HANZEFLB3-T RV U TA_?{ZI:LJK%REE
AR EAHE- 1R Z DO EE

AL, v LR HE A 22 5 & & A BE 525 & DB
IZDOWT

B&5:jpn

HhRE

~FH: 2017-10-04
*F—7— K (Ja):
*—7— K (En):
YRR

X—=ILT7 KL R:
FiT/:

http://hdl.handle.net/2297/9434




SIRKETEEFERME $108% $£45 429—442 (1999) 429

Bxkokwéﬁyfbv+u/ BAEET LR
YEHE-1BEFERHEOE
—%ﬁ,%mE,%Eﬁ%%ﬁﬁiUW%%ﬁﬁt®%@uowT~

SIRFEFMESR N BE S —WIE CEL /I —H08)
= B0 % 1

R, ARAOEERROBRALD S RHAEML TWE, 202 LiX, SIUE, SIENE, BRERZEOVDO 5
EERBOEEE L LT D EFBHS, BIREIGEDBREFAFERLZTALF TN - YR Y - 77 & & —fEfiBE (multiple
risk factor syndrome) DEAFRE L L THEE ST Tw5, B, TAVXF—EINENBEOTRHEIZL ) EL 25, BEWE
EA—#HESLTnaeShTwa. BE, ¥ - A Y74 Ty RBRKAT, 27 FLFY v ERMKE (Sradrenergic
receptor) BEFDOLI VY 1DMFHO MY P+ 770 %23 = FF53 FYTGGH, TVE= Y% a— N4 5CGG 121
T2IALYAERBEME, 1R CEHYE, BSE0E, BREORMRELOBEY, T2, BHLEREAEA
(uncoupling protein-1) &{ZF D 5-FEFRERFE 18 Ol R EE FE Bel I‘@U&ﬁﬁ[ﬂi KEBITALRM LERERNFEETLZE, S50
BIETREBOMRMAMRL LT, HUEBCOEREMLIEHE ST 2 EBABRORTIROLNE LRELINT L, £
IT, AAAZBITAINSOBETFERB LI UEHS L LM, S0E, BEASEYE, EERY L OEEIZ VTR L
Too WRIIAB Ny 72852224 (B1804%, FHEB(TIEERE), 50.5(X 748 ; £33%, FHEE, 528 (£5.3) 5)
ThHb. BROFEIZLLDS, 87 FLTY) Y EEKRET I Ay 2ARREFIREEZBN 1 %, BEBREEL1RET
%83 Bel T % AV 7= PCRAIBREE RN B L BIHE CIAT L 72, BRIRIERE . L THHISH (body mass index), 7 I M/E v
T, PR R X OYRMIME, MERI VAT oL, MEPEEN, MESLE) #EE21L 259 (high density
lipoprotein cholesterol), IMiEMRAE, MEEREIGIEE, MFEEIHEEERF 7V 7 7 (tumor necrosis factor-alpha) 2B % #ll5E L
7z 7o, BHOT RN OHEERRERIC L o CTEERMES X CRERIGHE S v 2 ) YELBREEL T2 L 40, WHOOS
BIZEHE I L2 W HRE O R 1T o 72, ZORR, FHHEIEE (HEHRE) 12235 (£2.6) (B, 23.6 (£26) &, 225
(£2.1)) Tho7z, WHOBKHHE I L AMHEESECIRERT 1774, EEREEH2L, BRFEMIBZTHo7. 357
FL+) Y SBERET I AY ALEDOT VVERIIZ0.179, 72, BEEAEAE1IAGTEROT L VEEIL0484 TH -
2o WER D HEREDEWT, TUVMEBIIER Lo, MEEBERETF 7L 7 7ilEIC oW T L TIEEEDZEVL TR
Lotz BRIIHODIT CERETRESEREELEZRBRLE 2, BUHTIE, 27 L) v SR REETERMRE
FCHAERMECL LAEPERESEF R CEETH o, BRERENE-LEET I, 2RERT, GBER IUEER LY
IRMIL Y, FARMBICH LAECHET, OFSHE) REHILAFO—- L KETH 72, 37 FLF) V25K
BETF IRy AER, BEREAEIEEFSREOMAGDTIZ L AHENDREROSNEd otz TRTIE, 357 F
L) Y SEEEET I AL AERE, WEEAE-1EET- SR & SRIEEOMICE S MMl % B h -7, i
HERERTINEE, MESHE) REHILAFO—METF, EME, BEE, SVF 7L - A2 - 7725 — #ﬁﬁ@%&‘~
THLY, FEOWIIZE Y BEAABHIIBVT, 5:-7 FLF UV SBRRET I ALy ALR, 2o 0B asnE
BIETEUBTVF TN - YRY - 77 7 & —FEEEOTEIHEE L T2 W REATRE S 7.

Key words j3-adrenergic receptor, uncoupling protein-1, DNA polymorphism, polymerase chain
reaction-restriction fragment length polymorphism, obesity, multiple risk factor
syndrome, diabetes mellitus

PArT F L+ V2B E (beta 3-adrenergic receptor, 3-AR) T, COBEETOLsY Y 10MFROT7 I/ BTHAEINY T
WRRtiEFME cIREEORS 2, AalEacizEL L } 7 7 » (tryptophan, Trp) % 2 — K952 N TGGCHA T V¥ =
THEEHCSEL T T, BIFMMICERLTWAEY, ZL > (arginine, Arg)% I — F¥ 53 F¥ CGG 2L 5 I Xt

FRC114E 5 A 31 H AT, FRI1147 A 21 Eﬂf_ﬂi
Abbreviations : A, adenine; Arg, arginine; f3:-AR, beta S—adrenerglc receptor; BMI, body mass index; FFA, free
fatty acid; G, guanine; HDL-C, high density lipoprotein-cholesterol; MRFS, multiple risk factor syndrome; OGTT, oral
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RIS (TrpbdArg) »%, 7 AN H - v - A 2747 v THR
B0 BHIFHE  PIRIETT OB L BT 5 2 LG ShT
Bk, 749> FAZBTANEIEHERRG, >R VK
Yk, 2 BERBORBREY, 79 ¥ AAORYLEREIZS
TAMEICE DA RERNY LoMENERCTHRES N
7. BERAMIBWTY, BERARR L 31 2 RIEREIHTIAT
RIRILE, ZERRisE, MR LAFO— VB LUH
WIEFOBEE, SHEY REHI L A 72—V (high density
lipoprotein cholesterol, HDL-C) OB V172, WhWBH 1 ¥
) IR L OBEY, IEERIAEE B B e A
YA ARHUME L OBSRO, BRSSO BHASE & DRED
PEHEENTHWS, —J, HILREHE-L (uncoupling protein-
1, UCP-D) B EIEHMEO I b > FU 7 HEICRENICSE
BEETAEART, 7Rty Fy) 7L L TEFRERLATP
EHRREMIET LI EILL Y T ANF -2 E LTEET2
BWENDHY, WL OO E TV TIEBEEHMLO BRI
FAUCP1ORBEES L L VF—HBOWD & FE LIRGH
CWhBZEPHESNTVEY Y. ThETe FRATIZE
RIS L A LB LRV E ENTELD, REDHK
LY P A DEREEOIEHHAIC UCP-1 mRNADFERAFE
BHRE MIBWTH BEEFRROFEEIELLLTHE Y,
% L TUCP-1 BEFE M L EIEEMOBRI/rRE SR,
DBIETFERMIE - FEHFFEIRO TATAR v 7 Ah 5 — 3826 %
Hoiafk7 7= (adenine, A) 7 = (guanine, G)IZZEAL
TELEEB LA ERELPIIENEIZD, 8512, B-AR{R
BEHFROBEIEIHER I TR T AOEKS, A6
BERFHIREIC BT 2 UCP1DOEER % mRNAB L UHEA L RV D W
FTHRIEBWTHRET LI EOPFREINTED, L-ARICH
T HHMAUCP-1 DRER &/ L THILHEH 2 BRT 5 TR
BEZONAE. —F, BEFHEEETF 7NV 7 7 (tumor necrosis
factor-alpha, TNF- o) (ZIEH BN € 7L CIXRIER ORI D
7o THEIMIR A 6 & TB Y, MBEIC & Y BRI
B ALTNF-o¢ P"mRNA LAV B L UEFVARALVOVWT LS
WTARBEATTELDY, 120 VERRECES T2 Z
LM g pRE PR B E (B W T TNF- o IBEED
BIMLTWwa I e HEIATNEY,

EE, AKAOEFEHRNOBKL,SBEAEML TW5.
IOz e, BIE, SlEE, BRELZEDOVWhY BERE
BROESE 2+ & AR, BIREUEOEREFOREMRLL
FRETHLILVF SV - YVRY - 77 2% —EEE (multiple
risk factor syndrome, MRFS) @ Ltz fiiE+5 b D& L TEH
ERTWVAS, L, —ALF—ENEEROLHETELS
2, EEHERF—BESLTWEEERTRE ™, 22
T4HE, ANE Ry 2 Z28EEHRIC, BrARBEFIAELA
R B X UUCP-1 RETFS B & IR, BilE, BEAHEE,
fitBEpE BE & O BEIZ DV THBERIEE R & I ILE TNF- «
WEEE D LICRE L.

MRS LUHE

I. %
MR ERKFEFRE—AMBEERECTAR Ny 7 2%

L 722220 (1896, Lik33f) TH5H. FIHFEEIL50.8+
T2H THEFIZ30E~ 68 THh o /2. B FIPEBERIC
75g#E017 N B EER (oral glucose tolerance test, OGTT)
2 HifT L, WHO DBRTEEUES |2 L 2B sE 0 58 24T -
7o, FORR, EER1776), TEEEERI2H, HERBE13
BICHotz, T, HERF, BELE SREBILE SILED
BEETTIZZTTVDE b DRI L.

I. B5&

1. WEHEE © 4% (body mass index, BMI) (k&
ke)/FE m)?), YA/ kv 7 (waist/hip, W/H) I, I
SIE, WEHMTE, mERa L AFo—ib, mEHEiER,
MEHDL-C, MisREE, MEEEEIEIHEE (free fatty acid, FFA),
75g0GTT, IMiETNF-« g%, A-ARBEZETIRAEYRAKES
& O'UCP-1 {51 %8I

2. prARBEFI ALV AZERB LU UCPLERTEEN
D

1) DNA# H

A YERINRIVE T, —20C 2 CHBRT LREan
%, 3TCORBLETHBEEMRL72H £ 50 4 HRIL, 05 mlD
TE&%# (10 mM Tris-HCI, 0.1 mM EDTA) 2% L 10,000
rpm T 108 REI# L L 72, Kawasaki®™ OFEII LA T, ik
B L-EORRE ) DNAZHH Lz, Thbh, TERERZM
%, BlkEx 2B VELzAE, B EKEER (X7
F % & T LR VWPCRBEW (50 mM E1LH Y v 4, 10 mM
Tris-HCl (pH 8.3), 1.5 mM E{k~ 7% ¥ 7 4), 0.45%Tween20
(Boehringer Mannheim, Mannheim, Germany), 100 zg/ml 7
o7 4 +—+ K (Boehringer Mannheim)] (ZBBEL56CT
1.5 RERERIRH, 95°CTI04MMEL, 7.5~ 10 1% PCRIZ{E
ML,

2) prARBET 3 A ¥ ALE (TrpbdArg) DM

i. PCR

BeAR BIZFOIs V103 F 64 2B E L TPCREAT
ot T4 %—it, Clement 52DFFEIZ LA >T (K1),
L % 5°-CCAGTGGGCTGCCAGGGG-3', Ttz 5'-
GCCAGTGGCGCCCAACGG3 IcgkE L7z, LRt T & (it
L7:DNAZ—x D7 F 4 < — (500 ng/ml), PCR RGBT,
FFF TR 7 LA F FREW (dATP, dGTP, dCTP, dTTP % 500
#M (Pharmasia, Uppsala, Sweden)], Taq DNA®R! 45 —+¥
(Parkin-Elmer Cetus, Norwalk, USA) 2.5 B4 % fi 2 i B 28 B K
LD EB100 L LIC BB L2, MBI X D RUDIORE R C
72 RS 50 1D 2 % 7 )V - 4 1 )b (Sigma, St.Louis, USA)
2EB L. KIGICIEDNAI =% A 2 J— (MJ Research,
Watertown, USA) # A L, BZ4E%94C, 308, 72—V
¥ 7% 61°C, 30%E, DNAOMER 72T, 30BHE L, Ih
F1H A2 MELTIEY A 7 MEYELA. RUSKRTR, 7
DORLAL00 k1B MAIREL, LBICHIB%O DNABE
B, B5 N DNABH % 5-CC/A, T) GG-3°, 3-GG (T,
A)/CCH %45 Ry I1ZR#T 2 HIREEE BstN T (Sigma) T60C,
OWEMIME L, 1041% &0 25% 7 #—2 %L (FMC,
Rockland, USA) TELKE L HIEBENH REE (restriction
fragment length polymorphism, RFLP) % #&&f L 7z,

glucose tolerance test; RFLP, restriction fragment length polymorphism; TNF- ¢, tumor necrosis factor-alpha; Trp,

tryptophan; UCP-1, uncoupling protein-1; W/H, waist/hip
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ii. PCREEMIB L CBIZFEROMHD

25% 7 AR — A7 WAZIEHIRBE L L 72 PCREY & DNA
SFR<—7—9 (AE, KR % AT LT LERIKEIR T,
Pk ZFT L TETL FIZX DG L, RAEREZ T

Arg

ATC GCCICGG|CCG ACT  Mutation

CGCCITGG|CCG ACT wild-type
/

A Trp
>
B3-AR gene
B
7| 99 1 62 ] 30 | PCR product

*

BstN 1 site 5‘-CCYA,T)GG—3'
3'~GG(T,A)ACC—5'

Fig.1. [sadrenergic receptor (AR) encompassing the
mutation in transmembrane domain 1. Transmembrane
domains are indicated by the numbered black boxes. The
positions of the forward and reverse PCR primers are
indicated. PCR amplification was carried out with the
primers (forward primer, 5-CCAGTGGGCTGCCAGGGG-3’;
reverse primer, 5-GCCAGTGCGCCCAACGG-3’). The
polymorphic region is shown above B3:-AR gene, with the
mutated nucleotide underlined and the changed codon
surrounded by a box. The final 210 bp PCR product is
represented as a box with the fragment sizes after restriction
enzyme digestion. The arrow shows where the mutation
ablated the BstN I site.

Arg/Arg Trp/Arg Trp/Trp

12 3

: A
- Trp64Arg mutation of 8 ;-AR gene

o
Q

I NEMER Lz, SHERIEIET A5 HIRERIC
LBHLEZTTI6l bpD/N Y FOE LN, BETFEREOR
WIEFEBITIZ9bp L 62bpD 20D/ FARD LN, ERE
AT OB TIEEE DT 161, 99, 62 bpDENRY FHPEDH LN
72 (@3, A).

3) UCP-1: A—G (— 3826) i {5 FZ Bt 1

i. PCR

S IERIR I % EEHIZ L TPCR %2 1T o 7. 2) & WA RN
7/ LDNA50~100 ng 2858 & L, 7% 1 <—1i3 Cassard-
Doulcier® @ F#H 12 L 24w (M 2) E k¥ % 5-
CTTGGGTAGTGACAAAGTAT-3", Tl % 5°-
CCAAAGGGTCAGATTTCTAC-3' 127 % L 7:. PCREG 384
HE94°C, 30E, 7=—Y 7 %55C, 308, DNADH

S+
TATATAA

Pst1 |T EcoR1
" -6«.?.36 bp B 2 +1863 bp

|
Bel 1 ¥ Bel 1 Bel 1
-3826 bp } Recognition site of Bell

—>
41kh ot ! s-tdaTca-s

8.3kb YT 3-ACTAGT-5'

UCP-1 gene

e

Fig. 2. Restriction map of the 5'flanking region of the human
uncoupling protein (UCP)-1 gene and localization of the
polymorphic Bel I restriction site (asterisk). Positions were
numbered relatively to the TATA box. PCR primers (forward
primer, 5~-CTTGGGTAGTGACAAAGTAT-3’; reverse primer,
5-CCAAAGGGTCAGATTTCTAC-3)) were used to amplify a
470 bp DNA fragment encompassing the polymorphic Bel I
site.

470 bp

<= 250 bp

220 bp

1 2 3
B

A—G(-3826) point mutation of
UCP-1 gene

Fig.3. PCR amplification and agarose gel electrophoretic analysis. Panels A and B show the detection of Trp64Arg mutation of the P
adrenergic receptor (AR) gene and A to G(-3826) point mutation of the uncoupling protein (UCP)-1 gene respectively by PCR and
restriction fragment length polymorphism. The PCR product was digested with the restriction endonuclease ( 35AR gene, BstN I; UCP-
1 gene, Bel 1) and visualized by staining with ethidium bromide. Lane 1, mutant homozygote; lane 2, heterozygote; lane 3, wild type

homozygote.
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E®72C, 60MEL, Thz 1434270 T30 170
fyEL7:. B5Nh/: DNAE % 5°T/GCAT-3, 3-ACTAG/T-
5% SR ERET A HIREE Bl I (1) T50°C, 3HEML
B L7dE25% 7 70— A7 L CESKE L RFLP % H5 L
7z,

ii. PCREMS L EIETFEROMRER

2) i, ERBFTo72. BHEERITLET L5613 HRER
12X AL E ST T470 bp XY RO AD B LN, B TER

DI AERIFTIE250 bp & 220 bp D 2 DD /Ny FSED S
N, BREAFOHCIIHEE D470, 250, 220 bpD KISy
FAERD Lz (K3, B).

4) Ifl.i& TNF- o iR O #l5E

— 20 CCHRIE L 72 L7 7 @ TNF- « iR & % QuantikineTM &
EEE FTNF-2 414/ 7 v+4 - Fv b (R&D Systems,
Minneapolis, USA) % Fi\» CllsE L 7=, REIEHE OB BRF L
0.11 pg/mlTad v, FETAEENREIL 13.9%, WEBELERE

Table 1. Numbers of Trp64Arg mutation of the 3;-AR gene and A—G (—3826) polymorphism of the UCP-1 gene

$3-AR gene (%)

UCP-1 gene (%)

Gender Trp64Arg mutation A—G (—3826) variant Total
Arg/Arg Trp/Arg Trp/Trp GG AG AA

Male 627 52(234) 131 (59.0) 43 (194) 98 (44.1) 48 (21.6) 189

Female 13.0) 10 (30.3) 22 (66.7) 9(27.2) 15 (45.5) 9(27.3) 33

All 7(3.2) 62 (27.9) 153 (68.9) 52 (23.4) 113 (50.9) 57 (25.7) 222

A, adenine; Arg, arginine; j33-AR, beta 3-adrenergic receptor; G, guanine; Trp, tryptophan; UCP-1, uncoupling protein-1.

Table 2. Distribution of genotypes defined A—G (—3826) variant of the UCP-1 gene and Trp64Arg mutation of

the (33-AR gene

$33-AR gene (%)

A_,GU(Cf_; ézgg)“saﬁam Tip64Arg mutation Total
Trp/Trp Trp/Arg Arg/Arg
AA 37 (16.7) 19 (8.6) 0 (0.0 56 (25.2)
AG 84 (37.8) 27 (12.2) 5(2.3) 116 (52.3)
GG 32 (14.4) 16 (7.2) 2 (0.9) 50 (22.5)
Total 153 (68.9) 62 (28.0) 7@3.1) 222 (100)
Table 3. Clinical characteristics according to (33-AR genotype
Genotype
Characteristics Homozygote Heterozygote Wild-type homozygote
Arg/Arg Trp/Arg Trp/Trp
(n=7) (n=62) (n=153)
Gender (Male/Female) 6/1) (52/10) (131/22)
Age (years) 48.9£8.2 50.7+7.1 51.3+£7.2
Body mass index (kg/m2) 243413 23.2%2.7 235425
Waist/hip ratio 0.89+0.06 0.88£0.05 0.88+0.06
Blood pressure (mmHg)
Systolic 11710 11415 11414
Diastolic 7548 74410 72%10
Serum lipids (mg/dl)
Total cholesterol 190.04:36.1 210.2£34.7 211.3%£38.8
Triglyceride 181.7£72.9* 139.4:£58.3 138.4£54.9
HDL-cholesterol 50.9+15.5 53.0:13.4 54.1%x145
Serum uric acid (mg/dl) 6.3+£1.0 5.9+14 581+1.2
Serum free fatty acid (mEq/l) 0.50%0.22 0.47+0.17 0.48+0.19
Fasting plasma glucose (mg/dl) 96.0£12.9 98.7+£14.8 98.9+16.4
Fasting plasma insulin (2 U/ml) 6.14:3.53 5.54+2.07 5.95+2.20
Serum TNF- « (pg/ml) 2.89+£0.60 2.71%0.56 2.69%0.59

Data are expressed as X=SD.

* P<0.05 versus wild-type homozygote.

HDL, high density lipoprotein; TNF- ¢ , Tumor necrosis factor-alpha.
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1376%Tdh o7,

5) #EET

FRULFERIEII BT 5 ERIEE O M 13 I £ (2R
EZTRL, BFROLE(E Mann-Whitney ® UE TIT% o 72,
7 L VEEEEL, Hardy-Weinberg D2 FWVWTHEB L. F
7o, THERED BN X 2 BIZFERBEEOIEIL, EREAS
LT 0% &1 Fisher DEEMEREE, 6L LOBE L P*HREL
B/, BEHH EKEIEP<0.05& L7z,

Table 4. Clinical characteristics according to UCP-1 genotype

1. BRT7LIVHEE

BrARBIZF B L OUCPLEETRORESMA 2 ME L L
25 BrARBIETOLRIF EOEHSIE3.2%C, 7 L IVEEE
0.179, UCP1#EZFOLEREMFEDOE4323.4%, 7 LVHEE
130484 TH o7z (RY). RIZ, WMBEFLEOMAESOEEE
ERELAL ZAWEGETE DI ERMAELZTRLEbNE2

Genotype
Characteristics . Homozygote Heterozygote Wild-type homozygote
GG AG AA
(n=52) (n=113) (n=57)
Gender (Male/Female) (43/9) (98/15) (48/9)
Age (years) 50.1+6.9 51.5+7.4 50.2%7.1
Body mass index (kg/m?) 23.1+23 24.1£2.4% 23.1£23
Waist/hip ratio 0.88+0.05 0.89:0.06 0.88+0.06
Blood pressure (mmHg)
Systolic 116x16 114+ 14 110£13
Diastolic 7410 73+10 6910
Serum lipids (mg/dl)
Total cholesterol 219.8+41.3 205.8+36.6 210.6+£35.1
Triglyceride 145.1+55.8 148.8£54.3 128.3£61.7
HDL-cholesterol 54.8+13.8 51.5+134 57.0%x15.3
Serum uric acid (mg/dl) 58+1.3 6.0E£1.2 57+13
Serum free fatty acid (mEq/1) 0.4720.20 0.49+0.19 0.4610.16
Fasting plasma glucose (mg/dl) 984175 100.0£16.1 96.5+13.4
Fasting plasma insulin ( 2 U/ml) 5.64+1.7 6.1+2.5 54=*1.9
Serum TNF- « (pg/ml) 2.77£0.56 2.671+0.60 2.70£0.57
Data are expressed as X =SD.  * P<0.05 versus wild-type homozygote.
Table 5. Clinical characteristics according to UCP-1 genotype
Genotype
Characteristics Variant Wild-type homozygote
GG or AG AA
(n=165) (n=57)
Gender (Male/Female) (141/24) (48/9)
Age (years) 51.0£7.2 50.2%+7.1
Body mass index (kg/m2) 23.8+2.4% 22.5%+2.7
Waist/hip ratio 0.8910.06 0.87£0.05
Blood pressure (mmHg)
Systolic 1154 14%* 110£13
Diastolic 73+ 10* 70+ 10
Serum lipids (mg/dl)
Total cholesterol 210.2%+38.6 210.6%+35.2
Triglyceride 1442+54.6 128.3£61.7
HDL-cholesterol 525+%13.6* 57.0x154
Serum uric acid (mg/dl) 59%1.2 57£1.3
Serum free fatty acid (mEq/l) 0.47+0.20 0.46£0.16
Fasting plasma glucose (mg/dl) 99.5£16.6 96.5k13.4
Fasting plasma insulin ( z U/ml) 59%1.2 57£1.3
Serum TNF- « (pg/ml) 2.70+0.59 2.7040.57

Data are expressed as X=SD.

* P<0.05 versus wild-type homozygote.
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BIT0.9%, ArARBIZTFAEERKECUCPLIEETFIERE
AT OERRTODIESHE (2.3%), ArAREETHFEREATO
TUCP1 BIEFHVERBAELZRT LOIII66] (7.2%), f+AR
BIETWEREANF O CUCP- 1 BEFLERAUATOEZRTH
DX 2761 (12.2%) Th o 72 (£2).

2. BrARBRTERE LHKIEE L ORR

BrARBIGTEE L ZHKERE L OBRE BRI L2 5,
ZERRA T CEARE L L ChE RS EEICEE

TdHo7 (E3).

3. UCP-LiBET%RIM & KREKIEE L 0BG

UCP-1 #ZFZ MM E SBRIEE L OBBRERET LS
A, REMATONCHARE L LB L CBMIVEEICEE
Thot: (FL). BREFETHLERMATFOEZEbEE
A, FARELILE L CBMI, IUEHNE, HRENESEE
\ZEfE, HDL-CAYMEMETH -7z (&5).

4, BrARBEFEESB LUV UCP1EEFLEEOHEAED

Table 6. Clinical characteristics according to the combination with j3;-AR and UCP-1 genotypes

Combination of genotypes

Characteristics Arg/Arg or Trp/Arg Trp/Trp
GG or AG AA GG or AG AA
(n=49) (n=20) (n=116) (n=37)
Gender (Male/Female) (44/5) (14/6) 97/19) (33/3)
Age (years) 51.1£75 50.8%+7.0 51.0%7.2 50.0%=7.2
Body mass index (kg/m?2) 23.7+2.4% 224%238 23.8k2.4% 22.6+£2.7
Waist/hip ratio 0.88£0.06 0.87%0.05 0.89%0.06 0.8710.06
Blood pressure (mmHg) '
Systolic 116 15% 112415 115+ 14* 109+12
Diastolic 75 0% 71£11 7211 6910
Serum lipids (mg/dl)
Total cholesterol 207.5+32.2 209.9:422 211.4%41.1 210.0%31.3
Triglyceride 151.6%£55.9 125.6+69.5 141.0£54.0 129.94£57.8
HDL-cholesterol 50.5£12.1 583+154 55.4+14.2 56.3%15.5
Serum uric acid (mg/dl) 6.1%1.3 55+16 5.8%+1.2 58+1.1
Serum free fatty acid (mEq/1) 0.49+0.19 0.45+0.13 0.48+0.20 046+0.17
Fasting plasma glucose (mg/dl) 100.1£16.5 94.4+6.5 99.216.6 97.6%+15.8
Fasting plasma insulin ( x« U/ml) 5.88+2.43 5.1641.57 6.0642.26 5.62+2.03
Serum TNF- « (pg/ml) 2.76+0.61 2.660.42 2.680.58 2.73£0.64
Data are expressed as Xx=SD, * P<0.05 versus Trp/Trp and AA genotype.
Table 7. Clinical characteristics according to the gender
Gender
Characteristics P
Male Female
Number of subjects 189 33
Age (years) 50.5+7.4 52.8+5.3 ND
Body mass index (kg/m2) 23.6+2.6 22.5+2.1 <0.05
Waist/hip ratio 0.89%0.05 0.83£0.88 <0.01
Blood pressure (mmHg)
Systolic 115.3£6.0 106.2£15.8 <0.01
Diastolic 73.1£10.0 67.2+10.8 <0.01
Serum lipids (mg/dl)
Total cholesterol 208.5%37.5 220.7+37.5 ND
Triglyceride 147.4455.8 101.3£45.6 <0.01
HDL-cholesterol 51.4%12.5 67.1:£16.1 <0.01
Serum uric acid (mg/dl) 6.1x1.1 45x0.9 <0.01
Serum free fatty acid (mEq/1) 0.48+0.18 0.47+0.21 ND
Fasting plasma glucose (mg/dl) 99.9+16.4 91.81£9.6 <0.01
Fasting plasma insulin ( # U/ml) 59+22 53+2.1 ND
Serum TNF- « (pg/ml) 2.72%0.61 2.62£0.36 ND

Data are expressed as X =SD. ND, not detected.
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Table 8. Clinical characteristics according to 33-AR genotype in men

Genotype
Characteristics Homozygote Heterozygote Wild-type homozygote
Arg/Arg Trp/Arg Trp/Trp
(n=6) (n=52) (n=131)
Age (years) 48.8+9.0 50.7+7.5 504+74
Body mass index (kg/m?2) 244+14 234%28 23726
Waist/hip ratio 0.88+0.05 0.88:0.05 0.89+0.05
Blood pressure (mmHg)
Systolic 117%10 114=%15 11414
Diastolic 758 74£10 7210
Serum lipids (mg/dl)
Total cholesterol 188.7439.4 207.8£36.7 209.74+37.8
Triglyceride 194.3k71.0% 148.4+58.2 144.8+53.4
HDL-cholesterol 452+3.8 503k11.6 52.1%£13.0
Serum uric acid (mg/dl) 6.5%t1.0 6.2E1.3 6.0t1.1
Serum free fatty acid (mEq/l) 0.48+0.23 0.48+0.18 0.48+0.18
Fasting plasma glucose (mg/dl) 97.0+13.9 1004=+154 98.9+17.0
Fasting plasma insulin ( 2 U/ml) 6.171+3.87 6.111£2.25 5.95£2.20
Serum TNF- a (pg/ml) 2.96+0.63 2.69%£0.59 2.71%0.62
Data are expressed as X+ SD.  * P<0.05 versus wild-type homozygote.
Table 9. Clinical characteristics according to UCP-1 genotype in men
Genotype
Characteristics Homozygote Heterozygote Wild-type homozygote
GG AG AA
(n=43) (n=98) (n=48)
Age (years) 50.0£7.2 51.1%7.6 49.6£7.3
Body mass index (kg/m?) 234%24 24242 4% 227428
Waist/hip ratio 0.89+0.05 0.90%0.06 0.87£0.05
Blood pressure (mmHg)
Systolic 11616 117£ 3% 11212
Diastolic 74+£10 74+9% 7010
Serum lipids (mg/dl)
Total cholesterol 217.3£36.0 204.8+38.1 208.1+37.1
Triglyceride 153.1£54.5 149.7+53.4 137.8£61.5
HDL-cholesterol 51.6+11.5 49.6+11.9* 54.6+14.0
Serum uric acid (mg/dl) 6.1£1.2 6.2+1.1 5.9+1.2
Serum free fatty acid (mEg/l) 0.45+0.18 0.49£0.19 0.4740.16
Fasting plasma glucose (mg/dl) 99.1+18.3 101.3%£16.6 97.8+14.1
Fasting plasma insulin ( . U/ml) 58+1.8 6225 5.5%1.8
Serum TNF- « (pg/ml) 2.821+0.59 2.68+0.63 2.70£0.59

Data are expressed as X +SD.

* P<0.05 versus wild-type homozygote.
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Table 10. Clinical characteristics according to the combination with 3;-AR and UCP-1 genotypes in men

Combination of genotypes

Characteristics Arg/Arg or Trp/Arg Trp/Trp
GG or AG AA GG or AG AA
(n=44) (n=14) (n=97) (n=34)

Age (years) 50.7x7.7 49.5+17.7 50.8:7.4 49.6£7.3
Body mass index (kg/m?2) 237£24 22.8+3.1 24,12 4% 22.6+2.7
Waist/hip ratio 0.88+:0.06 0.87+0.05 0.90+0.05 0.87+0.06
Blood pressure (mmHg)

Systolic 116x15 11412 116t 14* 11112

Diastolic 75+9% 7211 73+£10 70+10
Serum lipids (mg/dl)

Total cholesterol 206.71+33.6 203.1+48.0 209.6+39.7 210.1£32.2

Triglyceride 157.0£56.9 142.5+73.2 1479521 135.84£57.0

HDL-cholesterol 48.8k11.0* 52.6+11.3 50.9:+12.1 554%15.0
Serum uric acid (mg/dl) 63%£1.2 6.1%k1.6 6.1x1.1 59+1.0
Serum free fatty acid (mEq/l) 0.49+0.19 0.46-+0.14 0.48£0.19 0.48%0.17
Fasting plasma glucose (mg/dl) 100.9k17.1 97.3%53 100.5%+17.2 98.0Et16.5
Fasting plasma insulin ( z U/ml) 5.6042.43 5.57%1.56 6.32£2.32 5.53+1.96
Serum TNF- « (pg/ml) 2.77+0.64 2.58+0.38 2.70£0.61 2.74%+0.65

Data are expressed as X=SD. * P<0.05 versus Trp/Trp and AA genotype.
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Fig. 4. Distribution of glucose tolerance pattern according to 2,adrenergic receptor and uncoupling protein-1 genotypes. NGT, normal
glucose tolerance; IGT, impaired glucose tolerance; DM, diabetes mellitus: @, Trp/Trp; B, Trp/Arg;gg, Arg /Arg;N, AAH, AG;ER,

GG.

Table 11. Distribution of glucose tolerance pattern according to

B3-AR and UCP-1 genotypes or the combination of them

Glucose tolerance pattern

Genotypes
NGT IGT DM Total

Trp/Trp 124 20 9 153
Trp/Arg 48 11 3 62
Arg/Arg 5 1 1 7
AA 50 5 2 57
AG 86 20 7 113
GG 41 7 4 52
Trp/Trp and AA 32 3 2 37
(Trp/Arg or Arg/Arg) and AA 18 1 0 19
Trp/Trp and (AG or GG) 94 17 7 118
(Trp/Arg or Arg/Arg) and (AG or GG) 35 11 4 50

NGT, normal glucose tolerance; IGT, impaired glucose tolerance;

DM, diabetes mellitus.
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Fig. 5. Distribution of glucose tolerance pattern according to the combination of j,- adrenergic receptor and uncoupling protein-1
genotypes. NGT, normal glucose tolerance; IGT, impaired glucose tolerance; DM, diabetes mellitus: B, Trp/Trp and AA;E,
(Trp/Arg or Arg/Arg) and AA;B, Trp/Trp and (AG orGG);@, (Trp/Arg or Arg/Arg) and (AG or GG).
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Fig.6.  System of uncoupling protein (UCP)-1 activation by jsadrenergic receptor (AR). Noradrenalin (NA) acts on 3=AR and leads via
cAMP to lypolysis, i.e. liberation of free fatty acids (FFA). The proton conductance of UCP, normally blocked by ATP, is induced by
FFA. NA also leads, probably also mediated by cAMP, to an increase in UCP synthesis. AC, adenyl cyclase; CREB, cAMP responsive
element binding protein; FFA, free fatty acid; Gs, stimulatory G protein; HSL, hormone sensitive lipase; NA, noradrenalin; Pi,
inorganic phosphate; PKA, protein kinase A.
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Abstract

Both the Trp64Arg mutation of the beta 3-adrenergic receptor ( 5:-AR) gene and the adenine (A) to guanine (G)
polymorphism of the uncoupling protein-1 (UCP-1) gene have been associated with weight gain and in combination are
reported to have an additive effect in Caucasians. Racial differences have been noted in the [3;-AR mutation, but little is
known about the significance of the UCP-1 gene polymorphism in Japanese. In this study, the association of genetic
variations in the [;-AR and UCP-1 genes with obesity, hypertension, dyslipidemia, and glucose intolerance in Japanese was
investigated. The study population consisted of 222 Japanese adults, 189 men and 33 women, who underwent general health
examinations at Kanazawa Municipal Hospital. Their mean age (X 3= SD) was 50.8 == 7.2 (men, 50.5 £ 7.4; women, 52.8 +
5.3). As previously described, PCR-restriction length fragment polymorphism analyses with the restriction enzymes BstN I
and Bcl I were performed to detect the respective mutations of the [53-AR and UCP-1 genes. Current body mass index (BMI),
waist/hip ratio, systolic and diastolic blood pressure, serum total cholesterol, triglyceride, high-density lipoprotein (HDL)-
cholesterol, uric acid, free fatty acid, and tumor necrosis factor-alpha (TNF- « ) levels were investigated as clinical parameters.
We performed a 75g oral glucose tolerance test all subjects and classification of glucose tolerance status was based on the
WHO criteria. In this study, 177 subjects were classified as having normal glucose tolerance, 32 as impaired glucose tolerance,
and 13 as diabetes mellitus. The mean BMI (X = SD) was 23.5 = 2.6 (men, 23.6 & 2.6; women, 22.5 % 2.1). The frequency
of the Trp64Arg allele was 0.179, and that of the G allele was 0.484. No relationship was found between the 3-AR mutation
and UCP-1 polymorphism and glucose tolerance patterns. In men, the serum triglyceride level was significantly higher in
Arg64 homozygotes versus Trp64 homozygotes (P<0.05). BMI and systolic and diastolic blood pressure were significantly
higher, and HDL-cholesterol was significantly lower in subjects with the G allele versus those without it (AA homozygotes)
(P<0.05). The f3-AR mutation and UCP-1 polymorphism were not found to have additive effects. In women, there was no
significant relationship between the two gene mutations and clinical parameters. In conclusion, the results of this study
suggest that the 35-AR mutation and the UCP-1 polymorphism may be associated with multiple risk factor syndrome, which
is composed of obesity, dyslipidemia, hypertension, and glucose intolerance, in Japanese men.




