JR AL 57 @R PR oE B 4B &
EHFRFR OIS %

P OFAE S SR A R X 7o W IR P Rk OO B SEHEE 1 BE 5 DI

FRL 1 6K R - o EURmS E
EEWE EH O#B

17 (2005) £ 4A




H X

[, RAEprERS

B SEAE A B % FLIE AT R A R I 00 PSR HEHE 12\ T B FSE -

HH ®
1. SERFsEHeEs
1. BHAENZBBERBOA A ARFEICH ST 2R TICET 5015
HE #. 2o

2. AR R WEEDFRIZE T HAF5E

(L —BR. #E—RD

I BIERROTTICRET 5~k

1V, BHEREDOTTY - Bk

10

12




Fiw@ﬂ%ﬂnﬁﬁ%%(ﬁﬁﬂ ey
(#848) WHFims

W)

B ORIE FERELE i & TR A 7o B PRIR B SRR OBRFEHEE 1T B T 20158

(EEMZEHE) B # BEmEEREE

MAEE

BEFEORBAEIIZNIET 5, BREFORERBICOHERE S
DFHE FEREIC B9 D EBM R R R R MO W /B EEOT
Y5 O ADOMESLE —REBROBADOHEANEENTWVNS, KRE
EiX, BROBERITSEWHR THKR L -8B afEs 2 8 m
=i, BREBMEFOTGZEZER L. BEHEAKRORHEEAD
REBOFRIEEDHIZ, AEEX. KEENA X ORBSS
WEDOHRS ?Lbﬂﬁj\{}!}a@%?ﬁ 730, TOER LR
RIFERNDBHZHSMIZ Uz, E5ICAERANLBERE O
A AN i ERE T S RFEREL., iR, E-

AR VEENZE DR E R
HEERIE

selectin, leptinVMI L TA AU JHEHIEIZFEGLTWS

ZEBEHEMILE,
(4 IR 3) TEEEEOIE T A DML E —RIGHED
I #i—B  FREKF BANDBANEENTND,
A0 W BRPHEE 11w B BERIFEDREEEZZDIIHIZ0, 1R Y
B OB H#EKRF IR E

RKTHBEEZALNTNS,

A W9 EH MWD TIERA AU AT S B

OHNETHEIL & & DITHERKICHEET

2 BEBILBRNEMITBNTIE S HIEL .

TWHIZOETAHAZ ENHREINTNWS, &
5020, BRBICE - TEL 280HE. 372
Hi., KinERH/NLE OBIREEIZ L o T
FAET DO ECIKIERES 5 ICIIBERER
KHIZE > THEL 24mTHCULOF BN
BHISHEEMEE /2> THRD, EERFENIC
HLERITKERAHEZBRNTND,

R, SBHE - BBk - BYRE
MEBROHETH DD, HICAEREQOEENR
HE <, EEEOIHI OB ED 5 BHEEKE H
RO BEREOENNNETH S, sk
BRI F—']OFHBNF.L &R TN
B0, BH ORI DARERBEECHERE G O
TEFREIZ BT 5 AR R R E 2 T Wi

PEREE EL B 5 K. HILERIVE D
OISR - 1 > AU HhiHE %87 Uit
EREE B I E 5., ARRIEREICTL DL
BERINEORIEZHLONITHZI EIZED
T, KOWKELRRBEEEITOZEZHIEL
TW5, Thabb, 1A U iEEzE
R & U 7208 R IE BV E ROV & > 50
WILHET2RE, A itz FhRE
U7=BERFR I E R IV E MR T
HEBEOREZHBELTNS,
AEEFIREAWMABROKBRERZBNS

BDHEEDIZ, 1A RIS A
A UL RE @%WE%bb W29 BT EERA

7‘—.—
wo

B. Bt55ik



R S BRI T TReET 5
ELN
ABE « A RDOIBBERFEFITH LT, F
e, BRI, FERE, BERREORHE
HE, BE KE, A by T E

O AR, mfE, HbAlc, 1A 1,
NEE s EO— 7R RIRE R R, IRBE.

RAMEBT IV T I >, BEHE, Bk E
MRS 78 & OREERIE /NI 73 5 I K
mEEHHEDRIE, VILh I AamaRBiz
K51 DAY AUWREDTE/RE, HE -
F—HINEEIT D,

I 512, TRIF—451kcal. EHIT 28,

JEE 16. 68. RAKIHST. bgDEUER % F W,

PRSI ML, 1 A ME, (RTFER
f&. GIPfE. GLP U7z s O\ IEH 2 e
T 5,

£/, BETOHETOREDTHEFD
fETic ko T, BRI R F—, BEAYE -
fE - BEHEBLHETSE LI, RN
W52 EICEo T, BEZAGSNA
FEIRNE. BBETHRRTES N8

- IEEAFEREEZ N IS B TRET 5, 2B,

AFFEEt L, BATEE IR BER S N HER
KEFEZHRBEREEICBNWT, T TIMmE
BEEOEBENELNTNS,

fE IS
) FUEOESE. LELZEMBLREOSE
5N7243-845K DBMI 2 7 ke/m2 K D 2BUHE

RFEEITH CRIIBERF BRI 24,

SEISBMI 23. Okg/m2. FigHbAle 7.0 %)

2Rt RICBML. ZERERE Mg, miEiEE (H
e, BaL A5 o0—)b, LIV A5
O—Jb)  MiE-1 > A >, wEEE-sele
ctin, leptinzZ@lE L/, LDLOLV A5 1
—)VidFriedewald formulalz CEH L 7=
A A ARG ZHOMA-IRICTEME L . |
OMA-IRD2. 5% 1 > AU Btk #E. HOMA-I
RC2.5ZA R MR S ESR Ui
DEFRBE RIZDE0[{EME-selecin, lepti
n. MIETGZE FOITRET Lz,

2) MEFIFH6EOREBAEE DIEFITDWT,

ZEERF O I & TR O MIECRTF R %
BlEL., ZoHBEERN L=,

3) b THRLNIEE SUIT (Secretory Un
its of Islets in Transplantation) (ZD
WT, 304 DIBRIERFEAZE LTS &
EBHIT, TIVhd AmRRTRHS N6
SHBOMECRTF MM & gt Uz,

C. ek

SRBIZEIZ DWTIE, BAEISVER D2/3%
BMATHY, ERIZESBL, B0 - &
HEIEIE s & HANME O IBBERB O LT
ETFANERLDDH 5.

H A A28 RIS DR RIS R I L DR
SEEZZTTWAAEEENMER N TV
=%, ERIZEHFEFESVRBTSH RS
B2 M 5SUITHREE (FTRICRE) THE
L. bR RS ER, I LZ2ESTRE
BEE Ul IEEMPERES TId, M me/dl)
WERTE DI, 1£2. 0zt U, 1REREMEIT. T£5. 3.
QFEMES2. 5+4.5TH D, NN ((mg/d])
VLAESE. 0+10. 7. 1RFRME4. 1x10. 4, 2FFRE
fE105. 4£12. 5 TH o 7=, EEREERIZB W
T D - FH3ERE TaiE149. 246.2, 1K
ff229.1+6.8, 205M1E230.6+10.6 TH D,
BERRBOZIENI07.554.1, 167.9+7.0,
168.9+10. 812U B FRICEMETH o oo —
Fi. HHEIERICDOWTIH, KEREH ThlE
110.1+11.5, 1EFMEIE119.0+11.6, 2KFEE13
4.9+13.6THVD . EEREHDZNZTN9.0
+£9.0, 111.1+10.8, 118.6£10.4iZ% L &MED
B ERUz, bbb, KERRR T
DAY UHWARICL - TEIMmEERT A,
EETSERITA A COERBEEDRD,
ErEE I ImE AR L. W OEFNZ R U 7
RERIEOEEMEIVREN,

ERHAERITDNWT, A A APk &
2 DRTFOBEEEIZDWTEERMFITZ21To
72EZA A A R DOBRAETE L
TE-selectin (F=18.4.), TG (F=19.3) . le
ptin (F=14. 0) 2 FNENAH B/ FHHE
BTHD, N5 3IRTFTAT A KB
D45 %EHALERE, /-, KEEBHEIER
DIRMTHN S 1 IECR 7 F Rl 2 22 I i i 0
5601 85I W ETE - /@R A o3
BeARMLTWSHDOEEZ S, EEHERE
FOMITTEEENM0EL DI DB %E



REL, BoNEESUIT (Secretory Unit
s of Islets in Transplantation) &fr% L
7o LBIBEPRIFREFNZ BN THEE SUIT &7
WWh I AR HBOMIBECRTF Rl & D
F?Q%‘f*ﬁujbf\_o FDREE, ZDIDODEEL
mWHEEZE O ENBHS N ERD, SUITIE
PRUERFIESIC BN T DA AU WD
B Lz EZ 50T,

D. Z%

A A R EEE FEE L BRI E
BNCIEELE RIVE DR TLET 5 R,
A DAY ARBEE FERE U7 BERB I
%%ﬁw%/QWﬁﬁT?%ﬁ$®ﬁ%ﬁ%
H D

BMI2Tke/m2 AR5 D H A N2BIBERR T D1 >
A B EEE T HMI L ERFICmE
PR LASM IZE-selectin, leptinAEZ 5
17z E—selectin, L 7F idimiE g
i & M ONE D RS & OO BEEL A e &
NTHD., 2BERIFICBITSA A1) K
Pt SAEME mE S HRE OB 2 E AT 5 E
THETHDLZENRBIN-, BEORSE
FLE & 2 s EHUERTF O BEEEIZ D WL T
A2 TWS, FREEBZDDHOAVENME
BOHEDREIZBVWTEETHHNENET
T 2HENH 5,

£, AR MBI DWTIIRERE
'BIEIZZ Uo7z, 5SS 7= 45ESUIT

{SHOMA- 8 & HELL TV 5328, HOMA- B 1E-1 >
AV ARBER OEMIIIEZ I NDITH L,
SUITIZ 4% ket b E%LT&%?%%?ZU/
BN T I v 7 EHT IREBMEZICD

WTH—EflZRLTW=, E£/-, DRET
Kb ) h L ARTRBRE L < HE
TDHIENHEN o7, SUITIHZEERE O
IEHRMZ VT TERTESD T, LDEES
fBELEZ NS, ZOEEEZLHEIZ, D
CHEFMEOBRBEEMITL T o,

AR THRBEG Z 20T 22 &Itk D,

KO MERREFRICEN S Z I N
50

A
[iji53}

E.

336

1
=

WEENT > AY S OEBYMBDALS
TBMSWEOEEERD, FOEAE?
Bl RIFEFI N DI ZHGMNZITHEED
W2, BANBIBERF D > A it %
HETHARTZHREL., MIEFEEN. E-se
lectin, leptin¥Myxr L T+1 > AU bt
WWHRLSELTWDLZEZzHeNMNI L, REH
RO ZNSIIHT L BEZHOSNITEHI &
. WL E R ZBRERIEORELICENS
HD LR EIND,

F. fEEERiE®
2L

G. R E

1. @WXHEE

1) Taniguchi A, Fukushima M, Nakai Y Ku
roe A, Yamano G, Yanagawa T, Ohgushi M

Ohya M, Yoshii S, Taki Y, Seino Y. : S
oluble E-selectin, leptin, triglycerid
es, and insulin resistance in nonobese

Japanese type 2 diabetic patients. Me
tabolism 54 (3) :376-80, 2005.

2) Fukushima M, Usami M, Ikeda M, Nakai
Y, Taniguchi A, Matsuura T, Suzuki H,
Kurose T, Yamada Y, Seino Y. Insulin s
ecretion and insulin sensitivity at di
fferent stages of glucose tolerance: a

cross—sectional study of Japanese iyp
e 2 diabetes. Metabolism 53 (7) :831-5,
2004.

3) Suzuki H, Fukushima M, Usami M, Ikeda

M, Taniguchi A, Nakai Y, Matsuura T,
Yasuda K, Hosokawa M, Seino Y, Yamada
Y. IGT with fasting hyperglycemia is m
ore strongly associated with microalbu
minuria than IGT without fasting hyper
glvcemia. Diabetes Res Clin Pract 64
(3) :213-9, 2004

4) fEFF. HREEE. A0, BEIER.
EREE, BFRE, EaNNETF PHE
B 2RUBEIRIE R B B R 1 B
L7BHEAEOA NV ARRIZHT 5 O—
o sempEar bo— I oEE BERRE

47(11) :883-888. 2004.
5) Yamada Y, Seino Y. Physiology of GIP-



-a lesson from GIP receptor knockout m
ice. Horm Metab Res 36 (11-12):771-4, 2
004

6) Radu RG, Fujimoto S, Mukai E, Takehir

o M, Shimono D, Nabe K, Shimodahira M
Kominato R, Aramaki Y, Nishi Y, Funak
oshi S, Yamada Y, Seino Y. Tacrolimus

suppresses glucose-induced insulin rel
ease from pancreatic islets by reducin
g glucokinase activity. Am ] Physiol 2
88 (2) :E365-71, 2005.

7) Takehiro M, Fujimoto S, Shimodahira M

Shimono D, Mukai E, Nabe K, Radu RG
Kominato R, Aramaki Y Seino Y Yamada
Y. Chronic exposure to beta-hydroxybu
tyrate inhibits glucose-induced insuli
n release from pancreatic islets by de
creasing NADH confents. Am J Physiol 2
88 (2) :E372-80, 2005.

8) Tsukivama K, Yamada Y, Mivawaki K Ha

masaki A Nagashima K, Hosokawa M, Fuj
imoto S, Takahashi A, Tovoda K Toyoku
ni S, Oiso Y, Seino Y. Gastric inhibit
ory polypeptide is the major insulinot
ropic factor in K(ATP) null mice. Eur

J Endocrinol. 151(3) :407-12, 2004.

9) (L —ER, RAE—, @mHE—. EE
WEEE, NEWA, REBET. BAFY, H
A, AWM. WO KIEES, K
HIEA, YEmEEM, ARk, A,
EHH, HPE— OFEERF—D050DHK
EBWIZL > TA A VBER U 7= | BUpE
RmO—ES  BERB 47 (12) © 945-950
2004.

2. FEHE

) dtHEE, d&bF. BIE, O,
EHHE BEAENOHERFBREEORED
MESAEIRERA > NEEZS HARE
RBFERENES CERITELR)

2 AR, A%, BILE., EEXRK,
P, BIRE R, (UEE—BR, 5%
W HAERNIBERBEORE<—H — (IL-6
- CRP) IZDWT  HABERPERERFEN
B2 (FRR164ESH)

3 WMHEETF, WLWARET, hlEGT. ¥
=R, HPE. IUEH#E . KFE#F
HRFAREREICBITIDOLOFME HA
JRRECE R B ERFINES CERITELR)

H. MR EHE OB - BRI
IAQW



Eit@ﬂ%mnﬁﬁ%ﬁ(ﬁﬁﬂié

WyisEs)

(448) WS

HAN 2 BIERB DO > 2 AARFMHICHF ST 2RTFICBET 205

(EEHEER) B # BEEE IR
(OrEFEE) 20 F BEEE IR

UIEs

BMI 27RO HAAN2BIERFKEO L > A Wik Z2BEET 2
HFzwRERL., miEFHEIEE. E-selectin.
A A UEFHICEHEESE L TWAZ EEHMNZI L,

lept in/A3Z L T

A WIS HRY

A DAY ARDUE L 2 BB R O FAE E R
DHI2 5 T8 1 3 & DHIE O 76 i E JR 12 B
HERNEWEEDONTWAS, —H. BELSF.
L7F 2, BEREDBLMERIEEDNS
AT N TS, ZZTHEESIIAA
ARl PN (i AV GV QI IVZ i £77K c J Ok 23
BRI G L 155 HARN 2 B RFEE
WZBWTHEES T (AEME-selectin) 2
AMELV7F 2, miBRHEHEEUEER
WEA A P DOBEEM I D EMEL
7z

B. %51k

AMAEOESR. VDENHZEMBLUREDES
72 43-845E DBMI 2 7 kg/m2 A5 D 2 B PRI
BEIA CEEERBEWRRELL 286, ¥i15
BMI 23. Okg/m2. YigHbAle 7.0 %) Z=WH
WZBMI. ZefERrifnkE, MmiSheE (hH:EH.
waAvAFo—J, DLaLvA5Fo—)b) .
Mg > AU >, w[¥EMEE-selectin, leptin
ZRELU, LDLaL A7 o—)LidFriedewal
d formulalC TEH LA, 122U VKb
{XHOMA- IR TEHME L . HOMA-IRD2. &1 > &
U HHERE (BUFR-SI) . HOMA-IRC2. 5%
A A RENRE (BUFN-SD SE&ELW
HOBRKRE RITDE A ME-selecin, lepti
0. MIETGE POICHRE L 7z,

C. W7 R

R-SEEVIN-SI#EICEL L. mlAME-selectin. |
eptin. AERERS. ¥ L A5 o—)b, LDLA
VAT o—=)b, SIRHIENERIZKTHo
Tzo ULDZUZ2N S EMa. PERI. #PR %%
fil, BMI, IkE#AfuA=. HbAlec, HDLa L A7
O—)LIZIIWBETHEBEREXA NN 2T,
HABRTICTMEBRLAEEZ A, HOMA-TRIZ
E-selectin. leptin. FRPEAGHA. BMI. ANiE
HimE, EME,. 8oL XA50—)b, LD
LalLA5o—)b, HbAlcEBEREHEZF
iz, NG ORFOEGEREX BLZE?:F
MRS TR EEBBITZIT oL T A,
HOMA-IRDFHBARF & U TE-selectin (F=18.
4.), TG (F=19.3) . leptin (F=14.0) "N
TNEERMIHHAZRTHY, INn6 3K
FTCHOMA-IRD 4 5 % ZFBH L 57=,

D. &%
BMI27ke/m2oRim D HA N 2BIBERE D1 >
AU AR ERE T DM U RFITmE

g LA IZE-selectin, leptind¥&E 2 5

N7z, E—selectin, L 7F UidiuiEH1ERg

fifi &3 SR E OB RE & OREMENTER S

NTHBD, 2RPERFICBITEHAL A0 K

Ptk SR A HHE OB EM 2 HAA TSk

THEETHDL I ENRBEINS. SBRERET

D H OHVEME M E S PHRE DFEREIT B W TEE

THOEDNEDPZIMET 2HERH D, TOR

WHEWTHBEE SN RIIINS 3T



FEFZREBEOESE & REOEMMEZ
BUODTS L THEEREREIEZZHAERSEA
RZEITVWDDRE LTS,

BMI 274D HA N IRIBERB D > V)
CEEERE T ORTFERRL, miEP N
Fghf. E-selectin. leptinsxzLTo > &
U EBHICHFS L TWwWAZ EEHLMNZL
7o

F. fEHefabi iy

AV
G. WFgEHE
1. FCRE

1) Taniguchi A, Fukushima M, Nakai Y, Ku
roe A, Yamano G, Yanagawa T, Ohgushi M
Ohva M, Yoshii S, Taki Y, Seino Y.: §
oluble E-selectin, leptin, triglycerid
es, and insulin resistance in nonobese
Japanese type 2 diabetic patients. Me
tabolism 54 (3) :376-80, 2005.

2) Fukushima M, Usami M, Ikeda M, Nakai
Y, Taniguchi A, Matsuura T, Suzuki H,
Kurose T, Yamada Y, Seino Y. Insulin s
ecretion and insulin sensitivity at di
fferent stages of glucose tolerance: a

cross-sectional study of Japanese typ

e 2 diabetes. Metabolism 53 (7) :831-5,
2004.

3) Suzuki H, Fukushima M, Usami M, Ikeda
M, Taniguchi A, Nakai Y, Matsuura T,
Yasuda K, Hosokawa M, Seino Y, Yamada
Y. IGT with fasting hyperglycemia is m
ore strongly associated with microalbu
minuria than IGT without fasting hyper
glycemia. Diabetes Res Clin Pract 64
(3) :213-9, 2004

4) {EF0F. HHEHE, sO0F. mEEK.
JbERE. BAaRE, ERNIBEF. bHE
B BB PRIR B I BT A B PRI 12 BE E
LEHEEEOA RNV AREKIZHNT 5 a—
YorslmEa ho—)LOEE  BERRB

47(11) :883-888. 2004

2. BERER

) dkmpEE, &b, BilEg., a0,
HEHH REHRAENOSERFBEEFORED
MEREEERA O N2EZS HAJFE
REFERENESR CERITELR)

2 NETE, BOf, BILE, RNk,
PHERE. BRE . ILHE%B—R. E%
w OAARANIBIBERBEDORIES —H— (IL-6
- (RP) IZDWT  HABERBZERIFEREMN
£ (FR164E5A)

H. HIBEEMEDOHRE « BEIRR
AN



BT BRI EIF R M S (RAEREREMRAER)
(7r4H) WIEHREE

HAN 2 BBERIF DA 2 A0 RHEICEH ST 2RATICRET 2015E

GMERFEE) (LE H—8 Sk

(S EPEE)

R REARE

W EE

7"7
.0

BEBEEOIERIZHD. Hx OBRFIERO A > A 245w
BIZJEETH S, LRIGEENSEKETHRB SN ZEESBHE
DREFI O NS, WEEE 22 R MBS & 22 B RFINIECR 7 F
ROZDONSHETI5BERFEXH U, AHELNSHES
NBIEE (SUIT: Secretory Units of Islets in Transplanta
tion) #2BUBERIBESNIC U TIIOB &, VIV T AR E
OMECRTF REELBSHETEZENHAS M LR o7=, U
=Moo T, SUITIET A OB W ORI 5 TBIMHOWD
EREERD, AEREIZYZ0, EBEICERTHDIEEZISN

AR EM

BERROREEZEZDICHED, 1A
CHWEEEA A ARFEREDKE D
BRATHDHEZEZLNTWS, HEERIVE
CRWDIETEA AU I E KT S B
B B LI 2 —H., MEERIVE >
DOWEMNIRERG « 1 > A ARPUEZ k7= Uit
EREx BELx® 5, LENHST, AHEICES
HLETIVE W INEA > R 53k
EZHTHEH TIIHLEEN, 122D VK
PIEORERTIEMNA > THREZE(LITE 5,
Lo T, 1 2R S DWBEEB S NS
5 &3, KON AEEREEZTOICH
DIEFICEBETHDEEZLND, LML
NG, BHITA A UUWEEE MG 518
B3,

BB T WIN—5 KZED 7 )L —TH200
OFITH - 72 B RIS 7 & & W2 HiEE 5
ZUTLSk, BATRHIZERLTEZ, K
K TIIBGIE R —0 5 OB HEETH A
BIIZBWTIE, ERICK o TMIENS DB
B 5sNTH ST, LIEE RF—Dnh 51k
HINZREEBIECHNWSSBERHD, &

0 BERED NS 72 7 HEFEAEN TNV, 2
004F4 A IR F TG E /2. RIBED
WTIE. ERZEIEFEAERL TRV IE
TLOMCEEREEZETDI F—0OkEEZ
BT 520, BHERIIESNSLIELY
RDA 2 AU AMERIIFEEARRNI IS DEIZ
SO THEIN TS LD EHEZENS,

T T, BEBREER O AU 2 53hEE
il S SR OER A AT,

B. BFFE 4%

1) 45EBIE 618D S EE OERIZDONWT,
7GR D ILAE & 2B R O MLiECR T F R
ERlEL. ZOMHBEEREL k.

2) FETHSNEEE SUIT (Secretory Un
its of Islets in Transplantation) i
DT, 304% D2RNERFRERI 2 BT
BrEEHIZ, TV AWRRTES
N6 %O MmMECR T F RME & Ll
L7z,

C. pFEmR
) BREFNZDWTRIE L 7222 ek O libE X



i, ZEROMECRTF REYiiizE -
T7n0y hLiz. TORE. WTholE
B HXih & O idimsEOng/dlsRTH 0,
B LICMHABET S Z ENHEN RS T,
EREFI TR 2175 20U 61
8mg/dI TH 5, L7=W>T, miElRY
F FMEZ ZZERMEN 561 851 WET
Bl o -l A R MWEEE R L T
WHHDEEZ SN, IEFMHERES D
R TIEHEHENI00E 725 LD 12&E %
REL. Bon=EzSUIT (Secretory
Units of Islets in Transplantation)
Emt Lz,

2) 2RUBEIRIRRESNC B WTIEE SUIT & 7)1
F1 3 EFDEOMBECRTF REED
HEZREI Uz, TOHR., 20200
RN Z R D EHS M &
O, SUITIE2BUBEPRIGIEFIIZ B N T H A
AR RWMOBIFTIRIEE TR D EEZ
5N7z.

D. &%
FESUITE B ETH LN TV SIREICD
WTERT D,

£9., HOMA-BIIZ=EROmEL 1 > A
CENSBEXH INHIFETSUITEEBIL 7=
AREXZFD, KRB AREBEND, HOMA-8
W31 AU R ETOREMIIERARNWT &
THd. FHUTRUTSUITIAT > AU > BR
A4 FI v LT HEEBMBRITBNT
H—EEZRL TNz,

£/, DRETELSFbNs IV hTd A
R EL<HBETAEZ ENH LML T2,
SUITIZZE s D | R ML 72V TEHTE 50
T, KOfEREEEEZSNS,
ARIFETHRBER Zo T2 212k D,
S OMMRBEEEICBENE Z ENMEB N
5,

E. f& 3

KEBHEOEFOHEHTNS, KEEE 228
RS & ZE I MIECR T F RO DO St
ETHIEE (SUIT: Secretory Units of Isl
ets in Transplantation) Z&EXx, 28UBEJR
FEGIZBNWT S, FIVAHT AR HD

MiECR7F REESHRHBEAT S Z &S
M U7z, Lo T, SUITIEf R U@
AW DAL S TBMAWDIFE L7220,
BEREIZLZD, ERITARTHEEEZ
5NTz.

F. {EERERER
A

G. MERREE

1. @dCHE

1) Yamada Y, Seino Y. Physiology of GIP-
-a lesson from GIP receptor knockout m
ice. Horm Metab Res 36 (11-12) :771-4, 2
004

2) Radu RG, Fujimoto S, Mukai E Takehir
o M, Shimono D, Nabe K Shimodahira M
Kominato R, Aramaki Y, Nishi Y, Funak
oshi S, Yamada Y, Seino Y. Tacrolimus
suppresses glucose-induced insulin rel
ease from pancreatic islets by reducin
g glucokinase activity. Am J Physiol 2
88 (2) :E365-71, 2005.

3) Takehiro M, Fujimoto S, Shimodahira M,

Shimono D, Mukai E, Nabe K Radu RG
Kominato R Aramaki Y, Seino Y, Yamada
Y. Chronic exposure to beta-hydroxybu
fyrate inhibits glucose-induced insuli
n release from pancreatic islets by de
creasing NADH contents. Am J Physiol 2
88 (2) :E372-80, 2005.

4) Tsukivama K. Yamada Y, Mivawaki K Ha
masaki A, Nagashima K Hosokawa M, Fuj
imoto S, Takahashi A, Tovoda K Toyoku
ni S, Oiso Y, Seino Y. Gastric inhibit
ory polypeptide is the major insulinot
ropic factor in K(ATP) null mice. Eur
I Endocrinol. 151 (3) :407-12, 2004.

5) IS, MARE—, BB, B
WEEE. /N, MME T BAHFE. H
A, AKEER. BFOMEESC KRIES, K
¥4, SEmBEM, EHEEK. aillTE,
HE®R, HPE— OFELEFF—D05 DK
BEHEICELOTA AU VBB U 7= 1 BYYE
RimO—ES]  HERBE 47(12) © 945-950,



2004. WRESREFTRFEMESR CERRITHELH)
2. FRER

) WEEHET. WARET., LT, ¥ H. HIEMEHE D LR - B ERIRN
M8, HAE, IE# . KRFEF A

PERPRBHFIEIC BT HWLOFME HA



WERROTTICET 2 —EE

FEREKRA

sy A bV

FEXH

Hi iR R

Taniguchi A Fuk
ushima M, Nakai

Y, Kuroe A, Yama
no G, Yanagawa T
, Ohgushi M, Ohy
a M Yoshii §, T
aki Y, Seino Y.

Soluble E-selectin, 1
eptin, triglycerides,
and insulin resistan
ce in nonobese Japane
se type 2 diabetic pa
fients.

Metabolism

54 (3)

376-80

2005

Fukushima M, Usa
mi M, Tkeda M, N
akai Y, Taniguch
i A Matsuura T

Suzuki H, Kuros
e T, Yamada Y, S
eino Y.

Insulin secretion and
insulin sensitivity
at different stages o
f glucose tolerance:
a cross-sectional stu
dy of Japanese type 2

diabetes.

Metabolism

53 (1)

831-5

2004

Suzuki H, Fukush
ima M, Usani M,
lkeda M, Taniguc

hi A, Nakai Y, M
atsuura T, Yasud
a K, Hosokawa M
Seino Y, Yamada
Y

IGT with fasting hype
rglycemia is more str
ongly associated with
microalbuminuria tha
n IGT without fasiing
hyperglycenia.

Diabetes Res
Clin Pract

64 (3)

213-9

2004

R, BHRER
. B0, BmEE
K, dEpmERE, B
FH#E, B8R
T R

LEIBERIFBAE ICBIT S
PERMICEEL-HE
EFEDOX ML ABRKIZ
WIBa—Er s Em
¥ ho—)LoBE

K& PRI

47(11)

883-888

2004

Yamada Y, Seino
Y

Physiology of GIP--a
lesson from GIP recep
tor knockout mice.

Horm Metab Re
S

36 (11-12)

171-4

2004

Radu RG, Fujimot
0o S, Mukai E. Ta
kehiro M, Shimon
o D, Nabe K Shi
modahira M, Komi
nato R Aramaki

Y, Nishi Y, Funa
koshi S, Yamada

Y, Seino Y.

Tacrolimus suppresses
glucose—induced insu
lin release from panc
reatic islets by redu
cing glucokinase acti
vity.

An J Physiol

288 (2)

E365-T1

20095

_10_




Takehiro M, Fuji
moto S, Shimodah
ira M Shimono D
, Mukai E, Nabe
K, Radu RG, Komi
nato R Aramaki
Y, Seino Y, Yama
da Y.

Chronic exposure to b
eta-hydroxvbutyrate i
nhibits glucose-induc
ed insulin release {r
om pancreatic islets
by decreasing NADH co
ntents.

Am J Physiol

288 (2)

E372-80

2006

Tsukivama K Yam
ada Y, Mivawaki
K, Hamasaki A, N
agashima X, Hoso
kawa M, Fujimoto

S, Takahashi A

Toyoda K, Toyok
uni S, Oiso Y, S
eino Y.

Gastric inhibitory po
lypeptide is the majo
r insulinotropic fact
or in K(ATP) null mic
e.

Eur ] Endocri
nol

407-12

2004

LA —BR, Az
B, mE—,
HEIRWERE, NETE
=, MM, B
AH, FHEE,
BEAKER, BOE
X KNS, &
¥4, LmEs
h, LIHFR. B
JUSE, EEH. H
i —

MR RF—D 5 R
BREIZX>TI A
U BES U7 | BB PR R
D —hE Bl

& IR

47(12)

945-950

2004

_.11_




Available online at www.sciencedirect.com

SCIENGE@DIREGT" MCtabOhsm

Clinical and Brperimental

il
LSEVIER Metabolism Clinical and Experimental 54 (2005) 376-380

www.elsevier.comy/locate/metabol

Soluble E-selectin, leptin, triglycerides, and insulin resistance in nonobese
Japanese type 2 diabetic patients

Ataru Taniguchi®*, Mitsuo Fukushima®, Yoshikatsu Nakai®, Akira Kuroe?,
Gen Yamano®, Takiko Yanagawa®, Minako Ohgushi®, Michihiro Ohya®,
Satoru Yoshii?, Yoshiro Taki®, Yutaka Seino?

*Division of Diabetes and Clinical Nutrition, Kansai-Denryoku Hospital, Osaka 553-0003, Japan
®Deparmment of Health Informatics Research, Translational Research Informatics Center, Kobe 650-0047, Japan
“School of Health Sciences, Faculty of Medicine, Kyoto University, Kyoto 606-8507, Japan
Received 13 July 2004; accepted 18 October 2004

Abstract

The aim of the present study was to investigate the relationships between insulin resistance and soluble E-selectin, body mass index
(BMI), leptin, and serum lipid profile including triglycerides in nonobese Japanese type 2 diabetic patients.

A total of 97 nonobese Japanese type 2 diabetic patients aged 43 to 84 years were examined. The duration of diabetes was 11.2 - 0.8
years. In conjunction with BMI and fasting concentrations of plasma glucose, serum lipids (triglycerides, total cholesterol, and high-density
lipoprotein cholesterol) and serum insulin, soluble E-selectin, and leptin were also measured. The low-density lipoprotein (LDL) cholesterol
level was calculated using the Friedewald formula. Insulin resistance was estimated by the homeostasis model assessment. The subjects were
divided into 2 groups according to the value of insulin resistance estimated by the homeostasis model assessment. Values greater than 2.5
were indicative of the insulin-resistant state, and values less than 2.5 were indicative of the insulin-sensitive state.

The insulin-resistant group had significantly higher levels of E-selectin, leptin, triglycerides, total and LDL cholesterol, and diastolic
blood pressure as compared with the insulin-sensitive group. There was, however, no significant difference in age, sex, diabetes duration,
BM], systolic blood pressure, HbAlc, and high-density lipoprotein cholesterol between the 2 groups. Univariate regression analysis showed
that insulin resistance was positively correlated to E-selectin (» = 0.305, P = .003), BMI (» = 0.283, P = .006), leptin (r = 0.296, P = .004),
HbAlc (r = 0.241, P = .018), serum triglycerides (+ = 0.385, P < .001), serum total (r = 0.240, P = .019) and LDL cholesterol (r = 0.254,
P = .013) levels, and systolic (+ = 0.247, P = .024) and diastolic (r = 0.305, P = .006) blood pressure. Multiple regression analyses showed
that insulin resistance was independently predicted by serum E-selectin (F = 18.4), serum leptin (F = 14.0) and serum triglycerides (F =
20.0) levels, which explained 45.0% of the variability of insulin resistance.

From these results, it can be concluded that in conjunction with serum triglycerides and serum leptin, serum E-selectin is another
important independent factor associated with insulin resistance in nonobese Japanese type 2 diabetic patients.
© 2005 Elsevier Inc. All rights reserved.

1. Introduction The mechanisms underlying insulin resistance in non-
obese Japanese type 2 diabetes are not fully understood. We
recently demonstrated that insulin resistance in nonobese
Japanese type 2 diabetic patients is mostly associated with
triglycerides but not with body mass index (BMI) [5,6]. The
reduction in triglycerides level by bezafibrate [7] or exercise
[8] leads to an enhancement in insulin action without
affecting BMI in nonobese Japanese type 2 diabetic patients.
Abassi et al [9] are the first to show that plasma insulin
concentration is more tightly linked to plasma leptin

* Corresponding author. Fax: +81 6 6458 6994, concentration than is the BMI in human beings. Thus, in

E-mail address: K-58403@kepco.co.jp (A. Taniguchi). conjunction with serum triglycerides, leptin is suggested to

Type 2 diabetes is a heterogeneous syndrome character-
ized by insulin resistance and/or defective insulin secretion
[1,2]. There seem to be ethnic differences in insulin resis-
tance in type 2 diabetes. Nonobese Japanese type 2 diabetic
patients are unique in that they are divided into 2 variants:
one with insulin resistance and the other with normal insulin
sensitivity [3,4].

0026-0495/% — see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2004.10.006
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be another factor that is linked to insulin resistance in
nonobese Japanese type 2 diabetic patients.

Furthermore, there are some literatures suggesting that
insulin resistance is closely associated with the pathogenesis
of atherosclerosis. The earliest morphological evidence of
atherosclerosis is the attachment of monocytes to the cell
surface of the endothelium. Monocytes attach at the cell
surface of adhesion molecules such as E-selectin, intercel-
lular adhesion molecule-1 (ICAM-1), and vascular cell
adhesion molecule-1 (VCAM-1). In contrast to ICAM-1 and
VCAM-1, E-selectin is expressed only on activated endo-
thelium [10]. Thus, E-selectin is hypothesized to be one of
the most important adhesion molecules for the evolution of
atherosclerosis. Whereas serum E-selectin level is reported
to be high in type 2 diabetic patients, the relationship
between serum concentration of E-selectin and insulin
resistance is very limited [11-13]. Furthermore, the rela-
tionship has not yet been fully investigated in nonobese
Japanese type 2 diabetic patients without confounding the
effects of serum triglycerides and serum leptin levels. In this
respect, a major problem is that the degree of overweight or
of hyperglycemia, insulin therapy, or the medications known
to improve insulin resistance is shown to affect serum
soluble E-selectin level. Thus, the aim of the present study is
to investigate the relationship between insulin resistance
andAserum E-selectin in nonobese unique Japanese type
2 diabetic patients taking into account of the effects of leptin,
triglycerides, BMI, and hemoglobin (Hb) Alc. This is the
first description that in conjunction with serum triglycerides
and serum leptin, serum E-selectin is another independent
factor closely associated with insulin resistance in nonobese
Japanese type 2 diabetic patients who had no insulin therapy
and no evidence of diabetic vascular complications.

2. Subjects and methods

Ninety-seven Japanese type 2 diabetic patients who
visited our clinic were enrolled for the present study. Type
2 diabetes mellitus was diagnosed based on the criteria of
the World Health Organization [14]. The patients who had
chronic heart or renal failure, symptomatic coronary heart
disease, symptomatic stroke, and symptomatic peripheral
artery disease were excluded. They had no evidence of
current acute illness including clinically significant infec-
tious disease. Their age and BMI levels were 62.9 = 0.9
years (mean = SEM) and 23.0 + 0.2 (range, 19.1 to 26.7
kg/m?), respectively. They all were nonobese [15]. The
duration of diabetes was 11.2 £ 0.8 (range, 1 to 35 years).
HbAlc level was 7.0% + 0.1% (range, 5.2% to 10.4%).
Systolic and diastolic blood pressure was 137 + 2 and 83 +
] mm Hg, respectively. Forty-two of 97 patients had
hypertension that was treated with angiotensin-converting
enzyme inhibitors (21/42), calcium-channel blockers
(20/42), or both (1/42). Eighty-three patients were taking
sulfonyiureas (gliclazide) and the rest with diet alone.
Seventeen and 14 of 97 patients were treated with bezafibrate

and 3-hydroxy-3 methylglutaryl coenzyme A (HMG CoA)
reductase inhibitors, respectively. They all were not treated
with insulin, biguanides, or pioglitazone. All subjects had
mgested at least 150 g of carbohydrate for the 3 days
preceding the study. They did not consume alcohol or
perform heavy exercise for at least 1 week before the study.
Blood was drawn at the morning after a 12-hour fast.
Plasma glucose was measured with glucose oxidase
method. The triglycerides, total cholesterol, and high-
density lipoprotein (HDL) cholesterol were also measured.
Serum insulin was measured using a 2-site immunoradio-
metric assay (Insulin Riabead II, Dainabot, Japan).
Coefficients of variation were 4% for insulin greater than
25 pU/mL and 7% for insulin less than 25 pU/mlL,
respectively. There was no detectable cross-reactivity of
proinsulin in the insulin assay. Soluble E-selectin was
measured by commercially available enzyme-linked immu-
nosorbent assay kits (R&D Systems, Minneapolis, Minn)
using baseline samples. Serum leptin concentration was
measured with a radioimmunoassay kit (Linco Research, St
Charles, Mo) using specific human leptin antibody. The
intra-assay and interassay CVs were less than 6% for E-
selectin and leptin. Samples for insulin, E-selectin, and leptin
were prepared, frozen, and stored at —70°C until the assay.
The estimate of insulin resistance by homeostasis model
assessment (HOMA-IR) was calculated with the formula:
fasting serum insulin (uU/mL) X fasting plasma glucose
(mmol/L)/22.5 [16]. The HOMA-IR value of normal glucose
tolerant subjects was 1.6 + 0.9 (mean * SD), and we
defined the value greater than 2.5 (mean + SD of normal
glucose-tolerant subjects) as an insulin-resistant state and the
value less than 2.5 as an insulin-sensitive state [5,6]. The
threshold value for insulin resistance in our study (ie, 2.5) is
similar to that (2.77) reported in nonobese subjects with no
metabolic disorders reported by Borona et al [17].

3. Statistical analysis

Data are presented as mean = SEM. Statistical analyses
were conducted using the StatView 5 system (StatView,
Berkeley, Calif). Means of 2 groups were compared with
Student ¢ test. Simple (Spearman rank) correlation coef-
ficients between HOMA-IR and measures of variables
were calculated, and a stepwise multiple regression analysis
was then used to evaluate the independent association
of these variables with HOMA-IR. P value less than .05
was considered as significant. In multivariate analysis, F
value >4 was considered significant.

4. Results

Table 1 illustrates the mean + SEM of the clinical
characteristics and clinical profile in insulin-resistant and
insulin-sensitive nonobese Japanese type 2 diabetic patients.
HOMA-IR values in the patients with insulin resistance and
normal insulin sensitivity were 3.68 + 0.25 and 1.63 *
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0.06, respectively. Thirty-two (30%) of 97 type 2 diabetic
patients had HOMA-IR of greater than 2.5, indicating that
they are insulin-resistant. There was no significant differ-
ence in age, duration of diabetes, BMI, HbAlc, and HDL
cholesterol levels between the 2 subpopulations. Fasting
glucose and insulin concentrations were significantly higher
in insulin-resistant group than in insulin-sensitive group. In
contrast, the patients with insulin resistance had signi-
ficantly higher concentrations of E-selectin (58.2 4+ 4.2 vs
47.2 + 2.3 mg/dL, P = .008), leptin (6.18 £ 0.73 vs 4.47 +
0.34 mg/dL, P = .009), triglycerides (148 + 12 vs 109 +
5 mg/dL, P < .001), total 213 = 6 vs 196 £ 4 mg/dL, P =
.018), and low-density lipoprotein (LDL) cholesterol (134 +
6 vs 120 + 4 mg/dL, P = .018) as compared with those with
normal insulin sensitivity. Whereas no significant difference
was observed in systolic blood pressure, diastolic blood pres-
sure was significantly higher in insulin-resistant group than
in insulin-sensitive group. There was no significant differ-
ence in the mode of therapy for hypertension or lipidemia
between the 2 groups (data not shown).

Spearman rank correlations of insulin resistance with
measures of variables were calculated for all our diabetic
patients (Table 2). Insulin resistance was positively corre-
lated with E-selectin, leptin, triglycerides, BMI, HbAlc, and
total and LDL cholesterol levels. Other variables including
age, sex, duration of diabetes, and HDL cholesterol were not
associated with insulin resistance.

Multiple regression analyses were carried out using the
stepwise procedure. The analysis included insulin resis-
tance as a dependent variable and candidate risk factors
(E-selectin, leptin, triglycerides, BMI, HbA Ic, total choles-
terol, and LDL cholesterol) as independent variables. Insulin
resistance was independently predicted by serum concen-
trations of E-selectin, leptin, and triglycerides, which
explained 45.0% of the variability of insulin resistance in

Table 1
Clinical characteristics and clinical profile in insulin-resistant and insulin-
sensitive diabetic patients

Insulin-resistant  Insulin-sensitive P

HOMA-IR 3.68 £ 0.25 1.63 + 0.06 <.,001
Number of subjects 32 65

M/F 30/9 42/5 .384
Age () 624 = 1.7 63.1 £ 1.0 360
BMI (kg/m?) 234 + 0.3 22.8 £ 0.2 .064
Duration of diabetes (y) 113+ 1.6 11.1 + 0.8 459
HbAlc (%) 72 + 0.2 6.9 + 0.1 071
HDL cholesterol (mg/dL) 56 £ 2 60 + 2 135
Fasting glucose (mg/dL) 151 £ 4 137 £3 .005
Fasting insulin (;¢U/mL) 10.0 £ 0.7 48 + 0.2 <.001
E-selectin (mg/dL) 582 + 42 472 + 23 .008
Leptin (mg/dL) 6.18 + 0.73 447 + 0.34 .009
Triglycerides (mg/dL) 148 + 12 109 £ 5 <.001
Total cholesterol (mg/dL) 213 = 6 196 + 4 .018
LDL cholestero! (mg/dL) 134 + 6 120 + 4 018
Systolic blood 141 £ 3 135+ 2 .081

pressure (mm Hg)
Diastolic blood 882 81+1 .00}
pressure (mm Hg)

Table 2
Correlation of insulin resistance to measures of variables in diabetic patients
r P

E-selectin 0.305 .003
Leptin 0.296 .004
Triglycerides 0.385 <.001
BMI 0.283 .006
HbAlc 0.241 .018
Total cholesterol 0.240 019
LDL cholesterol 0.254 013
Systolic blood pressure 0.247 024
Diastolic blood pressure 0.305 .006
Age —0.065 522
Sex 0.007 946
HDL cholesterol -0.178 .804
Duration of diabetes -0.018 .860

our patients. Other variables including BMI, HbAlc, and
total and LDL cholesterol were not independently associated
with insulin resistance in our nonobese Japanese type 2
diabetic patients.

Finally, the relationships between soluble E-selectin and
serum leptin, BMI, or serum triglycerides level were inves-
tigated. There were no significant relationships between
serum soluble E-selectin level and serum leptin, BMI, or
serum triglycerides level in our patients (data not shown).

5. Discussion

Type 2 diabetes is a heterogenous syndrome character-
ized by insulin resistance and/or defective insulin secretion
[1,2]. There seems to be ethnic difference in insulin
resistance in type 2 diabetes. Haffner et al [18] recently
disclosed that 92% of type 2 diabetic patients are insulin-
resistant in white populations. In contrast, Chaiken et al [19]
previously showed that 60% of type 2 diabetic patients
are insulin-resistant in black Americans with a BMI less
than 30 kg/m?. Using minimal model approach shown by
Bergman et al [20], our team previously demonstrated that
Japanese type 2 diabetic patients are divided into 2 variants:
one with primary insulin resistance and the other with
normal insulin sensitivity [3,4]. Thereafter, we have shown
that 40% of type 2 diabetic patients are insulin-resistant in
Japanese populations [5]. In conjunction with the present
study that 30% of type 2 diabetic patients are insulin-
resistant in nonobese Japanese type 2 diabetic patients,
Japanese type 2 diabetic patients are assumed to be unique
in terms of clinical profiles.

There are some factors associated with insulin resistance
in nonobese Japanese type 2 diabetic patients. We recently
demonstrated that serum triglycerides but not BMI are
mostly associated with insulin resistance in nonobese
Japanese type 2 diabetic patients [5,6]. Thereafter, our
group clarified that not only serum leptin but also
adiponectin levels are linked to insulin resistance in
nonobese Japanese type 2 diabetic patients [21,22]. Serum
triglyceride level is positively correlated to visceral fat areas
in nonobese Japanese type 2 diabetic patients [23]. Serum
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leptin level is positively correlated to subcutaneous fat
areas, whereas serum adiponectin level is negatively cor-
related to visceral fat areas in nonobese Japanese type 2 dia-
betic patients [21,22]. Thus, the factors associated with
insulin resistance in nonobese Japanese type 2 diabetic
patients are hypothesized to be linked to adipose tissue—
related insulin resistance.

Another factor that is associated with insulin resistance is
adhesion molecules such as E-selectin, ICAM-1, and
VCAM-1. These adhesion molecules are associated with
the evolution of atherosclerosis. Atherosclerosis is assumed
to be linked to insulin resistance in human beings. Thus,
these adhesion molecules are suggested to be associated
with insulin resistance in nonobese Japanese type 2 diabetic
patients. In contrast to ICAM-1 and VCAM-1, E-selectin is
expressed only on activated endothelium [10]. We therefore
investigated the relationship between insulin resistance and
serum soluble E-selectin in our nonobese unique Japanese
type 2 diabetic patients.

In the present study, we disclosed that not only serum
triglyceride but also serum soluble E-selectin and serum
leptin levels are higher in insulin-resistant group than in
insulin-sensitive groups in nonobese Japanese type 2
diabetic patients matched for sex. Furthermore, in conjunc-
tion with serum triglyceride and leptin, E-selectin is
independently associated with insulin resistance in non-
obese Japanese type 2 diabetic patients. It may be argued
that our results are influenced by sex because leptin
concentration is influenced by sex. However, not only
insulin resistance but also serum triglycerides and E-selectin
were not affected by sex in our present study.

Interestingly, serum leptin and triglycerides levels were
independently associated with insulin resistance, whereas
BMI was not, in our nonobese Japanese type 2 diabetic
patients. Serum leptin level is shown to be associated with
subcutaneous fat area in nonobese Japanese type 2 diabetic
patients [21]. In contrast, serum triglyceride level is shown
to be reflective of visceral abdominal fat area in nonobese
Japanese type 2 diabetic patients [23]. Thus, body fat dis-
tribution but not the degree of BMI seems to affect insulin
resistance in nonobese unique Japanese type 2 diabetic
patients. This idea is supported from the recent study shown
by Abassi et al [9] that plasma insulin concentration is more
tightly linked to plasma leptin concentration than is the
BMI. We recently demonstrated that both subcutaneous and
visceral abdominal fat areas are independently associated
with insulin resistance in nonobese Japanese type 2 diabetic
patients [23].

E-selectin level was not associated with adipose tissue-
related insulin resistance such as leptin, triglycerides, and
BMI in our present study. Thus, E-selectin is considered to
be another most important factor associated with insulin
resistance in nonobese Japanese type 2 diabetic patients.

The mechanisms underlying the relationship between
insulin resistance and soluble E-selectin are not known at
present. One possible explanation for the relationship is

nitric oxide released from endothelium. Steinberg et al [24]
showed that insulin resistance is associated with blunted
endothelium-dependent vasodilation and that this phenom-
enon is related to low nitric oxide release from endothelium.
Elevated E-selectin level is known to be reflective of
endothelial damage [25]. Another possible explanation for
the finding is the mode of therapy. Intensive insulin therapy
is reported to reduce serum E-selectin level in diabetic
patients [26]. Agents that improve insulin resistance are
shown to reduce serum E-selectin concentration. Cominacini
et al [27] reported that troglitazone decreased serum
E-selectin level in patients with type 2 diabetes. In the
present study, our patients were not treated with insulin
therapy or the medications known to improve insulin
resistance such as biguanide or pioglitazone. Finally, the role
of oxidative stress should not be overlooked in type 2 diabetic
patients. Cominacini et al [11] showed that serum E-selectin
concentration is related to plasma hydroperoxides and to
susceptibility to LDL to oxidation in type 2 diabetic patients.

Irrespective of this, it can be concluded that in conjunc-
tion with serum triglycerides, serum E-selectin and leptin are
another independent factors associated with insulin resis-
tance in nonobese unique Japanese type 2 diabetic patients.
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Insulin Secretion and Insulin Sensitivity at Different Stages of Glucose
Tolerance: A Cross-Sectional Study of Japanese Type 2 Diabetes

M. Fukushima, M. Usami, M. lkeda, Y. Nakai, A. Taniguchi, T. Matsuura, H. Suzuki,
T. Kurose, Y. Yamada, and Y. Seino

To evaluate the factors causing glucose intolerance in type 2 diabetes in Japan, insulin secretion and insulin sensitivity were
compared across the range of glucose tolerance. Subjects were divided into 3 groups: normal glucose tolerance (NGT),
impaired glucose tolerance (IGT), and type 2 diabetes (DM) according to the criteria of the World Health Organization (WHO).
We examined insulin secretion and insulin sensitivity using fasting blood glucose and insulin levels and 75 g oral glucose
tolerance test {OGTT). We used homeostasis model assessment (HOMA) p-cell and insulinogenic index (30 minutes) to
estimate insulin secretion and HOMA -insulin resistance (IR) and insulin sensitivity index [1S]) composite for insulin sensitivity.
Although insulin resistance plays an important role in the development of diabetes in many ethnic populations, the
differences in insulin sensitivity between NGT and IGT and between IGT and DM are small in Japanese patients. On the other
hand, as glucose intolerance increases, insulin secretion decreases most remarkably both between NGT and IGT and between
IGT and DM in Japanese patients. Decreasing insulin secretion and decreasing insulin sensitivity both occur in developing
type 2 diabetes in Japanese patients, but decreased basal and early-phase insulin secretion had more pronounced contribu-
tion 1o glucose tolerance than the indices of insulin sensitivity, Japanese type 2 diabetic patients are characterized by a larger
decrease in insulin secretion and show less attribution of insulin resistance.

© 2004 Elsevier Inc. All rights reserved.

YPE 2 DIABETES is characterized by both decreased
insulin secretion and decreased insulin sensitivity, but the
degree of contribution of these 2 factors in the etiology var-
ies.!-2 Impaired insulin secretion and impaired insulin sensitiv-
ity both occur in the development of type 2 diabetes, but the
contribution of these factors differs in certain ethnic popula-
tions.3-¢ The prevalence of diabetes is increasing in Japan and
is now comparable to other countries. However, there are some
differences between Japanese and other ethnic populations. The
mean body mass index (BMI) of epidemiologic studies of type
2 diabetes in Japanese is around 24, which is lower than the
studies of other ethnic populations.”'! In previous studies, we
have examined insulin secretion and sensitivity using 75 g oral
glucose tolerance test (OGTT) and minimal model analy-
sis.412.13 There were some differences in factors responsible for
glucose tolerance of Japanese subjects in comparison to the
other studies. We have reported that lower insulin secretory
capacity in Japanese subjects would be unlikely to compensate
for only a slight decrease in insulin sensitivity.!* However, to
understand the profile of Japanese subjects at various stages of
glucose tolerance, a large number of subjects had to be exam-
ined.
In the present study, we have investigated insulin secretion
and insulin sensitivity of 684 Japanese subjects across the range

plasma glucose [FPG] level < 6.1 mmol/L and 2-hour plasma
glucose [PG] level < 7.8); impaired glucose tolerance (IGT)
(FPG level < 7 and 7.8 < 2-hour PG level < 11.1); and type

From the Deparment of Diabetes and Clinical Nutrition, Graduate
School of Medicine, Kyoto University, Kyoto; Division of Diabetes,
lkeda Hospital, Osaka, Division of Diabetes, Kansai-Denryoku Hos-
pital, Osaka; Kansai Health Management Center, Osaka, and the
School of Health Sciences, Faculty of Medicine, Kyoto University,
Kyoto, Japan.

Submitted January 2, 2003; accepted February 20, 2004.

Supported in part by Grants-in-Aid for Creative Scientific Research
(10NP0201) and for Scientific Research from the Ministry of Educa-
tion, Culture, Sports, Science and Technology, Japan, by a grant from
“Research for the Future” Program of the Japan Society for the
Promotion of Science (JSPS-RFTF97100201), and by Health Sciences
Research Grants for Research on Human Genome, Tissue Engineering
and Food Biotechnology from the Ministry of Health, Labour and
Welfare.

Address reprint requests to Mitsuo Fukushima, MD, PhD, Depart-
ment of Diabetes and Clinical Nutrition, Graduate School of Medicine,
Kyoto University, 54 Kawaharacho, Shogoin, Sakyo-ku, Kyoto 606-
8507, Japan.

© 2004 Elsevier Inc. All rights reserved.

0026-0495/04/5307-0010330.00/0
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Table 1. Clinical Characteristics of the Subjects With Varing
Degrees of Glucose Tolerance

NGT IGT DM
N {M/F) 176 (125/51) 158 (112/46) 350 (248/102)
Age (yr) 49.1 = 0.9 52.7 + 0.7* 52.6 + 0.4*
BMI (kg/m?) 235+ 0.2 23.9+0.2 247 * 0.2*t
FPG (mmo/L) 5.3 + 0.03 5.8 = 0.04* 8.1 £ 0.10*t
2-h PG {(mmol/L.) 5.9 + 0.09 9.2 = 0.08% 15.6 + 0.23*t
Insulin-0 (pU/mL) 5.1 0.19 5.7 = 0.23 6.6 + 0.22*%
Insulin-30 31.3+ 178 24.8 = 1.32*% 15.1 = 0.61*¢
Insulin-60 43,7 £ 2.37 35.5 = 2.16*  24.2 = 1.04*%F
Insulin-90 45.9 > 3.76 43.9 + 3.29 27.4 + 1.26%t
Insutin-120 32.2 = 2.03 41.1 + 2.42%  29.3 = 1.25%
Triglycerides
{mg/dL) 120.4 = 6.9 190.4 = 33.5* 1915 * 13.5*
Total cholesterol
{mg/dL} 205.8 = 2.9 211.9+ 3.0 2114 =22
HDL-cholesteroi
{mg/dL) 563+ 16 52.3 + 1.6% 50.8 + 0.8%

*Significant difference v NGT; tsignificant difference v IGT.

2 diabetes (DM) (FPG level = 7 or 2-hour PG level > 11.1).15
The homeostasis model assessment (HOMA) pB-cell and
HOMA-insulin resistance (IR) indices calculated by HOMA
were used to determine insulin secretion and sensitivity at the
fasting state.!6-'8 The insulinogenic index (30 minutes) and
insulin sensitivity index (ISI) composite were determined by
75 g OGTT.!9-2! We compared these indices across the range of
glucose tolerance from normal to type 2 diabetes to evaluate the
causative factors.

SUBJECTS AND METHODS

OGTT (75 g) was used to divide 684 Japanese subjects into 3 groups:
NGT, IGT, and DM according to the criteria of the World Health
Organization (WHO) in 1998.'S There were 102 isolated IGT subjects
(FPG level < 6.1 and 7.8 < 2-hour PG level < 11.1) in 158 IGT
subjects. We recruited subjects from Kyoto University Hospital, lkeda
Hospital, Kanai Hospital, Kansai Health Management Center, and
Kansai-Denryoku Hospital during 1990 to 2003. The subjects showed
no signs of hypertension, hepatic or renal diseases, engaged in no heavy
exercise, or took any medications before the study. Blood was drawn in
the moming after a 12-hour fast. The plasma glucose was measured by
the glucose oxidase method, and serum insulin was measured using
2-site immunoradiometric assay (Insulin Riabead I; Dainabot, 1990-
1991 and Insulin Riabead II, Dainabot, 1992-2003, Tokyo, Japan). The
assay results of the same samples with these 2 insulin assay methods
showed a very high correlation (» = 0.99, P < .0001) in the usual assay
range. The lipid profiles were measured as reported previously.??

The indices of basal insulin secretion and sensitivity were evaluated
by HOMA and calculated as follows: HOMA-IR = FIRI X FPG/22.5,
HOMA B-cell = 20 X FIRI/(FPG-3.5), where FIRI is fasting plasma
insulin level(#U/mL) and FPG is fasting plasma glucose levels (mmol/
L).!1+16 ISI composite was calculated according to the formula as
follows: 10,000/(Glu 0 X Ins 0 X mean Glu 0—120 X mean Ins
0—120)%519 Insulinogenic index (30 minutes) was estimated as fol-
lows: (Ins 30 — Ins 0)/(Glu 30 — Glu 0).202!

Statistical Analysis

Statistical analysis was performed with the StatView 5 system (Aba-
cus Concepts, Berkeley, CA). Unpaired student’s ¢ tests and simple
regression analysis were used for the comparisons of clinical parame-
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ters. For the analysis of variance, Bonferroni test was used and P < .05
was considered significant. We used multiple regression analysis for
the comparison of the relationship between area under the curve for
glucose (G-AUC) and the indices of insulin secretion and sensitivity.
The data are expressed as mean = SEM.

RESULTS

Table 1 shows the characteristics of the subjects in this study.
There was a 3.6-year difference between NGT and IGT, and no
significant difference between IGT and DM in age. There was
no significant difference between NGT and IGT, and only 0.8
difference between IGT and DM in BMI. The mean values of
the HOMA-IR of NGT, IGT, and DM were 1.2, 1.5, and 2.4,
respectively, only representing somewhat small differences be-
tween each of the groups, as shown in Fig 1A. The mean values
of the ISI composite for NGT, IGT, and DM were 8.6, 7.1, and
5.8, respectively, also representing relatively small differences
between the 3 groups (Fig 1B). In contrast, there was a dra-
matic decrease in HOMA B-cell among the 3 groups, as shown
in Fig 2A, as there was also in the insulinogenic index, as
shown in Fig 2B.

We then examined the relationship between the G-AUC and
the indices of insulin secretion and sensitivity. The scattered
plots of simple regression analysis between the G-AUC and the
4 indices are presented in Fig 3. There were significant rela-
tionships between G-AUC and the 4 indexes. Multiple regres-
sion analysis showed that HOMA-IR, HOMA S-cell, ISI com-
posite, and insulinogenic index were independent factors to
explain the variability of 60.7% of G-AUC (P < .0001). The
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Fig 1. (A) Insulin resistance index at basal state was compared
across the range of glucose tolerance. Insulin resistance increases
with increasing glucose intolerance, but the differences are relatively
small in Japanese subjects. (B} Insulin sensitivity decreases with
increasing glucose intolerance according to the IS composite, and
the differences also are relatively small. *Significant differences as-
sessed by analysis of variance.
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