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WAl eAl, B, FATRS 2R 582} 5l Arls Al I dRRE Alelsisick
AT Al AFATE S AFEISE7E ol8slo] S5 FlepAEat S WA
WEke ARtsISict FAHAE AXTERSL, DNA SRHE4kiNESa) ARkaAxdctzo] o] 2AHs
o] &3sle] -55 C/T vhdde ARSIk 110 371, 64 <3714, 20 37111 7395 R334, 110
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A A=SIg, nnk P v} dF A FRE vlw Bk
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UCP3 417} -55C/T c}gAde] vlee AR (-55C/0)0] 12178 (53.5%) ol AAT-
(-55C/T)°] 10573 (46.5%)°19A3L, vkt Adrolld] ulee] Xlol= §lodck UCP3 414} vhad Aol
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LE: o] A7} 7)ZoiEgell Wofsh= UCP3 57} tigdide] nilsl} adglo] gl& Aoz
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Ao Haxlo] glrk 572 QIEES] wo] (intronic
variants), 77FA] silent coding variants, 17}A]€]
premature stop codon, 17}A] splice donor sitell] ¥
ol, 4749] 5 %7149 ) wlo], 127 uhg SEA
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Fig. 1. PCR-RFLP detection of 55C/T Polymorphism of
UCP 3 gene.
Lane 1; size marker, Lane 2, 3, 5, 7; heterozvgote
Lane 4, 6; normal homozvgote

A 1419 (A 47, oi7} 94w S o sigick
A Aol i, FADASEE 28z 1)
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2. AA AHS 2 X

al
=

AT AFe A-AT AESAA (FA-94HR,
Fanics, Korea)E o]&3le] ZAsla A A=A T= Al

F k[ o2 ARGt delEds 37 %
Het AelollA 718 A e Aves 4S, o] &

di= 715 Al oddole] 7hd & el AE EAE F
Aslo] &]g]/ededo]Ed] H] (waist to hip ratio, WHR)
2 AZelgic B AN 240 AFEIEE
7] (Somatom Plus 32R, Siemens, Germany)Z o]-£3}
of 145 5 (ATkDol Bad ¥ W 1%
5 o]g3lo] H Sl S A Ak
ARk

3. EAUAAL
10417 4 3 The 2 ok B4 Aol Asis
o} G Ixekss= I AP (glucose oxidase)

(Cobas INTEGRA 800%, Roche, Swiss) 2.2 Z43]5]
o 84 % ZelzelE, @4 24970, high-density
lipoprotein (HDL)-Z#|2~E]E 3 low- density lipo-
protein (LDL)-ZH|&EE F5+= ¥4H (COBAS
INTEGRA 800R, Roche, Swiss) o2 ZA3}3ic)
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(2) ZetaAMHIS (Polymerase chain reac-
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FBI wpAt F719] Az 72l 1027
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72} (annealing)& Siks
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(3) MistgAEEr20| CF& M (restriction frag-
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-55CIT T gAE ARk A o] oy Ay
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S0 g At & ol AdE Idslel) 110 374,
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Table 1. Comparisons of Anthropometric Data and Lipid Profile according to UCP3

Genotypes
Variable C/C (N=121) C/T (N=105) P value
Age (year) 37.45+14.1 35.9+15.6 NS
Sex (male/female) 42/79 (34.7%/65.3%) 40/65 (38.1%/61.9%) NS
BMI (kg/m’) 28.1+5.5 28.4+6.2 NS
Waist circumference (cm) 89.7+12.8 90.8+15.1 NS
Hip circumference (cm) 100.8+9.5 100.6+10.6 NS
WHR 0.88+0.70 0.8940.77 NS
Total abdominal fat (cm®) 28.8+7.1 29.5+8.0 NS
Visceral fat area (cm?) 118.0+67.3 126.7+68.6 NS
Subcutaneous fat (cm?) 219.9+106.4 244541279 NS
Total abdominal fat (cm?) 337.9+148.2 371.3£177.2 NS
VSR 0.59+0.33 0.5740.31 NS
Total cholesterol (mmol/L) 4.94+1.23 4.89+1.26 NS
Triglyceride (mmol/L) 1.714+0.26 1.63+1.27 NS
HDL-cholesterol (mmol/L) 1.264+0.35 1.33+0.35 NS
LDL-cholesterol (mmol/L) 2.90+0.96 2.824+0.99 NS
Fasting plamsma glucose (mmol/L) 4.86+1.22 5.07£1.85 NS
Systolic BP (mmHg) 128.3+18.3 127.1+18.2 NS
Diastolic BP (mmHg) 78.7%+12.3 79.4+13.8 NS

Data are mean SD, NS: not significant
BMI:

body mass index, WHR: waist-hip ratio, Total abdominal fat

visceral fat +

subcutaneous fat, VSR: visceral to subcutaneous ratio

Table 2. Frequency of UCP3 Polymorphisms

BMI (<25kg/m®>)  BMI (>25 kg/m°)
C/C (N=121) 43 (50.6%) 78 (55.3%)
C/T (N=105) 42 (49.4%) 63 (44.7%)
P = 0.490

=319ic} (Fig. 1).
5. 84 24
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B2l B2 v)szslr] 918l Student t-testE A|eHs}
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Table 3. Comparisons of Anthropometric Data and Lipid Profile according to
Genotypes of UCP3 in Obese Subjects

Male Female

C/C (N=27) CJT (N=20) C/C (N=51) C/T (N=43)
Age (year) 28.8+11.8 26.0t14.4 41.6+14.1 43.4+£12.9
Systolec BP (mmHg) 86.7+14.3 91.8+16.1 130.2+19.9 131.8+174
Diastolic BP (mmHg) 30.5+2.5 91.8+18.9 80.5+11.1 81.9+13.5
BMI (25 kg/m”) 30.5+2.5 32.9+4.1* 31.9+4.1 324443
Waist (cm) 100.2+8.2 106.1£8.8 95.119.1 97.4+11.0
Hip (cm) 107.2+7.6 109.9+6.3 105.3£7.1 105.9+8.3
WHR 0.9440.06 0.95+0.04 0.90+0.06 0.92+0.07
Total body fat (cm®) 252435 27.5+53 351453 35.7+4.9
Visceral fat (cm?) 15194456  181.1+302  151.9+71.8 15724622

255.14939 324241287 293.7+88.1 315.8+98.6

40694934 5052+121.8% 445.6%119.9 473.0%+130.4

Subcutaneous fat (sz)

Total abdominal fat (sz)

VSR 0.68+0.35 0.661+0.3 0.55+0.26 0.524+0.23
Total cholesterol (mmol/L)  5.11+1.29 5.45+1.58 5.15+1.13 5.08+1.15
Triglyceride (mmol/L) 2.45+1.52 2.394+1.98 1.77£1.33 1.7941.05
HDL-cholesterol (mmol/L) 1.1140.25 1.2940.28* 1.28+0.29 1.234+0.27
LDL-cholesterol (mmol/L) 2.881+0.98 3.06%1.11 3.06+0.97 3.03£1.05
Fasting glucose (mmol/L) 5.024+1.47 5.38+1.87 5.11+1.29 5.631+2.42

Data are mean+SD, NS: not significant

BMI: body mass index, WHR: waist-hip ratio, Total abdominal fat = visceral fat +
subcutaneous fat, VSR: visceral to subcutaneous ratio,

* p<0.05, Comparison between both group after adjustment for age

GHEATo] 437 (50.6%), olFFTAITo] 42 A B3] ol Akl 505.2+121.8 cm’
(49.4%)01%3, HIMHE 1419 FollAl AAERHe o7 FYTATEE] 40694934 cm W} frelelA)
Hie] 78v (55.3%), olBAAAEe] 6378 (44.7%) S ERIL(P<0.05), WAL o]FF R AA
2 59 XjolE= $i9iTh (Table 2). 181.14302 cm’ o2 E33A3kAFY]  151.9+45.6

cm’ol] Blel] =& kS Hojor) EAslH oz 99
2. |AX} golo ME 53 d 3 %

UCP3 707} tfdAell whg AAAIZA ek A4
SEE BlaL A JA| i TellAE eIt Rele
Mol W7l gk (Table 1). HIRHEF} A&
W E vro] wlael] B A3 uint @Rl g
SHRARES AEFEATTE 305425, o[FHTA
9| 3294412 oA AAZATTL Fo
Al =9k} (P<0.05) (Table 3). =3t v]ul Walgtol]
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SR)= okok) (P=0.54) (Table 3). HDL-Z#|2~HE2
Hlgk waolld] o]&FEAlEe] 1.2940.28 mmol/L
o] E3HIA|ToIA] 1.1140.25 mmol/LZ ©o]3]
HIARLNA frelabA] =% (P<0.05), B4 Ak
of A% HDL-Z#I=EEo] oA A|TollA 144+
0.36 mmol/LE o3 HEA~S] 1.13+0.34 mmol/LE.
o} foAl =it e, & ZElHlEs} LDL-=

Aol FAA, % UGS HolF Holx) ek
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Table 4. Comparisons of Anthropometric Data and Lipid Profile according to
Gnotypes of UCP3 in Nonobese Subjects

Male Female

C/C (N=15) C/T (N=20) C/C (N=28) C/T (N=22)
Age (year) 33.6+10.3 29.4+17.5 40.3+14.0 36.5+12.7
Systolic BP (mmHg) 119.61+9.1 118.7£12.1  124.6+17.1 118.8%19.6
Diastolic BP (mmHg) 76.8 6.4 727471 73.7x12.7 74.4+12.4
BMI (25 kg/m®) 229+1.5 22.7+1.4 21.7£1.9 21.6+£2.0
Waist (cm) 80.7+5.4 79.8+6.3 74.31+6.8 73.316.0
Hip (cm) 93.7+3.1 91.4+3.1 90.5+5.6 89.7+5.1
WHR 0.861+0.54 0.8740.06 0.8240.06 0.82+0.04
Total body fat (cm®) 18.3+1.9 169+2.4 272428 26.71+2.3
Visceral fat (cm?) 9141424 85.7+44.5 57.9425.7 56.5+38.5
Subcutaneous fat (cm?) 109.3+46.9 92.44+35.8 147.34+55.6  140.3+30.2
Total abdominal fat (cm?) 200.71+66.4 178.1+£70.6  205.3+70.2  196.8+50.8
VSR 0.9140.40 0.9240.45 0.42+0.24 0.40+0.17
Total cholesterol (mmol/L) 4.41+1.41 4.52+1.29 4.70+1.17 4.36+0.81
Triglyceride (mmol/L) 1.36 £0.67 1.14+0.95 1.07+0.54 1.07+0.54
HDL-cholesterol (mmol/L) 1.134+0.34 1.4440.36* 1.46+0.42 1.454+0.36
LDL-cholesterol (mmol/L) 2.65+1.07 2.56+0.93 2.75+0.85 2.4310.66
Fasting glucose (mmol/L) 4.78+1.02 4.42+0.47 4.27+0.62 4.35+0.40

Data are mean=+SD

BMI: body mass index, WHR: waist-hip ratio, Total abdominal fat = visceral fat +
subcutaneous fat, VSR: visceral to subcutaneous ratio,

* p<0.05, Comparison between both group after adjustment for age

t}(Table 3). Rk oIz} G4 ofzollA= AlA|
AFATE} AR F5 5 "3 Xele gloddt
(Table 3, 4).
o
B AFeli= UCP3e] f41AF 55-55C/T oA
WIS} T Alel] Wk A AR ) A B2 Hol,
W% AR w0 QAL okl
UCP3&= 2 Tl EAllshr 4 AAkol] ot
o] AlA| oLJA] 44 (body energy homeostasis)S
2Rsler] Fe3t d%e vz dHA

UCP2-UCP3 §AA1= 118 odalxlol] ZAfstod nlgh

gl sQlel I3} W = AoFE AdTA A, ]
uke] FH {JHALE QAdF=o] & ofF] §24 F2 3t
o]},

UCP39| 7421 cf¥dAda) nintate] AIE dislod
WHEE) =R vl glow, Al wal cheksip ™
Pima QIt]dof|A] wluka} AgrollA] 4z} Wkl wl
9] Xol= giglon), -55C/T Wo|iollA] FAZe
UCP3 mRNAZ] HFo] WULo] B e} ™. 18]
1}, Otabe 5~ French subjectsol|4]&= 55T/T o}3A]
o] nlukra} AT BollA AR Sl #
o] Yk Ak Ants B slgief”. Mierhaeghe
S French cohortoll4] UCP3 55C/T t}&dAdollA] A
23] o] Y¥ET) U Aow Rusigey?. o
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21}, Danish populationel|#] 55C/T wlo|Za} A&k
Aot AT 578 AR 2o Heo] gl 2o
Z ¥ad v} 9uF®. South Indianz} European data
ofAE 55CIT thedAdo] ofAollA] slel/edwdo] Ealn]
o 715 Hele Hasigef?. B Tl UCP3
FA2F Aol whE AAAIZAIS] vldn vl
HARrA] AdE A AR} ol g AN A
A7) =9k, uigt JAlollA o F AT
FRAER o] frefelAl Ek A WARAERS: 2 A
Fo wgich olsh ol AT skt AuksAl Lkt
AL thE 9lFol|A] linkage disequilibrium % %9
tjoky o Bolth Te|EE o] UCP3 97
2k el Az wWolell i3k in vitro ZEEE] A7
(promotor study”p L Qs Aoz Azl

dlzgoll idt WIEE] UCP3 wiloll ot o1
sk chebdt 49HE Mol Fiu, UCP3 mRNA 1)
ol 271U, 7k B Hishr) leke ekt 2w
7 P, Q1 B oAl Z7hs mRNA 2l
< HihPollA] HAFEQ] UCP3 48F =4 (compen-
satory UCP3 up-regulation) wj#o 2 B sl
mEg), QYolAE ZE mRNA He] kst P
of wage] TRes Agelm AeP. ael, ol
3 Zke] Aol sudy cohortsAole] 4] olZ
AReZlE B, Rk % ZHolA UCPIE
ukE |71 transgenic mice7} Alo] §%& H|EF {ilo]]
Aol Qlar o] FollA] F& dd, F I Falzd
, G4 QER A7 g 257 AAEe] 25E E
g AT Yok, Weigle 52 UCP3 ko] &4
H(E A Aol aH B BRI AL
UCP37} Z7kd frel AAE gl dish chA] 3
2 (metabolic adaptation) <, A|HRg- 4291 o]
Aoz Agsr|gt el Aol A-gslr] whro.
2 Ry,

H AollAE vk Bl 84 dAkrel| 4] HDL-E4]
el Eo] oA A ATl vl
SOl de ANE B (P<005), olZS
French cohort ¢17ol|A] 55T/T tledAlol|A] o|&d &gt
Aol & ZEldlET) LDL - Fal&ElEo] o8
Al 7o, HDL - Zel~HlEL U 7gs 12

o%

e

e

¢

b1

ot K
iiies
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ol Aztel AXFhFY. T2, UCP37) wlekwt o
o] 9 Zolehe Asehs gukEt Avlold.
UCP39] thdo] A2 dlAell mXe edgell ot
7Ae dAlIA Hete] A YA shod, g =
14Q) A7) Bed Ao Ak

olge] A7z} 7)xuAeel] Tolshe UCP3 ¢
AR cpAe] Hlwk <idte] Qe Ao Amw,
g UCP39] Tl Tl ulkwle] il dist
AT = A iAol HXE dedol et S <
77 Aoy Aoz Amdd

ABSTRACT

Background: Uncoupling protein 3 (UCP3) is a
mitochondrial tansmembrane carrier that uncouples
oxidative ATP phosphorylation. With the capacity to
participate in thermogenesis and energy balance,
UCP3 is an important obesity candidate gene. A
variant in the putative promoter region of UCP3 (-55
C/T) has recently been identified, and an association
with obesity reported. We studied the association of
this polymorphism with obesity and lipid profile.

Methods: The -55 C/T polymorphism of the
UCP3 gene has been genotyped in 226 subjects
(obese 141, normal 85). Anthropometric data was
obtained from physical examination and medical
records. Fasting plasma glucose, lipid profiles were
measured. And body fat distributions were measured
by computerized tomography (CT).

The 55C/T polymoprhism of UCP3 gene were
determined by polymerase chain reaction (PCR) and
restriction fragment length polymorphism (RFLP)
method.

Results: The frequency of heterozygotes (-55C/T)
was 46.5%. The frequency of heterozygotes was
similar (49.4 vs 447 %) in the control and obcse
group. For male obese group, the heterozygotes male
had higher body mass index (BMI) (P<0.05) and

higher total abdominal fat mass (P<0.05) and visceral
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fat mass (P=0.54). For obese and control group, the

heterozyotes male had lower Low-density lipoprotein

cholesterol than homozygotes male (P<0.05).

in

Conclusion: These results suggest that mutations

the UCP3 gene are likely to be a cause of human

obesity.

Key Words: Uncoupling protein 3, Polymorphism,

obesity, Body mass index
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