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AR VEBEICEESH L EEZ SN TV LY AF I, TE, HREEE OIS EE
EDOBEMIZOWTIHEHEINTWS, ZOIIh L VAT ViEEICEER RIZTT LY AT VEET
ZRIDS, WERFEBHEDFIEICE ST AU RENEZ 6N L, €2 T, LY XAF >~ SNPs (single
nucleotide polymorphisms) & {2 A F ¥ i K O ERRRAIE H & OB 22w THRE L 72
HAN 2 BUBE RS EE3864 x5 E LT, 4HEDOL T AF >~ SNPs ; -420 C>G -358 G>A.
+188 G>A Je TN +299 G>A 2°MMiE L ¥ A F VIgEB X OHEIRIF & BHEA R RIT T EIZOn
THET L7z DGR ?N“CODI//X*?/SNPSG BWT, If[[{ﬁl//}(*?/oﬁ}# BRI B D
IZhE> THEIZHIM L 72 (p<0.001)o S 5ICMZERE (VD SNPs 2 &L ZRPR LN 205
72103%%) LB (400)’)%SOLJ\J:#R,\E!/‘]"@E@%%) IZDOWTHIEEL72E 2 A, IBEE,
HbAlc, £ YA Y, M) Z7VETANRN, IV A7 00— )VEOPHDL-Z L A7 0= )L|{ZDOWT
EHALPRENTIRRO NG o720 L, ZLT T2 70T 72 AIBNWT, ZNEN&+
39 ml/min & 0'67 £27 ml/min L ZEBFETHEEIZHP L7 (p=0.025), 2D L h 5 420 C>G.
+299 G>A. -358 G>A K I*+188 G>A DL IV AF V#EFLRILIMmEL A F ViEEICES L,
PERIRIEEIE D SFIED 2\ EZ DHEITIZBIR L TV BT REEARIZ S L7,
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single nucleotide polymorphisms) 75% @ Hi[»
EEZONE K OWMELR RSN TV 5,

LY AF »1220014F 12 Steppan 51 12X D)
X AORMIB L) I s A A1) »
KPUEFEWE & L TR I N D,
v MZBWTIIEME2» 57 Ih b 0T
X7, v7u7 7 —=URHEIRL DS
HRTF FTHDHIENHESINLY, IR
M S O TIE WD DD, WIENE I #E
fLCTHHEDY 2, LY AF Vs £
B S < 2 BUAEIRAGS) SB35 & v ) iy
BRENPL, B MIBWTH A ¥R VB
EOMbYPRBEEINT WD, EETIE, L
VAF v (e k) 1 ETNF-a % & O RIEMEY
A MHIA N EoTEMT 27 R ERIEL
OB S R S, BIRFEIL~ DB 512D
Wk A BRIFGEDMTHO TV A, in vitro @
AT, VLY AF VIIHNEMAE T VCAM-1
(vascular cell adhesion molecule) %> MCP-1
(monocyte chemoattractant protein) 3§
rEEL, BRI ER S EHEDL 2 LR
HHNzY, 52 Kawanami 5 b, LY
A F v 3 VCAM-1% ICAM-1 (intercellular
cell adhesion molecule) % #HET 2 2 & %
HLze INH XD LY AF VHNE N A
MG EEZFFOZ AR I N T WA,

DEoZ bnrs, LY AT VISHERBE A
FEDFNE & HERIZRLS b ST A A v

LTS ED S, COEETERE A
BHE & DBEIZOWT L L OMEDHFET
Ho LPL, MHPLVIAFVIEEEL I AT
Y SNPs IZOWTOHELPHARANZR G E L
HRIE v, F2THRLAIZVWLEO2D L
U AF V SNPs & MiE L T AF 2 iEE K Ol
RIEATH H & OB IOV TRRGET L 72,

T

wWERE

St R R IR R I R v e L2l BE - % 386
LD HRN2BIERBFEE (62.2+12.15%.
R 13.9+9.54F) 2RI To 72,
WIMIZ6ELLEE L. EEOAE % 7
DBEFIERAL 72 BEFE R % Table 1 12K
o MIENF I T ERNFZESHHEEZR S
& o THRRR SNz, BEBRE I 2 i
ZATo C TR Z2 7%, 19834 ICET S 7z
19755~V ¥ Y FEFIHI - T2 D 72
BRBERVL S ZAF UIEE

ZEfE R R L 72 07E 1 — 70C THRE S,
ZefGREIMAE, ~NEZ OV v Ale (HbAle). 22
JElE 4 > A1) ¥, HOMA-R, 2 L A5 10—
Ve MY+ A4 N, HDL-2 L A7 10—
V. LDL-a L Z25ua—), ZL7F=r, L
i I K O HE R I % 44 BB R R 53
M REBEN CHlE L7ze A~ A Y iKTEdR

Table 1 Characteristics of patients with type 2 diabetes

Age (years)

Male / Female (n)

Diabetes duration (years)
Body mass index (kg/m?*)
HbAwe (%)

Fasting blood glucose (mg/dl)
Fasting insulin (uU/ml)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Total cholesterol (mg/dl)
HDL-cholesterol (mg/dl)
LDL-cholesterol (mg/dl)
Triglycerides (mg/dl)
Creatinine (mg/dl)

622 =121
171 / 215
139 %95
234 +41
74*14
152 =50
7160
131 =17
74 =10
206 * 37
53+ 16
125 + 32
139 =79
09=08
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B CTdH 5 HOMA-R B BUL Z=2 G R I HE X 1 >~
A1) ME /405 THEM L7 2 LT F =00
79 v A (Cer) 1&. {(140 — 4#) X AE (kg)|
= {70-1MEFEZ L7 F = (mg/d) L 05
HOMEx KD, HEOMEIXHEOFHEATH
7o X0.85 K VRO, MIEL T AT VIR
OWEIZIE ELISA #: (ELISA ¥ v b : R&D,
Minneapolis, MN) % H\wCTHl%E L7z, &4
M OFERIZB VT, FEFFHRME S HAEHEE
DEFRENTENZN 5% ~10% LN TH -
720 720 RNVEVOBEIXZETOY Y TV %
[ 12500 L Citae & 72 < L7z,
ZRNDT T/ 21E T

SafEH L2 > vk, Z8KF 030 ng
\ZFf % L 72 DNA & reaction mixture T10 ul
L7 D% PCRIZHW 7z, SNP-420 C>G.
SNP-358 G>A N (FSNP+299 G>A DY = / %
A4 ¥ ¥ 7121 PCR-RFLP # % Fl\W 17 - 72,
reaction mixture (21320.2 umol @ 2 fEFH D 7
74 <— (Table 2). 0.2 mmol deoxyribonu-
cleotide mixture K& U" 0.5 U Tag DNA poly-
merase (TAKARA BIO INC, Otsu, Japan) %
fEFH L 725 Polymerase ®10 X buffer (&1
W1 X OJREEIC 7% % & 9 12 PCR mixture (21
2120 ENENOT =) ¥ 7 (Table 2)
i E L TPCR 21T o720 D%, HIEEE
FExHWTPCREW XU L. UIKE 77
O — 7 )V ESIKENC CToBE S w72, HIlBREE

F 13X SNP-420 C>G 121E Bbs I = H vy, %D
D2ODSNPsIZIFAlu Il # W7z, %72,
SNP+188 G>A ¥ = 7 ¥ L ¥ > 7213 PCR-
CTPP #:% W47 - 725 reaction mixture (2
130.2 umol @ 4 fEFH D 75 4 ~— (Table 2).
0.2 mmol deoxyribonucleotide mixture K&
0.5 U Tag DNA polymerase (TAKARA BIO
INC., Otsu, Japan) % i L 7z. Polymerase
D10 x buffer (XA X DIREIZHE S L9
|2 PCR mixture \21Z 726 PCRO7 =—1) »
TmEIE64C & Lz 2Dk, THE—-AT
JVESKEZ T il & 72
HaET A

4250 SNP IZBWT, €N ND genotype
TETVLYAFViREZEBT 272012
ANOVA # i/, T/, BEEE (LD
SNP 12 b & ZRP R SN0 572103%) &\
ZEFE (4DODSNPs D) b 3 DL EAEE
BIRED28%) 128, Student's t-test &
T L 2 AT 2 i B OB IR AR AT A
L7z MU ET A FIZOWTIE
Mann-Whitney test & J 27z,

BR

FNENDL Y AF » SNPs (420 C>G.
-358 G>A. +188 G>A & N +299 G>A) @
genotype (& Hardy-Weinberg ¥ % {iii 72 L C

Table 2 PCR primers used in this study

rimer annealing
P ers temperature
F : GGGCATTTGGGTATGAATGT .
SNP -420 (C/G) R : TGGGTTGGAGTCAGGTCTGT 08°C
F : TCTCTCACGTCAGCCTCCTT .
SNP -358 (G/A) R : ACCGCAGCTCTTTCTTTGAG 64°C
F, : TGTCCCCACCTTATCCACA
F, : CCATGGAAGAAGCCATCAAT .
SNP +188 (G/A) R, : GAGTGAGGGTGGACACCAGT 64°C
R, : GGATTGGGTTTGGAGCC
SNP 4299 (G/A) F : GAGAGGATCCAGGAGGTCG 65 C

R : GTGAGACCAAACGGTCCCT

F : forward primer, R : reverse primer



W7z, 7 LIVEHEE % Table 3 127RF 6

LY AF SNPs & MiEL T AT VigEL D
BB IZ DWW T, SNP-420 C>G @ 3 2 ® geno-
type CC. CG KL IO¥GG T, €N <¥N9.7+6.4
ng/ml, 15.0*8.86 ng/ml &Uf19.1=11.0 ng/
ml, SNP-358 G>A @ 3 © @ genotype GG.
GA MOV AA T, £1£110.0£6.8 ng/ml,

17.9 = 8.2 ng/ml & ¥ 28.4 * 10.5 ng/m.
SNP+188 G>A @ 3 ©® genotype GG, GA &
WAA T, £NnENn10.6x7.6 ng/ml, 13.4=*
8.0 ng/ml. K O¥17.7+10.7 ng/ml. & 5
SNP+299 G>A @ 3 2@ genotype GG, GA &
WMAA T, £1<EN10.6+7.6 ng/ml, 13.7%
8.5 ng/ml . U19.2+10.7 ng/ml &, &T®D

Table 3 Genotype frequencies of resistin SNPs in petients with type 2 diabetes

Genotype frequencies

Allele frequencies

CC CG GG C G
SNP =420 433% (167)  433% (167)  134% (52) 065 035
GG GA AA G A
SNP -358 64.0% (247) 316% (122) 44% (17) 0.80 0.20
GG GA AA G A
SNP +188 373% (144)  412% (159)  215% (83) 058 042
GG GA AA G A
SNP +299 37.3% <144> 4959% (191) 13.2% (51) 0.62 0.38
Number of patients is given in parentheses.
40 A) -420 CG>G 40 B) -358 G>A
30 30
E E T
20 w20
E E T
10 T 10
0 0
(6] 6] CG GG GG GA AA
genotype genotype
40 C) +188 G>A 40 D) +299 G>A
30 30 |

(ng/ml)
—
E—

GG GA AA
genotype

Figure 1

(ng/ml)
S
i
S

GG GA AA
genotype

Serum resistin levels of each genotype in type 2 diabetic patients. The data represent mean = SD. In all

polymorphisms, significant increase of serum resistin levels were observed according to the mutations.
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SNPs IZBWTEENH L DIHE-> THEIZHE
L7z (p<0.001) (Figure 1),

SOOI R EERBFIZOWTIHR L7
ETAH, MFEL Y AT VIREITEAREETI.2
+6.3 ng/ml. Z%RHA21.5%11.2 ng/ml &
TRBIEERBICHTHEEICHENL
(p<0.001) (Figure 2). ERIRMAIHH T,
ZEGIFINAE . HbAlc. ZEJEIRFA > 2) VRO
HOMA-R 7%z &ED A v A VIRFiEICBT 5
HHEIZOWTHLRREZIIFED N LD o7,
SHIZMYZYERY R, BRIV ATE— VR
O"HDL 2 L A 51— )7 o lfiiEig g E H
WCOWTOHL N EWIIRED N Lo 72
(Table 4)o L2 L. CeriZBWT, #NLEh
8539 ml/min. 67 =27 ml/min ¥ ZEHETH
WA L7z (p=0.025) (Table 4).

p<0.00171
40 |
30 +
E
W 20 |
£
10 -‘V
0 ; .
Wild Mutation
(103) (28)

Figure 2 Comparison of serum resistin levels
between wild and mutation group in type 2 diabetic
patients. (wild group: wild type in all polymorphisms,
mutation group: three or four variants among four
polymorphisms) The data represent mean * SD.
Significant difference (Student’s t-test : p<0.001) was
present between wild and mutation group. Numbers
of patients are given in parentheses.

Table 4 Comparison of clinical characteristics between wild and mutation group

genotype group

Wild Mutation
Age (years) 599 + 121 64.9 =130
Diabetes duration (years) 125+ 86 177 £110 **
Body mass index (kg/m?) 237+ 44 233+41
HbA1e (%) 7617 70+10
Fasting blood glucose (mg/dl) 155 + 55 132 = 24
Fasting insulin (uU/ml) 6.6 =55 78+89
HOMA-R 26+ 22 25*29
Systolic blood pressure (mmHg) 131 =16 132 =19
Diastolic blood pressure (mmHg) 76 =11 74 12
Total cholesterol (mg/dl) 202 + 31 203 = 40
HDL-cholesterol (mg/dl) 53+ 16 55 %16
LDL-cholesterol (mg/dl) 121 =29 123 =38
Triglycerides (mg/dl)# 135 + 82 116 = 58
Creatinine (mg/dl) 09+09 1.0+09
Creatinine clearance (ml/min) 854 + 395 672 + 265 *

The data represent mean * SD. Student's t-test or * Mann-Whitney test is used for the
statistical analysis. Significantly different from wild group, *p <0.05, **p <0.01.

wild group : wild type in all polymorphisms

mutation group : three or four variants among four polymorphisms
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COUOWZETIX, 2 BBERFEEE DI
HLY AT VL 4>oDL Y AF ~ SNPs
EDRHEIZOWTHRGE L7z TOMR. LY
A F ~ SNP-420 C>G, SNP-358 G>A, SNP
+188 G>A JZ UF SNP+299 G>A D4 TIZH W
T BEBDHLOIHE>TMEL YV AF Vi
FEEEICHEMLz, 512, &TICERY
HoNWIEZEREE IS LT3 2L Loz i
BARECTHLLEEHETE Car WHEEIZET L
720

LY AF ¥ SNPs OERIZE > Tl LY
AT VIREDNEAT L) ImEIZFE LR
. 200K A DHES L 72420 SNPs
M9 HTIESNP-420 C>G & -358 G>A 71
E—F —HIHDO LD LA\, Osawa 571X
WBAND 2 BIBERIFEZE DM A L Y AF Vg
& LY AT SNP-420 C>G & OB HE |2 D
THEFL. G7 LVoOBIZHE-> Tlip L ¥ A
FUBEBRIEL A EMELTWVS, &5
12 Cho 5" (411 A 0 2 BB JR 9% B % & 173
ANDREFZEDOELHIZBWTH, ML T A
FUEEIXL YV AF 2 SNP-420 C>G DG T
LVOBIZHE S TEL b S L T,
Azuma 5"iE, 60D HAML#HZ B VT,
L ¥ AF » SNP-420 C>G 2 1F -358 G>A @
ELELULERNHLDINHES>T LI AF Vil
FEREEII L 72 8 i L7z SRS o IEAR
WrE L AERDOFE R TH 5, MHF LT AT Vi
FEoZEALE LY AF » SNPs & OB H 12D
T, Osawa 5 1 L ¥ A F » SNP-420 C>G
DR E. R F- Spl & Sp3D#E & e L T
VIAF v OmERTES LT LWL 2
L7 LL, 2ORTEADPR-7242
® SNPs O T K- D fFE £ THI 5 2212
ENTWVE DL DIEZ D SNP-420 C>G DA TH
D, D SNPs IZOoWTIEWFE 2SI &
NTW, &5, Cho 5 13 2 B IR 5
BEIZBWT, SNP-537 ASCOC T LILD
AL TP L Y AF VBEEIZET L,
SNP-537A & SNP-420G o710 % 4 7 TH
BICIMH LY AF VIREITE b L

76

TWwWb, RWfFED 450D SNPs IZ22OWT b,
Lt NTOY A4 TIZONTOWKE2TES 5,
INFEFTORETIH, LIAFVEED L
WXL YV AF » SNPs &G A~ 2 1) V3K
Pk & OB B AR S N b T 2 s
WHAET DD, RWFFETIEBMI R A~ A1)~
EPEE R TRIER M REREE LD A
F R B A S N Ao 720 Ochi 5
EHARNZ2 BIBEREEHICBWTL VAT
» SNP+299 G>A & 4 » A2 ) v 3kHi P12
HIXASN Doz HE L TWE, ZOfh
IZb LY AF VilET H50IELYRT Y
SNP-420 C>G™ & A > 2 1) v #HLHUIE I RS
AONBNETLHREDHFET S, 2D LEH
WL IAF VigEED H W IE LY AF ~ SNPs
R A 2 A VP E OB DR EIZD
WTIiE, FX—EZORMBIEIHFLSNTBL T,
EHIEBROBHADPULETH S,

AWFE T, ZEBEICBWT Car VAR
KFLTWwW/, bbb, MHLIAF Vg
EREWEEITE GFR GRERMEKIEEE) 23
KF$2Z8lhb, MHPLYRAF VIEE
& BFHEBE D BIFR D VT O I B AR E L
Malyszko 5" 1384 A R TEBRES T
MLy AF VEEIIAEEICHEML 72 & ®iE
L7z0 E512, BADENEEZDOHF T CRP A
FWHETLY AT VBEFEEIAREICES, LY
AF VIREPREELEBRL WL EERL
7219 F 72 Axelsson 57 kit L Y AT vk
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5% 1 $ZOHMBIE GFR < 60 ml/min/1.73 m”
D BEFHRETHR SN, GFR > 60 ml/min/1.73
m’OBFBETIEIM L Y AF ViR & GFR I1E
ML Ao bii_TWwa, TNHolH
LY AF VikE L GFR OBRICE T 5 &
AfsecE SN LY AF » SNPs & Cer D
BRICET 28 E,S, LY AF ¥ SNPs D
ZBERPMA LY AF VEEZENSE, 2N
BGFRICEEZ RIZL TV LR E Z 5
N5,
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L2L. 125kDa bt W) /hNER LI AF
HEHITHER L, KA TOREALTTRETH S,
Peo Ty bak & iEic, BHREDMKT L7272
DIV AT Y OHREDMET L. 2072912
ML Y AF VEEN EA L 720 fett b HEl
SN b. FEBIC, Malyszko 50 12, BEHHE
HT, BEPREL WL ERIRZE) TR
WEEZEIDD LU AF VIBEER o2
CCTwhe MRS, ML Y AF VigEs
GFR & Ofgensted X, ML Y AT Vg
B EDOLKAE~Y — 71 — & L CHRBRA
TIRHENDLZ L LT 5,

DEoZ o, ML T AF VEER
GFRODETFIZL > TER L TWA U REMED 7%
LTWwah, 2RMERFEZFICBNT, LT
A F v SNPs %% F23HE JR I M BHE O FSIE &
HERICES LT WREE A RIE L7, 5%
FLIYAF URERBIZED L) IR T
WA DPHEE S P S A, BER IR EE O 5
JEE FRHIZISHEN L Z ENEEND,
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Abstract

Association of resistin polymorphisms with serum resistin levels and
diabetic complications in Japanese type 2 diabetic patients

Takayoshi Tsukahara®, Atsuko Watarai* * and Eitaro Nakashima™* * *

Resistin, which has found to increase insulin resistance, recently come to the attention because of the association
with the vascular disorder in the diabetic patients. It is thought that the SNPs (single nucleotide polymorphisms)
of resistin gene, which may determine serum resistin levels, contribute to the progression of diabetes complica-
tions. In this study, we investigated the association of resistin polymorphisms with serum resistin levels and
prevalence of diabetic complications. We measured serum resistin concentrations and clinical laboratory, and
examined the association with the frequencies of SNPs; -420 C>G, -358 G>A, +188 G>A, and +299 G>A
of resistin gene in 386 Japanese type 2 diabetic patients. In all resistin polymorphisms, serum resistin level
significantly increased according to the presence of mutations (p<0.001). In the comparison with wild (wild
type in all polymorphisms) and mutation group (three or four variants among four polymorphisms), blood
glucose level, HbAlc, insulin, triglycerides, total cholesterol and HDL-cholesterol did not have the significant
difference. On the other hand, the creatinine clearance significantly decreased in mutation group (p=0.025).
Thus, SNPs of -420 C>G, -358 G>A, +188 G>A, and +299 G>A in the resistin gene are associated with serum
resistin level. Furthermore, results of this study suggest that this polymorphisms play a part in the onset or the

development of diabetic nephropathy.

Keywords: Type 2 diabetes, resistin, genetic polymorphism, diabetic nephropathy
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