+ db/db ++ db/+ db/db
8W 12W 8w 12W
Fig. 6.  8:8litds X 1280~ 7 A @I T [R5 3 7 HUEO 00 € > B A 53l Ik,
(a)Insulin 1, (b)Insulin [
F=Flk /AR L ELTHIRRERLTWD, F IS (n=5). * [ p<0.05
a b
—|* 0.020
0.003 L * +|
< <
Z 0250.015 - -
9 0.002 - E’é
E o 0.010 |
Rel =)
E 0.001 +~ 5 0.005 |
0.000 v 4 L 2 g 2 . 0.000 :
#4 dbft dbldb A4 db/ dbidb #Eodbt dbidb A4 dbi+ o dbidb
aw 12W 8W 12W
c d
0.4 r . 0.015 r
< < .
20 | 2
= & 0.010 «
@ 2
g B T 2
S £ 0.005 |
& 0.1 ¢ 14
0.0 : 0.000 - ]
++ db/+ dbidb ++ db/+ db/db +#+ db/+ db/db ++  db/+ db/db
aw 12W 8w 12w
Fig. 7. 8:HlB X U128~ 7 A D7 K2 7 d#Uko s L7 R b — > A LRS- 583 o L.
(a)Cyclin E, (b)extracellular signal-regulated kinase 1! ERKI1, (c¢)caspase-activated DNase | CAD, (d)Bcl-2
P = EEGRE (n=5), % p<0.05, %% @ p<0.005
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kinase 1 (ERK1) #RTH 7R b= A &2t
4 % caspase-activated DNase (CAD) iz T ®
AT AL DABEICIEL T
(Fig. 7). L#&*L, 128¥iTit cyclin E, ERKI
DBEFRBIZAEIET L, CAD#ETD
FEREWINLTwie, —H, db/+~ 7 AILB
WTT R b= A%RMHIT 5 bel-2 815 T D%
A, AEIZEML Ty

% &

db/db = ZFBEIZL BB EA R ¥
BRI v 2 Ao KR E, 2
WZIEA ¥ A AP EIZN A & v R h
felnHZErs, etk e b2 BPERGEE
FWELTEHELHWLRTWS, A 4~5H8
WEG & O A E D, COHEME db/ + <
7 ADLS~LSERISET S (HRZ L THO
HAEREL D). RO FICE Y R
ERL, RpERYESR A S I0Am DR, (3
12100% 2T 5. REFFETIE, MERPERA %
JEVC T E T % db BAZFA3E f NI R iE T4
FHE AL T A0, X LEE LiBD
% 8 s L OWERIFHTEAE L TV 2 128D
YT AERGT, BRI A - BLUES
M o i m TR & BT L7,

T B AL O BEREARAT (21X, BE R MING #ifu =
HHEN 5 KBV ST v 7z25, MING (Zh
Hee pHIRLCIE 2 <, aMif, oMMRLAHAET
BEDOWENHAEINLW, T, HEEES K
BT A MR BT TE w2 L,
a5 F— UL L CHEET 2 72 D IRTGE R
TT7RF =T AMEATVEZ L1055 EAFE
LD, INGEROFREOENE EIRT A7
W, RUFRETIE, WA AR AR o051
BERESZEE © 7= ¥ 12, LCM 3 & RT-PCR i %
HAAbET, fHRRRAIZE R TR BT
TAHHEEMY LA LCM & v o it s 1%
i id19994E =5 L Vi bh Tl 1919,
s RETOMFIZ2WTIE, ThEcicdgo
OB 23E 2, Laybutt 5135 v b % M

W, B I THO AR TWaY,
T 7 AR VL ARIIETIE, fHEE R
WA TELHEE LT, ELMBDRAZRYC
72, ETRMEETRMIZED, ReT2
TR IRINT B 2 A O T T HAF, FA
DT EOF LI, EHW (+/+) =7 A0H
o TN L DR T & A2, Katsuta 5 13
I IG5 4R & BRI L microaray i X 4 figdr &
TR0 THY, [T 2R 1%
TRV, EEr7a7 74 VIRITICIE 1
FUbEo#fzr7a 740y 73725
microarray #£7Y DISHAE L L TETWA.
L Lilifs @O E & %R O 729214 Real
time-PCR #3[a]Iff 23k E D, T, b
FEREY — 7y b &% BElE PR BT
i, REOL S ZHEMOBET ORI T 7 7
AN IBREYVEHRNTH L.

T A VTHEIZ db/db = A G BRI EERE 42
OREBFICowT, W7 KEDEESE, &
(LR 2 17, BRIy, SEE %
Mol LTwaY, RFEIZE T db/db =
AT, ST T SMIED TR —
TATCHED A S AL, 12E T I AR DIk
THALNL I EREERERT OB I &
DEESHERY, QMR OREEEZ 5T
LAVCRIATE ., TS5
MAPK {(mitogen-activated protein kinase) # X
r—FIiZEHE N5 BRKL EEF, JRREEICM
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