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IRS (insulin receptor substrate)-1 {31 > AV > ZXEIXFEREED 1 DTHD. 12X
) AERESKEZET B, [RS-1 BETF/ 9777 MIRS-1II TR TIEA Y AU VN
HEMEREREE R, IRS-1V Y UATIRFERMWD I IR EEEZRHRN, 2 BIER
FEHFIZBNT IRS-1 BEFEENEEL. £R IRS-1 OHIINORBRHERICED A A
Y NEABEEZETAIEEZRELTERN, ZREIANTFTOTHEEL. TOERBREAND
BEIZBHSNTRN, —F. ZOZREFFREBICEIDA AU JERENES ERB
ENBEEINTNS, FHETIE. £ MIBWT IRS-1 BEFEHERFARBEICEET
AEMERETHETINELT. IRS-1IYV" I RICIEEEEAL, BAz2To .

B & LT gold thioglucose BN SIC L BBRHEEEALZWT & IRS-1Y"I T X,
JEREEE S L TERZHRS L WT & IRS-1V/IURD4HZ2AN. SEETOERH
e, FEHBGBEENT A COFEEENBIETHIHFE. HRTOAM XD AERAIZDNT
BT EfT o /-, ZEIERFMBEEIL 4 BRI TEZRORBN . BERA AU EITIEREREE
BTEEZRORNOENEHEATERICERL, BIZEFH RS-1Y"YUXTREBWT Y
ADHK 1.5 ETH o7z, HARRKER TIIIEEHEICHANEHEHETOEEN LA L. BT
IRS-1""% I A T3 WT I RICHREERMBEEOEMERD:Z. 1 2R VAR
BRICBOTHHEBERICHREEECTIFERMEE TEAORIEZRD. EICEHE IRS-
1V A TR WT 0 ZITHRA XY AERBBIS L Tz, BOBBZEHRET
WSIEEBETERZRYD T, BEETHICEFMRKOENCL2BEOERERD. INE
R WT =7 IR RS-1Y YA TEVEETH - -, K. HRHTOT A >
2R, IRS-1. IRS-2 BEARREBORHNTIE. 1RV USEFIIFRE. HRAKICEHD
BATHEICEAL, FBICTER IRS-1Y"< Z130E% WT Iy RICHEARE RS LTy
7=. IRS-1 RIEBIIFRE. HAILICIERER IRS-17"< 7 X TIHIEHE WT <7 A0 50%T
Holz. BEBEAICLD WT IUX, IRS-1"'IYUZEHEFERICEKTL. HRTIIEE WT
T RICHARERH IRS-1Y IV RIS TEIMETLAEN,. FRTIEEEIZ2M o7z, IRS-2
B EIZIEE WT <7 I B IRS-1Y <7 X TIEFFIE. SR TH 2 ZEoREEN
MERDHN. BHEEAKCIOFRE. HARALKICEDL. BEEERICEZRZDRMN 7. 12
2 > OREER £EZET D phosphatidylinositol (PI) 3-F 3 —EFiE#IZIEERBEIC AR
AR RTINS, BAICET L Tz, BiC, A TIIER WT <7 212 b~ i IRS-1%-
XURATHEIETL T,

PLE. BEIRS-1V" IS WT TR HREDEERA R ViEEEFE L.
T DR ENEBRTH . TR0 A MERGEEARBEORETIZE 51
AU MERABEICERTAEZEZSNT. D1 R EAHISERMEEEMmICK S
EEEXICEY —HREBINTHWE, 250 LD IRS-1 BRTFEEEHEDOEETIE
B#EREOBERTICE S AU VEFRENBEICHEL., 2HBERFRENEERT ST
REEMNTRE N



Summary

Insulin receptor substrate (IRS)-1 is one of the major substrates of the insulin receptor
tyrosine kinase, and mediates multiple insulin signals downstream. IRS-1" mice had insulin
resistance and glucose intolerance. However IRS-1* mice showed no significant difference with
wild type (WT) mice. We have reported that IRS-1 polymorphisms are found in type 2 diabetes
patients, and these mutant IRS-1 protein showed impaired insulin signalling when overexpressed in
culture cells. On the other hand, in human, IRS-1 gene polymorphisms exist mostly in heterozygous.
and those who carry IRS-1 gene polymorphisms tend to worsen insulin resistance when they
complicated obesity. In this study, in order to clarify the contribution of reduced IRS-1 expression to
the obesity induced insulin resistance and to the development of type 2 diabetes. we created obese
IRS-1* mice and characterized.

IRS-1* mice and WT mice with either gold thioglucose (GTG) injection or saline injection
(as controls) were examined on glucose metabolism, islet morphology and insulin signalling in liver
and muscle. There was no significant difference in fasting blood glucose levels between the 4 groups.
Compared to lean mice groups, GTG injected obese mice groups showed significantly higher insulin
levels. Between obese mice groups, obese IRS-1" mice showed a profound elevation in fasting
plasma insulin levels compared to obese WT mice. Intraperitoneal glucose tolerance test showed
higher blood glucose levels in both obese mice groups than in lean mice groups. There was a trend to
have high blood glucose in obese IRS-1* mice compared to obese WT mice. Intraperitoneal insulin
tolerance test showed higher insulin resistance in obese mice groups than in lean controls. Higher
insulin resistance was observed in obese IRS-1*" mice compared to obese WT mice. In the
histological analysis of pancreas. the size of islets was more increased in obese mice groups than in
lean mice groups. and the increment was more abundant in obese IRS-1*" mice than in obese WT
mice. This was due to the increase of pancreatic B cells. To elucidate the molecular mechanisms of
enhanced insulin resistance in obese IRS-1* mice, we examined the expression of insulin receptor,
IRS-1 and IRS-2 proteins in liver and muscle by Western blotting. Expression of the insulin receptor
in the liver and muscle of both obese groups was significantly lower than that in their lean controls.
Insulin receptor expression in the liver of obese IRS-1" mice was significantly decreased compared
with that of obese WT mice. IRS-1 protein content in lean IRS-1* was approximately half of that in
lean WT mice in liver and muscle. In both tissues, IRS-1 protein content was significantly reduced in
both obese mice groups compared with their lean controls. IRS-1 content in the muscle of obese IRS-
1* was significantly lower than that of obese WT mice, but there was no significant difference in
muscle. IRS-2 protein level in lean IRS-1*" mice was significantly higher than that in lean WT mice
in both tissues. In contrast, IRS-2 expression was reduced in both obese mice groups compared with
their lean controls in liver and muscle. There were no differences in IRS-2 levels in both tissues

between the two obese groups. In the analysis of PI 3-kinase, which is crucial for the metabolic
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action of insulin, two obese groups showed a significant reduction in insulin-stimulated PI 3-kinase
activity compared to their lean controls in both tissues. The PI 3-kinase activity in the muscle was
significantly lower in obese IRS-1* than in obese WT.

In conclusion, obese IRS-1*" mice suggested to be more insulin resistant than obese WT
mice, and the insulin resistance observed in obese IRS-1*" mice could be due to the decreased
expression levels of insulin receptor, IRS-1 and IRS-2 in the liver and muscle. This insulin resistance
is partially compensated by the increased insulin secretion due to the increase of islet mass. These
results observed in obese IRS-1*" mice suggest that the IRS-1 polymorphisms in obese subjects
contribute to worsen obese-induced insulin resistance and, therefore, to the development of type 2

diabetes.
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ADSF: adipose tissue-specific secretory factor
apM 1: adipose most abundant gene transcript 1
APS: adapter protein with a PH domain and an SH2 domain
ATP: adenosine 5'-triphosphate

Bcl-2: B cell lymphoma/leukaemia-2

BMI; body mass index

BSA: bovine serum albumin

Ca; calcium

CAP: c-Cbl-associating protein

CAT; chloramphenicol acetyl transferase

Cbl: casitas B-lineage lymphoma

C/EBP; CCAAT/enhancer-binding protein

CrklII; CT-10 regulated kinase II

DNA,; deoxyribonucleic acid

EDTA,; ethylenediamintetraacetic acid

ELISA; enzyme-linked immunosorbent assay
Gab-1: Grb2-associated binder-1

GLUT-4; glucose transporter type-4

Grb2; growth factor receptor-bound protein 2
GRE: glucocorticoid response element

GSK; glycogen synthase kinase

GTG:; gold thioglucose

HEPES; N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
IRS; insulin receptor substrate

JNK; Jun N-terminal kinase

LAR,; leukocyte common antigen-related protein-tyrosine phosphatase
MAPK; mitogen-activated protein kinase

MEF; mouse embryonic fibroblast

mRNA; messenger RNA (ribonucleic acid)
Na3V04; sodium orthovanadate

PAGE; (SDS-)polyacrylamide gel electrophoresis
PBS; phosphate-buffered saline



PCR: polymerase chain reaction

PDE3B; phosphodiesterase 3B

PH; plekstrin homology

PHAS-1; pH and acid stable-1

PI 3-K; phosphatidylinositol 3-kinase

PMSF; phenylmethylsulfonyl fluoride

PP1; protein phosphatase-1

PPAR: peroxisome proliferator-activated receptor
PRE; progesterone response element

PTB; phosphotyrosine binding

PTP: protein-tyrosine phosphatase

SDS: sodium dodecyl sulfate

SH2; src homology 2

Shc: src homology and collagen related

SHP-2: src homology phosphotyrosine phosphatase-2
TLC; thin-layer chromatography

WT; wild type
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AETRAMEOERE BWIZOVWTERRS, £, 5(1)Tid 2 BHERFHD
B L EEE, 5-2)TIRA ¥ A AMERRERET ., 5-3) Tl IRS OfEL %
A%, 5-@)Tid RS MZTEMLRRIFIIOVTEIBR S, HVT, 545)
Tl RS MIEFHRIEYT ADWT, SO TRILMIZL 24 > A L EHUEDOHE
A, UESICBLWToRE CHLMCI L TESEIEE IR~ D, BRI,
5-(7) CABIED HIIZ oW TR~ 5,

(FHXLTOA VA Y ZHEHEROT I 7 EECH]IX Ebina 5 O3 (Ebina, Y., ef al.,
1985)IZ, IRS-1 D7 I / FEFECHIE Araki b D ¥ (Araki, E., e al. 1993)IZ2&2DW
TRHT 5o

5-(1) 2 BUHEFR %8 D B[R & g

=TT
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1] 4> A AEH o

A VA »OEERNEIANOIERH 2 HANIZRT, 41 22 YidiA. BB
HEANOEOI Y AR AL L. FFETOF ) a—4 v 3 -eBg e # 1+ 2,
F-BHEERI B THHEEO SR TTET 5,

WERmE, A Y20 AMEHOARICE 218E iz ERE L, 4 O
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Wi, IEIHEE COBEIL Y AL, QOFFETORER Y A&, 12X D #EE X 4~7 mM
EIFEICHEICHB I TS, AWEINE, BELYMRICRRIALETF
THEIBERHINE 2 5 DA Y R YA EM L, BT o -7 Y AR O
., EHAEoMEHZ, HATIIHEGREOIE, 7)) a7 EloEz, i
Ak CidbEE O TGE, B MoNmEsiEI 4, Zhi2k), HIEELY
W& A7z 7 77 B o fE A, AR, DRIARLARICHND A E v, IEF Ol ks
EA RN D, —F, MARICIIHEBHIEA L DA ¥ A1) ¥ A EEEHE ISR
D, FRICBTAZ)a—FrronfEt, 38k, 7I /B, ) to—wvilk

(2] 2BIERBOEAE & FHiE
PRERBRECIRERTFLRBEETARICERICHALELLNS,
BED4L ¥ 2 ViERBEOE AL 4 v A Y HHOETHEIN, {1 VA
YOFRARIKEL o7 L 23 2BERMAMMEDOS ¥ 2 ) V3R L DHl
b2, BOAhi(hotAEMELET4, ZoEMETZFhEAE
A VA Gl YA AR R EESES, 0L LERREE

0E L T2RERmHRE, EBTALEZZONE,

PODOREHRAEICLD
7 K 7 BEASHL 12
a3, ~NDTF
TS EMEREL T
WABE 1) DL
7 100 HE il oD ) A 1 o
HE A A R N5 i %
I & o ThHeAE il 1
ShTBY, BTYH
A R T HE— o I &
BKTEHZE>F L
ESTHEHEAZRY
YHEEDOHRLERE
HERLLTV S,
RERFLEEETF
EEaTAH AU >
FUWDIETRA A
VD UIERHOESE, §
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TB52H. KDBEFRA AN ORUNHEERDE AN A VEEZET
5, ZORMBHEDA X 2 WNERME D Z B 2B &I M5
EFRIEN3, SMEIENEENT A D OMWETR, 1 XD VEH
HoEELEFZEILUGESEN). BEIEET S, CZOLIRERROER.
B2 S MBS S EE IR DERBMRIET 5 EZEZ 5N TN3B(K2),
ZDEIITA VA AEFHERERAS DR O HWEE LA TERBRREICE
EZRRFTHY. EENREELBRNARERTFOMENESTELEA50
%, BRHRERICIIRBHADEZNLEENTNEN, 1 AU UEEE
NS BRZERBORBICVW M TOEAGECHEDLIRLAREAORE
BOLECHEDREN. 1 X)) CENEORERERZ2 D ETFEINS,
E—D#EGTFRETEARI R VEIIHEELUERFERET 5 HDIT,
AR OZBEEEEND D, INEA A U EBREBEGTFOERIZED
A AN UEBAEFEEQOEN., BNREENEL, FHREM A U IEZ
ESA ) VEGMEOERF L. RERKECARILE. SBOHRRARE
DFREEETIRETH S, COLOIBRE—DBECTFRETEERI AU Y
VEABEEZKEL, BRFEZDBLESTHOOLHEET SN, 2 HERFORED
BEROBGTHREICEETREFEINTVWS, —F, AEODERFBELK
DOEME. COXIBBEHNERVRZRELCLZ0TIERL. BERTFICK
54N OB RICE > TEMEDDTH S, Thbb,. XHOHE
EIESHEHBBROBOPREFEONKL., R ML XOEMPEHR MBS
REBHS>T, AR VHEFMEOERMBRL TNDEEZISNTNS,

5-2) 1 AN AEROEERER
A) 122 B2EE

ARAY V3K BE. EREORHATERO T, MiaEmE. HAavis
B, BEHRE. TR M- AOHFHE. EFICBRICOEP4EBEERE
BITBEIFINESTHB(K3). ZDEDIBERRZA A AEHIZ 1A
PHIfE EICEET 51 AU UE2BRBICKEEL. SEA&FOS O FF—ER
EHEIND Z X DRE XN S (Ebina, Y., et al. 1985, White, MF,, ef al. 1994),
A A BBEEGTA R EREREREF(insulin like growth factor)-I 224
Epidermal growth factor (EGF)Z&& R U<, SEEKMF O > FF—F family
WEBI S, 1AV EBER F -8 BHEWol1 2R D OEREN

10



. AR AT )

47 A) Y254k

[E311 » A Y AMEHEZEBMO TV

AVZ) 2O FFit, Q4 VA YBEBIZENVE LA VAN VEREOETR) YEEEFOY U F
F—HiEL, OFEEEShA YA VEFEEFO Ly 3 F—FIC L VEREFOD V) VELE ST AIRS
77 3IVY—, ShchEOA » A YEHEEOETED) B L, @Fol ) yEBEESH Lo hbnEHEE
SH2H 2 F T 2BOO&#E. QSH2RAIC LAV 7+ Lol - (i, QELIZFOTFTRHOY 7+ IviEE
ROEMNL, REEBRBORIGIZE D FR~NE{EEELS,
IRS; insulin receptor substrate, She; src homology 2/ « collagen related, PI-3K;
phosphatidylinositol-3 kinase, Akt/PKB; protein kinase B, aPKC; atvpical protein kinase C, GSK-3;
glvecogen synthase kinase-3, PP-1G; protein tyrosine phosphatase-1G, Grb2; growth factor
receptor-bound protein 2, SOS; son of sevenless,

ARV T2 <, PEERIM AN - i - IR 2 COMBERmMICOFLET S S
EFHLNT VD, 4 YA YZHEIT, 55 F& 135 kDa @ 2 DDt 71=
v h&, 95 kDa D 2 2DBY 7L= v A S-S #EATHITh 020 MiEE%E
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FERL TW3, o712y ME3A R RN EFEL. —F. pY T
- v MIEEEEAT. #MENICEETS C mANZ1 A XD A2
ZiFsaFul > oFF—V¥EERMEFED., 1 AU BRad 71y MES
THEFNETod T2y MMl TWEepT Ty boFF—F
NEHLENS, ZOFEHELAEFOL O FF—FEREDA A ZB/ED
BEOU BRI D, BEICHENOA A U Z2FEEOEREZFO U >
BilL., 122 COERETRICGEL TN,

B) 1A ZBEROER

BEDEZADELED 9 DDA A >, IGF]1 ZFKOMAEE I
FENTNW3, ZTDOSBED 4 DI insulin receptor substrate (IRS)7 7 2 U —IZfE
ITBHHLDTHB., RS BEIZIE, BAKIO—Z2 T ENHTEH 180 kDa
@ IRS-1 (Sun, XJ.. ez al. 1991)DiEA. 5 T8 190 kDa & IRS-2 (Araki, E., et al.
1994, Sun, XJ., et al. 1995). #J 60 kDa @ IRS-3 (Lavan, BE., et al. 1997), & 5IZ#)
160 kDa @ IRS-4 (Lavan, BE., et al. 1997)D 4 FEDT 1Y) 74— LADNREFRE S
NTW3B, FOMIE Gab-1 (Grb2-associated binder-1). Cbl (Casitas B-lineage
lymphoma), APS (adapter protein with a PH domain and an SH2 domain). Shc (Shc; src
homology and collagen related)’x & T& 5.

A AN ORBEICEDY CBEESTEINSEBEOF O CRED, SH2
(Src-homology-2) St Z D D EH D REZR ML &2 5%, 2D SH2 EHIZIE PI
(phosphatidylinositol) 3-F - —EDFBHEE, TH 5 p8S5 * growth factor receptor-
bound protein 2 (Grb2). Crkll DFICT ¥ 7 —EBELTHIHBDE. src
homology phosphotyrosine phosphatase 2 (SHP2)%° Fyn 72 ED & 5 IZFN B KA EE
FELUTHERZREITLSHDONH S, ZDOEORSH2 BEHEZNLTTI AU >
D T F T TFRICEE E 11TV < (Goldstein, BJ., 1998, Takada, T., et al. 1998),

IRS ZEHD S S IRS-1 BFOT U VEBEEG TR Y U VBEDZT
HIEMASNTNS, IRS-1 IZIRY VEEATRER Y D BRENZSHEET S
M. Z®D>S% PTB (phosphotyrosine binding)fEIRDIT L ICHFHET 3 307 ZBED
D 2 (Ser™ DV VEALIE A 2R T FIUREOHIGICEET 3 LEZ 5N
TW5, Aguirre 51 yeast tri-hybrit assay T Ser” @ VE{LICE DA XY >
ZHFA L IRS-1 O PTB RO EMNHEEEINS L &RL. EhgEMiazA
WEEERT Ser” @) E{EIZE D PI 3-FF —1F MAP (mitogen-activated
protein)F F—EDEMAMET T 5 Z & ER L 7= (Aguirre, V., et al. 2001), Ser’” I

12



A A CHBIC X OEELENSFF—FE . INK (Jun N-terminal kinase)7&
EDARLACEOERELENEFF—EREICID U VEBLERT. 12X
U AEREGEICKH T B negative feedback %, D1 > A1) EFIEEFICL S
STFINVOEMEME L TN TS EEZA 515,

7=, AR ZEARD IRS BHI protein tyrosine phosphatases (PTPase)iZ
OB CB{EEZT. COZEIKDAT AU AERIEERESE NS, PTPase
X 70 BBEOT A VT A LBREINTVWEN, A1 AV DO TFIVEE
B - 0BENRD B & B D D3 LAR(leukocyte common antigen-related protein
—tyrosine phosphatase). PTP(protein-tyrosine phosphatase) o.. PTP1B. SHP-2 &T
H 5. B2 PTPIB & LAR ITEREA VA U REFEEICH ST 5 I MRS,
D2 DB A T FIVHEENCERICE < TR H 5. PTPIB D/
VI T7IRITATIRA AU VESHENERL. BEBRICLTHERIIR
SIRVIEFHENNE £ 25 EHREIN TS (Elchebly, M., et al. 1999), ¥7= LAR
J 27U IR TIEEEROEES A AU MEMKT. FRETOESE
DETHELNZRE, MR VEZEDOTEZTRIT DFAENBOHLNDS
(Ren, JM., et al. 1998).
(O PI3-FF—VERIENLUED L T F I

7= s 2R ED PI3-FF—EORREEA S (Hayashi, H., et al. 1992).
dominant negative & PI1 3-FF—tFZ HWEHEDEER Hara, K, et al. 1995).
AN R EARBAGERAREICPI 3-FF—EFEN L TWBZERNHE N E
72> T3, PI 3-FF—EId PI (phosphatidylinositol) D1 / 3 h—)LER® D3 I
U CEETHI&iIcKD. MAATPI3, 4P, P13,4, 5P, 24K 2IEH )
CEALBERTH D, PI 3, 4, 5P, FRA BRI T FINVEEEANED pleckstrin
homology (PH)fEEICHEES L. TORESLHBEASfEZELIERZEICED Y
TFIeEZHFEEL T3 EEX 5N T B(Lietzke, SE., et al. 2000), PI3-FF
—HE30FE 110 kDa OMES T2y bpll0)&, KD/NERHITFEOHAL
Y71y heD 2 EENERS, AEYTI1= v biCiZ p85a. p85P. P557K
DIBEEDT AV T+ —ALH Y (Pons, S., et al. 1995). FEIZ p85ad alternative
splicing form ASS53/p55c. (Antonetti, DA., et al. 1996) & p50c. (Fruman, DA., et al.
1996)INFET BT EDHOENTVNS, ZOHT p8SaldFEREHTHY .,
SAY T FIVBRED p8sSotfLMAKREERELTVWEEEZI SN TNS,
pl10 iZid pl10a. pl10B, pllOD 3 DT AV 7 —LNEEL. WThb
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D N KEEHH THEY T 12w b EFEE T B (Funaki, M., et al. 1999).

AR ORBFAGHGERADEZ TP 3-FF—FENLTNB I ENHSM
ElzolN, FOTFRIEOWTIE oI ENTWRNA > /=, 4. PI 3-
FF—FOFHEDIIII—HDFELT. 2 DDA TDE) 2/ AVFAZ>
FF—EHRAEE N, TO—DIF. Akt EXIENS N KEEIC PH KA >
EETAERY CEBLEEETH Y (Staal. SP, 1987). B S 1 DI, protein kinase C
(PKO)7 7 2 ) —DRMND atypical PKC & XiENZ %A1 7D PKC THD
(Akimoto, K., et al. 1998), Akt {3FDFF—1+ B A 2% PKA ® PKC &R
235 EMND, protein kinase B (PKB) & H Kid 5, Akt id1 AU CHlE
itk DEELEIN. FoESEEE P 3-FF—EDHEHIS dominant negative &
PI3-FF—Hick DMK ENDA, —F, EEKEER PI3-FF—HIT&D Akt
WIE (L S N3 (Klippel, A., et al. 1996), Akt iZiX Aktl & AKR D2 DDTAY
T —LNEETBEN, AR O/ v 770 MIUATEHFETOAL >R UK
FitEEF T 5 I &R ENT(Cho, H.. et al. 2001),

REETIT A ZNT B4R AEAE LT, p70S6 FF—tE % pH and acid
stable-1 (PHAS-1)D#EM L. EAERDFEHE. glycogen synthase kinase (GSK3)D
FEMEIIHIZ L B glycogen synthase DIEHALTR EMEE X 1T B(Cross, DA., et
al. 1995), E7=. 3B & cAMP phosphodiesterase (PDE3B)D V) > Bk &M L TIERS
S RMENC 59 B (Kitamura, T., ef al. 1999). X 512, Bel-2 77 I U —0DE
HO—DT#H% BAD ZNLAETR N AMEHERICBHEES L TWB EEX
5N TW3(Datta, SR., et al. 1997), PI 3-FF—FFHRDODHS 1 DDTT V¥
—5FTH5 atypical PKC i&, 1 X AEADSE. EHESRCEORDA
TR ZAMFENIEE L TWD Z EMNHE STV B (Standaert, ML., et al.
1997)

(D) CAP/Cbl ¥ 7 F )V #ER&

BIAPI 3-FF—FEMUL THEAZRAH I 2RBOEENHS M o7,
Z NI Cbl (Casitas B-lineage lymphoma)F O3 1) EE(LE N LR EEX
5415 (Ribon, V., et al. 1998),Cbl |d SH3 EH Td 5 CAP (c-Cbl-associating protein)
EHELTHBD., 12X PHIBIZT Col 23 B ZE ST 5 & Cbl-CAP #&
KRBT BT 5. ZD#EEEA Crk (CT-10 regulated kinase)-C3G-TC10
DEEEEFELATHESTSE. GEBHTHS TCI0 D GDP 15 GTP ADZE
BOVEZ D, FE#ZEHEE GLUT (glucose transporter) 4 DFME EAD T2 X
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04— 3 YH%EZ A (Chiang, SH., et al. 2001)s TD ¥ 7 F IV L PI 3-FF
— VPO EDEPEIIHEDE ZAHLNTIE RV,

5-(3) IRS Dk & FEBLFH EI
(A) IRS Dz, ZEH

IRS-1 34 YA U ZREFas 3+ —EDFHEL L TRAICFAZE S,
FOWED YLE EN72(Sun, XI,, et al. 1991)s 72, IRS-2IXIRS-1 /v 7T b
<7 ADFEMNFRIC Araki b I & ) [AE S N72HEE TH % (Araki, E., et al. 1994),
CHiE Sun HIZEoTr7u—=2 731/ 4PS (IL4 induced phospho-tyrosine
substrate) & IEIEN S | IL-4 12X D) IL4 ZHEEEALTTFRI V) YBIEZXZ T
HEAEF UERA T - 72(Sun, XJ., et al. 1995, Patti, ME., et al. 1995); IRS-3
(Lavan, BE., ef al. 1997), IRS-4 (Lavan, BE., et al. 1997)i3Z L Z 1 &tk Mg 15
i, & b B H ¥ (embryonic kidney)flific BV THEE I NIzA ¥ A1) Y ZHED
JEPT, IRS-3 (ZMRMIMINIZIC B W T IRS-1 L[lfk, 1 ¥ AU AMEMZ(RELT
WBEEZLRTWAH, B b TRELEFES N TRV, IRS4 BREEIIAH
ZEBLZVWHAMO IRS I L THHBICHET A LRSI

Potential binding motifs: | psse | rB2 | sup2

- amp ST emn

IRS-1 IHEE |

SAIN

[RS-2 D D GED ( HEET ] [El===E

SAIN KRLB

rRs-3 D GBI

Rs-4 [ D@D | NIy 1T 1

[E84] RSOk

IRSENIRMNIZPH #EE PTBHURZ H5, CRMIIZSHR2EA LML T L 70 Rk S8
b IRS-1EIRS21E T Y MHEERIT oA » A 2L ST SAINEEA, IRS-21EF 68z 1 » 21
YEEEEHETHKRLBHIRAZ AT 5.
PH: pleckstrin homology. PTB: phosphotyrosin binding domain, SAIN; SHC and IRS-1 NPXY-binding, KRLB;

kinase regulatory loop binding . Grb2: growth factor receptor-bound protein 2.  SHP-2; src homology phosphotyrosine
phosphatase 2
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N TV B(Tsuruzoe. K., et al.. 2001),

IRS-1~4 ETD IRS 77 2T U —iXnvFNdH N ¥miZ PH (pleckstrin homology)&F
fif & PTB (phosphotyrosine binding)#{{Z &MFIEN DWRESFMLZE L THBD . AilE
FMREEOESIC. BEREC) VB LENZA R U EZEREEEERA
BEF®D NPXY (Asn-Pro-X-TyDEF—T7 L DB BWNEETHSEZIA5NTNWS
(K 4), £72 IRS-1,IRS-2 IZIZ PTB R A A > DIEEIT SAIN (SHC and IRS-1 NPXY
binding) K A > &#FD, ZOEBRIEA >R Hl#E#ED NPXY £EF—7 & IRS
DEEEIZ, PTB R A1 > &8 L TEIVW TV B (Gustafson, TA. et al. 1995, He, W.,
et al. 1996), F 7= IRS-2 IZDH KRLB (kinase regulatory loop binding) &IN5
SEIMNTEEE § B (Sawka-Verhelle, D., et al. 1995), KRLB i3 3 / & 591 &
5 786 ZBOMICHEEL. 1A ZRELEOEEITE, 1A V254D
FOvrFF—FEHMD loop HIEHFEE (regulatory loop)® 1146, 1150, 1151 &FH
DFOTBREDOD VBESKNETH Y, PTB A ELIZRARD. NPXY EF—
TEHEESITHEE LRV, TXRTOIRS EHIZIX. PTB RAA COEBEENS C
KB MIT T 8~18 BOEENEZFOS U VEBLEF—INEET S, 1
DR ZREKIZEDINSOF O CERENY VBtahs s BED
BeFOs ORER Pl 3-FF—EORHY T 1=y b THS p8s5 FD SH2 &
HERET DI EMNRINTWS(Sun, XT,, et al. 1993, Eck, MJ., ef al. 1996),

IRS-1 & RS2 IXFEAELTDRETHIEL TS, Sun 51X IRS-1 & IRS-
2 EBORBEEE Western blot JEICE > TRARCIEEHR THEL(E
1)(Sun, XJ., et al. 1997).

NS OB MIOFR T, #IiZ IRS-1 ITHART IRS-2 EEANZLSRBLT
W50IE. mMIRFROMBE., EpHlife. - v MealaERkD PC12 HIfE T
o, INHOHETIE, EIT IRS-2 A1 > X 2% IGF-1 IR EDERZE
LTWBDMd LRV, —K, IRS-3 IS LASM TR, M. O &
BTREEL TSI EA mRNA LRV THEREINTWS, IRS4 1ZE R TIETF
g2, BRIBICSEEHRZRD. M. FH. KX VNG KBREOREZL
TNWBZEN /) —HF 70y METRINTE D (Uchida, T., et al. 2000). Fid
#ZEA WL in situ hybridization TIIBETH TRELHRREL. T0EF " DOZ
ALIIE L A MDD IRS IZ LA TKAE TH > 72 (Numan, S., er al. 1999),
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28 - Mk IRS-1 IRS-2

Liver Fresh homogenates (mouse) + +
Skeltal muscle Fresh homogenates (mouse) + +
Brain Mouse ++ ++
Adipocyte Epididymal (rat) + +
Testis Mouse + +
Fao Hepatoma (rat) ++ ++
bCT-3 Pancreatic beta cell (mouse) + ++
PCI12 Rat pheochromocytoma + ++
CHO Ovarnan carcinoma (hamster) + +
NH-3T3 Fibroblast (mouse) + +
3T3-L1 Fibroblast (mouse) + +
3T3-L.1 Adipocyte (mouse) +H+ +
B cell Freshly isolated murine + ++
T cell Freshly isolated murine + ++

[ZE 1] IRS-1 & IRS2ZELDSHERZE. MiEicBITA2RE
SHI. LD IRS-1, IRS-2 DHifE%E AV Western blot #:1Z TR L 7.

(B) IRS D¥EEHAEN

METRLEZLIIZ RS BHRBETORBEOEVWSRD NS, ZOREFA
HiicDOWT, IRS BT O0T—% —0®ITHfThbhiz,
@ RS-l BFTOE—F—

IUX IRS-1 BEF7OE—F—Id Araki SICkDZErZO—=-F3N,
BT S N/ (Araki, E., et al. 1995), 7 X IRS-1 7 OE—4 —|3HMBAEY/T CAAT
box ® TATA box Z/R&E. 9 EFTD Spl HEEREZESL ., FOMIZ 5 HETD AP-
2 #5 5B 1 BFT D C/EBP #-&H %!, GRE (glucocorticoid response element). PRE
(progesterone response element) EAHRIED & S HIBEFF D, RELER I B/ IRS-
I 7O0¥E—%—% CHO. HepG2 Mif3IZ# A LfF> 7% CAT (chloramphenicol
acetyltransferase) assay Tld. -1645 7 5-1605bp DRE T HepG2 i Tid 70+
— 5 —EHNER L. -1605 , 5-1585bp DRELT CHO B THOTOE—% —
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EHMNMETIT2IEME. NS ORUSHBFRNREAGICHSGT5EE
Z 5N /=(Matsuda, K.. et al. 1997), F7= Araki 5 & 3T3-F442A adipocyte Z-1 > &
R L . IRS-1 EREREE, mRNA LNV, JOB—F—FESEERFTLT
W5 (Araki. E.. et al. 1995), EFREIDA1 A1) JRIBICTIRS-1 EERBEEITN
60%ICIEF L7=A%, IRS-1 mRNA L)% IRS-1 7O0E—¥—iEHIZIIE ‘L%
Rizno iz, EFMEETFY AV O TRIBL 2R3 IRS-| EERERE.
IRS-1 mRNA UXJVIZEIIET U722, IRS-1 7 OE—¥ —{EHICIIETLHiE
<. IRS-1 mRNA D¥FHOBOPNEETH o7, TDXIKA AU, F
FYAYY UL RS-l 70— —OEHICIIEFZEE5ZIRNWI ENHS
mERolz,

@ RS2 EEFIOE—F—

Vassen Hidt b IRS-2 BT uE—y—%2r70—=7 L. #zfTo7kz
(Vassen, L., et al. 1999), IRS-2 7' O E&—4% — {3 BH) /3 Spl. AP2, CCAAT-box #&
SHERESEIEDBDD, TATA box RESHRM -, £/ GRE HBRDHSN
7257, Zhang HiZk k IRS2 FTOE—HF —D-574 7 5-568bp, BRI T A
IRS-2 7O E—4—®D-1571 M 5-1565bp IZ IRE (insulin response element)% &
L. B &E{T> TW5(Zhang, J., et al. 2001), IRE ICERZMZ /= IRS-2 TOE
— Y —EFEDOLAR—F—EBRFORERR. IREEFHARIIBNTT Y >
ICKSMFBERL Tz, TOFBRED IRS2 131 R K DEGEEL X
WTRIZHAEEZZITTHWAZENHESN RS T,

(C) IRS DA

BEOELIAEBDHREIIE, VDV V—LITEB08. hV I MEEED
538, ATP KFHD IR, AV UL ATP HKEROHE. 7057V —AICk
BB EORENEETHIENMALNTVS, UTKRBEFTICREEINT
3 IRS DRBFAHICDOVWTE IRS ZEITHKT 3,
DIRS-1

Araki 5@ 3T3-F442A adipocyte TORF TIIEREI DA > A 2 HIE T IRS-
1 ERRBRBITFRHITE T Z2BHM. IRS-1 mRNA L X)L IRS-1 TOE—%
—JEHICIME T £ R0 o 72(Araki, E., er al. 1995), ZDZ &L DEBMEMILE
A 2A) RETE IRS-1 EHOERENRLTE 2 EMNRBEINSE, T/~
3T3-L1 adipocyte TOBRE TIIBHEARE A > R RETIRS-1 DEAREE
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BEFTLTW:, EHOSFREEIIEZOH 10 FiZ@mL. ZhdrooF
ZOREDHEEINBD D, UV ALK E5BICED DD TITEN
EEZ 537 (Rice. KM., et al. 1993). F£7= IRS-1 EHSRITHRBZEEAN >
7 AF L — b HIR3SEEE thiol ER S REEREER. BIREOMASEEMH calpain
WHFNC X DIHF XN, RS-1 1EAHIN T AMKFNH thiol EASEERETH Hu-
calpain IZEL D R END T EAVRREN T H(Smith, LK., er al. 1996), L L
A5 . in vivo TIEA A RIBUT L D calpain IE#IZ ER T TEBIIHZN
(Smith, LK., et al. 1993). FHAEMETOFEREASERERK IO Y —A
WX BBRETH S, CHO MBI A ) U ZEMAEE RS- ZBREREL
CHO/IR/IRS-1 i TIXBHARE 1 AU JHIBIZT IRS-1 DEAEBETZR
IH, ZRETOFY —LICREMBEERITH S lactacystin IZX DHIHIEN
7=(Sun, XJ., et al. 1999), DL ETTHEW PI3-FF—FYOEEATHHT— T
ZoREDHHE N, NS5O ELDA R T KB FIEAH PI 3-FF—
FENL, 707V —LEASBREREIEE{EL. IRS-1 ONEHTNETSZZ
EWNTBEN, £z Lee 5 HEMED IGF-I RIBEICZL D IRS-1 DHRBITLE
TBHIEERL., INMPL3-FFH—FENLIAEFF ., TOoFY—LRKIC
EDEI B EZERLI(Lee, AV, et al. 2000),
QIRS-2

Rui HIZIEFF >, 707V —LRICES IRS-2 OEAPFERERICDONT
|ELTWS, 3T3-L1 #ifd, Fao HifE. BER, KTV IRS-1"< 7 X D MEF (mouse
embryonic fibroblasts)difg TERHEID 1 > X D HlEIZ L D RS2 ZEERBEDE
TEHEZRL TWABRUL L., etal. 2001), ZHIITOFTY —AICBRENIZHEERT
H 3B lactacystin IZK DKL, REHLEEICTIEFF > & RS2 DHESER
Dizfed, AEFF 2, JO0FV—ARKEZ RS2 EHDOHRBEEZONS,

5-(4) IRS BETER LERA
(A)IRS-1 DELRTFER

EMIBWT IRS-1 BEFOEENERFLT DAY VEHICEDLESIC
BELTVWER. RENREINTVBE 5). Almind 53T —7 AEit5
2 86 AD 2 RIFERFEE & 76 ADIEEXIREEZ L) IRS-1 @ polymorphism @
BERZ1T>7/2(Almind, K., et al. 1993), 2 HIERFEEDS S 10 A, EEEE
D25 3 NI 971 HEHD Gly 5 Arg IKE#L =3 X+ ZEE(GITIR)DIA
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FORHEETAIE. 2EEBERFEEDSS 6 A, EENBHEOSE 2 Al 513
ZHD Ala 5 Pro NOI AT AELRNBATOTHEET HIEEH/EL =,
IDIREAEROREIL 2 BERFABEF THRRECE >z, RAIFZHSE
AICBNT 47T AD 2 BIERFBEL 47 AOEEWNBE TR 2T, 715
D B EENEE S N[Gly971Arg (G971). Prol70Arg (P170R). Met209Thr
(M209T). Ser809Phe (S809F). Ala804Ala (GCA to GCG). Leul42Leu (CTT to CTC).
Gly625Gly (GGC to GGT)]. TP 5B 4 DDA AEROHEE 2 BHERR
EEHTHECE<QEBERFRBER 23.4%. EEMEEE 8.5%. p<0.05). M209T.
S809F id 2 BUBEIRIFBFRICD AR 5N/=(Ura, S., et al. 1996). LN LIRS,
IRS-1 DEGTFEROHEED 2 MHRREEH SETHRETENRD NG
NEDHED H B (Hager, 1., et al. 1994, Shimokawa, K.. ef al. 1994), —F . IRS-1
D GITIR ZERRFHIIA A HEHEICREEZZDR VN, BENEHTS
EIEH IRS-1 ZEDIEHEE LD B AU VIEFIENEET 2 WS BENR
= N7z (Clausen. JO., et al. 1995, Baroni. MG., et al. 2001), fB¥& T IRS-1 G971R &
ERO0OBRAEHEIRBRBEE IRS-1 B F F I I X, BM

l»%?Y:IS‘IXM'orYXXM molifs 1 Strong binding .
- other tyrosine { \Weak'binding
. phosphorytation sites TR

PHd i - PTB domain -
(Fidomain ) | Geasem =) Wﬂiﬁ@ﬂ[??

I T
ol e HG,,.,JIJ piglil

Se85—+ A8 CRAR— 58926 x,Glm CI1955

B
e PLIGOR

./'

o

5 mn'z

[B5 v MRS-1E8. RS-1BEFo#id L BIZFEMOMNE

A RAERMZENTHL SRS I0BEFEMOBHAETT. EicRSI 1@ L 88T 3SH2ES EF
REFEMERL TS, PH;pleckstrin: homology PTB; phosphotyrosin birding domain, ‘Grt2;
grovth factor Teceptor- boumd: protemz SHP- 2 stc homélogy phosphotyrosxm phosphatase 2.

(B)IRS-] gene

B) RS- 1REF o fid. AUBHRARBLET T,

(body mass index). ZEMERF1 > XU fE. FUZUEY REMNEREL. 12X



CEHMEOBENRDLNDEIEMNS IRS-1 ODEREWFEDOEH T XD >
EhiME L DEEXELAREEIINIRB I N,

ZNS5DEE IRS-1 BHEANDOL TFNEEREIZEDKDKEET BN in
vitro TRE SN TS, Almind S5IFAEMED IR, IRS-1 ZFEWEEEHR
#IR 32D IZIEE IRS-1 & G97IR BR IRS-1 #IEH A AV VBB EFKITHRR
TR ET > TV B(Almind, K., ef al. 1996), ZE IRS-1 BEAMBETIEA > &
J 2 HRIBIZ X 5 DNA SHRREAY 32% DK T, IRS-1 #& P13-FF—EEMED 36%
DIETF. IRS-1 & p85 (PI3-FFH—FOMEH T 1=y MDHEEN 25%DKT &
~UT, E/= Yoshimura 513 G971R IZH0Z T P170R. M209T R DA X1
T FIVGEEANDEEZ 32D #ila TRET L TV 5 (Yoshimura, R., et al. 1997),
G971R ZETIX PI 3-FF —EFEMEMET L. PIT0R, M208T BETII1 AU
CEREEIOESMET Lz, £R IRS-1 BREMETIIVWTND XU HE
BANEEINA. HHRMED L6 I2BWTH GI7IR ZEDEELRMNEINT
V5 (Hribal, ML., ef al. 2000). &R IRS-1 ZF DA TIZA > AU VHIBICE S
Pl 3-FF—EEHNIESR IRS-1 ZH T 2HMBICH~ET L. p85 & IRS-1 &D
BEDBETLTWEz, ELBOMDIALT Akt OU VEEEIX. >R UHIE
REDARST A A VHERBRETHER IRS-1 ZHEMETE T L T, Z
NSOWELD IRS-1 OERITA DAY KB LT FINGERZETSHE, 1
SR MNERCEEERIZTZEMNRIN., R0 R ViEREEE
EIsEEXISNIE
B) IRS-2 DEELFER

IRS-2 DELGTFERIBBEEDEIASDDIA L AZLER (29 insertion Asn.
Alal57Thr. Leu647Val, Gly897Ser. Glyl057Asp) & 6 D O silent mutation
(CGC147CGG. CCCI55CCG. GCCLS6GCT . AGTT23AGC. TGT816TGC.
CCC829CCT)N & XN TVrBH(Bemal. D., e al. 1998, Almind, K., et al. 1999,
Wang, H., et al. 2001)e NS DMFIIEA. ROFEATRIAIN TS M,
ERRERIT 2 BERFEELEENBETEEZRDT. FHERREFEOM
BEYA AU E, TR 508122 VEAHRBRTHEEEET
REEZEELEZRDRN -7, Mammarella 5131 ¥ U 7 A 2 BERBEHF 193 A
LIEEXEE 206 AT GI057D OERERF L. FEEEE T 2 ERFEE
HTERNREFCUARERRERNFRIKEL . ZREEFFOMF C RTFR
EHHREIIGETH %, —F. BEETII 2 MERFEEH CEENREIC
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WREEREZENEL . MEEDAFRICLA L TWz(Mammarella, S., et al. 2000),
(C) FD D IRS BIzTFER

IRS4 DEBEFZEZAAZBWVT 5 DREE ST W 5 A3 (Leu34Phe.
Argd11Gly. Gly584Cys. His879Asp. Lys883Thr). 2 BUBEIRFBER L EENH
ERTLERGERIIEZERZRDT. FRAREELEEEBETFREEOMIC MEE.
A DAY AMERA A VEEHICEER DR 5 7 (Almind, K., ef al. 1998),

5-(5) IRS B FHRIETT X

RETHHFEICED IRS-1 5 IRS4 KEBTXRTO/ vIT7ITRITAR
APEEIE N, BELNILTO IRS DEENRFH TN TN S,

(A)IRS-1 /v 7D BRI

IRS-1 RE/ w777 MIRS- 1R ZIZIEERNSFEHWDT T ZADHK
50DKEXTTERARTEZNRD SNLN, BEZHEREIRD 5 NEH»
o, PERBEORFTIE, EEROEEIZESE TH >N, miEr R >
BEBREZEFEDON 2 FEERIIEL. SAREERNT RUBAmRARIC Ttk
BEREEZRD., HIZ. 1 2AU VAFRHBRTIEA A iIck 2 EETEA
DEFERLUI(K 6). . HATO PI3-FF—+ FHEL RS- 1777 XFF
T 2312, T /5 IZ{E T U7=(Araki, E.. et al. 1994), Tamemoto 5 DIEH L 7=
IRS-1" 7 A HIFRI L 7= HKFH B %R U 7=(Tamemoto, H., et al. 1994), F/= IRS-17
TUADESIE WT I RITHARK 2 EOMEE O EI % B D= (Withers, DJ.,
et al.. 1998), TNS5DFERID IRS-I"T T AIEA VA VEHiMEZET B
EMEASMhERD T,

—7%, IRS-1 BGEFEANTOTRIET DIRS-1Y) YU X TIIERHAELREIC
RICEEE2FEDT. BEEOHEDERE LLEREZZDRMN S 2(Araki, E., et al.
1994, Briining, JC., er al. 1997), U UEBREWI &IT, Z0MOBLAETH
MHBE RS-1FIIATIIMBEI Y X LRI D B L -BAREERTIE
MHREINTNS, 1R ZEFEEMR)E IRS-1 DY TIATFO) v o7
MIR*/IRS-1")= 7 A Tl IR¥/IRS-1"< 7 2Tt > A MED E 5.
1 2R AFRRR TOMBETERORIE 2320/, £7- IR*/IRS-1¥"I 7 X
TIIERHIREAY IRP/IRS- 1" R & HAHK 5 f21288H0 L 7= (Briining, JC., et al.
1997). IRS-1 & IRS-2 DFTINAFTO /) v 77 hIRS-1"/IRS-2")T ™ X Tl
IRS-1"/IRS-2¥" X 7 RITHAREEMRMES > 2 VEDO LR, HH. FETO
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RS2 DFO I > VELDIET. Pl 3-FF—EHDOEKTE2ED. EpMED
HEITHI U 7=(Withers, DJ., et al. 1999), f > X 1) %84k, IRS-1. IRS2 D k
U7 ATFO )/ w277 MIR™IRS-1*/IRS-2*)X 7 A Tld IR*/IRS-1**/IRS-2*
T RNIHARA A AEDEIM. HETOD PI 3-FF—EEEDOEKT. BERM
REDH 2 fF DM % B /= (Kido, Y., et al.. 1999).

IRS-1.7 w2 F 1o k<2 X OFERBMBEMRDT

 ZE R HEE = EEREEC SRUE
140 —-q0"
. 12067 § )
§7 IOO" T _;- 30 7
g' A,Go';- \ § =
g | \ S L
a0 \ ¥ 10 - T ‘Q
. :\§ = \\
P WT RS- 1% RS-T¥  °7 WT RS-1/RS-17-
EEEAT FOWASRR o AU ARRE
600 ° 120
550
S ' 100
-400- te 2363
350" Tt 80 o
00 - o
=0 =
=Rl WT

&

IRS-1+/+"
o 30 60 90. 120 GO N By .
- ' o 20 40 60 80 P
[BI6] IRS-1/. v 277 b ¥ RArk. E. erf 199)OIEREE
IRS-1) v 2 7.+ 72 R OZEAEBFMIGE, EAEF-0 > R U 2B T RIS ATER,
LRV AFEGEROFERAFRT (*0<0.05. **+p<0.01)..




(B)IRS2 /w77 KRRIR

White 5D )—T1L IRS-2 J v 77U MIRS-2HIY T A ZEE LT ZTT -
7= (Withers, DI., et al. 1998), IRS2"< T XIIE TR, WT I UXATFO/ v 7
77 RIRS-2YR T A EARE 10%/hE <. COEFEFEDSGE V. IRS2"
YUARESHEERSDCEICEEROBEOLAEZE L. ZERMEEN
400mg/dl BAEE7Ro7=, 6~8 BIZ2 5 EREBENT RUBAFKRRIIBWTE
BR/ZMBEREREE 22 L2, IRS-2" I ADZEIER A > A Eld. £ TR
A hO—)VEEEZBDRMN SN, BREZERSBICLAL 6 ATEWT T
URAELNRT 3 EEEERSTZ, £ A AU AFRRRICBNT, 12X
J NI 2OBETEADEREICHEITEL T, 6~8 BRMOT T A ZEER
mEgEr S>> T7ERRN L —d—2A0nEAEERAVWT RUBSHARERF L
B OIRS2FT AL, R WT R EFSOER T RERFERER
L. 1 >R 2(025mUkg/min) & F AR, RS2 X137 RSB DE
MEFBRTO T RYBEREMFIOHEEZRD, IRS2"IYTXADHA EFREICH
WTA VA IEFENFEET S I EBNEREI N, 1R ERGERE
DFEFTIE RS2 R HA, RIS XY U ZAGERRTEE. 1
DAY CRIBIZE BT R ZEEDY) VB, IRS-1 EHRERIZ WT <
R EENRIEM ST, IRS-1 #E Pl 3-FF—UEHIE WT U X &R
L. PI 3-F 7 —EEEEBASRIEICH 50%IETFLTWE, X512, IRS2<
D A TOHEBHIEEDEN TIE WT YU X & EXBHAREDNH 40% 1B L TN
7oo —FBHRALAAN DN ILHAE D BICIZE(L ERD RN 5 7=,
(OIRS3 /v T7IRTTIR

Liu 5IXIRS-3 /v 77U MIRS-3NYT T A ZER L 5L TWB(Liy, SC., et
al. 1999), FEI# IRSI'"VTXATETERZRLZN, FEEZ -7,
MmEE. 2R MBI 9-13 Bl 6 ¥ AlEBHIZIRS-I'T TR EWT IR
FICEZRDBM oz, BOT RUEERHAR TS IRS3I'T TR E WT TR
THEREZRODBRN o Tc, EEBEINIEHARICBNTHI 2 RAY K
K EEBCADEKTIEIRED 5Nz o iz,
(D)IRS4 /v T RTIR

Fantin SMERI L2 IRS4 / v 7 77 MIRS-41) T ™7 XL, WT ¥ % & s
UT. ETREEIZZED D7D 5 /- (Fantin, VR,, et al. 2000), i IRS4"T AT
EREEEZZDRNA, Hf IRSA T TIE 9 BE» 58 10%HEREL 2



D, IRSA"YTAES LEXREIED L. HEENDPRBEDOEEEEZ
RU. EREREATH 360 L. ERIZHASHA TRV, ZERK
VDRBIMEE b IRSA"ITATREDEKTERL., H IRS4"YT X TH K
WWETERZERLUEZ, MET A VBEICEELERD N>z, —4.
BOTRUBEHRRTIE 6~10 BEHET 6 » A M CHERESICEE OREER
EERUE, B IRSA"TIZERAWES 22U EFRRRTIE. bidhia1 >
2 Y RIEEOETER 2RO ZH00, MEHENAREIRDRN >,

(2] IRSD/ v IT7 T RITADLE

IRS-1"<7 X |IRS2*"Y DA |IRS-3"TYURX |IRS4"I TR
EEREE 50~70% 90% REBERZL |HDOH 0%
(% of WT) fETII2 L
ZefG R M E EE A1 10 LR | EH HETEEEKT
ICEBRICER fH T T A
ZeRERE L A Y | W2 BICER | HI3IBICER | EE EH®
>l
TRUBEAHS | BEOMER | ZHALMHEE | WEEEER | BEOMERE
L BE BmE L PR
ARV AR | BEONERK | BEO MLEE| KL HET&EEODOM
AR THEADET | MEADEKET BETEAD
' KT
pHif & % 200% 12300 | #9 30~50%1Z 3 | Eo#k/z L Et 1 7A0
D
ANTORTAD|WT EER|WT &£z izl sCEk/R L
ST L L

5-(6) Bz k D1 2R ) ABHEORE D

(A) B DRE

REIIERE T RN F—EBREIRINF—HERRETICLVECEARAT
FNF—ZEESIEEICERLERETH S, HRELTER. EBHRE.
BENER. RENERRESEZ SN, BIHHIRIET RoE. GBS,
V0= VERDRAAZ, MUSUE) ROBTHBERICERL TV S, 1>




2 k. OEWHMRTOT RuBEEGE2EETS L. QURERUN—E
ZEMLL VLDL A1 0327050 M) 7)Y REIKSEL. EEEE
BB FFA)EERTHZE. @V Uta— VI BTN NS AT725—F%
B L. IBHEZGNO FFA ZZATFWEL TR Z U Y FZEKT S I &.
@FNVECERZHIN—YZHEEL. BHESNTO NI RS FFA
NOLQRENFETHZE, KWEVBEHRO N 7)) ROEEZREEL TW
BETN, El-AAY R QHRENO RN TUEY RESMETHIZEIIEKD
£ U7 FFA DB IATFILEREL TW3B, ZORIZA R Vs o
M)V RERZIEICHE THEERFIVETH 5.

®
¢ =P> e
-~ N
4 C—FA Y\
IAF AL - N
aAGP + FFA ———> :C—FA %ﬁ FFA + 7Y€ 0—-L1—DF
CoA @ C—FA
T pYTIEYF
J
|
!
t
@
l \%
VLDL .
PILT 3 -FFA
A4azsaz TF

B
(7 EHE&EICBITS R U0 R

A AV RT RUBGEERETEZZ Q. VREHYNN—FEEELELTZIEQ. YV
TO— V) EBGP) T NI AT 25— FEEHELTEZZ Q. FIVE RS /—PE

FRETSZE@, IZ&D. FUZUE) ROSHEZRERELTWS., QEQOHRICMA T, 1
DAY R, MERO N ZUEY REBBIETEZ EICKD TE-GRISIHE (FFAOBIL

AFIMEEREL TV3E.
(B) BEICE DM AU VEEEANOEE

AERE D% <WEATLEEZE Ve euglycemic clamp #*° minimal model B D ¥
THIZBWTHA A EFMENERY 51 5 (Bergman. RN, ef al. 1989),
SOEEEELEE L THRCEHEZETOT A D BRSHERET 551 >
AV NRFEDT RUBROABRDD B, # 15N ERGICRDAEN, IS
HBICHRORAENS T RUEEE<ZN, LMrLEAS, BEvy X, [gihE
MYTARICHASHRA R VEFHEERT I & BHERE< Y XSS



BEBHET D &1 R EHMHENKET S (Gavrilova, O, eral. 2000)Z &M 5.
JERMEIT T ROUBRMEAM A D BEZHICEERREZRZLTNEEE
ZAoNB, TREHIIEDA RN Y TFNVEERIZEDLSRELEZITS
DEADM., GE. DFEMZEOEFICEOA A DZREUBOS TV
GEIZDWTHRNERS, BRICEDRIAI AU AERORENRSFL NIV
TREICHS MR TEE,
Q1 A 25 E
BEHNTRARDBERDO 1DTHD, 1R VEZENBROEVEFZDO—D
THHEWHHBETIE. BEECBITISM A CEZEEEOBICFF—ERE
HDE TR &5 (Takayama S, et al. 1988), FIERICIEMME D ERHG THA XV
CEBREOTFOL FF—EEHOETIEHE TN TV S (Arer P, et al. 1987).
Ei-, FFCBVWTHRBEE TIEA R UZEEROBLNRD 5. I
FRZBITHER D AHDOHIF DR &F 2 515 (Kolterman, OG., et al. 1980),
@IRS-1

Goodyear 53, EBHEHRCHRENLSHERLUZHHEGEZEEL. EOWD
ABEBELZEZ A, EBECHEEZIRDSNBVNA R VHIEFFIZ
e TERRBDERDBIEERLE, I5IT. BEBIIBWTTI R
CEBERD IRS-1 OFOI U VBEMETLTED, ZARBOBODOE
BREEORPICEBELRE, £/2. IRS-1| OTFRICHET S Pl 3-FFH—YOiE
HEHEBEIIBNWTETLTWAZEEZRL., ZHUTPI-FF—FYORERED
BARUVEHEEBEOEKTOEEICLD DD TH S I &%ERL7E(Goodyear LI. et
al. 1995).
O #E XA

4 RUPESIREA (GLUTY) 131 R ARGEHEOES R 2 ESESXEET
HY., 1A BRZEEETHHEHES. ERFICOIAEET S, BEE
DERBICBITSD GLUT4 ORBFIEIFAEBZNWLEBEOETICEE X5, BiE
FEOREHHR TIIEORDAKMET &I, GLUT4 DRBOETIRENTY
% (Garvey WT, et al. 1991), ZDXDIT. EMHIZBITS GLUT4 ORBFEIL
BEIEMRTETRERDIITS2D00, [EHMEICHBITS GLUT4 DTS
AA) RO —RHER S TWAAREENE Z 5N 3,
(C) BRI WHBIZE BT XY VEFEDOBG

JEFEBE I RN F—FREEEL THN TSR, BE0SFEMBENF



BICL DA R RFETAEL Y S 3hs I EPHLMIIR Y, TS
MBS - NS L LTHEST SR Twb,, 6Dk s
WHEFIZBET T4 BRI AL b HENE, ThHo 3 EL#ENE
FIZFORBIITE, L IXET L. 85, BEASH. SREICRECHS T
AUHeEAH B DD RNWIEEINB(K8) LLTIZHIHIREA LW I H L
OPOYWEIZE B A4 R VIRV EB R T S,

TNFO
Leéﬁ% //ﬂ
Adipocyte
POty —>FFA
Adiponectin/apMT \
Resistin/ADSH

[ 8] BEMidifasen Mg E

TRNARL AR, IREACHE. BONRAEML. ZBgl, Phbkae. SIERREL &2
FeA B RIZTYWE 5 W9 5, apMI: adipocyte most abundant gene
transcription 1. TNFa: tumor necrosis factor . FFA; free fatty acid, ADSF: A
12.5-kDa cysteine-rich adipose tissue-specific secretory factor

(DFFA

AR . A5 BRI, B G L P RN T B AT M) 2 B, F FFA
MAEIEA A VB2 EIED L EZ ONDL, & FFA MUETIE T v MF
HIBIZBNWTA YA U RBEREDEERCZTEBRUZRD Y VPV REZBET
% Z & (Svedberg, J., et al. 1990), HEiEEIYIE TNV Th 5 faffa 7 v F DIFHIRLIC
BWTEA A 2L B EDOMHIAR & 1L v 2 & (Sanchez-Gutierrez,
JC..etal. 1994), F7:, HAIZBWTL V) a—7r AR EETEE, Bt
RN 5 Z & (Nuutila, P, ef al. 1992)% EDHFTA » ) Y ikbitk %
FlIERRILTWwWB EEZ LN,
@TNFa



TNFUIREWEY 1 b HA 2 D—DELTHISN TS, BEETIEY
DIsHMIAZIZB T TNFo mRNA OFEHAY 5~10 fFI2EML. TNFahMiiED
BETA ) UEAMENKRET B Z & & D (Hotamisligil, GS.. et al. 1993),
TNFolf AU P EEET A I ENREINZ, 5. TNFa THF*
FERFHRRIC BT GLUT4 OFEE % X B (Hotamisligil, GS., et al. 1994), A >
2 UEREOF O ) VEALTETEZWE]T 5 (Hotamisligil, GS., et al. 1994),
i, SRR FRICBWT TNFud IRS-1 v VREZEY VBT
ZETA R MAERZRBSE I EbBESI N,

OVIFF >

L7 F DB IERHEY oblob YUADERBLFENEL TRIEI NS
EHHESKFENROWERT. BEHERICHAL THWNENT 5, LTF>
BEERTHICZ S ZBREZWHL,. KEMEROBEHEAEL IR F—H
BN EAEREED. R 7F U BREIEHESOEMEICHEZN.
B BREFAGOARST. KHETOHE. BEAH. En. £HERICHEDS
ZEBHLNTWVWS, LTF&2FES5THE oblob ITTARYRIZA MO T 4
—EFNITRABNTA R RGN ESN. B BEAHBERE
5, BEHHEGIIHNLT. LIF UL cAMP O LR ZEN LU THRIVE S EZHEY
NR—FEFEHELED, 1A OEEGZBEET S L THEHESEZSIEE
g ERASENTNDS,
@7 5 4 R F > /apM1(adipose most abundant gene transcript 1)

Maeda 513, JEFHBICERDERBELTHD. 2 OEHESRENZIWE
HEREGEFT7 T4 RRIF &2 00— L/~ (Maeda, K., et al. 1996) & b®D
MmPBEDZ BEEICBVWTETLEERE>TEMLE. 774 RRXIF >
HHRATOREHEORECHRBOILEICLD M A VEFEEZXEL -
(Yamauchi, T.. et al. 2001)e ZDEDIZT T4 RRTFEA AU ARFHEIC
BhrHEELRAGRTFELEI SN,
®L 2 X F > /ADSF(adipose tissue-specific secretory factor)

2001 £E, 2 DO —T X DB, S2WEINDB A1 R HHEICE
5955 L WSFHREE S #U(Steppan, CM., ez al. 2001, Kim, KH., er al. 2001). L
UAFUIADSE E@mAEN, LIRTF L ORBIIB G, B a0
fAFICED N, BEBOIYIUATROFL PAF O EAR. BHEGTES
BERU mRNA ZREBIICETL. BREETOLINOEMNLE. EEEFILT
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DATIROF LV PAFEHENEMN. FiFZAWELVPAF AEAORRIE
DA VRBREMNRET S ENFEEINL. UEKD. VLIAF UEE
WICEBAM R AEHECHAETH ATFEZEASNDIN. EOXSRKEFT
AR GRS EREITONIAS N TR,

5-(NAHFED BHRY

ERBEL T R) MEHOARRICLZ2BEENEEZEREL. L OB
HERHEREZESKEHTHS. BERBEORREELTA R VEEFRE.
T RIVRUTHEETRE. 1 VR U ZEREGTEESOEMOBRTFER
BFRLBDONHEINTVEY, INSEEOETHRRREED SHUT
THD. BRBAORZEZE LD S 2 MERFOREIELETHABZANZ N, i
£ 2 MERFEEOEMEBERTICLS A >R VERKEOBANKEL
BELTWBEEZLNTWS, LAL, FAEOEHETH> THERBERE
FTHEIADBDNNEEFITRNADBY, 2 BERBREOERICIIECRHNZER
BRMOZBEERFORENEETR2EEX 505,

IRS-1 {EA AU VICEDBOELFOI U VBLEZITEM A %
BEOEETHD. 1 2RA) T FNOBBEGREIIBNWTEERKRE 2R~
FTEEZOND, UEETIH 2 BERFHEZFICBNWT IRS-1 BRFOI ALY
ZEEVBEEFITCHRTEHEER BOIHFETDHIE, TOER IRS-1 O
BHEAORBEERIZL D, BRE IRS-1 131 >R AERGERENEES
NTWBRZEEZRELTER, £/ IRS-1"ITRATIIA R VEFEETE
BEEEZEZEL. BEICIBVT IRS-1 MERBESDAN AN AEAZEETS
TEEHBALTER. LNLANS IRS-| BEFEROEERNEEEE 2 B
BRFRBETEZRDRNEDHREDHD. TSI MIBVRNTINSD IRS-
1 BEFERRBIZELAENRNTOTHEET SH. IRS-1*IY I A TIIERHHICR
FERBOBNWIELELD, IRS-1 BETOEREN 2 BERFRENEEBEETS
MIBASNTIIZRS, LA 2 BERFORBRERZHEBLETFELTESZSN
T3,

EE. IRS-1 BEFEERFEIEEH TREENRBRELRABEDTI R
CRZEMERTOOD, BROGHIZEDA VA VIEHMEREELRDED
BRREBENZEINTNS, HiE. HEE2ED TP THEICBWTAETED
ZALCHSIEEENRBL TR, ZNEEFTLTA R VEFEOBEL

30



FHITES 2 BERBEZEOHENMBEL 2> T3,

T TARETIE. BMTIIERHFCEEE RIS ROWEMTBRTREEN.
R EDBERTOARMTEID NI UTT PR U EFEPHERFEREIC
BETLIHEMATEIETINEL T IRS- IV AWIEEZEA L. TOERH
RA VAV MERICEZADREEEEL NIV TENTL., 2 BERBREDOAS
ZALEBETSZ L ERAST.
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6. EBFIE
6-(1) Gold thioglucose(GTG)IZ & B IB# <7 X DIEL

WHED Araki 5IZE > THERINZIRS-1 ANFO/ v 777 FIRS-1")T
A (B57BV6 X 129/SV)RUNEZRHKED WT I 2D 6 HEEFIZ GTG (0.5mg/g)® &
BN EZETV., BEmEEA LR,

GTG 13#:E C,H,,0,SAu TEREINZHTE 3922 OYET. HEEMmMHPIC
BORAFEFNHETHERNAUZICHFEET 27 RUBRAE 21— VICEREE. RF
A EWET S, CRICXDHEERPROBENKETL. BRICXZEENE &
BEZahs,

IRTADHEREFET—EDREL. BECEEINHEFZEIBWLWT 12 B
YA 7 NVOBEBRETHETIN, IRTOVIRATEHIIKEREZRS Z
EINRJRETRBRIBICRE L /.

6-(2) FEMBFE < U AR VIBHE < T XIZBIT 2 HEED T
(A)RFEERMEERCmP 1 >R E

15 @i, 30 EE KR 45 BEMIFRTOY IR E 14 BERIMERBICHEMREL T T
BERkEDELL. ThehmbEEsmFr > A0 EEEELZ.
mE@E. YIVah—F®FINVI—-A7F 51 ¥ — (GULUCOCARD,
ARKRAY, Kyoto, Japan) IC TN A—ZXA4F ¥ —FERLWIHEKICTEE
L7, '

fd - > Z1) #EZ. Insulin ELISA Kit (Morinaga, Yokohama, Japan) % )
THIR-k. ZHUL. 1AV E/ZO—FIHEERNT, BEARFH
FTE#E (enzyme-linked immunosorbent assay: ELISAWCE T E, U2 B4 v FEiCk
S>TIT> T3, TDFLWFIRZLTIIRT,

PEEMRET L — b
e
| —=F'IEY M R LM 50 ul
Vo= BYA R ER. R Sml
BE. 4°C 16~20 K
Yo :
| — BRESERTIVEY b 1gG Hidk 100 ul
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BiE. 4°C 3R
Pt

| — BEREH 100 1
B, =i 20~25°C)30 4%

|« RISE LI 50 pi
XA 707 L — bkl —4—Model 550(Bio-Rad. Herculese,USA)%Z B\ THIE
(492nm)
BYEBNT R A RFAR
40 EERT T R % 14 REERET. 2 gkg O T RUBE#R(Otsuka, Tokyou, Japan) %
MEERNICRS L. ERER T TREEIRED 0. 15. 30. 60. 120 #BICHRIm U i
BHEZHE L.
(O)1 > AU AFRR
35 R 45 BRICTRERRNA VAU CARRRET /. Y UA% 14 B/
KB, 35 A Tl 0.5 Ukg. 45 B8 TIL 1.0 Ukg D1 > A1) > ¥E# (Novo nordisk,
Denmark) & BEREPICIR S L. JEFFBE T CE&IRE D 0. 30. 45, 60 L ICHRiMm
U Mg % HIE Uiz,

6-(3) D EEFRE
(AR ER
50 BE Y AT 100mghkg DR MNJIVE Y —)LF b U 7 A (Abbott
Laboratories, USA)Z BN G U KELZ2ITHo 2%, EREBEZHEHE LU=, BRIZE
BICU VEEERIVU VICTEEZTT /. BE®/INT 74 B8BETN,
5um EiZHY), X541 RHIZAICEE LR,
(B) HE %%
A4 RASRAICEE UBEEBER/NS 740 2%, A F2 U2, TF
DURTREZET 2. SEAVAEFIEIUTICRTML Th 5,
BN 74>
lFLnm
VL% ) =)L
$ K¥E
RAT—DATIFU IR
$ K

33



1% TFT K25
} 7K¥E
k. BERL #HA

REAROMERKRE TEIIRT,
AV —DAT bFI) Uik
FREK 1000 ml
AY hFIY 2 lg
IAvEEFRUTL 02¢g
AVTALIaIIN> 50g
7V lg
k7 aI—) 50g

1%LTAT K

IFTrY lg
FREK 1000 ml
IKEEEE 1~2 7

(C) RBHBEE
BESORM. IEPHREEZRFT TS0, i1 XU HAGRUHRIT VAT
Y. HYR MRS F ORI TRBHBRAET o 2. 51 RASAICEE
U7=BEs 42 B/N 5 7 4 > #%. HISTOFINE S &34 2 2 5 A(Nichirei,
Tokyo, Japan)® 7' T s I —)VIZHEWEIT L7z, LATFICHIE 2R
BT T4 >
| FL a8
\ % ) —)L L
+ KBk _
TOyF7010% UHFIEEME) =EBTI10S
i
—RIVERIGGHIR : DO ZAG1 R) F 2 0—-FIUEHR) HiET 1R
\ GEBMERE : DY FRIINATRY 7 o—F )itk 4
1 (7 Y FHRYS NI FORY 2 O—FIHiE) o
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| PBS T#e¥%
TRVURRSBRERE : EFF BTV X IgGIgAIgM Fitk) ZEIRT 104
GERHIRR : E4F EHEH VU F 1gG 5l "
| PBS T#i#

BERE RN B : RINVAF Y —EEBARNV TR TEYY) Z2RTS &
\ GERHERE : PIVAHV I3 A7 7 ¥ —EEHARLTRTEDY)
| PBS T¥c¥%

EBERIRRMPHRE : 3 3-O7 I/ ROFP) BERT204
| CGEpdRE : 77 —ZX b Ly ROEH) 4
VIEBUKTHes

FHEE AT —ATRFIYRITT
} 7K#E

Bk, B HA

(D) KEEHE. HREXEE

gufa L7=H > 7 IVISEEMEE (1X 50 microscope (Olympus, Tokyo) ) THREEZFEM
STy N A5 DP50 (Olympus, Tokyo) THE& L Ei# 7 b Studio Lite
(Olympus, Tokyo) TT P I NREETH 2. ZDTF VY NREINER E BT
') 7 b NIH Image (NIH, Bethesda, MD) & VY, Ei. #HREEEZT->7.

6-(4) FFig. BRMITBIT D1 2 R) AAER DR

in vivo TDA A AMAERAZRIT 20, <0 TRMARMICT XD >
=50, g HATERZT -,

50 E#E YT AT 100mgkg DR M)NJVE & — )L+ b U ™ A (Abbott
Laboratories, USA)ZEBENHT G5 L FiE2fTo /-, ERRHBEE, YU EE
HRICEEUMSEEERE, MIRE DESHR1 > 21 > (Novo nordisk, Denmark) 5
U ZBALE, BAR. | 2 THREE. 34 2 TTFRERGERHL. BEBIZ
BREERTHER, -135CICTREL=.

A) EBFH

FFBEY > TIV1gH720 10ml FHAZY > 7)1 g HED 6 ml D lysis buffer
ZHEmML. RY MO CRFED A H— (13,500 EE/4) &AW 30 BEYE
fEL7z. 4°CITT 30 S BERICEERE. 4 °C F 55,000rpm. 60 5 D05 B



Z /1T L. Triton-X RAMOLBRY ZBREE, LB TNV ELTEALE.
& > X2 #iH I Coomasie brilliant blue (CBB) G250 % i V7= Bradford B H##E &
H:(Protein assay (Bio-Rad, Herculese,USANIZ T, WAEFTY NV BELZAIE
L7=. lysis buffer DR ZE FECIC/R T,

1 %Triton-X 100

10 % glycerol

1 % NP-40

50 mM Hepes, pH 7.4

50 mM sodium pyrophosphate

100 mM sodium fluoride
-10 mM EDTA

5 mM sodium vanadate

2 mM PMSF

10 pg/ml aprotinin

5 pg/ml leupeptin

(B) Yz A¥ 70y bk

BRELUAEEEHZ 200 pg $O0EL. Y2 TINy T 7—2MA 95 °C 543

& ¥ L sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)%
fTo7=. SDS-PAGE #T#%. ¥XF54 - Jovy—ZAWTZbOoIO—
AATVRELKHWICEELEZ, BN ET S EBORBAEIIR
Chemiluminescence Western Blotting &+ v b (BOEHRINGER MANNHEIM,
Germany)IZMEO 7O b A —IVIZEWfTo /2. £T. TOvF 2 VRP TESE
TOyF Y, Ri—REERIGE BE  ZiE), kAR (RIVFF25
—VERBEHIVR, UYF IgG HuE. 305 =iR) E{Tol-dbe. FBAHEE
MA. BHE X BT AIWLIRA L, BRI T A NVLAERXFYyF—THEHEKE
L TH( DA NIH Image analyser (NIH MA USA)IC CHET 21T o 7=, HUTFic—&
TUERIS THWER®ERT,

i1 > X > 2B EFI4K(Santa Cruz Biotechnology, CA, USA)

BT IRS-1 i (Upstate biotechnology, NY, USA)

F1 IRS-2 Hif(Upstate biotechnology, NY, USA)

1 p850.514(Upstate biotechnology, N, USA)
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(C) P13-FF—EEMHEIE

ERBEAEOR. 2 mg ODEAZHNY VEILF O > 2§ & (Upstate
biotechnology, NY, USA)IZ THRELE X4 °C 2 F#f). lysis buffer TF G
L 7= 50 % slurry @ Protein A-Sepharose CL-4B % 70 pl HA0L . 1 BRI KIS
ENR L. £ Uk REESEEYES buffeD(EHIBE 1 % Nonidet P40, 100 pmol/l
Na,VO, Z =T PBSHZT 2 [Bl. ¥ buffe@(100 mmol/l Tris, pH 7.5, 500 mmol/l
LiCl,. 100 pmol/l Na,VOIZT 2 [B. ¥ buffer®(10 mmol/l Tris, pH 7.5. 100
mmol/l NaCl, 1 mmol/l EDTA, 100 umol/l Na,VOIZ T 2 E#k&H L7-. TDH, &
FEESMIT 50 pl DFEXF buffer@ & . 50 mmol/l MgCl, Z 50 ul, 2 pg/ul DIERED
sonication 4L¥E U /= phosphatidylinositol Z 10 ul #M L 7z, FF—F KL, 30 pGi
[*P]ATP Z# &%) 440 pmol/l ATP % 10 Wl IIMFEZREB T 10 pBEIRE S B-#. IN
HC1250 ul Iz & DL, 80 ul @ chloroform : methanol (2: 1) Ik DHIH L7,
eV T 3.000 rpm. 5 A DIFLHER. 2BEL /= 3 OB TE D organic phase &
H#HRL., TLC 71— bMerck, Germany) EIZAR Y bL7=, L — hZERK
(chloroform : methanol : H,O: 7 2 EZ7/K =60:47:11.3: )% AN/-BHEAN
WCRELTRER. &R TS50 5 70— TRIE L. PI 3-F5—
TIEMEIZA R L 7z PI 3-P(phosphatidylinositol 3-phosphate)® & 7R w | 2 NIH Image
Analyzer (NIH. MA. USA) TEE L /-,
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7. EBRER
7-(1) GTG IZ X DR DHE A

60—
—_ 50"
R
=
o)}
) 40~
=S
>
K
m 30~
20—
10 T T T ] ]
0 10 20 30 40 50

Age (weeks)

(K9] <IRDEERLR

GEBICCTCERE AR S 2 {TVIEEEZEA L, 4588 ETHAILE,
GTGHE L WT 7 A (M), GTGHE IRS-1¥-T 17X (), £HAHKEES WITOX (O)., A8
B SIRS- 1% 7 X (0) *P<0.001 & £ EEH KI5

IR EEAT 5 BT 6 BEFIC GTG DEBNRE£1To /2. GTG
}5 9 BELD IRS- 1Y TR, WT I AFKICAERRBEKERE Y X ITHE
30%DEEDHEIMZERD. ZOEKEEMIT 45 BEF X THRF LHELIRS-1
group: 40.2+2.6 g vs. control: 33.0+4.0 g, P<0.001, and WT group: 40.2+3.4 g, vs.
control: 31.0+4.7 g, P<0.001) (B 9). AB#E WT < A LB IRS-1"<Y 7 A DR,
FEEBWT U A EIEEFEIRS- 1" I ADOMICAREDHFEREIIRDRMN - /.

7-2) ZiERmMEE,. 1A B

CRERFMEEE,. 1 >R % GTG #5510 5 AR, RUNGTG BE5ED
15, 30. 45 @E#RFRFICCERAIL 7=,
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150

] .

50

Blood glucose (mg/dl)

IR

15 30 45 Age (weeks)

1)

[K10] &~UADZEERMEE

5. 15. 30, 45 B@HTEHRAL=FNFNOI T ADEEEmMEE 2RI . 14K/
HEBBRERBIREIVEML .

O lean WT B leanIRS-1# [ obese WT M obese IRS-1+

1
4 ¥ o
E
o
&
Rt ] X
£ 3 h
—5 L
5 . _
£ _
£ 24 (
5
(2]
1=}
7 1 I Té
& = =
== | =/ 1 =|lil
5 15 30 45  Age(wecks)

[(H11] &9V 20EHEEA 2 ) /E

5,15, 30, 45 EMTEHML 22 0Fhovy I0= ZEE LAY Y EERT

M%ﬁﬁﬁé@%%&ﬁ&ﬁbkoW&Mﬁﬁmﬂmvaz #P<0.013 # B MIRS:
%oz, iPOOSHIER WT vz

0 lean WT B leanIRS-1* [ obese WT M obese IRS-1
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15 JEE O ZEE R M E VIR WT <7 X, JERBM IRS- 1V U X, fBH WT <
W R, BB RS- 1" AEIICE BREEZRDBN 572, I 45 BEE TH
BOERZEY. PEOEAK TE 4 B CIEEOTLIZRBDRN .

15 BEAZERERF D1 > R ) EIZIERER WT < R & JERRRS [RS-177< 77 X [
THEREZZRDEN S 2K 11). T OFERIZLARTD Araki 5 (Araki, E. et al.
199N K BHEE—BL TWz, —7F. B WT XU A TIIIERRE WT I
IR TERER A >R ) AEE 2 5178800 U 72(1.62+0.42 ng/ml vs. 0.56+0.30
ng/ml, P<0.01). AB#E IRS-1"< 7 A TH RFIFRIZIEAL T IRS-17< 7 RITEEARK 3
fE12 £ 8 U 7= (2.56+0.78 ng/ml vs. 0.65+0.57 ng/ml, P<0.01). ZD&EA > A1 11
EIOBEBR THRRICGED SN, BMYIRAES LEh&TZE. B
IRS-1 *<7 A TIEAEHE WT U RIZHART, WTFNOBEBKTHZEER 1> X 1)
CEOEER LR ERDIZ(P<0.05),

SEDOHERELVEHOEAICTWT YR, IRS-I"IYTADELLHEA
Y UlifEERL. TOREIIIER RS- 1Y A TLDEEE 2> T,

7-3) T RUBARGRER, 1A CARAER

Bz EA LR IRS- 1" YU RDMERERF T 5720, 40 BB ICRER
N7 R &R ER(2.0 g /kg body weight) & #ifT L 7=,

B IRS-1*< 7 A R OBH WT < 3B < 7 IR EARIC L 2
BERmEEDO LA ZRD/IZ(P<0.01) (K 12), 51T, B IRS-1"Y U XI3EEA
fiitg 60 23 D MEEA B WT Y ZICHAREFRICEAL T, UEofER
M5 WT R RA, RS- ZAHKICIBBOBA THERNE(LTEI &L &5
IZRE# <~ 7 A TR IRS-1Y Y AN K D IHERENEL L TNWB Z &M
RrREN=,

ZERMIEEICENZVWICOEDL ST, EBERA A MERERLTHWS
Z &N SRR IRS-17 7 ZUIABHE WT X7 ZITHEAR K D 1 2 Y AR H 1
BELTWA I EMNELN,
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(M12) BEEAT RUESHRR

1R REAEEDH = D 2.0 gkg body weightD 7 R U & EEENICER S L,
FEMEHBWT< Y A (D). JEMEHIRS-1%-T7 Z(O). EEHWT <7 ZX(m), [B#E IRS-1+ <77 A ()
*P<0.01 XIEALHE< T A, 1P<0.05 SRR WT I R

(A) (B)

8
3 8§ & g

Blood Glucose (% of initial)

Blood Glucose (% of initial)
D
q

Il
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(B913] #EENTR) CRFEHRR

[4,)
Q

$a
Q
(=]

(A)35EIET D RIS, |1 RERBEEERICEESHD0SUKg D1 >R CEAR L. *P001 MIERHTY X B
(B 45EWE<T T AU, IBEREREENICEES D10 Ukg D1 >R EEH LI, $P<0.05 HIERE WT mice

FEBEWTTTZ (O) FEREH RS- 1% 7T Z(0), EHWT T (W), B IRS-1°- T Z(e)
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ZITRIZA AR KT 2T RUBRTERAZEERL NV TRHAT 57
O, 358 &, 45 BEICTBWTRIERRN X AR E BT L=,

35 BERFD-T X ERRER0.75U/kg) T, WEEY 7 2ICBWTHIE
BE<TUZXEREL T, 1 2R) VLA MERTERORERREBIHZRD =
(K 13A). 1 > AU ERED MEE IR RS-1""< 7 X TR WT <7 XiZ
HAREWEMZ RO, ABEERBDOEN -7, 45 BB AU V&R
RBRTIIEE WT U7X, B IRS-1" <R &b IEEFEMNEY Y At
ERTERDEEZREBZRD(H 13B). BI IRS-1Y T XITBIFB 12X
) > DB TERIZERE WT v ZRENERICERTE L T,

ULED#HERED. EHOBATWT ITUX, RS-I"ITTAHKIZA R VR
SHNBEATEHIE. FEBORETILIRS- 1Y TR E WT I RICEERD
BWIZHEHLST. BEIRS-I"IUATIIEBWT IIZAXD1 R VN
HEREDEET B EMNREINE,

7-(4) BEDFREZIRRET

EEZzEDOBEICBNT. BRUEA DAY VEHERE T A VMmiES
#iz, KEOEEZHNEANBOSNBIENHNTNWS, BEDEZ A
MRS S NIZIR > TRV, 2R VEFiHEEZRETRIEROE
oA, HESNELEZEIL, B AU VMEEET2EELGN, &
DREMEL VR VHUNBAE L & EREEOBRBVIRET S &E2 50
T3, ZOLIIA A VEHED | DOREELT. BEEOREZNE
EHRDE5NDB, SEDEFINIY A TRBOHEENELEZRNT D0,
EMZ O HE Be5(K 14). SERAE 15)%1T -5 7=,

FERS IRS-1Y ¥ X EMBH WT 7 XTI BEIC AR THERL
TeREB 207, R WT 7 X EIEER IRS-1" I TADEBEDOREZIT
WEZE 2RIV, B RS-1M U X OEEIIEHE WT XU ZADEE LD 36%
DEK % 3B 7= (P<0.05)(K 14. K 16)
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(B) leanIRS-1 +

i
e

(B]14) Mo IEPaviRitHERS)
DEBRTY AL NHERELAZ MO ) V=2 AT VHERBEITo R, FIEA
WT =% 2(A), JEAEAMIRS-1* =% 2(B), IEAWTZ% 2 (C) \BAIRS-1*- 29 2
(D) PHERBET T, (x40

obese WT ocbese ii*

)8

o -insulin

(H15 RoBmErnwaNGiRe)
SOAMvOREOMEME LNBRAA-DZF- ., IBRMWTZS 2(A, O)L BN IRS-1% 2
UAB, DoRBRBERT. WAREAEARMA 22U YNBA. B), A hT v eiv 7
FPZEZFOMEC, DEAVTREET S N, (x100)
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AAY . TNHhTY, YR MAYF UHFIC L2 RBEEBRAIIBNT,

JERER WT <7 R & FERRES IRS-17 T 7 XA TldA > AU BB (B PHTAT) &
B ERDRN S 7=, B U X TIRIEERE< U A X THEE2RHR
¥oEMERD, & 5B IRS- 17U AEE TR WT <0 X HBH
R OEMIERTHo7z. —F. FhAhd, H20WRVY I NAIF VB
RS GERMIAD) BT 4 BRI TEZ RO - 72(’ 15, K 16).

(A) Islet size (8) B cell number (C) non-B cell number
N $
3 ##l 4.5 # 16
4 1.4
£ 25 s - £
= c 3.5 1 1.2 1
@ * 8 c
2 9 = 3 3 T
e 1 e p
o o 2.5 -
515 3 20.8
: s Z0s
2 1 215 2
= « ‘=0.4
© o 1 K
T 0.5 2 ]
0.5 ®0.2
0 WT IRS1+WT RS-1+ O  WTIRS1+ WT IRS-1+ O WT IRS-1% WT IRS-1+
LJ 1 LI | | L1
lean obese lean obese lean obese

(K 16] EOMEENRTEHFER)

BEOY1 X(A)LEEHIZD Op MaK®). #BMaKEC) £2RY. sHRA®EIZ6-(3) DITRL
Feti<fFofz. *P<0.05 ** P<0.01 MIEMHE WTY T A, #P<0.01 XHIELHE IRS-1¥-T R, $P<0.05
INLOHELD. BV A TIIEMMBKOEMICLIEEOEXREZE
FZEMREI N, ELERE IRS-1YT T X TIEH WT T XICHNNESICE

EMNEARL. fHEEDENT S I ENERIN, JOBEBMIMmEFEL A
MEOEAL EFRBRDEMTH D, BHE IRS- 1" T ADEA A Y M TEMN
UBERHIRICERT 5D EEZ 5N,

7-5) Fig. BRHBICBITBDA A O ZAMEK, IRS-1. IRS-2 DRE

5-(6) BYTRUZEDIZ, IBHEHREETIE A > XU > Z&4K. IRS-1. IRS-2 7%
EDA AN TV EEBERAORBECHMEEICEEERIFT I ENMSNT
W5, TITEHIRS- 1" T ZADBELEA A HEFRAEDOHF AT XA



ERETEED. ARV OFERENBE THOIMBEERHTTON R
U2 TRV ERE L.
A) 1R ZFHREADREB(X 17A. B)

T, Uz RF Ty FETA A ZFE. IRS-1. IRS-2 ORBEEKR
Mlize 1A ZAEMEITHE. R & BIEMER IRS- 17U X EIEERE WT
RUATRBIEZRBDRN o7z, MREI I ATIEIFBTOM >R 25
EOFENIIEBEN BIC AR TERIZET L TWE[WT XU X T 55% (P<0.01),
IRS-1"< 7 X T 83% (P<0.001)], fB# IRS-1*" I T ADHFETOA A V2R
EREBRIIERE WT X7 AD 39%IT{E T L T (P<0.05). FIZ. HRICH
WTH, BB IATIEA X O ZBEORBFIIIEE G BICHRTEH
IETF LU TWREIWT 9 X T 44% (P<0.01), IRS-1¥"T 77 X T 62% (P<0.01)],
LML aNS, FFATIIAER IRS-1Y YOXAEEBWT ITIATL A %
BEORBICEREREERDREN 7.

(B)IRS-1 EHDHEB(K 17C. D)

(A)  tean WT lean IRS-1+ obese WT obese IRS- 1+ (B) lean WT lean IRS-1+ obesa WT obesa IRS-1+

R —> '—-—-—-I nn»lﬁq--b--t‘l
14 1.2
5§ 12 —— 51
- 3 I3
g 01 . @ 0.8 23
g o6 4 06
S o b 304
£ — x 0.2
0 - 0
(C) lean WT loan IRS-1* obese WT obese IRS- 1+ (D) lean WT lean IRS-1+ obese WT obuo IRS—P"
— > 1 r —1 I

IRS-1 *l“"“““ e "—‘ IRS-1 -—»[- N — — —-—-’-‘ -—-rl

] & nm._

1AS-1 oxprosslon
epoo =
ook ki
=t
IAS-1 exprassion

=P

E lean WT lean IRS-1# obese WT obese IRS-1+ lean WT lean IRS—W- obeseWT obesa IRS-t+
(E) — (F) —_ ,
IRS-2 —>| _— n‘”‘m e ] IRS-2 &
2

5 13 5 13

= W 2 ].6

2 12 £ 13

e i ”» 8’ 1 #2

s o, o & 08

S 0 S 06

S g n'ﬁ-" 2 o4

= 0 = 0%

(]
liver muscle

(B 17] FFiR. HETOA 2R %FE, RS-1, RS2EHORAR
SROEEE SDS-PAGE ILTHBELHIA >R KA, B), HIRS-1 fith(C, D). HIRS2 HKE, PIZT
\lrylestefn P<b(l)0(; BICTRITET o/, *P<0.05 ** P<0.01 *** P<0.001 3§ FEFEH# WT, *P<0.05 *P<0.01 4 3EAEHS IRS-

FHREINZEBD, FEEB RS- 1YY XD IRS-1 EHEIIFE. HHEBIE
BT WT X7 2 DHJHS T - 7= [T 59% (P<0.01). AT 44% (P<0.01)].



P T3 IRS-1 BEERRBEISIFLHN BIC L NFER IRS-1YY T AT 83%
(P<0.001). FE# WT <7 2T 74% (P<0.05)IZ8> L. BB IRS-1" 7 X & fE#
WT XA TEERDRNDE, HRTO IRS-1 ERELFRICER WT <77
AT 28% (P<0.05). FB# IRS-1""< 7 AT 32% (P<0.05)DWA ZRDIz. ML
IRS- 1" AHATD IRS-1 EHEIL. B WT 7 RIZHAREEMTED L
7= (P<0.05),

(O)IRS2EHDOFHEE (KA I7E. F)

P, FiPN & b IEARRS IRS-17 7 A TR WT U AR IRS-2 EHE
WFEEICHEMNL 2. R TIX IRS-2 BRIZENTNOIEMERE N FIC L AEHE WT
T 58%, FE¥ IRS-1¥T 66%IZH A L7=(P<0.01). FRICHAICBLTHENTE
NOFEEFERRICTHEN IRS-2 HBRIZEH WT YU X T 23%EEERL). BHE
IRS-1"" 7 AT 52% (P<O.ODICIBAD L7z, FFiEE. FAESESICTBNWTD. B
IRS-1*R I A LB WT 7 ZADREIZ IRS-2 DRBEIZZ2BDaho 7=,

DEOHRE DB ATIEA A 2 BM, IRS-1. IRS-2 OFRBEMNFF
& BARFKIETL TSI L, ERBETTATIEA A O Z2BEORRIT
ZERDIM oM, FERER IRS-17< 7 A TIEABH WT <7 AT IRS-1 D
REVDHESITETL, IRS2DRENRY2H[ICELRLTWAZ &, BRETY
A ED L DHBICBW T IRS-177 7 RIIfEH WT ¥ IR TO 1
AN UEZFEDOREEDOET. HHATOIRS-1 DREDETLTNS Z &A%
S5nhERRoz. £z, FERER IRS-17"< U XA TERD 5 7= IRS-2 OUEH M
BHOEAICEIDHEERL TV, ZOXIBAA) MERAZEETZEAD
REEOENS VA VEFEOEBICES L TWwbs EEX SN,

7-(6) P1 3-FF— &

5-QETHRRZZL DI PL 3-FF—FOEMIZT >R COREERFERIC
BEERREZR/ZT. Pl 3-FF—EFOHEGHATH 3 ps85s DRHEEEFOI >
D O BEEBEHELEPI-FF—EREEESEIOE T XA TR L 72X 18).
AR REFFEP RS EHERRD, p85s EHORBEBIIR 4 B TEZRD
Bhof. FO ) VBEEBEMKE LR P 3-FF—FEHRIL. FR. BA
EHIEER WT v X EIERER IRS- 1V I A TEEZRDBRN -, EEET
U AIHARFE TR WT YU X EBE IRS-1YIU XA TidiicFos 2y
CEBACEBEREE LR PI3-Fr—EREHIZERBNRBICHRETL TWAEE
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# WT YU AT 46% (P<0.05). fB# IRS-1¥ 7 AT 60% (P<0.05)],

FE#E IRS-1Y"< 7 X DFFE T PI 3-FF—ETEMHIE IR WT <0 ZITHNET
EmEZERLZEN, CNEFETIREN - (P=0.07). FFIRERBICHATHIE
B EE ORI LR WT < U X &8RS IRS-1Y < AiIcFO s > Y CEB{LEH
EFREAELUEPI-FF—EEEIMET L TWAERWT I 2T 27% (P<0.05).
B IRS-1Y" <7 AT 55% (P<0.01)]. FNTIdABHE IRS-1""< 7 A D PI 3-FF—
ETEH®HIE BE WI TUOXLCHXXEEIZET L T W E<005).

*) lean obese (B) lean obese
-] o~ -+
~WT_ IRS-1%  WT = IRS-1%# ~WT_ IRS-1+ WT = IRS-1#
p8se —>| wwww-«wyﬂq pasc —»{‘-—- e i e e i ]
141 :
S 1af c
] g
§ ol 5 13
2.0.8 o
a
o
& 0.6f 3 o
g 04y % 0.
0.2 2 o
0 "
© lean obese lean obese
JBS-1++ - IRS-14/ WT _ IRS-1+
- W AT et 10‘ . C - b - T .
B RS ST TR, .- N R
PIP3 —’{ L A S S ! PIP3 —»| B A ]
1.4 > 1.4
212 s e | |
2 g 1 :
S 08 g o8l #
Q aQ 9
g 0.6 # £ 06
S 04 ¥ o4
oy 0.2 a 02 &1 I'I‘II'I
2 : =
insulin - + - + - + + insulin - + - + - + - +
liver muscle

(18] FF. FITOp8SaEBARFE &AM AU L IZ&BPI3-FF—FiEft

FR DTS £ SDS-PAGEIZ T4 & L #ip8Sa it TWestern blot HIZ & D BT L7=(A. B). PI13-¥3+—¥
EHEIIP OWMDAZNAZPIZ- Y CEOTRICTREITLE(C, D). *P<0.0504IEMLE WTT VX, *P<0.05
#P<0.01 XHFERERE IRS-1¥" 7 X, $£P<0.05

LEDHERED, BEOBEAICTWT WX, IRS-1*"< 7 Xz PI 3-FF
—EEEMET 5 ZEMNRINAE, B RS- 1T A TIIEICHRICS
WTPI3-FF—EESEIIER WT T XICLERETET3 2 ENmIN,
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3. BEE
8-(1) GTG # &5 LK E#EE

GTG ZEBEN#Z 5%, BERTHROENAZETOT FUBBRZEHE_a—DO 21
BORAEN. FHOBBEESIEREIT. BEETIE GG REICLVBRICK
B4 A0 A EREEZSIER T ENHEZINT VB (Le Marchand, Y.
et al. 1978). WK THMOBNAZOKER., ETHRENEID. TORERE
A A VERENSEREIINSN. BEOEIABBICLDZDE S X
D EFMSMREIERIIN300. EiTA XY JEAENEEL. Thick
DIEFENEI ER I NDDONTASM TN,

GTG #EIZED IRS-1"ITATIE WT YU X LRAISOEEEENE AT
mzERHE, BEENIEEIZIER IRS- 1Y <7 X TR WT YU LHREE
ZRDBMNoTz. GTEIDERIVBRTHERICKXZ2BETHOL(LSIEIES
BHINCIT RS-1 BEFONFORBIEIPEDEEEZEZARVIENTB TN
7=, Miki 513 IRS-1"< " X M MEF (mouse embryonic fibroblast)® g h#IAL D
MEIT DWW TR L TWBMiki, H., ef al. 2001), IRS-1"H3k MEF 3 fg5HIAE
DHEM WT D 60%IZHAPL. FUZUEY REED WTIZHRERICETL
TWwiz, 9725 IRS-1 IXEHHENOSMEICEETHHIEERL TS,
SEBRLIIEHEZTO IRS ZEARKRRIIREFTL TRV, IRS-1 EEREH
BIZ RS- I"IYTATIE WT IURICHARE T LTS EFEEINS, IRS-1 &
HREERBRDVORETICOENMDDOO TIEHERICEEZ RO BZNEHITREE T
REATH DM, EFEHE IRS-1* <7 XTI IRS-2 ORMEEEINPCIEEGIC SR
FNCRE L T3 IRS-3 A% IRS-1 DEAZREL TWSAEENRH D, FEBS
SRAIBRFANVBEELEDN S,

8-(2) A IRS-1" < RIZBITB1 RV Vi

BERENZ &1, B IRS-1Y< 0 A EAEH WT YO X & REBEOFEEMZE
RTICHEOET, B WT YU RIEREBEROE S A ViECEER
WA R EFRRICBITSM R OmMERTIEROET 2R,
D Z L DB IRS- 17U A TILBH WT <7 ZIZLEREER L X))V TOA R
AR NREDBET D &R INZ, S-()THRHELEL S ICHFRIZZE
R OBRBMAH O LRGN EZREZTREBTHD. £/i1 o A) HEEIZ
KBMBETHERIZA A VICKDEFHNICT RUEERDADHACIER
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HEMPOEIEE E R-T, B IRS-1 Y A TRO SN i1 >R UARFiH
DHEBIIFBEVERET. BUHSRBRICBITZ1 ) AMEAFRENER L
DE5,

AR IRS-17< 7 A TIIAEH WT YR & EERZEEREA AU VIEZRT
M, EERFOEEIIZEZRDRN o, TR IRS-1"< U XTI WT
RUAEFBEOMBEMEEHERFT2DICEKBARNL S 1 2R iR RE
HICHEML TS EDEEZ6NS, FE, BHBOBREZMORN TIIEE
IRS-1"" I XA TR WT IR EERBHARKDOEMICLDERDEXER
L7z, E D 2 BHERKFIEA A EHIBOATEZSZ &3z, 12>
A DR WARERMO 2 EBERRBETIEEZSNTVS(K 2). B
IRS- 1" ATHBKUERED S OREHEAL A iz & D iR ks
BEIZEEICRENTVS, LML, BEREAT RUBAEAR TIIEHE 60
ST TS DA BHE IRS- 1Y A D MBEEIZER WT 0 XICEXEER
WML TWiz, 2O &R RS- ATIEA AU ouwEmnick s
REEELTIIRLS, SEMS2OFRVMOIVIHS M xENEERL. B
HOBERFRERIET HAIHEHENDH 5,

AR IRS-17< 7 23R WT < 22t & D s&nA 2 ViEfitEERL
Zo T2 RS-IVITAICBITHERBEEDAM X VEFIIEROH
AL DEENET 2. CHUIEHOEHT IRS-1 BETFERREFENERIA
DAY R ERTENIBELDEHTHIERTH 5. 2 MHERFARED
FERIEIBECRTFEBERTOESTHIEEASNTERLN, SHOMEHE IRS-
1" X DRERIZERFRIEIC2 DORFAHEICEES T2 I - 2HEIRL
T3,

8-3) 1 AV MHEREGEZEEBRORE DK

. EBEEREY SEETIEA R ) OZEEUEOERGEDREN in vivo . in
vitro EBHITA A VEFIERBRICES T2 &85 0TS, BEED.
RESYETINTHS VA D OZEEANDESETOZEEOFF—VES
DIET. 12X ZEMR, IRS-1, IRS2 ODREFEDETEMNI AU DOE
BRERENERETRDOOSNTNS, SERH LB IRS-1Y YT XATDA 2R Y
CHEIMENREDI I BEBF TR I > TWADRFT B0, 1R V25K
*. IRS-1. IRS:2 DEBRBREZHE. TRICBWTERSLE,
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fh D EEEM TR E N0 < (Folli, E., et al. 1993. Saad, MJ., et al. 1992. Saad.
MIJ., et al. 1993, Kerouz, NI., et al. 1997). B &4 O#ERTHIFE. HAKICERB
Y2 TDA A S5, IRS-1. IRS-2 EERERIZETLTWE, /-1
# IRS- 1YY U ATIRFETO M A U ZBEHRESRRENLR WT ¥ A1
HARTERIETLTW, JEERE IRS-1Y< 7 A TIHIERE WT <7 RN
IRS-2 BEHORBESRMEMEITHEML TWB EEZ 5NN, B IRS-1YI TR
TiXZ D RS2 EHOREEBMANTRE, HANKITWHELZ, IRS-1, IRS-2 /
w7 RITADERLIDFRTIE IRS-1 A%, FFETH RS2 21 XU >
DORHBFAGIERICEVEERRETH D EOBRENDH S (Araki, E., e al. 1994,
Tamemoto. H., et al. 1994, Withers, DJ.. et al. 1998), F& DFEEMN S, B IRS-1*
ITRATDA A ARFIHEOBEIIFRICHB T 51 AU 2K, HRAIKK
BiF5 IRS-1 ZEAORBFOED LR, HAGEEESICBITS IRS-2 ZEHDRIME
HHEMOWERICEDEIERIINEZEEZI LGNS,

BLEA A VICLDHRNTOERD ASLD, FRTOEFENGFHERZ
=ETHEH(Agat, IM., et al.. 1998) T 5 PI 3-FF—FOFEHIC DN T HERE
ZfTo7. . BALD PI3-FF—EEHIIEBYIVATERICET L
ZDETIEA VAU ZAFE. IRS-1. IRS-2 EHORBEEDETICLSDHDE
EZ6N5, FZERE RS- 1T X TIIHRICBNT PI 3-FF—TEHHE
BWWIIXOALDISIFERIETLTWE, ZREHATO IRS-1 ODREE
DETFTHR—RHEEZ ENSB,

TRINSOEADRBEZFEGT L TOBEFIEMTH SO0, BENTEA
AV RETIRA A HERAGBEEETH BT 2R U FAEME, IRS-L.
IRS-2 DFEEL) DBALNED T2 Z 3T TIIBE TN TV 5 (Kerouz, NJ., et
al. 1997, Friedman, JE., et al. 1997), HMEDE I A& 2 A VIEOEFICE
DEDKRBEFTT VA VEZEFREDETNEZZ20MIFo&n LTw
B, =7, IRS-1 ERIEEAT AU ARETIIFEE LT IRS-1 BEHOHE
EORERELEENEADT S (Araki, E., er al. 1995, Rice, KM., et al. 1993, Smith.
LK., et al. 1996, Sun, XJ.. et al. 1999), F7= IRS2EHICTDNTIZT >R Jick
DEENEICHEIINDIER, 1 VA DREDEASENTET S EDE
ERIZENT VB (Zhang, I, et al. 2001, Rui, L., et al. 2001), X 5CEBRIEN T &
BT 4 DRETL 72 IRS- 1" A T3, JEREEIKEETIT IRS-2 EHIZIEM S
WT YT RITHAEML, ZOBIMIAEHE OB AT THE UIEE WT T2 &



FAREELR- . ZOZEMNS IRS-1I T RIZIFERHHKE T IRS-1 EEED
ZRIETHMEMNDANZXLZN LT IRS2 ERRENEMNTHEEZ60
B, B AN RETIRIOEANNGZZT IRS-2 BEHOBDERLELT
Wwa EFEIN.

/-, BRI DIWESNZEEEEZ/HDOYETINFu® L TF iz E)R
BEENEFER (FFA)DST A ) UHERGREERRBRICEEERIZT L0HREHH B
(Hotamisligil, GS., et al. 1994, Dresner, A., et al. 1999, Griffin, ME.. et al. 1999), %
IFESEICNSIZDVD TR L TWRWRE, SERINSIEHRREROMHEIC
£B1 RN MNEAGEEROREFAHTICONTEI L RIBRFANBELEZ S
ns,

8-(4) KD EEFEIRRE

AEHE IRS-1*" T ATIEA A VEHFIMREDEBEL TSI hD5T
R MEEIIRE T AR TEEZRD RN o2, ZHRIEALEEEDRE
AR CWTIEIREDHDEEDNS, B~ T XTIz, RS
B I REFRHICEEDVEAL TV, X 5B IRS-1"< 7 A TIEHE
WT YO RICHREEBERERDOBRERDE. £z OEXISHERMERKZ DM
ICLZDDTHD. FEPHIEBIIELERD Mo,

RIR T ERIE NI R B TR OB ESIERE I T I 85N T
W5(Kiba, T., et al. 1996). E/=FDMOIREETIVEM. =& 21T oblob <™
A (Tomita, T., et al. 1992) B > X ) VEFHMEY TH S IRS-1"I I X
(Briining, JC., et al. 1997) THEEDEKRERDHZ. SERL DWETIIESD
JERDBERA R VEFIOBELMBEL-. KpHREMOBFIZRE
DEZAHBEDHSNITR> TRV IRS2 24T 3 IGF-1 ¥ ¥ F )L
(Schuppin, GT., et al. 1998)%. 1 > X ) >R IGF-1 fEA#EET2BETH 5 Akt
WEEE S B Z &(Tuttle, RL., ef al. 2000)BEZINTNS, 1 >R EREE
RVEPHRBHEICEDOLIICHED TNZDHh, SBRLDOIIZETIOD
BEBHARICB VT IRS-2 ® Akt ZEDO-RHADVNETH 3,
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9. 538

ERREZ. 1T R) AEAORBICKZENSMEEEHEL. BREOEER
I EGHER EBRNBRRERFOMENEETSHEEZ 515, IRS-1 1T
A DAY CEBREOEBED—DTHD., 1 A I TFNOFBEEIIB N
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