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Charles River Canada Inc. & 9 Long-Evans;2 7 v b # 8 A L F N L TW7z9iz, B
PEWER, SR, ZR. BREETEI v P EER L, CORERFEFTHHBTHE
REFOT Pk (OGTT ; Oral Glucose Tolerance Test) DR % $HEEIC L T
WRE R EA, 1991 4F ICF20M812# LR & L THESL L Otsuka  Long-Evans  Tokushima
Faty (OLETF) &% L7:0 BEFME=S ) ¥ ZEEICE W T 2204 LFER
EHREETEEITRTAEEAARTH ), EHBHEARICB W THF—RERNZ T TAE
EDRADL N0, BRI —HEIMRAE S L7z,

AIFZRICE WTOLETFS v P OREOFHEDLTOTECHLMIZL 72, 1) OGTID
M7V a3 — AEIPEESAREE D B <& ). 24EE TR M7 )V o — i &Il A
VAYELE L B YOGTTIC L o THERFGERBWT S N Z DR, MEET IV O — X IZ
558, 650K EBEEIC LA L2AS, M4 v 2 ) AMERAERSER TRl EZ R L
77e SD L HIWOLETFT v b DHERIFIIEA Y A YIFED LKA Y A1) YMFEK % Y %
. K. ZR. RERPEOEREETH L2 EHE LT, 2) OGTTIC L > T2
L 7zF20HAC LARE D it DAE 25 AB TOMIRRS & CTHHREEORIERIEN L
87.8%(341/388), 7.2%(28/388)Td 1, M TIx AR 6S AN THIRIFL & OMHHEREREE 1L
33.3% (5/15) . 20.0% (3./15) TH ot 3) MAFKOMIFEI V-4, b)Y 7Y
tF4 FMEBL VI VATFo— VNI ER L, AR0ERHTIRMEr Va— 2
fliid 2~ F @ —)VDLETO (Long-Evans Tokushima Otsuka) 7 v b & HBIL T2M5, bV 7
VT4 FERSEBS LI L AT 0 — EIZLSEE ko7 4) ABRAGRRKE S ) EHL
REOEMAEA LN E KT L Y FEF R ), WRFB LN B LRL D LTz, 5)
BIEFT O R, HIEREEE TR D CHUTEEHFLE L, 20 —o 0 XAk L
WKHEELTWAI MR E N, I PO — VT SR % 5IE L %2 WLETOT v
P HEERFETETOI B, TV o0 e A LT,  6) HERBEETFOFEAE
TTFRAMATFOYDHERIFORIENDERD—2TH B ENHEANE L o712, 7) BERE
BIE LRTI(FE A B G BIZTHANKR) LoMER I hd o7, 8) WS VNV B
(T, HET B) ORMHMBFNELERDIODAT —JILBT B ENTER, 1)
M (4~9kR) T B IS RIEMMIERE AR & nr2s, S B OMEIELE i3
EETHA Y 2) YHERE AW REMSRATHS Y 2) YR>RTOIEER ShTwiz,
) #AH (10~4008#) : 7 BRAHL2EEHKOMED O BRICSE SR, &5
WCHET B LA I AE S R LB A ES Bb v b nz, ) %L 40
BELDE) [ EIBOKRESIBLIUEPERHCRI Lz, Th5DOLETFS v b0 B
BOPTHALNLET BEOEKEHMEL, Bx, BT BEARARS LUK BREEO~NEY
T YA DSDODIFEIZDOWT, IRIFFIE & OB EME X OLETFY v b LLETOT v + %
5 UNICF344/Ducrj7 v b & 3B o £t o &5H008licovwTe Y 2574 v 2 £ F
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WICF— ¥ 2B Tid Orisk factor e HEE L 72 L T A, T BOEKEBHEILVEFETH Y,
WERRRAE L CHEELER Th 5 2 L AEHENICGEN S L7z, 9) BERIILETOY
v MICHBL T4k s b HLMEEINL Twi, IREBEIZAEZ27TAE L ) LETOT v b
B L T L, £ OREEC LA, ARATER Tk 800my/dlE Bk 720 IREBEDHE
B ML CEABRKOFZENEIL S RO o N, 238E & ) DEOBRIREICA Y ¥
L OBRFEBIENEEAL L. T RCINR T—E DB RERK D FEMIME | fibrin cap, F—< v
R iZcapsular drophiEit, T D% ik + OFERIEHEEE TA L 1 2B HEMWIRE ICH
Wb EEbN T, A0EKLEED O BAIKED X ¥ ¥ AIBDYLK & ZEEIE D JEIE A
H b, S5EEIC % B & RHHTERZ (Kimmelstiel-Wilson lesion) (2 JEH 1B L 7252054
bz 70 LIk B & JRIVE DFEME. FIEMMEL 2 ) BRI OER, BbrHin,
QAR ME 2 EBAKROERIZLIIEELLD, WO BEEBFIEWE LR > T
Mt T & COLETFZ v b B MMARAE D RIS 2 720, BEIRIR O RAMEF O
PCHBRE DT O 2% b ¥ BRFEAIHED TR BBEOMRI BBV ICARTE 2
LERLND,



¥E

PERREE -2 RETE R, BERERITLEEFOBHEEZER LRE T, HLPDH
FNENOFREEGHL L) ETHEDP bR TE s —RUERERIRICH § 5 kM6
RIE. 7L C—RMURERIF S EEMD 5 Wid R RBEREIC, REHERIF ERARLD 2
VI RS RS R IR & Vo 0N E THWL R T, LA LEFICHES L 72 0ERIR
DA RPIRREAER - AT - RIEFE L ER AR CERNICER L 2R S8 S
770 SOSBIZHFREEHEOEMEFE SV HFICET TEIE LD THSH(G1)e <D
& cRBERETa) 4 YA YIKGFEMHEIR#E (Insulin - Dependent Diabetes
Mellitus;IDDM) &b) A >~ XY YIEAEAFEHEIRHS (Non Insulin Dependent Diabetes
Mellitus; NIDDM) ZKBI L., HELZEEEE) D&, bbb oZaHL, 5612
FeAEPEE BENEIRIG L d) FrE 0B - SERRE D F oM OREIRIE (BERE. NSWEKR
B, EAFMEERBEICL B0, A VA v E3A VR yREFARO RE, BENH
B, ToM) o Twa,

IDDMOARAEE 27 » rFuny 28 (LWTEZ &) BHllE O, Btk o<,
AVAR) VUMD R RZICH D, DAL VA ¥ OWMEBIZEHEERBHETOAR L
53, BRENH -  ERHRELZIIEEC T, T 2LV a— X R KT
BEEDIT, ZLDHBETI/NVI—AOWY ALHET L THMEREL S 265, T0
R, BEEFR (ZR) S8 - %K 2R EDEREDH LT, £D 7%, IDDM
BEOEMEMERT 51034 Y 2) VEFPATRTH %, L FEIDDMOSRIE I EIEHE
BHREETHLI LWL L Y, FFENHLA (b M EEMEESBETEAR) Lo
McEWwWHBEEsr AL TS (43) o 7. #DRIEICCoxsackie B4 (3) #®
Encephalomyocarditis(EMC) (8) % &ED A VARG EBOTWEHEDH L, &5 I
IDDMEE TR MOREREB LA T2 G, -4 0HCHA»RE S hD 2 &
FORIEWCHOCRIEDOHG D5 N TWwb, IDDMEBRWEEDH 2 HCHkE LTIt
7 BPufk(Islet Cell Antibody; ICA), [T BAMEEIIAslet Cell Surface Antibody;
ICSA), 4 ¥ &) ~ HCHf(nsulin  Auto-Antibody; IAA)DSH B, 15 DHifRIL R
7 BB OBIEICEG T 5w L b, BHEOBRETHRE SN HEICH T 254 T
HHREEA V. BI/E, IDDMOBEIZET ML AV AH B WIEHCRE 2N T
5T BIEBRBEOMP L PLICED S N TWE, & OIFFED 72 O ISHE R IE RIE OB
E POZFNRICEUL TS EF VTP E L CWistarT v b2 558 ENn72BBJ v b, ICR
IYADLSHENTZNODY Y A EBHAVL TV S, 15D OMERIFER I
SBICEMKE -SR-S -ZIR - 7 b VR ERBIN R HERIFERSFRE . BHETA >
A YRZIKECR), £ 2) VIEHFELEVEY —4 AUARIKEE T2 HHMEFLT
W5,

—73. NIDDMiE —SRHERAE R B 2 BIED —HELIDDML Y b EW 2o, #EnEKHA
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D5 INIDDMD S SRE L 2 b Twh (2) o LA L., NIDDMOSEIEEIETIIHE
L BELAHTH D, HERFHEETFERET S EFHENIT, NIDDMOEZEZHRHA
DERERLTHALMCTEI ENHFL 120, £ ODIFRED T OFEFOMERICH) A TW
5o L2 L. NIDDMIZH L LB KD & ) LS HIHERFEEFEFAE T5EEIC 2o
Twh, 1) NIDDMix% £ 084, HEOBEFIHES5 T 5% W1 E{Z %K B(polygenic
disease) DA BEMEDSH 5, 2) %W F¥E B (multifactorial disease) T & 2 7z D FEFE (13 hNKs - AL
i - ANV AL EORBERTHEET S, 3) NIDDMiZEELK L L TEEMNICE—T%

{ . % Hk(genetically heterogeneous) T %, & NIINIDDMAZH L HIRIEZRTI LN L D
RS, 0L LEHD> HNDDMOMENE RFEIZ T2 FE 3 5053, BEZBHE
HEBD TN,

BERIR RIS L, DO ETHZDEFIT00TAEZEZ TBY, 0L Eo A
DoV T AL, FD0BRIMERFELH > TWwd Enwbid, BERIFOIGER T, T
LERRIMAE T R R0 b A v R yBEL EOESEPHET L, BEOFRIZFLLAE
otz BT TREZ L, FERE. MEE. BEZ OB L T
Wb, EXICEIED 7O ENFEICALBZEDEMEAEEIML . 19904 O FEATHEE A
BE16,543610 9 b, HERFBUERERE 34,3268 T, ZDOHEIZ262%IEL TWVD, &
NIT1980FE IR B &, BIFT5.50%, HETLISHEIRATYS (37) o L2dEEIC
VLB T EE 2 ERAE O 720 IS BEEHE <, BIWERICKE 2RMEL RIFH T Tw
B0 L7:ho THPHEMNRIIHEMLMETH ), BRI THERFBLECB T SRAE
EehoTwsh,

PERBOMEICHZMITZ L, APV T I Moo 7a0FxH 02825 L TABY
VCHERR IR & AR S o ERTW S, £ OFERR O REA ORAFICEZCFHIATY
5o L2LE POGAVERKROBERIEYFHF L LLEARHTHY., &5 ITHRBOM
i3 e P OMERFIEVEBRBIEDE T VI L L E N TV,

Z ) Vo AR T T, FH 51319824 Charles River Canada Inc.(CRL) & D& A L 7-
Long-Evans7 ¥ b (Canadian Breeding Farm & Laboratories?* & CRLIZ19784F3# A, CRLT 7
OD—XFa0=— & o THRE) POLRDITMHEOEFT VIR L /2o B1IHRKER
ORI T HEIRWEFEASH & 7L 5 OLETF (Otsuka Long-Evans Tokushima  Fatty)
7 v b (21-22) | H21ITY ¥ /SERKEAE % 1% H T IDDMAFSE T 5 LETL(Long-Evans
Tokushima Lean)Z v b (23-24) | F33MERFBEELIBEL I ba—v5 v b T,
HIRMIC b F23 & Ji#% T & % LETO(Long-Evans Tokushima Otsuka) 7 v b T& 5 (Fig.1)o

AL TIAER T v F OFER EOLETFT v b ORI DR 5 UNICOLETET v b ®
RREEZMIT L, AT v POMERIFETFT IV E LTOFRAMZBRREET 2,



Fig.1 41%25BEMOLETFS v b (L) &> bO—Jb
THBLETOZ v b (TE&) OLETFZ v hEBEZEZL.
OGTTIC L W HERIR EBZRIEh TULW S,



P28 EBMEDB L UHE

) fd B IR B

S O E LT OFEEEY ; Bordetella  bronchiseptica, Corynebacterium — kutcheri,
Salmonella spp, Mycoplasma pulmonis, Tyzzer's organism, Mouse adenovirus(MAV),
Mouse hepatitis virus(MHYV), Sendai virus(HVJ), 8 & WMGiardia muris, Spironucleus muris,
Syphacia spp% EDFEREZE DT, RE23+£2T), BEG5SE5%). B ME13~150]
/W, BAE300~500Lux B & O BBHEFR](7:00~19:00)1C 2 > b o — )V S N/ BASHIRET
Difiik THE L7, HIXERIY HEEMAECRF-1(4 ) = ¥ & VEERR &4, BE) T,
AKIAKEAKEBHIKESZ e ¥—VIRAAZ L 7HASHE HE) T3 TPX(31X36
X17em)& AV, HRR2EEPEL, REICER—=2Fv 7 (HEF ¥+ — VXY N—AK
. ML) R,

BIEE=2Y T

B, FF. B R, B8, T -8Bz AEVFAI L LEERE, A48 TDRRY) T2
JVTIFFVERAWTERIKEL, BHET ANV FOFESLHEEDEVIZ L o TR
ETAHEEHVZ(15) 7 v POMHC (FEHME &S EZTHEAEME) TH HRTI Dclass

I&class NOPURRIOREIZBI (36) « K& (40) . WA (45) OFEIC L VITo 72,
BRI EEH O O FEIH > TIT e v, BIPEKIEZE4 DHlAELE, 3—6L%
Aw (19) .

I AL AR 2

MEEEBRE VKRG F2—7 (7FavHEH, ®WE) LAy +4 I8 n-ME
®RE (FVEH/RKSH, HE) 2HACTBLE0ul A Y2 VHIEORERIBEZ
200.1) ZHREILL. 3,000pm T3 AL, F VI —ZAB 7R b7 3 —FIAHZE, KK)
ARAWTI NV A-AFF V¥ —EETMES NV - 2ADHELITo 70

M4 21 2 (LLFIRM#E; Immunoreactive Insulin) OBIEIZT v M4 » 21 VHIE
¥ v b (INCSTAR,Co.,Stillwater, MN,USA)IZ & o720 FDOHEDELIILUTOEY TH 2,
ME%E0.05mICENVEY LT v A VY AU Y IMFEO. ImIBLUOTEMBETNV TSI v
(Sigma,St.Louis,MO,USA)0.25% % & {r A ER#R1E ¥ (0. 1M,pH8.5) 0.2ml%ZHNZ. 4°C 24K
RIS & &7 ROT®L Insulin-ME7 V7 3 V2 S UHMEEECERRL 25
#00. ImlZHNZ, 4CTE LN S e CORIGHICY + FHENLE Y b I
0.5ml%& 1R TZEiRT255 FKE L 72, 4°C3,000rpm T30 M E L L72e S D LERKR X,
E LY OB &S v 45 7 v % —(ARC-N-5384 . 7 0 AR E&H, HE)THl
ELTze RICHEEINIZT Y b4V R Y EREFHTITIEDL S 25,0005 F TREFARL T
RHEMAR ZER L. COFHEMR E B4 DMK L D EON B 2B S TS Y R Y
YEREEH L,

MFEFY) 7V ETA FRMITVELSAF G-FRAMTa—Fv b (IAMETE, K

—9—



BY) 2 LCGPD-P-2 0V 7 x /) —VEMET, IVATU—NVIZE/TAPIIVA
51 —)V¥ v b (Boehringer - Mannheim, Mannheim, Germany) % {#/] L "CEnd point {£ T%
neEnflE L7z,

B 7 F o 51 3LER (OGTT:Oral Glucose Tolerance Test)

16 AR, 50% 2 Vv 3 — AEH #KE 100g4 72 1 0.4mlQ2g/kg) D ElA CTHliflFE O
5Ltz MEETNVI— IRV 3 — AEMH. B #3054, 605, 904, 12057, A ~
AV AMEE VT — X AR, B0, 120571, BEIRIM £ 0 1% 5 nzmEEE v
THIEE L 720 OGTTOBA R 3 2D Y A FIT5) 720 DHEIRIH(Diabetes Mellitus; DM) : Ifil
5V 3 — 2 OTEEAT300mg/dIEL £ T, 2D, 1205E45200mg/dlEL ED b Do 2)if #E e f
2 (Impaired Glucose Tolerance; IGT) : I3V I — A DTEE £ 1205MED &5 & hr—F 5%
PERIFDIUEZ [ 72 L TV D b D, 3)IEH (Normal) @ 4E 7V I — X DO TEAE & 1205E O i
ZHE S ICHERIROREREZT 2L TV b D, b DOBWIERE DR IZ19824E /MR &
& o THRE INIMERFOBUNICHE THIERHEIME TREN TV E7550GTTICB T 5
HEXGEHERRELZSE L (28) o 35K DOFEESHEICIE % WIHE300mg/MdIC
DVWTRAT Y PO THAMMEELTBY, Bz BRKEFT VERET A
Beyh & F - B nsEte & L 72,

N
4 Ry

71

B = — 7 OVEREE T THUMEIEE Lo - RER L 720 B JF. B % &L OlEF210%+
MRERERNV <) Y TREL, BIFOHEICEN T 74 VYR 2/ER L TH-EZBZHL
7zo & HITFIZ0i Red OFefl, FIIPAS Heft b Ejti L. FRIAMFAN B L 72, T ~
VN 28 (LTI B) D4 Y2 ) YEEAMAF Y F v F(Biomeda
Co.,Fullerton, CA,USA)T, VA IT» &Y<+ A¥F VIZVECTASTAIN®ABCH v b
(Vector Laboratories,Burlingame, CA, USA)IZ & ) N EFNREMBIRE L B 2 o712, i
NG T4 Y LIEDYI T E L€ guinea pig anti-human insulin, rabbit anti-porcine
glucagon® £ U rabbit anti-somatostatin-28 (GEL) D 1 KPufk % hnz 2~ 68 RE & & 72,
RWTPBSTHEHR, Y4 F ML L 7zrabbit anti-guinea pig IgGd L < idanti-rabbit IgGD
2RPUEE N, 1RERMS S EPBSTHE R, RVAX TV F—¥-7 5 4 F - (Vector

Laboratories,Burlingame, CA, USA)Z N2 [F] U { 1R RS S €720 F DB (3,3'-
diaminobenzidinetetrahydrochloride b L < {Zchromogen) THf & 7z, xfBE & L T 1 Kk
Db h IZPBS % Jll 2 7znegative control b [AHF (/BB L 72,

WA Y R ) v ¥ 5 EER _

AYAN Y (RESMEA ¥ 2 ) VESAKEBEESHE & - 9V FF LY FMC, / FE
afR A, W) 22 A, LR, IR, AERD S &L UIRHES00pymIL T 2 2 L7124
®e5:EEM L L DOLETFHET v F OEEME FICIH Y2 V4RI 221 A HEKRS L, £ER
TH, M7V 3 - 23 BG5S %L, 5. 8. 12, 15, 19, B LU21HH CRBIRIR

il



i L#E L 720

R IR S T 0 AT
WHERIFEIET 2T 5 -0 KRR E BT 2o 72, BT KIFHEEHEEEH T
MEFE LT v BF29 X DOLETFS v b ELETOZ v + %, F344/Ducrj7 v M HAF ¥ — IV
Ty —REeH BEE) L VAL OEMH Lz. F18 £ UR2#LIZOLETES v
b ELETOZ v b 7% & UNICF344/Ducrj7 v b # EHAREIC & o TRz RLREIRENEN
DOF1#A% L OLETFS v b, LETOZ v b b L < (3F344/Ducrj7 v + % IEHRE L 720 BEIRIE
DZWF T AH25 L30BK TOGTT. /7% WHEL 720 %8B, OGTTIRHDATBI %2 o7z,
AHIVAK T — 7 VEE T TRINBIEE LY, BERBEZENRELBI L) 2012, 10
%HMHBEE AV ) YTEREL, BECLVEONHEY A CHESRB % i LR L 720
BERIEEIE WS 3 2 M V€ FEER

MMEZ N ZN A KGR D D VIR L RHALE L 78, ML LERILICTAMRT O
YERFRSLEE, BLUELE CTEHRICARBRIEKE RS T AR LR TR,

1) HEVES v MSEBREE  xTEREE, MEMHBEB L UOBEBBICNATZ I MERT A b
270 ESHE (FEELS, i) 2R5LAEHOMELREL. FHSLSOHWEAEIL
720 MEEAEHIZ 4 BEORE I BT — 7 VEREY T THEER & $IFER T FEZE 515 O JEERIE
PR AR L TR R LR LR Lz, /20 242 FMERT X PR T 0 U ESFHE I
35mg/kg/week & 6 A EA A H 508K E T 1 ARIC 1 BEOEIS THEHE TICHS L 712,

2) MEMES v b EEREE ; AfEREE. OPELFSHEER L OB IR T+ FEEF R b
A7 VESEERS LHOME e RE L, SHSIIKOO %L 72, JIEFTE X485 D
BEEICBW T —F VBT CHHZHERICIETROEE L L OEAET W L Tl
Brfti L7 /o, TV FERT A b A7 B 1EHHE35mg/kg/week & 6HEEG D 5508 K5
FT1IHAMK ] EOEESTHEHE TICHKS L,

3) 7 A MAT U VIBEOHIE ; £BI0BMDOOLETEHES v +, LETORET v b, %5
\ZF344/Ducrjift 7 v + OJFERKER & DRI L. 3,000rpm T2053- M50 508 L T /- 4%
rHW, Fa-—TEMECLETFTRAMPATFOHIERIAFY b b —F )V FRAPMAFDO
~. BADPC Co.., ) #@MALTHE L. 2B, MERKET v A g (i 8)
AR L 720

IRIRAL

R Z7IVI—AB L OREAIR Uri-sticks I (v 4 VA =KX EH, FHOHTE=S—L
oo 720 REBADEEWR TUTA 7 v+£4 %y b (Bio-Rad, CA, US.A.) #HWVWTEHE
ERBETBI ko7,

FEIRIA B & OHE PRI B AE 3 3 % AR IR 0 %h F

HMEOLETFZ v M4OUE ELETOZ v MIOWRA{EA L7z, b EER L AikICA Y = ¥
VEEH LIRS T 52— F HEEABCRFIZMEE L 72, EBREE L L TABE 6




580K CHEBERNI0% LHIBRL 28, BE 6N 5308F THEEREEN3I0%
REIBR L. OB LEE, CHI6A530AF CHRAEI L%, 808 CHEEERE
BED30% %GR L8, e LT80AF TRATHEL 7ZOLETFZ v b £LETOT v b
DHEHOSEY R 2. EHITNZRI0CE L7, WEHE XEKE, OGTT, FFEHE
o) ZYEI54F | IVATO—VET, BHIESGATIT 2 WHEEELHEL 72,
F 72, BEEEIRI0%THRE AV~ ) Y TEEL, BEICLNEL MY ICHE
EPASHA & LEAR L 720 S 6 ICEARKAOBEEZ L ERILT 5272010, FARKARE
J& (Glomerular Lesion Score LLF. GLS) &K¥7:, §%bbIKICO ZWREL R ) M
DL LN B EREFMEZSOEFHRL, LT D052 54.00nKEETEEELL, ZOFH %
FOMEDOBEERE L L7z,

0.5: 2 ¥ ¥ AHBOBREIL R L EREEDLRELH LN D,

1.0: 44 ¥ ¥y AHEDHEEH RS 5 WV IAEMRICHLE S U < iEfibrin cap%x &4 B MR
EDEARBEDKI 25D I A LN S,

2.0: X ¥ AFIHOHEERIRD BV IZFEMR IR S L < i fibrin cap% & B MR
LD AREKEDKIS0BIT AL NS,

3.0: 24 ¥ ¥y ASHEAHEEH KD B WIdAERRICHER S U < i3 fibrin cap% &t B MR
ENEARBREDHTISBIZ A LN,

4.0: %4 - WLBEVPBAREOIZZEBICALNS,

ii gj: ""i 3 ] Qlé i@

ETOMHEITFY & EHERAE(Mean£S.D.)TEKL ., AEEREILETOZ v b »5 Wi
OLETFZ v b % xFB&EE & L THALERE O[] TStudent's t-test(two-tailed) i TFT o 72,

OLETFZ v b LLETOT v t 7% & UNICF344/Ducrj T v b & DAMERE D SRS & ¥ER TG T iE
EDEBEZRRND1-0DIC, OVAT 4 v 7 ETFNVICT—F &4 TXD, risk factorDHEE
1% o120



3% HERIET v P OFRR & REDOMEL

BERIES v b OFEH

19824ECharles River Canada Inc. & W EA L7220 —-X FI20=—®?Long-Evans;c 7 ¥ bt
o, BHEEEVEE, FR, BRBLUZREEL, HRFA LN TOREORDIE
FET. JREEDEAITIFER IC#EE% T v b (OLETF) #19844EIZFH L 72,

OLETFZ v | DAKEHE D#EAE & BT

OLETFZ v b £LETOZ v b &, Charles River Canada Inc.& 1) Al —E#i TEA L 7zLong
EvansT v b L4508 S L7z OLETFZ v b idFig 2R £ 91, lEALZT v bd2f
(#11X#1, #12 X#2) OXRErETN-FEIMMA /70— Foo=—L L TKREL#
BLTw-ton, L HERIEED RO 5505, KEOBAIRITZE AL %, WRRF
DEFTHIBGELE T v b #4236F) 2R R L7 FXTEOHEFOMAL L L, AK1085
THRENFEVHE (K5 7207400gbh L) 2 BORNKKRER S &7z, 1 #48i3204 00 LR L
720 HEBWXARSBEK E TAFSTOCTT = EML . EFDY EMAEREREE L RTEY.
BLUZDOFHREBERL 720

a7 ba—NVRTHAHLETOT v b IFFOMADFBEFOA, ERFEAEME & HERIEFIEME %
R LFIR 2157205, WO hoBPicBw THHRBRBEL %2 o720 F0LE.
F25 HF201AX & CTRURACED L. MEF I 425K T THAF S OGTT# £ L 7245, Fl
2 HR20MAL F THAE L 228 O P IS IIHERIFEORIE & b e b o 72,

OLETF7 v b 8 £ U'LETOZ v b OE{EMH— 2R BT, 2fEH D £LFIE
BEETHEORERIT R VEORE % Table ] IR L7z, TRME AR & L7185 FHE
BT RTHEESAERTH o7 OLETFELETOT v b L OMICRBI LY v =Y V—F
(Fl—Yetafk) DEs-2,3,8,9, 1010 ENRLN1=DHETHY, T v b DEEMESBET
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Table 1

a. Allelic distribution

OLETF,LETLRULETOZ v hDEERIT O T 7 1 )L

o NN =
s IS S e E8d8FEE
Linkage Group ¥ I ¥ v ¥ X VvV VVvyyvy xXow vl vooX X
OLETF a ¢ca b b c] b b c a b b a a b a a u u
LETO a ¢ a b b b b a b b a a b a b a u u
LETL a ¢c a b b a a b b bba 4a a b b @ a ba b a u u
b. Skin graft reaction
Donor Recipient Sex No.of rats Accepted Rejected Mean survival time (days)
OLETF OLETF M 5 5 0 -
OLETF LETO M 5 0 5 120%1.4
LETO OLETF M 5 0 5 11.8%1.6
LETL LETL M 6 6 0 -~
LETL LETO M 3 0 3 113135
LETO LETL M 4 0 4 1.0 0
LETO LETO M 6 6 0 -
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F20 1AL LLFE D A 22588 1 BT B HERIF B & OTHHEREREE 0 BAESEER % Table 21T7R
Lo HEDHEIR IRFEIEZR 1X87.8%(341/388). TMHHEAEBEEA%7.2%(28/388). IEH #°
4.8%(19/388) TdH o 720 —HFMEIXAL25AEG TIIHERIN B & OTHHERE BEE DO FAE LR D 6
N, HEHR6SHEMIC % B L HERIFBFEIER 1L 33.3%(5/15), MTHE EPEE 5%20.0%(3/15) IEH
7346.7%(7/15)TdH o 72 LETOT v b O HEHEZ B\ TI65 ARG OB 2 T b HERIE B & U
PEREREE DFIENE B H o 720

Table 2 FOMALIFEDOOLETFH#S v MIH T B EERKRDBIER

n ¥EFRIR HAEREREE IEE
OLETF 388 341 (87.8%) 28 (7.2%) 19 (4.8%)

OLETFS v h#OGTTICL W3DDAFT T —IZH T 7=,

YERRFR - MEET LT —2X @Iﬁﬁb‘ 300mg/dl KLk, 73@251?31*@73\
200mg/dIlE. TIEERESE | LEXHEDEB L P—FH»EH
T240, E%: J:%B%ffma“z 5c:%é§&w;cw%0>o

{~] l‘—“l"j:;/

OLETFHE S & U'LETOHET v b OINEGIfE ) IR OMF Vo — X fE, M b)Y 7
V74 FMES LM 3 V27 a— )Vl ORI %2 b % Fig.41C7/R L 720 OLETFiE J
Y POMAE SV 3 — AEIRLETOT v MR TAERES, UB L TISBUBRAEICEETH
o, MR Y )2 T4 MEREESBAKR» OB ol MPFI VAT 0 - VEIZE
R8T L 2LAK LU ELETO7 v PR THARICEE LR L, AH%30ARICE 5 L M4
73— Z{HIZLETOZ v b O24FI1Z, MIEL Y /) 54 FEIZMEIC, MEI VX7 O
— VB 1.565127% o 720 HERAOERGICR 5 & MV 3 — Z{EIZOLETFZ v b 5%261.2
+129.7mg/dl, LETOZ v b %5116.4%6.1mg/dl, M4 IV X7 0 — )VEIZOLETFT v b 2%
181.9+26.2mg/dl. LETOF v F #5104.3+5.6mg/dl T, I3 b)) ) + 5 4 F{EIZOLETFZ
Y b %%570.5+£200.3mg/dl, LETOZ v b %%115.5+31.0mg/dITdH o7z SN SOLETFT v b
DJEIZLETOZ v ML THEIKC LR L T/ (P<0.001),
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Fig.7 OLETFiftZ v FPOIMEICHESIEDE{ A EFE
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—F5, MEIAERAGEAK S A & D ML FARICHES BORK AL X BHES BN -
s h 4 ORRETII LA EDBEKIZHA S N225, 2 BT & he Wi b Dl
bt R ICHETIRERIEC Y ¥ os5kd £ &3 28U AERMREE S ), BE
LM OMEEZE ) BUBROGEE L, Cod/NERE L bR, O EEHE
b HM o THEL TV 2B LA EDEKTHL N7z, FRICPEIHIC B S LTy
2EBb Do EROEMEBELZEL VMTRMELFARCET BOASEBLUKD
BLERLTWEH, TORERIITCEMLZIO»OHEIIRFABECALRLZ LN T
A OREFD ), L TEDIREDIA) , BEIEF L bHEICH L TRETH - 72,

OLETF7 v P ICA LN T BONEK, BT BORMEAL, Ao abnr-Ex, KT
BREBRBLUEI BEHEDONEY 7)) VL& D52 DIFE L HERFRIE &£ OF@EMIC o
W, OLETFZ ¥ b £LETOT v b % & UFICF344/Ducrj 7 v b & ORMEREBREE O KL 04
00612 O VAT Ay 7 ETIVICETIZOMIT LIz A, Table 3 WK/RLIZEDICA
v ZH(0dds ratio) DT B DIEKIZ11.981(95%ASFEX . 5.943+24.153). BT B DKM
{bA53.837(95% S FAX [, 2.258+6.521) THETH ), MRFREECHL CEELERNT
H5HEVHITFMFEH SN, B, EFVOBESEICEL TIRELESH 2 Wik
LA A ZROZHHIBEOKEL O, EFNVOBEEEILFEL 720

Table.3 OLETFZw bELETOZ v MIENC F344/Ducrj 7w b EDAE
FESRERETD7000IC B VT 2 EERIRE CBRREERERE B

WTDZSEEREMN

PR Z + v Xtk 95 %= FEX

o 0.092 (0.061 ~ 0.140)
EZBEDREX 11.981 (5.943 ~24.153)
B2 B DOiFHEAE 3.837 (2.258 ~ 6.521)
B & 1.128 (0.716 ~ 1.778)
ESEDODREBER 1.454 (0.926 ~ 2.284)
NETVTFYRB 1.009 (0.604 ~ 1.683)

BLEIFDIVEWELELDI ZEOEZRERAZEDKERP»SETILOE
%gtiiﬂé ﬂf:o
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Ko TWle EZIT v X—HIBAK L EDEI#EIA O N, 20K, WRFENVE
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e FEIHRT 40BN RRHEIR LKA Y A ) VIIER# BT 5 &) 10k b L4
Pl ol TNLDMEHRIEIGHMEE bICAL DS, BHEMCHEIIIEIC L TED
babi, L2bZEDIAY, BEFEL SHEETH o7 LALLM LOLETFT v b DOfF
AR AERG R DA I AT EESE 2 & D LIz b e, T -IMEGPT, GOT%: & DTl
far b DBHEERDO LA L o1,

o HEQRITHERES0A L 0, FLEES 2 M BERD L <k v sske AL L-MiE
oAbz HWEAOLHMIIICIE LIELIEEE R W LI 2 20 12, RIEER T ORME
EMRE DD EIRBE IR T 5 & &b CBEMMEDHAENE L koo BEMKMER
—EHITCBERICERD O N I L b H o /ohs, T LML) B4, &R, 50
FHEHRICED 2BEDDH o 17,

B . 50ALL E O HED I3 12 H O BEEROFRT HEHHEBZEA A O iz, EEtEAE
BRHREEZE ST L) OME~NDEBIEZD LD o 12

FEEL R TETEEL. HEZER L MEOKENTIZEIC. F-2HBITIEH 5 I
EORAKLEEMK OB AR LNz, 60AKLL EIC% 5 L HMENTAE (Fig.8A) 7%
Ao, BEALDOED LN WEEIZB W T A OHEE LA HE 2 FICERIHE
MoTwi, MMREEIR70E28E5 LiIFLAEDAEKICEDL N,

B SOEDREE (1260 B E - HEDIZIZEBIOKIMICTEA DIRFED 5 VIZILAT) 2 #F
ST HIRLEDN RO ST LA LB OB OfFE I Hik% 5 o 72 (Fig.8B)o /b
T b b ERAL D AFE I R T o 12 A8, BB FERORE B 2, — FiETIRAMR
KIBIOAT, FWEDFIFEICEETDH > 7
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RS - FLEFRIR % (Fig.8D) AHE D 803 & 100:8KR IC 181D D520 5 L7,
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D5 v BRMEIEZ SV & o THES B ofiehs - BMEASHEAT L 2= 1814 ¢ 2 o T 1o
2o —7i\ OLETFHET v M XAR2SHEEGTIAERE B & O AR E DS IX20 & T,
HRI0BZ BT L ERAMIET V3 — 2Eid EF UBRBORIERAEL G-+ &£ 5 1o i
h\ HBR6SEIRIC % B LHEIR G OFERER 1233.3%(5/15), THHEREREE 5920 0%(3/15). IE%
1346.7%(1/15) T d > 120 JEZATRA0MEG A & 0 M & RS ICHES B OIEA. ©MELIz &
LIET RO - BRAFE4 OIRETIE LA LDEEICA L ND, 2L ELDED bR
BWEES Do 7o ARCOBIMEBEDLEL Y ETIIHE L FEEICHES BOK X S B LUK
DELEFRL TWLD, BEL CTZDOIREDHA) . BREEL ML TERETH - 7,
OLETFZ v b DRREIZRED L NS BOEK, BT BOBMEAL. MWL npEL. S
BRI RS L UES BEBEDONEY 7)) YL EITDWTOLETEFS v b XLETOT v b 2 &
MICF344/Ducrj7 v b & OIGERE OREMLER % W THEJRIGZSIE &L O @M IcowTr 3 2
TAVIZETVICETRO TR L7225, S BEDIEK LG BRFRIEICEE
BRNTH Y, 7 BEAME., BRBLUANEIFY Vb 3 ERBRE & B0 8
WD EDPEL N LR 572,

OLETFAE 7 v MZIZFFICPRIFRME. ICHHE L, BB RS MBI, I E TR
B, MHIEZERE, BE OKNE L MAMIBIE. AICAIKIEE. Kk g T Z2lay s
MEOWIHN B & CRRIR TR 2 EXERRBERE L LTED LR,



BSEE HEHEIRIE BRI T AT

OLETF7 v F &F344/Ductj7 v b OIZHMERER D% Table 412K L 720 OLETET ¥
b £F344/Ducrj7 v b & DIGERBROFIHHE Tk, BERFBLMEREEI VS hods S
& TbH O NeD o7z F2HANTIZ(OLETF X F344/Ducrj) D fld 4 b & THERIKA5.0%
it $EERE E4%.8 % 1. — Ji(F344/Ducrj X OLETF) T3 HE R I5 B £ Uit BEfeps £ L b A SN
hho 2o R LACECHAR(F344/Ducrj X OLETF)F 1X OLETE T 13 85 [R5 0566.7% . T B he
EH11.1% A 51726 (F344/Ducrj X OLETF)F1 X F344/Ducrj T3 HERIG B & Uit pekE &
L AONGE oo Table SICOLETFT v by bu— )V THABLETOT v b DASHE
RERD B % /R L 726 (OLETF X LETO)D F1H#HAY, T 13 BEFR55%6.7 %« Tt HEBERE 2 5550.0%
ik, —#4® (LETOX OLETF) OFI#AR TI3MAEREREE 22481 18] (4.2%) A Sh:
NHTdHo7o (OLETFXLETO) DOF2{HAR TIIHERNG & MIMEREREEN 2 N2 N13.1% &
22.2% 12k b iz, R D F DM AE D DF2IAL TIRMERIE & IEEEENZFhZh
7.1% £ 22.2% Td o 720 & LAKEL TX(OLETF X LETO)F1 X OLETFCHEJRIG & M feps &
BENEFNA4.4% £ 22.0% EFHETH o725 (OLETFX LETO)F1 X LETOT (385 JR % & i ¥E
BEREENZF NEFN3.6% &17.9% EEERTH o720 OLETFX (LETOXOLETF) TIHR 5%
L THERERE E DS F N N37.8% & 40.0% &£ BETH 72, LETOX (LETOXOLETF) F1iit:
RCIIHERIEB & UTHHEREE L b AL N h o T,

Fig QW& HERF IZ 8 17 B MR R D S BIARA & MEIR RS FER D4R % 7R L 725 OLETF
v k OMEWCLETOT v + OME#AZET 5 &, FIHAL O X ¥eta A IZOLETFHIE, Yt
KIZLETOHISE & %2 0 . # DD #l A 4 bt TIELETOH ¥ DX Fettfk & OLETFHIE 0 Y3
ki s, 72, RLXETHOLETFT v + OXHeta kA H 34 % (OLETF X LETO) X
LETO T 3¥EJR§ DIEEHH H L7245, OLETF T v F OXFEEAHIE L %2 WLETO X
(LETOXOLETF) CIItERIFIZE LB D e o7z D & 9 ICOLETFHE DX Gtk D
I & o THERIR B & T HEREREE DOFIEICH O A 2 ZE RO 72,

HER RFHE ERT1 & D #E ZOLETES v b £F344/DucrjT v b & DAHERER DF2 1% T
AT HE By BERRIR & THHE AEFE 2 I RTIATOLETE S v b &l(uu) D354 1327.8%. OLETF
v b EF344/Ducrj7 v F O~NT O Y A TR/ TIZ20%. B & F344/DucrjBi(1) TI1322.7%
AL, RTIONT TS £ TOENI & BIERIFFERICIIZEDL % o7z (Table 6) o



Table4 OLETFEF3447 v hOEXZHBICH T B0GTT

i3 i3 N #ERE MmeEEE %
(OLETF X F344)F1 22 0(0%) 0(0%)  22(100%)
(F344 X OLETF)F1 22 0(0%) 0(0%)  22(100%)
(OLETFXF344)F2 161 8(5.0%) 11(6.8%) 142(88.2%)
(F344 X OLETF)F2 44 0(0%) 0(0%)  44(100%)

(F344XOLETF)F1XOLETF 18 12(66.7%) 2(11.1%) 4(22.2%)

(F344XOLETF)F1XF344 18  0(0%) 0(0%)  18(100%)

FEFRIR - OGTTICH T 2 MIE T L2 — X DIBEH300mg/dILl L. »D 2 BEREED

200mg/dil E, THIERERES : LEEDRMGDEELIP—AICEHTIHD,

Table.5 OLETFELETOZ v hOBXMHRFICH T BH0GTT

i: I N ¥EFRI® MERERE S E®
(OLETFXLETO) F1 30 267 % 15(50.0%) 13 (43.3%)
(LETOXOLETF) F1 24 00 %)  1(42°%) 23(95.8%)
(OLETFXLETO) F2 99 13(13.1%) 22 (22.2%) 64 (64.6%)
(LETOXOLETF) F2 127 9(71 %) 28(22.0%) 90 (70.9%)
(OLETFXLETO) F1XLETO 28 1(36 %)  5(17.9%) 22(78.6%)

(OLETFXLETO) F1 XOLETF 36 16 (44.4%)  8(222%) 12 (33.3%)
OLETFX(LETOXOLETF) Fi 45  17(37.8%)  18(40.0%) 10 (22.2%)

LETO X(LETOXOLETF) F1 32 000 %) 000 %) 32(100%)

FERE - OGTTIC B3 MIEY )L a— XDIEEN300mg/dIlE. D 2 BFfEED
200mg/diLl b, THIEEEREE : EROEHENESSHP—HICERTIHD,
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Fig.9 OLETFZ v FELETOT v hOXE D 5127F1H#{
DOGTTIC LB ERFREEXR CHEDMEEFRDEZE & DO

I

[7£] XOXO, XOYOIIOLETFZ v DML EEFDIZE % |
XLXL, XLYLIZLETOZ v FOMRBEDEZE Z/RL 12, X

%* ; p<0.01

Table.6 (OLETFXF344)F2tt{XiC &1+ 3 RT1 &2 1 72 & OFERIRRIER

RT-1 N ¥EFRIR MiERERE = EE
u/u 18 2 (11.1%) 3 (16.7%) 13 (72.2%)
I 22 2 (9.1%) 3 (13.6%) 17 (77.3%)
u/l 40 4 (10.0%) 4 (10.0%) 32 (80.0%)
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OLETF7 v b OYERRFEFE OB B %) 120X+ £ L 7> OLETFT v
b £F344/Ductj7 v b & OF U TR BB & OTEREREE 3 I L % 5 o 770 F2{H4E
TIZ(OLETF X F344/Ducrj) Dl & & O AFER G & TR £330 5 vz, B LKHE
A T3 (F344/DucrjX OLETF)F1 X OLETF T (3 ¥ R 35 & T AERERE £ 254 & N 7298,
(F344/Ductj X OLETF)F1 XF344/Ducrj T3 #ERIA S L UTTHERERE E L b A b e 2 o 72,
LETOZ v b & D3HET 12 (OLETF X LETO)F1 AR I HESR S (6.7%) & it HEAEREE (50.0% )
PEBICEO L NzH —H D (LETOXOLETE) DOFHAL Tk it HEEEREEAT4.2% 12 & &
N1zDHTH o720 F2HALTIZ(OLETFXLETO) & (LETOX OLETE) OWEFhIZBWT d
HEIR I & I HE BEME E %30 % AT A & 7z, R L &S T3 (OLETF X LETO)F1 X OLETF,
(OLETF XLETO)F1 XLETO® & OFOLETF X (LETOXOLETF) F1#H{ T 38R IF & i bEae
BEEHFRD b N72H’, LETOX (LETOXOLETF) FUAR TRIBERIE B & OTHHEGEREE L %
Ao ol,

BRHERE BT B URBAR DB L HEIRIRRIER DR % F 72452, OLETFH 3k
DXFEAERDFIIZ &L o THERFB L OTHHEREEEZDORECHL 22 E2 R0 712,

BEIR JRFSIE L RT1 & DR Z0LETF S v b £F344/DucrjF v b & OXRMERER OR2 i ¢
FRIFER, RTIONT O Z 4 TOENIZ & BHERFRERICIEEN L Do 20
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EWLINEBEBYWIIN T57 A MAF 0 v 285 LEE LKL, OGTTORS %
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BT AMATAVEEWONROHERE R L 2o HETF X P 270 VBEOKE S BBEE O £
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iz o FEEEHE HEE AL O2BEIT B S 2 s H S hT vz, — ., M TIROGTT
KBWTHERFIZIEEEZRLZOI L, MF A P27 0 v BEIBERE TR L. SR
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OLETF 7 v t OHEIRIRIMECE  BIE LMAEDSHFAET 25, oM L TRV E

YyPRED LI IEb o TWBDNFXT,

ZFOFER. MR R U2 TIAERB RIS RE R B W H 5 v I EBEY 5 1H
As, B &R L 7o T HE IR L ITHEREREE S A b e, F 7o, RARDLE ZAT
% 57:OLETFZ7 v P OMHEIC T A AT a5 352 L&, HHEOLETFT v + @

YH I b BRI L 720



W% BRI
OLETF £ LETOME T v b OKE & % EH % Fig. 1312 /R L 720 OLETFHES v b D{KE I}
LETOMET v MICIHERS 5 & B & Y 3hnd 2 4%, SOEELE A L, 9058 T LETO
7 v b & 0IK<% o7 OLETF#ES v F OB ERI KX BH VT L OLETORES v F 02
nNEHBLELHNED o7z, IREBE DAL %#Fig. 1412/R L7z, OLETFT ¥ b TIILETOF
y MICHEL Q27T L DEF LA, 2hDBEEECHENL, 478K Tl B L2
800mg/dlE 2 V) | T DHEARA KT L7245, 80:E#H TixH UF1000mg/dIbL | & 7% o 72,
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Fig.13 OLETFiZ v kELETOMET v POMEICHE I RELBEENE(L (n=12)
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Fig.14 OLETFi#> v b ELETOMEZ v FOIIEICE S REAEOE/L (n=12)

BRERR D IRELALAE 2 L % Fig 151078 L7zo 23l & D D BOFRIKEKII A ¥ ¥

v A OEREEBFEMEZ LA A S, 29 Tk & AL X T—EB0 B R ERAA O MM E 1<
fibrin cap, PASHEHILAEY % 1) segmental B IHEDHIN/zo TP BLHOFR -V EE
BT ICPASEEM D IEEW A A L, WbW bcapsular drop& Bbiiz, £ DRENMMEITHEW
BRI 4 (HEAT L 720 SSHAMBIC % B L fibrin cap % 1f ) BIHMREIHE RO L
NB LB, 0% idsegmenal TIEF I EK L T o 2HBICEH HIREHL B4
HASKICR RS DLAD 2 T2, BARMBERMID 2 4 >~ F v AFHBAIAL,
M S L MM OEIRE 2 LR OF LIt % BBl 2607 L
CIEET 2. Wh O BEMMRZE (26) KWHEBLAHREL A LNz, £, BARRED
= A1 1145 ASE 40 1145 98 (microaneurysm)BR IS LR L7 BT R 6 & b 7z o MIEHARAEAL E
(arteriolohyalinosis)id & & L 2o 720 96MAMTLAREIC 2 5 LI L A E ORI DS - B
fb(sclerosis) & 7R L. RMIEEZEH - HRL 2D, Fro72 b DR L THEY ) o
L. BB AEAIETE S o bt Z0RAREIE > TERRAEDOTREIIRE L %
D, WhYBREKBIEVEEE > TV,



Fig.15 OLETEEE = = oD EF % BR {4 o> I FEREAAL == a1
A - BFSRERMASOD X U X U LA IAA & EJEAR DB
S B (EfRes:EEs. PASEe. ><100) - B: T o
fibrin cap & 13 5 2 TSR ZIE AL G Y 5 & =

VEHS . PASSEa. X<132) o C ; fibrin cap®
HsegmentallZIRN DA, IEFHIHHIEX L TLYD (ZE 25533

GlE)
i

s PASHER. ><100) o D ; fibrin cap & 3£ 5 32 I 25 H¥
B XaFf b —global (CER L. BEME - BE(EDIEREZ L T LD (&=
1B OSUENS . PASHES. ><100) o E ; B % BR{E0DEFMME A
EAMIM e B R (C AR L T U D (12653 EME. PASHE . X<
100) o F : AE7BOGMAIC Zr B & EF RIRMAS (T I=FE - BE{EL . R
A LT - SEE L Ao V). TR 7= O IIHABE L T BT ER

S e AT (& RAEMEFAEEFRIE H LN Ly W
SRR SR LER E 2 L /= (LE1%06i M. PASIRE. ><13.2) .



PLEDARE23EHA 5 1008 E TOOLETFHES v b THL N 72 B 7 BRE %
Fig. 16\ L7z BARRKBREL X4 V¥ AOH A OH % RT b D, BIHWRE
NHHN DD D, ZEHi - LI 72 b DOKEHI 1T, BEDOEARFREDO T T DEIL
LLTW%TERL ABRBBEMTRAS ¥y AW ABIEOA % RT b DA516.5%. 30
BTIE26.2% 1A b NIz SSTERIH D S BHWHREOLEH16.7% F T %2 b, 803
B CIEIRRS2. 7% E L 720 M - AL o 72 B REREASSHEEG - 20 LB A D, 80
BETIX18.4% X THINL, €N OWMEIERLICHIL2E )22 ), 100ATIE B
R L EM - W LE B LB LT0BIZEL 720 BB, HHRGED S 188 F Tl BAREkk L
RAE ICREZERIREO LN o T,
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Fig.16 OLETFifZ v M20EDE#23:BE» 510018 & T DB RIKIFREDES

X5 |COLETFS v b 08 & LT, ARISARK TS & ) BRI LRI PASF 1 T
* 3 VAT NI % B 1. & OWUNER * BETHMEETHIE T4 £, Fig.17ilA LN
2 & 5 1B SR ERAA R P D secondary lysosome & L TRB¥d b L7z,
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Fig.177 OLETF#Z v OB REFAEDE FIEMIEER
OLETF#7Z v b TH 5 h 7=/ \FERL (LB RERA LT
(Zsecondary lysosome (—) & U TaEB® 7z (ER40:BES «
Befs ™ 7 —— /L &SRO ZEHE. X3,000) o

/N

OLETET v b OMERFILBELRIET, L2 bEHMBIC b o THA ICHET 2 5# %
b o TV DIERFBUEETHENA LN, & ICHFEDIEETSH 5 JREHME ZLETOZ
v MCHBL T2738#6 & ) BEEIC EA,. 478G T 800mg/dEL k& %k o 72, OLETFZ v b
DEM OEALIEIFE L LT2BHEBT AT ¥ A OILKEHENA L NIz, LETOT ¥
b DEESRERAR & B L CEARERADIE K b R 1o 29385 Tfibrin cap % ¥ 9 B HHEIRZE A
LHEBIA SN, SSBRIC B EEBRO LN L) Ik ), BHEERENFTREKESMEI
RU220H5bDbH o, 0, 5588 CEAEITERE & BREADOBHIME 2*EM
MR VIR L7212 b Bz, 72k P OMRFEEE & LBENFEEISWESbh
TV Bcapsular dropd & b 172, 96K TIdIZ & A EDEARRGEDEMEILE/R L. IRl
BITEMIEE LY . PASBEHDOEZY D) ok LB, F-MERIALREN
MR EAEES . Wb W B REFITEWEIRD b7,

Pl FOOLETES v F OBRZEOHR 2 T L5 L, 2SERFIHROFEH TR ¥y A
DLEALD 3 DEHREKAHL . SSAMAIEROPH TRBHEERE R THEFE %o 1o
OB & ) BT o 72 BREEDE NG D . INEICHE W C v b OEE IR 4 ICH

V2 EkSEhats

~38=
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REDE
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Me SURBFOBET BRI L & b B L B AH D N7odS, ABE - CBECTRAREL
ENE DREDNECH O, FE L ERHGIER O NTIREOET I ST,
BRE b MRMEAL L BEANE OMA D EIH & e, FELEMZIRD bhiedo 72, BE
LARE - CREEHLERT 5 L 2 DR & ) BABEIED - 72,0

B BARKEERAN CHBERONZER 2 4 » ¥ AHIBOILEI TR W IR b L,
& b \Zfibrin cap Rcapsular drop SFDBIHMIRE b A btz & 5 ICEARRMKEERIC LT
L2 BO5b Db H ol AR - CHOEAKAKTIREICAY ¥ ¥y AHEBICHIL A
YL E RO, fibrin capZ ¥ ) BHMWIA b ALz, LA L, BHEHRE AR L
RCZOHBHRE, FEREKF L HBETH o 72(Fig.22)o BEEDIRZ X, AR & BREkA
WEDINY . BIEKE SBETH o 72705, ABE - CREICLENB LEETH o720 FHRIK
HHE e ERELL 2GLSIT BV TH AR TI20.9320.41TdH o 722%, ABEI30.24%
0.12g, CEEIF0.1410.08 & FLAFHIFRIC & ) BRIKMAIAZILE L 720 BEFI20.49£0.22THY
AHLVEMETH o725 ARE - CRRCHLAREIEETSH o 72

Fig.22 OLETF#< v b &#30%EEEHIRR LU 72kFDE1R8018
BB T BBRIEHFE A BREMEC 3fibrin cap E1F 5
% MR ZE H'segmental »* S globallCFRh . ZEHE - BE{EZ =
LTWBHDHdH D, —SEORME 3ZFEHE L EREKIRDIEE
#EB%. BIEICEREMMIBFEIG & 515 (RAEEF.

PASHtfa. X33) . B BRIKMEIF XY > X LFRFDE
EHAEEEBEOREF 5N Dd2DOATHY . RBESH L
UREEICHET IR Sh L (B0%HIRRARF . PASHE.
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NIDDM® & 7 VEI¥) T & AOLETFS v b IC ARG 4T ) F o L 0. MRBOLES
L OBIEDAERERHATATEETH B HE L 72,

VEIRIG FEAERT D 6EME A & & HERIK & Z W = 17230810 > BEYIMAFIRETI &
& DT BREDETEBENA LN, Thbb, SOEKOMAENOMES BIZEMHL T
W7zt AEB L UCHE T, ML L NE D B4 AR S WD OAH THE S EMEILR
WoNEP ol HIETHAR - CHCIRIRED O HIMAHH & ., BhERERE bRE
BICHRBETH o720 SO L) ITHERBIRENKFEIC L YOLETES v b OEAIRMEIRE
DHER T 2 TP S et



OB ML b U EEE

Charles River Canada Inc. 4* 53 A L 7zLong-Evans;2J v b #f]lE L Tz & & 5, JEiH
VSR, S SR, MEREETEI v FMBRRBRE N, CORE 218HT 5 H
() THEIR LOGTT DRGHT % FEHEIC U R 2 Eh, 19914 i % £ v & 16 % 314 7]
P L. MERIRIEREHE 2 06553 2OLETFS v b % BIRMI L 720

OLETFZ v M 3EMAE L VIEHE 2L, &4 ¥ XV VIfE 2 40E ) B b #258# T
HEORREFIIALN, T B TEBMEI A - TBRKL T/, 20k, MAHEIIR4
KEAL, 0B TA L VEFBID L TR - BeRkT LIk, 2hifEoT
SR, L. LR, BRERBD. B4 VA VIER EDERDS BIIC D o T4 ICHE
L7ze SOEA YA VIFED L&A ¥ 2 VMFECRAT S 5815 (EOLETF 7 v + DK
Tbhbdo TNHDRHEZIEA/MLT 7 ZITHPUL Tz (5) o LAL%EHSdb[dbY 7 Al
E & D IR RO MAE 7 )V 3 — Z{E 292007 5 300mg/d1E ) FH L& MAELAH L b
A, HEHPICHEREIC L 2 THRET 5013 LT, OLETFZ v M 3 EMASF LEROER
LIEFWICEIETH o 720

NIDDMOFJE R R O — DA, FRMEEE E0 4 ¥ 2 ) Yl BT 50 %27,
OLETFS v F TH NI =R 2 5 ¥ 7D 5 )V 3 — AFE AHEE (Glucose infusion rate; GIR)
PRI, 4 YA VBB OAEICOWTHIL (34, 35, 42, 48) LAMRE LT 5,
FNIT LB EGIRIIAIBEEDLETOT v MMIHNR6GEAKTIEZAR % <, 128K TH40%. 18
EEELARE TIEHBO%ET L TWwaBZ L& WEL TV 5, BONIDDME 7V & L Tidob/ob
<% A(6)s KK 7 2(33), ZuckerFatty7 v F(52)% EXH Y. Th b OB THAEALER
FEAE. B4 v AY VIE, REAEHTH B, FH, SR, LR, KERD. EA
VAY VIMER EDERIITRE RV, GKI v I EA YA Y Y IE & B LT, 4
RIFER G EBWBETH ) T B0ES 7 BAMOAHLLRELOARTH S &
V(12 SHSHDOHYEOLETFT v b ORMEZ T % £, OLETFZ v M 3F#AM» 5
42 VIEFIHIREECH B2 LR L HT (34, 35, 42, 48) | B % f¥ - 7-NIDDM
B BA VA VIR BOIKPHEEOHECHMEE R i,

OLETES v b ORI IE 7 BOILK L4k, SauEticBiEERRERE AL 0D
Besk. WS BOEM L EECEED Y KRS A L BT BEFKXS LUK B
BIAEY T VB ERO 2o ThbORE EHERIFRIE L OBIEMEZOLETFY v b &
LETOF v F 7% & UFICF344/Ducrj 7 v b & OFMERE DO K WROEFI700BIC OV TO I R T
4 YT EFMCETIROTHITL, BT BOIRK &BHELIFERFRIEICH L TEELR
HThsdo LWL DELR o, HBEOOLETFT v b DT BEIHS. BERMB LU —
L DANTUAER b SIEVERIRE DS ATR & s, I (25) & OWE I L L, OLETF 7
v MBI 2RSS R EBEM L ) b REEREICS WEEFD Y 2080 ETO

-

ORI PE, B, ¥ 077 -V ESHOCDABUTHIN £ LTwa, <



DIEIC BT 2 RAEMMIL OB BILOLETF 7 v b OMERFBET 2T 2 720147 % o
72F344Ducrj 7 v b E DIRZMEREBOF 2 I BV T, BRBEVPRIE L TR WIZH 2 h
bOLTROLNIZ L2 (455) | OLETFY v b DIERIFRIE & WEEN 232
WEEZ Do SHICOLETFT v P THARDET BAEMET 2 I T BMlanFa: & 1
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Abstract

The characteristic features of OLETF rats are 1) late onset of hyperglycemia
(after 18 weeks of age), 2) a chronic course of disease, 3) mild obesity, 4) clinical
onset of diabetes mellitus (DM) mostly in males , 5) hereditary trait a); multiple recessive
genes are involved in the induction of DM, b); rat MHC, RT1 has no diabetogenic effect,
c); control strain, LETO appears to share some of diabetogenic genes with OLETF rats,
d); female OLETF rats also carry diabetogenic genes, and e); one of the diabetogenic
genes, designated as ODB-1, is transmitted linked with the X-chromosome of OLETF
rats, however testosterone is an important factor involved in developing diabetes. 6)
the changes of pancreatic islets can be classified into three stages : (1) an early
stage ( at less than 9 weeks of age) mild lymphocyte infiltration , (2) a hyperplastic
stage (10-40 weeks of age) ; hyperplastic change and fibrosis in or around islets, (3)
a final stage (at more than 40 weeks of age) showing atrophy of islets. 7) Diabetic
nephropathy; after wk 50, glomeruli of OLETF rat enlarged, diffuse glomerulosclerosis,
nodular glomerulosclerosis, the fibrin cap lesion, capsular drop lesion.

These clinical and pathologic features of disease in OLETF rats resemble those
of human NIDDM.

Introduction

We have reported a new inbred strain of Long-Evans Tokushima Lean (LETL)
rats with IDDM without lymphopenia (1). This LETL strain was established in 1989
from an outbred colony of Long-Evans rats that had been purchased from Charles
River Canada Inc. From the same colony of rats, we established another inbred
strain of rats, Otsuka Long-Evans Tokushima Fatty (OLETF), that develops
spontaneous persistent hyperglycemia(2). In this paper, we report here that
pathophysiological characteristics and genetic profiles of the OLETF rats. The value

of this strain as an animal model of human type 2 diabetes is discussed.

Establishment of OLETF strain
A spontaneously diabetic rat with polyuria, polydipsia and mild obesity was

discovered in 1984 in an outbred colony of Long-Evans rats, which had been

2



purchased from Charles River Canada (St. Constant, Quebec, Canada) in 1982. A
strain of rats developed from this rat by selective breeding has since been
maintained at the Tokushima Research Institute (Otsuka Pharmaceutical,
Tokushima, Japan) and named Otsuka Long-Evans Tokushima Fatty (OLETF).
Selective brother-sister matings were then started using males of more than 400g
and apparently normal females at 9-10 weeks old. The males used for mating
were examined by the OGTT at 25 weeks old, and normal glucose toleranced rats
and their offspring were Kkilled.

The LETO line was obtained by different original matings from those for OLETF
rats, but both strain originated from the same colony of Long-Evans rats. The

LETO line has not shown the diabetic syndrome.

Clinical features

Male OLETF rats began to gain weight faster than LETO rats from 5 weeks and
the difference gradually increased with age, being about 200g at 40 weeks of
age. Then in the early stage of diabetes mellitus (DM) with glycosuria, the body
weight decreased slightly, the decrease becoming more prominent with increase in
severity of DM. After the onset of glycosuria at 40 weeks, water and food
intakes and urine production increased gradually, and after persistent glycosuria
for more than 10 months, the rats showed marked polyphagia, polydipsia and

polyuria. However, they survived and death from diabetes was very rare.

Incidence of DM

The cumulative incidences of male rats with diabetic or IGT type were 86.0%
(301/350) or 9.7% (34/350), respectively, after the 20th generation. However ,
incidence of DM in female OLETF was 33.3% at 65 wk-old.

Biochemical analysis

The plasma glucose level of male OLETF rats became higher than that of
LETO rats from 18 weeks. The triglyceride level increased from 8 weeks. The
plasma cholesterol level became slightly higher than that of control rats. At 30

weeks of age, the level of plasma glucose was twice that of controls, and the plasma
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triglyceride level was 5 times that of controls, whereas the plasma cholesterol level was
elevated only slightly. At 40 weeks of age, the plasma cholesterol level was 4.73+
0.68mM in OLETF rats and 2.71+0.15mM in LETO rats and the plasma
triglyceride level was 6.45+2.26mM in OLETF rats and 1.31+0.35mMin LETO
rats, both differences being highly significant (P<0.001).

Oral Glucose Tolerance Test (OGTT)

The results of OGTTs at various ages are shown in Fig. 1. After 24 weeks of
age, elevation of plasma glucose in the OGTT became marked, indicating the
development of DM. At 55 weeks, the peak values exceeded 400mg/dl.

At 24 weeks, the basal value and the values of plasma IRl during the OGTT
were increased in OLETF rats and these increases were more prominent at 55
weeks. When OLETF rats developed glycosuria, their plasma glucose levels
increased, whereas their IRl values decreased. At 65 weeks of age, plasma
glucose level elevated to over 450mg/dl, and the IRl value became less than
300pg/ml, and these rats were rescued by insulin injection and their body weights
increased gradually. The plasma glucose and IRl responses of LETO rats in the

OGTT were within the normal ranges throughout the term of observation.
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Hereditary trait

The mode of inheritance of DM in OLETF rats was examined by genetic segregation
studies using F1, F2 and backcross male progenies. The results shown in Table 1 and
Fig. 2 are summarized as follows : 1) no diabetic rat was found in reciprocal F1 hybrids of
OLETF and F344/Ducrj rats, 2) approximately 46% of (OLETF X LETO)F1 hybrids were
diabetic, whereas in the reverse combination only 2 of 63 F1 hybrids (3.2%) were
diabetic, 3) approximately 12% of the (OLETF X F344)F2 hybrids were diabetic,
whereas the approximately 29-35% of (OLETF X LETO)F2 and (LETO X OLETF)F2 rats
were diabetic, 4) on backcross with OLETF rats, more than 60% of the progenies were
diabetic, whereas those obtained by backcrosses with LETO or F344 developed no
diabetes except those of (OLETF X LETO)F1 X LETO mating which showed a relatively
high incidence of diabetes (21.5%). No association of diabetes with the RT1.A
phenotype was observed (data not shown). These results clearly indicate that 1) more
than two recessive genes are involved in the development of diabetes, 2) both male and
female OLETF rats carry a set of diabetogenic genes, and 3) one of the diabetogenic
genes designated as ODB-1, is transmitted linked with the X-chromosome of OLETF rats,

and 4) LETO rats appear to share some diabetogenic genes with the OLETF strain.

Histopathological finding

Pancreas : Histopathologic changes were classified into three stages : 1) an
early stage (at less than 9 weeks), 2) a hyperplastic stage (at 10 - 40 weeks) and
3) a final stage (at more than 40 weeks).

An early stage, mild to moderate lymphocyte infiltration into or around almost
all pancreatic islets and partially in the acinus area were seen in both male and

female OLETF rats. However, at this stage, the islet structure was normal and
insulin granules were clearly identified by immunohistochemical staining. After
week 12, fibrosis of the islets became apparent. A characteristic feature is
hyperplasia of pancreatic ducts in or around the islets. After week 20, fibrosis of the
islets became prominent ; the islets were either divided or completely replaced by
fibrotic fibers. In the final stage, after 40 weeks, replacement of islets by
connective tissues became more marked. After 70 weeks, the pancreas was

extremely atrophic and the tissue was replaced by fatty and connective tissue.



Both the number and size of islets were significantly decreased. Loss of the islets

was seen in the final stage.

Table 1 Incidence of diabetes mellitus(DM) in various generations of crosses of OLETF
and F344/Ducrj or LETOrats
N DM IGT Normal
(OLETF XF344/Ducrj) F 22 0(0%) 0(0%) 22(100%)
(F344/Ducrj><OLETF) 22 0(0%) 0(0%) 22(100%)
(OLETF XF344/Ducrj) F2 161 8(5.0%) 11(6.8%) 142(88.2%)
(F344/DucrjXOLETF) F2 44 0(0%) 0(0%) 44(100%)
(F344/Ducrj} OLETF) F1 X OLETF 18 12(66.7%) 2(11.1%) 4(22.2%)
(F344/DucrjX OLETF) F1 XF344/Ducrj 18 0(0%) 0(0%) 18(100%)
(OLETFXLETO) F1 63 2(3.2%) 27(42.9%) 34(54.0%)
(LETOXOLETF) 63 0(0%) 2(3.2%) 61(96.8%)
(OLETFXLETO) F 99 13(13.1%) 22(22.2%) 64(64.6%)
(LETOXOLETF) F 127 9(7.1%) 28(22.0%) 90(70.9%)
(OLETFXLETO) F 1XOLETF 36 16(44.4%) 8(22.2%) 12(33.3%)
(OLETFXLETO)F1XLETO 28 1(3.6%) 5(17.9%) 22(78.6%)
OLETFX(LETOXOLETF) F1 45 17(37.8%) 18(40.0%) 10(22.2%)
LETOX(LETOXOLETF) F1 32 0(0%) 0(0%) 32(100%)
Cross 1 Cross 2
(OLETF XLETO)F1 (LETOXOLETF)F1
OLETF LETO LETO OLETF
2 X & X P
XoXo XYo XL XL XoYo
d J
XoYL XiYo

Fig. 2.

46.0%(29/63)

3.2%(2/63)

Mode of transmission of sex chromosomes and incidence of diabetes

mellitus determined by the OGTT. The two crosses differ in transmission of
the sex chromosome. Males from cross 1 (OLETF X LETO)F1 received the
OLETF X (X,) and LETO Y chromosome (Y, ) whereas males from cross 2

(LETO X OLETF)F1 received the LETO X (X ) and OLETF Y chromosome

(Yo).



Diabetic nephropathy
The results of urinary protein levels at various ages are shown in Fig. 3. Urinary
protein levels in male OLETF rats began to increase more than LETO rats from 30 weeks

and drastically increased thereafter, ultimately reached over 800 mg/day.
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Fig.3 Urinary protein levels in male OLETF (l,n=12-40) and LETO
((J,n=12-40) rats. Columns and bars show means * S.D.

The early histological change of the kidney was focal mesangial lesion with
proliferation of mesangial cells at 23 weeks of age before the stage of clinical diabetic
nephropathy. At 29 weeks of age, besides mesangial lesion, a few glomeruli showed the
segmental lesion with PAS-positive deposits in the mesangium or capillary that seemed
to be identical with the fibrin(hyalin) cap in the exudative lesion commonly observed in
human diabetic glomerulopathy. After 50 week of age, the glomeruli showing the
exudative lesion with prominent fibrin caps became numerous and more dominant
finding than the mesangial lesion. Most of these lesions were characteristic in that they
arose as the focal and segmental lesions in the early stage and showed the segmental
obsolescence in the later stage. However, a few lesions of them advanced so much as to
be the global exudative lesions. The similar deposits were often observed at inside of
Bowmann's capsule which had same finestructure with fibrin cap and were located

between the basement membrane and parietal epithelial cells of the capsule. This was



identical with the lesion called the capsular drop, one of characteristic findings for human
diabetic glomerulopathy. On the other hand, the aneurysmal dilatation of intraglomerular
vessels, another characteristic finding in glomerulus, was frequently observed. These
dilated vessels were contoured with thickened wall of mesangial tissue. However, the
vascular changes in the interstitium or vascular pole of the glomerulus such as the
arteriolo-hyalinosis and -sclerosis were not seen.

Through all stages, the severity of mesangial lesions increased with aging, some of
which showed nodular expansion of the mesangial matrix. However, they were not
identical with the typical nodular lesion described by Kimmelstiel-Wilson(3) because
they were at most a minor proportion and, if present, lacked the consolidated
appearance with acellular core. After 55 weeks of age, the segmental or global
obsolescence(sclerosis) of glomeruli and involved numerous glomeruli so advanced

ultimately as to be the end stage kidney at 96 weeks of age.
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