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Effects of UCP Polymorphisms on Blood Pressure

Among Korean Female Subjects

Seung-Uoo ‘Shin, O.M.D., Yoeung-Min Chei, O:M.D., Hyung-Chul Lee, O.M.D., Kil-Soo Kim, OM.D.
Kirin Oriental Hospital

Jin-Seok -Moon, Min-Ho Cha, Yoo-Sik Yoon

Korea Institute of Oriental Medicine

% ‘Recent studies have provided some clues with regard to the relationship existing between uncoupling: proteins .(UCPs) and
blood pressure in animal experiments. In an attempt to determine the genetic polymorphisms of UCPs that ‘are associated with
~blood pressure in humans, we have analyzed genetic polymorphisms in members of the UCP family, mcludmg YEPT, UCP2
~-and UCP3.

“Methods :

~.In this study, we assessed the association between UCP genotypes and. systolic blood pressure: (SBP) and
~pressure (DBP), in a population comprised of ‘832 Korearn female subjects, using a general linear modet, which
~for both age and BMI.
" Results : , ;
" Among 14 SNPs and the haplotypes constructed from them, haplotyped of UCP1 (UCP1-ht3) evidenoed significant associations
with SBP (P=0.0053) and DBP (P=0.0130). However, ‘this haplotype was not_significantly-associated with obesity: phenotypes,
" “including BMI or fat mass (P>0.05), thereby suggesting that its asseciation with blood pressure’ was -not mediated. by obesity
- phenotypes. :
- Conclusions :
The source of variations in SBP were determined to occur in the following order: BMI (12.8 %), age (1.2: %) and UCP1-ht3
(1.1 %). Although BMI appears to exert greater effects on blood pressure; the UCP1-ht3 genotype was also found fo exert a
significant effect.
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Uncoupling protein(¢]3} UCP)& v]EZ=2jo}
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Table |. General Characteristics of Study Subjects

2 o
B odgals 832 #Fel odAS grem
UCPs 44 thaAlo] dgte] ux|E & of
3 BAsgh
. & &
1. GPOA 3
B AFdAE g nuZe e W

g 83239 A EAE e R STk ot
ol 27949 %, B AFFA 4 (Body mass in-
dex, ©]8F BMI)& 259kg/m’o]qth. 1&gt &
AZ Bgals AR gk, 2A8S SE A

g 54
=gt JAAES) LutEQl 542 Table Lt
2t
A Zzke) &N EYT o]y Ee HAa
108 o}de) F4 3 233kdch BMIE AlS(ke)=
A

oE 2 a8 A9 AFm)eE e #eR
3193 AR WS bio-impedance analysis(Inbody
40, Biospace Co., Seoul, Korea)Z o] &3t 5%

AA
SAzLe] DNAS 7] S8 BE A7l
Wee 288 Aystn 92 Fayen At

Variables N MeanzSD
Age (year) 832 27.88+7.80
Weight (kg) 832 66.86+11.74
BMI (kg/m’) 832 25.89+4.27

SBP* (mmHg) 832 115.38+12.84
DBP* (mmHg) 832 72.35+10.23

* SBP : systolic blood pressure, ** DBP : diastolic blood pressure
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Al Map of GCPI on chromosome 4q28-q31
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Fig. 1. Gene Maps of the UCP Gene Family
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Coding exons are marked by black blocks and 5 and 3" UTRs are marked by white blocks. The frequencies
of the selected polymorphisms were determined via the genotyping of a small number of subjects (n=24).
Asterisks (*) indicate the polymorphisms genotyped in all study subjects (n=832). Al. UCP1 polymorphisms
on chromosome 4q28-q31 (Ref. Genome Seq. NT (16354). A2. Haplotypes of the UCP1 gene. A3. LDs among
UCP1 polymorphisms. Bl. Polymorphisms in UCP2 and UCP3 on chromosome 11q13 (Ref. Genome Seq.
NT_033927). B2. Haplotypes of UCP2 and UCP3 genes. B3. LDs among UCP2 and UCP3 polymorphisms.
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ZF IR FE AL FH29] DNAE Accup-
rep'™ Genomic DNA Extraction Kit(Bioneer Co,
gatel AzAel ANz 7

Taejon, Korea)& o]-8

Goll A FE3tsint
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T A 7)Mol (single  nucleotide  polymorphi-
sms, ©|3} SNP)2] 428 & TagMan Method =

ARt PCR primerse} TagMan probese] Tl
ARIol Primer Express(Applied Biosystems, CA,
USA)7} AH&E] Q1 th slute] Allelic probe= FAM
dyez2 FAHE L, & 3 /e VIC dyed #A

5tk PCRsE 900nM F=2] PCR primers}
200nM 5%2] TagMan probeE 53l e
TagMan Universal Master Mix(Applied Biosystems,
CA, USA)dlY A=k PCR ¥HS-2 20nge]
genomic DNAZ AL838]A] & 9H8 42 Sul2 8
o 384-well formatol| 4] P E ) o] % platesE
thermal cycler(PE 9700, Applied Biosystems, CA,

USA)o i1 50T A 287L, 95°ColA 10827+ A
A2 7 e 7hetmuAl 95T A 15%, 60°C ol A]
187 eA)7) = B3-S 403 v o)"

A wEolzxl EFES Prism 7900HT (Applied
Biosystems, CA, USA)o] &7 212te] plate?] flu-
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Insertion/Deletion polymorphism(UCP2¢} +7941
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45bp-insdel) S genotypedtr] SJalx UCP2 /4
78] exon 874219 29 ¥AE thEo) primer
% AH8std PCRE B4 $E319t) : forward
5 -GAGGTGCCCCCATGACC-3, reverse 5-TCC

TGCACTCCCCATGTTAGT-3. PCRE UToA] 55
e} AAEE g F UTAA 30%, 65T 30%,
72CelA 3023t A7l & 353 HhEs)
i HFA o2 NTAA 1087 84389t} PCR
AHE(691 E= 646 bp)2 1.5%2] agarose gelol| 4]
71958 s Aldste] 22l & ethidium bro-
mide staining F34 A Zshehso). |

7 gl thaba 29 2l 444 939
A BREe fAtEA JRE Lohus] A
Hardy-Weinberg equilibrium testsZ A}-&-8}$]t}.
EE SNPR-9E Ale]9] linkage disequilibrium$
2319 D¢ r©7F B bEa, hap-
lotypes= Phase softwareE A}&3f0] SNPEZ
55 71t} Association analysis® UCP gen-
otypes, o], BMI9] 9e-& ¥ 335= General Linear
Model proceduresE AF-8-3-t). UCP genotypes
ol Egtdll EHHoR nAe FTFE Hrle
A tpol o} BMIZ RAH adjusted analysis of
covariance(ANCOVA)E Abg-slgdch. #&7]8et
I o] g1 Wlolo] gL Fe 29EL o
modele]] ¥ BE b WS daa By
¥ 7 Sgusel 998 3P @ 5 Ut hype I
sum of squaresE AMg-3|A] AAFst Tt BMI, 1}
o], 2231 UCP genotypeZ Al&-3lo] 427183t
I o]gbr|™ete] WolE dl&3dy] 9% model S
HE7] el B 39 -4 (multiple regression
analyses) & AFEBSITE UCPs 84133 A2
o AL ¥ testsE 8 S HBSYh
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Pgkol 0.0575H) A5 FAA 4] U=
Aoz ZFAYT. =
windows, version 8.2(SAS Korea, Seoul, Korea)<

AHgstel sk

E F24& SAS system for

m z2 3

o] AFAME = dAHor FAE dWIAE
o UCP #7ATE42 atate] BAS W5
STk SNPsel 9319} Rl AAke) WsE Fig
3 2.

NCBI databasecl] 7] =i AL} o] H Aol A]
;NE FHAAUGEIE FolA Fig 1914 Hole
19709 SNPst 249 9] t)dAEdl| A direct sequ-
encing B34 A E T Fr)e] SNPUCP3
+2884G>A%} UCP3 +5260G>A)& Fig. 1-BlolA
Ut A 2ol gl A4 @8 (monomor-
phic)o. 2 2Ho1%]9]c}. Table 1] 14709 SNPE-S
LDs¢} thd 7}t Wlo] ZAste] AA At
(n=832)¢] large-scale genotyping= ]3] e
At} r’=lolal= AL large-scale genotyping&
AsiAl SNPE & ©A gt 7il9] SNPye] Aed
pblymorphism%oﬂ £3l= ARl LDsgts A
< 9Jmlgtt) 0.05 ©]3ke] minor allele frequencies
£ 717 SNPE2 largescale genotypingol| A 7|
=k 1419 MeE AR FAAE Bxe
25 Hardy-Weinberg equilibriumdl] g%}
(P>0.05, Table I1).
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Table 1. SNPs Selected for Genotyping of the Whole Subjects.

Gene Locus Position AHC];I;%;eCid Ngrelgieﬂg}e HWE rs#
UcPr1 -3954A>G Promoter 0.49 0.98 rs1800592
-1766A>G Promoter 0.27 0.99 rs3811791
+940A>G (AB4T) Exon2 AGAT 0.07 0.55 -
+6537A>T (M229L) Exon5 M229L 011 091 1s2270565
ucp2 -1957G>A Promoter 0.30 0.80 rs649446
-866G>A Promoter 050 0.16 rs659366
+4787C>T (AS5V) Exond AB5V 0.50 0.05 15660339
+7941_45del>ins JUTR 0.19 0.08 -
ucCp3 -35C>T Promoter 0.30 0.99 rs1800849
+2564G>C Intron2 0.50 0.13 1rs2075576
+2877C>T (YOOY) Exon3 Y99Y 0.31 0.99 rs1800006
+3106A>G Intron3 049 0.37 rs1685325
+3854C>T Intrond 0.23 0.74 152734827
+4589T>C (Y210Y) Exon5 Y210Y 0.49 0.16 rs2075577

lotypezoll A} UCP1-htl& 95%E 238k RIER
3954A>Ge| ol FAH A ThFig. 1-A2). o]} H]
=8kA] UCP1-ht29} UCPl-htdx 7+ -1766A>G
oF +6337A5Tel) elal Aol ghiel EAHAT. ol
H¥A]¥ haplotypeE-2 1 #1-g-0] 1A% SNPEH}
Al FUs) wiTol B o) ¥AHA skt
vtol et BMIo|| 3l g gk o]F, 14719 SNPE
3} 4789 2 haplotype¢! UCP1-ht3, UCP23-ht
1~3%} %7185} ol g7 g date] wAo) vial
A 23 UCPLht3e 571893 freld &
o] Y= Zog vehdri(Table ).
F37189 FEE B3t 2ok
- 114.63+0.50 mmHg(n=553, UCP1-ht3 non-carriers)
-117.36+0.75 mmHg(n=248, heterozygotes)
-112984211 mmblg (n=31, homozygote car-
riers) (p=0.0053 in co-dominant model).
H|4gh Q9 dA7L UCPLh3 9 ol 9h7]d At

B E

i

o

ool A EAshE Ao JeEldtHTable V).
ol BEE U 2k
- 71.84+0.42 mmHgn=553, UCP1-ht3 non-carriers)
- 73.80£0.62 mmHg(n=248, heterozygotes)
- 69.9841.77 mmHg(n=31, homozygote carriers)
(p=0.0130 in the co-dominant model).
Homozygote carrier®] =(n=31) tt& {74
S BGT didAe] ol HisjA vlad A9
Homozygote UCP1-ht3 carrier&3} hetero- zy-
gote carrierE-S& HolA carrier groupo 2 3lod
non carrierE3} BluPe wef FH71HEPS] &
Te tst 2
- 114.63+0.50 mmHg(non-carriers, n=553)
116.88+0.71 mmHg(carriers, n=279)
(p=0.0097 in the dominant model).
ole7|dste 3 o
- 71.84+0.42 mmHg(non-carriers)

B 57 -
X
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Table Ill. Analyses of Covariance of UCP Polymarphisms with SBP Controlling for Age and BMI among Korean Female

Subjects
P

Gene Locus c/C C/R R/R Co-dom Domi Rece
-nant -nant -ssive
-3954A>G 216(113.97+0.80) 406(116.08+0.59) 209(115.48+0.82) 0.1052 0.0415 0.8830
-1766A>G 458(115.27+0.56) 307(115.73+0.68) 63(114.77+1.49) 0.7944 0.7267 0.6602
UCP1  +940A>G (A64T) 5(113.56+5.31) 111(115.20+1.13) 706(115.34+0.45) 0.9399 0.7404 0.8557
+6537A>T (M2291) 673(115.47+0.46) 149(115.33+0.97) 8(112.29+4.19) 0.7487 0.7728 0.4542
UCP1-ht3 553(114.63+0.50) 248(117.3640.75) 31(112.98+2.11) 0.0053 0.0097 0.2489
-1957G>A 406(114.95+0.58) 342(115.330.64) 75(117.531.36) 0.2181 0.3478 0.0907
UcP2 -866G>A 232(115.5540.78) 389(114.90+0.60) 211(116.10:0.82) 04816 0.8067 0.3115
+4787C>T (A55V) 241(115.41+0.76) 380(114.99+0.61) 208(116.11+0.82) 0.5524 0.9847 0.3158
+7941_45del>ins 544(115.68+0.51) 227(114.70+0.79) 31(116.73+2.13) 0.4740 0.4052 0.5405
-35CT 408(114.77+0.59) 355(115.80+0.63) 66(117.03+1.46) 0.2481 0.1387 0.2420
+2564G>C 227(115.62+0.79) 394(115.05+0.60) 206(115.70+0.83) 0.7668 0.7134 0.6478
+2877C>T (Y99Y) 68(116.88+1.44) 360(115.97+0.63) 398(114.61+0.59) 0.1626 0.2784 0.0694
+3106A>G 218(115.37+0.81) 400(115.28+0.59) 207(115.56+0.83) 0.9621 0.9903 0.7915
UcP3 +3854C>T 510(115.62+0.52) 282(115.30+0.71) 36(112.74+1.97) 0.3668 04718 0.1709
+4589T>C (Y210Y) 215(115.62+0.81) 390(114.980.60) 221(115.84+0.80) 0.6474 0.7246 04983
UCP2-UCP3-htl 287(115.790.70) 384(115.10+0.61) 161(115.33+0.94) 0.7543 0.4697 0.9443
UCP2-UCP3-ht2 453(115.02+0.56) 327(115.57+0.65) 52(117.42+1.64) 0.3575 0.3249 0.2008
UCP2-UCP3-ht3 611(115.73+0.48) 202(114.34+0.83) 19(115.43£2.71) 0.3518 0.1634 0.9858

C/C, C/R, and R/R represent homozygotes for the common allele, and heterozgotes and homozygotes for the rare allele,

respectively. Genotype

and haplo
recessive) of analysis of covariance (ANCOVA) are shown.

type distributions (mean+SE), and P-values of three

fernative models (co-dominant, dominant, and

values less than 0.05 were marked by bold fonts.

-73.38+0.59 mmHg(cartiers) tdvtel ARdAVE v 28 RlAE
(p=0.0333 in the dominant model). Jege dlge FE 9vlshe ol

Yol Hivel AW DR AnBAY} 9
7] W&, 8|5 FA Aol BMIS] G of
I BARstd el #aE UCPL-hi3sh ol
APA L vRe] BRYY) G vA 4% 9

Aoltk. o8 T3] A RE hYAE
BMIS} A=A WeFS UCPL-ht3e] tisle] H) w3k
tHTable V).

AT A3 gAEclA UCPL-ht3E BMIY A|
Al BARCR folg 2eg vAA ok
o2 veldt} UCPL-h3 carrierSol|A] Eete
A ¥ A% JehiAaL, B BMIS} A
AMFE Gt A deksth o A% G493

=4

fo

[o]

tlo r&

57188 Meo|E UCPL-h3, o], a2ia
BMIE 5YHWHSFZ ¥38l= general linear model
& AHg3sle] FFsigled, BMle #5718 ¥

ARE & Jde AoE Jebdth

B $2718¢ WHoldlA 118%E =T F

J= Aoz Jebsta, UCPI-h3E £27)8¢ ¥
ol9] 1.07%& A™E & UAcHTable VI).

UCP1-ht30] &7)d g}l vlX|= 93] BMI
7F v g vinds o Arle AT, L
Holl & Bt o] ozt wR= F3] Hlw

A wF 9uigle Aot BMIg 4
o] A#BAE 433 A Qi o] A=
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Table IV. Analyses of Covariance of UCP Polymorphisms with DBP Controlling for Age and BMI among Korean

Female Subjects

P

Gene Locus c/C CR RR Co-domi Domi Rece
-nant -nant -ssive
-3954A>G 216(71.55+0.67) 407(73.25+0.49) 209(71.40£0.68) 0.0349 0.1692 0.1128
-1766A>G 458(72.5120.46) 308(72.25+0.56) 63(71.971.25) 0.8850 0.6540 0.7334
UCP1 +940A>G (A64T) 5(70.84+4.41) 111(71.4240.94) 707(72.43+0.37) 0.5763 0.7418 0.2973
+6537A>T (M229L) 674(72.59+0.38) 149(71.59+0.81) 8(69.75+3.50) 0.3975 0.2082 0.4476
UCP1-b3 553(71.84£0.42) 248(73.80+0.62) 31(69.98+1.77) 0.0130 0.0333 0.1725
-1957G>A 407(72.0010.49) 342(72.34+0.53) 75(73.87+1.14) 0.3186 0.3692 0.1506
UcP2 -866G>A 233(72.4040.65) 389(71.80+0.50) 211(73.32+0.68) 0.2014 0.9319 0.1026
+4787C>T (AS5V) 242(72.30£0.64) 380(71.97+0.51) 208(73.17+0.69) 0.3665 0.8966 0.1748
+7941_45del>ins 545(72.39+0.42) 227(72.02£0.66) 31(73.01£1.79) 0.8267 0.7402 0.6886
35C>T 409(71.75+0.49) 355(72.9520.52) 66(72.64+1.22) 0.2426 0.0955 0.7927
+2564G>C 228(72.20+0.66) 394(72.1740.50) 206(72.72+0.69) 0.7904 0.8317 0.4932
+2877C>T (Y99Y) 68(72.750 20 360(73.0240.52) 399(71.68+0.49) 0.1652 0.7272 0.0592
+3106A>G 219(71.990 67) 400(72.3540.50) 207(72.65+0.69) 0.7881 0.5509 0.593%
UCP3 +3854C>T 511(72.38+0.44) 282(72.39£0.59) 36(71.28+1.65) 0.8068 0.8751 0.5124
+4389T>C (Y210Y) 215(72.66+0.68) 390(72.20+0.50) 222(72.34+0.66) 0.8614 0.6046 0.9798
UCP2-UCP3-htl 287(72.5340.58) 384(72.3440.51) 162(72.05£0.78) 0.8831 0.6997 0.6645
UCP2-UCP3-ht2 454(71.84+0.46) 327(72.92£0.55) 52(73.31+1.37) 0.2449 0.0976 0.4683
UCP2-UCP3-ht3 612(72.4440.40) 202(71.98+0.70) 19(73.47+2.27) 0.7466 0.6628 0.6195

C/C, C/R, and R/R represent homozygotes for the common allele, and heterozygotes and homozygotes for the rare allele, respectively. Genotype

and haplotype distributions (meanZ E

), and P-values of three alternative models (co-dominant, dominant, and recessive) of analysis of covariance

(ANCOVA) are shown. P values less than 0.05 were marked by bold fonts.

Table V. Analyses of Covariance of UCP1-ht3 with Obesity Phenotypes Controlling for Age among Korean Female

Subjects
P
Locus phenotype c/C C/R R/R Co-domi Do Rece
-nant -nant -ssive
UCP1-h3 BMI (Kg/m?) 553(26.04+0.17) 248(25.64+0.24) 31(25.16+0.77) 0.2420 0.1294 0.2626
Fat Mass (Kg) 553(23.72+0.33) 248(22.87+0.45) 31(22.24+1.47) 0.2241 0.0948 0.3744

C/C, C/R, and R/R represent homozygotes for the common allele, and heferozygotes and homozygotes for the rare allele,
respectively. Haplotype distributions (mean+SE), and P-values of three alternative models (co-dominant, dominant, and recessive) of

analysis of covarianice (ANCOVA

) are shown.

£ o UCP1-h3 genotype
g miA= BMIQ] gk FodUdA 2He
b o} o} 2] regression analy-
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Table VI. Source of Variation in SBP and DBP among Korean Female Subjects

SBP DBP
% of Variance P-value % of Variance P-value
UCP1-ht3 1.07 0.0053 097 0.0130
Age 118 0.0007 142 0.0004
BMI 1283 <0001 484 <0001

ool e dWE 2 &3t 2.
BMI 4.84%, 1ol 1.42%, UCP1-ht3 0.97%.
59 W42 9] BMI, tol, UCPL-hB3E ol 83
A FEIELEY o718l WolE Tl 4
3 37 28-S P4 YA multiple linear
regression analysisg Ad3stHom, FAHE 34
2ge oks 2t
-SBP (mmHg) = 112 x BMI(kg/m’) + 0.18 x
Age(year) + C1
-Cl = 79.03 for ht3/ht3 type, 83.42 for ht3/-
type, and 80.69 for -/- type
-DBP (mmHg) = 055 x BMi(kg/m’) + 0.16 x
Age(year) + C2
-C2 = 5143 for ht3/ht3 type, 55.26 for ht3/-
type, and 53.29 for -/- type

d 2gdr ol 29ds F 3‘4%94 ﬂ-—r%ﬂ’ﬂ
UCPSt dgtte] Ateld] daaA7t sloke
Eo] AAET At} Uncoupling agent?]

trophenOIO] g Aed SHAL F& e

88

o EADTGE Aol FeiA k™. Bernal-
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Table VIl. The Association of Soyang-in with SBP, DBP, Fat Mass and Waist/Hip Ratio

Taeum/Soeum-in(n=735) Soyang-in(n=97) p
SBP(mmHg) 115.76+12.80 110.49+13.09 0.000
DBP{mmHg) 72.51+10.98 68.1249.20 0.000
Fat(kg) 24.28+8.08 19.3346.54 0.000
Fat % 34.84+6.03 31.1745.55 0.000
WHR 0.89+0.07 0.85+0.06 0.000

Table Vil. The Association of Taeum-in with SBP, DBP, Fat Mass and Waist/Hip Ratio

Soyang/Soeum-in(n=170) Taeum-in(n=662) P
SBP(mmHg) 111.23+12.90 116.16+12.76 0.000
DBP(mmtg) 68.92+11.20 72.80+10.69 0.000
Fat(kg) 19.03+6.48 2491801 0.000
Fat % 31.25+5.58 35.2315.95 0.000
WHR 0.85+0.06 0.89+0.07 0.000
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Table IX. Association Analysis of Soyang-in and Taeum/Soeum-in with UCP-1 Haplotype 3

Haplotype 3
Total
-/ht3, ht3/ht3
Taeum/Soeum-in Frequency(%) 729(97.0%) 22(3.0%) 751(100%)
Soyang-in Frequency(%) 73(90.4%) 8(9.6%) 81(100%)
P=0.007, Odd ratio = 3.483
(95% confidence interval : 1.505-8.058)
Table X. Association Analysis of Taeum-in and Soyang/Soeum-in with UCP-1 Haplotype 3
Haplotype 3
Total
-/ht3, ht3/ht3
Soyang/Soeum-in Frequency(%) 141(93.6%) 10(6.4%) 151(100%)
Taeum-in Frequency(%) 661(97.0%) 20(3.0%) 681(100%)

P=0.039, Odd ratio = 0.451
(95% confidence interval : 0.208-0.978)
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