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The Effects of UCP-2, 3 Polymorphisms
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Objectives:

This study was conducted to investigate the effects of Uncoupling protein (UCP) polymorphisms on weight loss. We analyzed asso—
ciations between polymorphisms of UCP-2, 3 and changes in percentage of obesity phenotypes (Body mass index and percent body
fat) after treatment.

Materials and Methods:

A total of 207 Korean women (BMI over 25) were recruited from the obesity clinic in Kirin Oriental Medical Hospital (Seoul, Korea). Al
patients were treated with a very low calorie diet and oriental medical therapy for one month. The effect of UCP polymorphisms on
changes in obesity—phenotypes were analyzed. For the genotyping of a single nucleotide polymorphism (SNPs), genomic DNA from
each subject was extracted from whole blood and genotyped using the TagMan Method. Associations between changes in percentage
of obesity phenotypes (BMI and percent body fat) and UCP polymorphisms were analyzed using age-adjusted general linear model.
Results and Conclusions:

In this study, AG, GG type of UCP-2 -866A>G, CC, CT type of UCP-2 +4787C>T, CG, GG type of UCP-3 +2564C>G, AG, GG type
of UCP-3 +3106A>G, and TC, CC type of UCP-3 +4589T>C played a role as a resistance gene to weight loss.

Key Words : UCP, Polymorphism, Obesity, Weight Loss, Korean Women
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AA v} A FE2E oA ol Uncou-
pling Protein(UCP), Peroxisom Proliferatior—Activa-
ted Receptor(PPAR), beta—3-adrenergic receptor(3
-3 AR), Calpain 10(CAPN 10) 5] 9it}”. o] %
Uncoupling Protein(®]3} UCP)2 n|EZ=2]o}
ool EAat @GUA thate] AR AAE a0l
> SEAF PJHje dUA|E ATPE Ak il
dnA WEFels e ste vade? ¥8F
oAl UCP+= UCP-1, UCP-2, UCP-3, UCP-4% %
geljA] 4557 ol o] WAL glon AME tE
ZA ol A TAE o] A|3E] tiAbell A 22t thE 2}
&5 Py,

UCP= olUA| At T8k 3hs 7] wlitol
B2 fadTE0] UCPY 4z g A4
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YA AR $5asy, 9 & v d-d
EAY IO ATE wel7] el FaEoAA $k
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Eietll 3% 9] HAA7vE A (single
nucleotide polymorphism, ©|&} SNP)S A&} a1,
HRES fdbske Ak Qo= AlSEA 9
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A AF3EF A=A UCP-2, 3 314k thgAd o]
A7 FF= nAA, 2R or ATHdZ
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20031 1295-E] 2005\ 129714 7]-ghiE 2l
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g o= siolth At AAA] HERALE S
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(1) Genomic DNA 2] 2 pooling

BE @RS AR 48 Fr)E EDTA
gollo] T3 tubeol FaL AFA7HA] @A E )
At} Genomic DNAE Accuprep ™ Genomic DNA
Extraction Kit(Bioneer Co., Taejon, Korea)E& AR
sto] A|lzAbe] A Flo] mEt FEsiqleh ol& 1t
2fe] Adshd vhad 2ok WA, AFHTE do
200102} protease 20ulE E-tubeol] @il 2+ £3+
A1Z1 & lysis buffer 200uS Y 2 &313 ¢}
+ 56ColA 1027t WHeAIZ # 99.99%°] U3l
2005 Y1 & A=t} 0|5 $41])% spin column
o] W1 8000rpmol| A 1837+ YA1E-2] 8 3 column
< washing buffer® A% g+ th5 elution buffer&
A 7¥ske] genomic DNAZ ]38}t

2% genomic DNAE 5 F2H91= 20071¢]
DNAZ M3l & Picogreen(Molecular Probes,
OR., USA)E ol-83to] AFalgith. A%d DNA
g ©9Y TR X UE T 4 DNASS
3} tubeo] Z3F3te] DNA poolingS 2+ 31 t).

(2) SNP =

UCP 5-4%}¢] genomic sequence Z<F- National
Center for Biotechnology Information(http://www.
ncbi.nlm.nih.gov) 2F-E 4%loH, o] A7|HES
7IWko 2 sto] PCR 9 714 4d Al Zagh
primerE #2F&}3ict,

UCP #32ke] @744 (SNP)< PCR <
%3} 471449 #4E E3l pooled DNAS] 7]
A3} ¢+ sample DNAS] 9714498 UCP
A2 genomic AY Z<ty} vlwsle] whalsd

t}, 9719 2412 Dynamic™ ET Dye Termina—
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tor Kit(Amersham Bioscience, UK)2} MegaBACE
500 Genetic Analyzer(Amersham Bioscience, UK)&
olgsto] AlxALe] #3el whet #4481l om, Clustal
X alignment software, Ver 1.8(Amersham Bioscience,
UK)E ol-&ste] A4 oA TA AAES #71

3ol

(3) Genotyping

UCP frate] GdA71o A 7915 Genotyping
317] &, PCR primers % TagMan probeZ AR
3} TagMan method® 7AAFSFSTE TagMan probe
AH2-3F SNP genotypings ¢]3F duH& <l A=}
Qofsto] Avsty vt 2tkFig. 1).

7} g o 2 RE AFH e oA genomic DNA
= F=3I0) 323 genomic DNACA F201%20 amp-
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Blood Sampling

target region

Genomic DNA

lifying primer® target $-#-2 ZZ3 & imageE
F431t} o] imageS ©]-8-51¢] allele 1(red), allele
2blue), allele 1/2(green)® ZF2} 753810 genotype
= AR}

PCR primers®} TagMan probess Primer Express
(Applied Biosystems, CA, USA)S o]-&3lo] Az
3o F7le] TagMan probex ZH} FAM
dye2} VIC dye® EA|3F3t}. HA] 384-well plate
o] 20ng®] genomic DNA, 900nM¢] PCR primer
2} 200nMe] TagMan probe % TagMan Universal
Master Mix(Applied Biosystems, CA, USA)E A7}
sto] F o] Sul7t HEF PCR WS Alxs}
At} o] platesZ thermal cycler(PE 9700, Applied
Biosystems, CA, USA)ell Yar 50Col|A 287 95T
oA 1083 A2 F F 95TelA 152, 60Tl
A 1 W A7) B 403] wHREke] PCR

Image of genotype

Tomn <
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B ER RN

I O o
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Analysis of genotype

Fig. 1. General procedure of SNP genotyping method using Tagman probe
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Table I. Sequences of PCR primer and TagMan probe of UCP-2,3 on chromosome 11g13
Gene Loci Sequence
UCP-2 -1957G>A Forward AAAATCCAAGGGTGCAGCG
Reverse AATGCAGGTGGCTGGGTCT
Probe-1 (VIC) CCAGGCACAGTGGCTCAC
Probe-2 (FAM) CCAGGCACAATGGCTCAC
-866A>G Forward CGTCTTTGGGACTCCGTTC
Reverse CACAGACAAGCAAACGGGC
Probe-1 (VIC) TTCACGCGTCAGTTAC
Probe-2 (FAM) TTCACGCATCAGTTAC
+4787C>T Forward GTCTTGGCCTTGCAGATCCA
Reverse AGTACGCACCATGGTCAGAATG
Probe-1 (VIC) TACAGCCAGCGCCCA
Probe-2 (FAM) CTACAGTCAGCGCCCA
UCP-3 -35C>T Forward GCTGTCAACCAACTTCTCTAGGATA
Reverse ACTGTTGTCTCTGCTGCTTCTG
Probe-1 (VIC) TCTTATACACACGGGCTGA
Probe-2 (FAM) TCTTATACACACAGGCTGA
+2564G>C Forward AGCCATGTGTATAATACTGCTTTGTGA
Reverse GGCCTGAGAACAACCATGCT
Probe-1 (VIC) CTGCGCAGACACC
Probe-2 (FAM) CTGCCCAGACACC
+2877T>C Forward CAGATGAGCTTCGCCTCCAT
Reverse CTGTCCGCGCCTTTGG
Probe-1 (VIC) CTTGACGGAGTCATAGAG
Probe-2 (FAM) CTTGACGGAGTCGTAGAG
+3106G>A Forward CCCCGCAGAGAACAGCAT
Reverse GGGCCAGTGTCCCCTACTAA
Probe-1 (VIC) TCCCAGAATGCTGC
Probe-2 (FAM) TCCCAGAGTGCTGC
+3854C>T Forward GAAAAAGAGGAGCATCAGAAAAGCA
Reverse CCAGCTTTGCTCCCAAGGAA
Probe-1 (VIC) CGCTTCCTCGTTGCAT
Probe-2 (FAM) CGCTTCCTCATTGCAT
+4589T>C Forward CGACATCCTCAAGGAGAAGCT
Reverse CCAGGGCCTCACCAGTG
Probe-1 (VIC) AGCAGGTGATAGTCCAG
Probe-2 (FAM) CAGGTGGTAGTCCAG
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ZF A9 AL whgo] 2 PCR WHe-Y
S Prism 7900HT(Applied Biosystems, CA, USA)
o £ Z+ well plate?] fluorescence intensity=
gelste] A4stqint

Genotypingdl] AFE-H UCP-2, 3 22 PCR
primer ¥ TagMan probe= U3} 2t Table 1).

2 Ao giade] | UCP-2, 3 f41A 97
34 5 NCBI tlo|Eju]o] 2o EA)sk= Tt
ofA Tk, gk}l oA @Al d 2749
gAdol UCP-3 +2884G>A % UCP-3 +5260G>A
Aelatglet. 1ejal & AellM 7]EATe] T

Table 0. Prescription of Chegamuiyiin-tang(B&REL{=i%)

QI =9} x}o] 7} vpERd UCP-2 -866G>A: UCP-2
-866A>GE, UCP-2 +2564G>C= UCP-2 +2564C>G
2 W3

aaal

3) ZNY Aol WAE ulpi2

(1) A3
A AP 20782 V1A delA AF
wAEE flel Rzt R RS B, A8

Fol AAASH AR E4e] A Al
o A8t T AlTdde s 2ALT Ao
]

. [c]
S| BEEL e 19 33] Fokstalon,

fo 32

Constitute Herbs Scientific Name Weight(g)
Cocicis Semen(ELEL{ ) Coix lachryma=jobi var. mayuen (Rovan) Srapr 66
Rehmanniae Radix Cervi Parvum Cornu(#Utis%)  Rehmannis glutinosa (Gagrrser) Lisosc, 33
Angelicae Gigantis Radix(# i) Angelica gigas NAKAI 16
Raphani Semen(¥#5 1) Raphanus sativus var. hortensis for. acanthiformis Maxno 12
Akebiae Lignum(A3#) Akebia quinata Drcxg 12
Plantaginis Semen(tgif) Plantago asiatica L, 12
Astragali Radix(#5£€) Astragalus membranaceus Bungs 12
Gastrodiae Rhizoma(KJif) Gastrodia elata By, 12
Mori Cotex Radicis(F:F1%) Morus alba L. 12
Glycyrrhizae Radix(H ) Glycyrrhiza uralensis Fiscn, 12
Biotae Semen(#1 1) Biota orientalis (L.) Expi. 12
Lycii Fructus(Ffc 1) Lycium chinense My, 8
Cnidii Rhizoma(J1|%5) Cnidium officinale Maxino 4
Carthami Flos(#[/£) Carthamus tinctorius L, 4
Caesalpiniae Lignum(##kA) Caesalpinia sappan L. 4
Cervi Parvum Cornu(KEf) Cervus nippon Trmninck 33
Cervi Parvum Cornu(FET) Cervus nippon Trninck 4
Total Amount 268
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UCP-2, 3 frxzte] ©dsd7IvaAd s BMI %
AA &0l % WMo NEHA] AT _% o}

olr 7] ¢air dukXE =2 el(general linear model)
RAS gdmaRAS o

N3 A = =
ANASH AGE A4S FAREE 20799 B o

42 28.6719.11A19 .01, 3t AT 76.76£11.13
kg, Hi BMI= 29.8043.910]%]t}

o] 87 AFE 76.76+11.13kgel A 69.37
+10.21kg® 7AaEo] % WSS 71707 9.62+
2.31% A= A3e Boloy, AT vt
AFE o GHA HstuE Asiglon, AT
NA Aol HskE A xi= AHE-E BMISH A

AHHE-S AR, BMIE 29.80+3.91014 26.94+
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Table 1II. General Characteristics of

Subjects and Changed Percentage of Obesity—-Phenotypes during

1 Month
Mean + SD
Obesity-Phenotypes
Pre-Tx Post-Tx % Change
Age(yrs) 28.67£9.11
Height(cm) 160.41£5.36
Weight(kg) 76.76£11.13 69.37£10.21 -9.62£2.31(%)
Body Mass Index(kg/mr) 29.80+3.91 26.9413.63 -9.62%2.31(%)
Body Fat Percent(%) 38.94+4.62 35.80+4.82 -8.11£5.24(%)

3.63°0.2 W3lyo], @ Hal&S 7|F o2 9.62+
2.31%7} e A Blon AAELE 38,94
+4.62% 4 26.9413.63% 2.7 H3}E| o] % H3}-&
& 7|50 % 8.1145.24%7}F 7H4Y A#E Bt}
(Table IID).
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|'|I'

2. UCP XA}

gl gt
AAZI AL &
3 fr

92

=
B2 W
KR
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I
e
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Sk m A=

7] $18) dHEFAAE ]—frili w)uk %8353?37(}
(homozygotes for common allele, ©
A heterozygotes, |3} C/R), &)
A homozygotes for rare allele,
C/C, C/R ¥ R/RE ZAIEHSIT
AollA 37 A4S 913 37HA] ik dil
$3(Co~dominant), $*3(Dominant) 2 €4
9] P-valueg 7|AlsH3ith
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1) UCP RTIA} Cldadnt BMIQ| % Hetsntel oty

1hER] 29 Holays

2 A i

07‘3*4 UCP-2, 3 %2 }

L

+4787C>T, UCP-3 + 2564C>G, UCP-3 +3106A>G,
UCP-3 +3854C>T, UCP-3 +4589T>CollA 74} th
73bell BMI®] % WakEol frelgh 2telE vk
AtHp<0.05, Table IV).

UCP-2 -866A>Goll A= AA typedl B3] AG, GG
typeell Xl BMI®] % ®isl&o] 27| A= om =
BM 71502 2| 7wl o UCP-2 +4787C>
TollM+= CC, CT typeol A TT typeX.t} BMI7} #+
Al ZHAE AT

UCP-3 +2564C>GollA+= CC typedl H]8] CG,
GG typedllAl BMIS] % Wa}&o] gA 134313
o UCP-3 +3106A>GAIA & AA typeEtt AG
typedll A, AG typeRE.t} GG typeolA x40 =
BMIZ} 2HA ZHaElolA], G alleled] &3o]&4S
Bt} UCP-3 +3854C>TAAE CC typeol| Al
CT, TT type°ll Hls} BMI7} 2HAl 7hAaskql o,
UCP-3 +4589T>ColA & TT typeXt} TC, CC
typeoll Al BMI®| ZHa7} Z}Qht.



Table IV. Effects of UCP-2, 3 SNPs on VLCD-induced % Change in BMi(kg/m’) among Korean

Overweight Women

UCP-2, 3 SNPs

C/Ca

C/Ra

UCP-2 -1957G>A
UCP-2 -866A>G
UCP-2 +4787C>T
UCP-3  -35C>T
UCP-3 +2564C>G
UCP-3 +2877C>T
UCP-3 +3106A>G
UCP-3 +3854C>T
UCP-3 +4589T>C

100(-9.47£2.30)
55(-10.19+2.48)
55(-9.21+2.56)
96(-9.44+2.36)
52(-10.19+2.49)
95(-9.44+2.37)
52(-10.20+2.49)
121(-9.28+2.37)
58(-10.20+2.49)

91(-9.79+2.16)
99(-9.54+£2.00)
97(-9.51£2.01)
96(-9.78+2.213)
103(-9.53+1.96)
96(-9.75£2.21)
107(-9.59+1.98)
73(-9.98+2.24)
102(-9.50%1.90)

UCP-2, 3 S9d97Ittd do] =9l ool ATzl mAe= 9%
R/Ra - P -
Co-dominant Dominant Recessive

14(-9.83£3.16) 0.607 0.318 0.745
54(-9.20£2.59) 0.074 0.032+ 0.134
55(-10.19£2.48) 0.072 0.151 0.029+
15(-9.66+2.68) 0.619 0.330 0.881
51(-9.16£2.69) 0.073 0.033+ 0.132
15(-9.66+2.68) 0.676 0.377 0.871
46(-8.88+2.64) 0.018+ 0.023+ 0.020%
12(-10.44£1.50) 0.062 0.023+ 0.194
45(-9.04£2.76) 0.035+ 0.018+ 0.074

SNP : Snigle nucleotide polymorphism
a : C/C, C/R, and R/R represent homozygotes for common allele, heterozygotes and homozygotes for rare allele, respectively

Number of case(mean®SD) and P values of age-adjusted general linear model are shown

P values<0.05 were marked by bold fonts and asterisk

Table V. Effects of UCP-2, 3 SNPs on VLCD-induced % Change in Body Fat Percent among Korean
Overweight Women

UCP-2, 3 SNPs

C/Ca

C/Ra

R/Ra

UCP-2 -1957G>A
UCP-2 -866A>G
UCP-2 +4787C>T
UCP-3  -35C>T
UCP-3 +2564C>G
UCP-3 +2877C>T
UCP-3 +3106A>G
UCP-3 +3854C>T
UCP-3 +4589T>C

100(-7.96+5.34) 91(-7.86%5.34) 14(-10.5543.59)
55(-9.78+4.36) 99(-7.38+4.87) 54(-7.7616.33)
55(-7.83£6.29) 97(-7.43+4.90) 55(-9.57+4.46)
96(-7.85+5.28) 96(-8.0145.36) 15(-10.11£3.87)
52(-9.58+4.75) 103(-7.85+4.96) 51(-6.95+5.98)

95(-7.88+5.30)

96(-7.97+5.37) 15(-10.11£3.87)

52(-9.64+4.76) 107(-8.02+5.00) 46(-6.14+£5.41)
121(-7.5845.63) 73(-8.51+4.58) 12(-10.34%4.58)
58(-9.46+4.63) 102(-7.7545.01) 45(-6.9245.83)

P
Co-dominant Dominant Recessive
0.198 0.717 0.072
0.023= 0.006% 0.518
0.056 0.583 0.017x
0.334 0.497 0.147
0.032+ 0.018+= 0.062
0.343 0.560 0.147
0.003+ 0.009+ 0.003
0.127 0.086 0.122
0.029+ 0.014= 0.079

SNP : Snigle nucleotide polymorphism
a : C/C, C/R, and R/R represent homozygotes for common allele, heterozygotes and homozygotes for rare allele, respectively
Number of case(mean®SD) and P values of age-adjusted general linear model are shown

P values < 0.05 were marked by bold fonts and asterisk
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(]

] DpA

—L—O

1hEzke] 2AGF Aol e

CP LA Claidnt x|l % Hatantel

A>G UCP-2 +4787C>T, UCP-3 +2564C>G, UCP-3
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+3106A>G, UCP-3 +4589T>CollA F4} Tl UCP-3 +2564C>GellA+= CC typeR Y CG, GG
71F@ Azl AAEES] % WSkl Folg b typeol A AAGEo] AAl Ao, UCP-3
o]Z YERHAUTHP<K0.05, Table V). + 3106A>Gol A= AA typedl Blal] AG type©], AG
UCP-2 -866A>GAlA = AA typeell B AG, GG typell M]3l GG type¢] =aHo.2 AA|HEo]
typedl A AR Eo] A adtglon, UCP-2  © 2 #4ste] G alleled] et &3 EAS
+4787C>ToA+= CC, CT typeollA TT typeel ®H] BTl UCP-3 +4589T>Coll A= TT type©l H|3]
af AAEe] 7Tt Akt TC, CC typeol A AAEo] 2A 7433t

Table VI. Summary of UCP-2, 3 SNPs Related to Resistance Gene of Weight Loss among Korean Over—
weight Women

P
UCP-2, 3 SNPs Obesiy Phenotypes C/Ca C/Ra R/Ra - - -
Co-dominant Dominant Recessive

UCP-2 -1957G>A (-)
UCP-2 -866A>G % Change in BMI 55(-10.19+248)99(-9.54%2.00)54(-9.20+2.59) 0.074 0.032x 0.134
% Change in BFP 55(-9.7844.36)99(-7.38+4.87)54(-7.76£6.33) 0.023x 0.006% 0.518
UCP-2 +4787C>T % Change in BMI 55(-9.21+2.56)97(-9.51+2.01)55(-10.19+2.48) 0.072 0.151 0.029x
% Change in BFP 55(-7.8316.29)97(-7.4314.90)55(-9.57+4.46) 0.056 0.583 0.017x

UCP-3  -35C>T (-)
UCP-3 +2564C>G % Change in BMI 52(-10.19+249)103(-953£1.96)51(-9.16+2.69) 0.073 0.033x 0.132
% Change in BFP 52(-9.5814.75)103(-7.8514.96)51(-6.95£5.98) 0.032x 0.018% 0.062

UCP-3 +2877C>T (-)
UCP-3 +3106A>G % Change in BMI 52(-10.20+£249)107(-9.59+1.98)46(-8.88+2.64) 0.018x 0.023x 0.020%
% Change in BFP 52(-9.64%4.76)107(-802+500)46(-6.14£5.41) 0.003x 0.009x 0.003+
UCP-3 +3854C>T % Change in BMI 121(-9.28+2.37)73(-9.98+2.24) 12(-1044%1.50) 0.062 0.023x 0.194
UCP-3 +4589T>C % Change in BMI 58(-10.2042.49) 102(-9.50£1.90)45(-9.0412.76) 0.035% 0.018x 0.074
% Change in BFP 58(-9.4614.63)102-7.75£501)45(-6.92+5.83) 0.029+ 0.014x 0.079

SNP : Snigle nucleotide polymorphism

a : C/C, C/R, and R/R represent homozygotes for common allele, heterozygotes and homozygotes for rare allele, respectively
Number of case(mean®SD) and P values of age-adjusted general linear model are shown

P values < 0.05 were marked by bold fonts and asterisk
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