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Uncoupling Protein 2 OB EELEFERD
B & e & DBIRIC DN T

B Rk R +om o A

BE NEORBBETFTHAT Ay TV 7705714 20887V >0 3 KMAIOIMRERICHEET 2 EETE
RARBELRAAANDERABEICDOWTHRHFLZEZA, -7 ATRESIN TS 412 bp @ deletion #UIFED T, 457
bp @ insertion WS F E/BETFRTH - =, 457 bp @ insetion TiZ 45 bp N E ST A X172 502 bp O L WiB{E T
BERBWVHUZ. WMBL 18 itk 457/457 OIREHEEN 14 4, 457/502 DT OEESES 4HTH O, 502/502 Ok
EREOGEIERINEN O
LEDOISHFICDODNWT, ZOT7 > hy T T 70512 2 DRIGTEREARE, FKIER BMD, L= & HiEER
TORFEHOES, RHELHE RMR), FEHHRRUIEHES OBREZRN LUz, F@id 27 25 b8 i, AEIL 58.2
kg 5 99.2 kg 1243 L7z, Mann-Whitney OURREICL D, 457/502 RO AIX 457/457 D ALV, {KE, EE=5E
LR DKL FIEDE S, IBIER OBV ENEEIZE <, 502 bp OFHEEFEIEBICE 54 5 fREdNRB X Nz,
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ORIGINAL ARTICLE

DEMONSTRATION OF A NEW GENOTYPE ENCODING
UNCOUPLING PROTEIN 2 AND ASSOCIATION WITH OBESITY

Eiji Munakata"” and Shigeki Tsuchida”

Abstract Uncoupling protein 2 (UCP2), mapped to chromosome 11ql3 in humans, plays an important role in
energy metabolism and body weight regulation. Some positive results have been reported for associations of
obesity and diabetes in Caucasians with the polymorphism of the UCP2 gene in the 3-untranslated region (3" UTR)
of exon 8 (insertion and deletion types). We examined the genotypes of adult men in Aomori Prefecture situated in
northern Japan, in order to investigate associations between the polymorphism and obesity. In the present study,
in addition to the insertion type of 457 bp, a new genotype composed of 502 bp was detected, while the deletion
type of 412 bp was not. Although the sequence of inserted 45 bp in the 457 bp type was entirely identical to that
reported previously, the fragment was inserted at the 111 bp from the 3" end of the exon 8. In the 502 bp type, the
same fragment was further added to the 457 bp type. The new genotype was observed in 4 of 18 subjects as the
457/502 heterozygote and other subjects were the 457/457 homozygote.

Significant associations were found between the polymorphism of UCP2 gene and obesity in adult Japanese
men. Weight, thicknesses of the subcutaneous adipose tissues at triceps and lateral abdomen, fat percentage and
fatmass were significantly higher (p<<0.05) in subjects with the heterozygote (457/502) than in subjects with the
homozygote(457/457). These results suggest that a new genotype (502 bp) is involved in obesity.

Hirosaki Med. J. 57:35—42, 2005

Key words: uncoupling protein 2; 83-adrenergic receptor; DNA polymorphism; obesity.

D Second Department of Biochemistry, Hirosaki RREI NI N Y NCIN TN el e o P o S Na Y (e - 3 S
University School of Medicine D HRIS R AR A T

2 Scientific Investigation Laboratory, Aomori WRNEE SR SE © T HAGRS
Prefectural Police Headquarters SERRLTAE S A 2 B A
Correspondence: S, Tsuchida SERLLTHE 6 A23H %M

Received for publication, May 2, 2005
Accepted for publication, June 23, 2005



36 oA, & oW

] H

S hIACRYTRHBIZEET DT Ay TU >
g5 > (UCP) WEEEICHEERE X2
LTHL, BasEhMic®ild s UCPL, &
i, BElRRGERE, B, DR SRS HERT S
UCP2 R UVBRICE E L THET S UCP3 @ 3
HEOGEENA SN TS, UCP2 KU UCPS3 #
ZFEe b 11 BYRAE 11q13 1L THEIEL
THY, I—H T ATIIUCP2 EBTFDHES L
7203 KimDIEFAREE (3 UTR) 1245
bp DHEAZFOEML TR (insertion #, 457 bp
Bl & R%T B TR (deletion B, 412 bp )
DO 2HEHEOLBNEIEL, I E OB R S
hTnsn’ KBV TIE UCP2 BiE T2 8
DB, B & DOBIELIEE S TR W,

H B & B alg il c BT 583-7
RLFU 2Lt 75— (ADRB3) 3fEHifRH#H &
BELICESEL TWEEEZS5NTHD, BiED
MBI T THS. ADRB3ICIZ64FHHD T 3
JEERIEN NI TN Ty OBEEFR (Trp #)
ETINFZDOBELETR (Arg B) RSN TH
D, HREAEFIZBWTIT Arg FOEEFRIEE
WROA oy VIR ERERE S ORICER
IEHEEATERE X N TS

Sk 16 G AR A RS R I XU,
BHREORE, £E0HE, KRELRIEOFKITIH
ARENOD EALITAEL, FICAREIZB FT/NEE
MOEREKEDTZET, WFTHEEETLINE
HHTWS, FEHREWRAOEK S LALIAE L T
WaEEZEN5.

S, BEREEFEOHRAFHEIZDONWT, UCP2
BTV >D3 UTR OELEFLIEREL,
A=A TARBRETINETITHREEINTNVDS
deletion B3 N9, K-> T, THNETH
HEDIWHiRBEETFHE RN, J—-h>7T
NEFEBLETFRNEF LS ERBRDZEEHSNITL
o, SHITINSDERTROKE, Bl
DEfRERET L 2.

MH ETE

(1) @B K U DNA i
12T —L RO RBESNE, EE

BRBENFRIZANO BIGERICEBE T 2 BIEREA 18
% CEHGH 448 £ 85) 2 5 MENMREO
27z ORI 5 QlAamp DNA Micro
Kit (QIAGEN) ZHWT DNA ZH#iH U 7.

NS AR E VN 2 YNGIN-IPNE e i E =
ROEBEHBTNS,
(2) UCP2 DB IETEIDHIE

UCP2 D% 8 7YV > ® 3 UTR fHI O % &
iZ Walder 5" 0 EICR Y, 7517 -1
Forward;5-CAGTGAGGGAAGTGGGAGG-3,
Reverse:5-GGGGCAGGACGAAGATTC-3 %
AWTPCR 217 WA L7z, PCR JGRISHE
ET, 10 mM Tri-HCl (pH 8.3), 50 mM KCl,
1.5 mM MgCl:, 200 pM dNTPs, 0.1 U/ul Taq
Polymerase (Takara, &), 771 <—lieh
Z# 10 pmol/pul, DNA Z5ng L, &8 25
plORIRRTIT> /2. b—<ILIA1 7 5—-ELT
PJ480 (S—F > 1)< —) ZHWT, denature
94 °C 1 47, annealing 66 C 30 #, extension
72°C 30 & 3291 7 IL1T\, postextension
ELUT, 72C7h7zBmML, HMET D462
& L 7.

ZOPCREYNIZ2 %7 HO—Z5 )L T 100V
T 40 HpHIERKE®R, TFPULTOI RTH
BUBLETRMENE L.
(3) ADRB3 OELAFHLDH|E

ADRB3 O 64 % H Trp & Arg D B iz F % Bl
12 PCR—RFLP % (Polymerase Chain
Reaction-Restriction Fragment
Length Polymorphism) T 17 o 7=
7 5 4 < — % Clement 5 *’ @ # & 12 ¢ W,
Forward;5-CCAGTGGGCTGCCAGGGG-3/,
Reverse;5-GCCAGTGGCGCCCAACGG-3" %
T, Trp64Arg DLRIE Sy % & T 248bp %1
ME L7z, PCR RGHRIZAIRE T 10 mM Tri-HCI
(pH 8.3) , 50 mM KCl, 1.5 mM MgCls, 200 pM
dNTPs, 0.1 U/ul Taq Polymerase (Takara),
74 —dENE 010 pmol/ul, DNA %
SngiRiL, 28 25pul O KIEHR T
Denature 94 °C 1 47, annealing & extension
2ClupzalYA27IELT32YA 7))
T\, postextension & L T 72°C 7 4r 28BN
U, BWET2ER7 & HiE L 7.
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502bp
457

K1 7v>hy 77Uy 7FusrA 2 (UCP) 2 ETOHESTYY > I UTR D PCR EYID 2 %7 Hu—
ABKUKEMGR. L —> 113457 bp DN FDAEEZ, L—22, 313457 bp & 502bp @ 24

DNV RES X, MIZDNA Y—h—%2R7.

BN/ PCR EW S pl IZHIREESRE Msp 1 % 5
UMizeiz 10pl &L, 37°CT 2R S &
o, TORBKRE 10% KRNI 727 UINT I RT)L
T400 VT 1RMEQXEE TFPULAT0
I P TRALELTHZHEL .

(4) UCP2 AR T O HEEEF DRE

457/502 B @ N - 1O ## & 1K O 457 bp &
502bp DN ROEERY ZRET S 7D
W, T AN —-ZABRKEBHE NCRFEYDH
L T MinElute Gel Extraction Kit (QIAGEN)
T ¥ # L. BigDye Terminators v3.1 Cycle
Sequencing Kit (Applied Biosystems) & H W\ T,
mEINS YA LI b= 2 X &2FE ML #iE
T, 457/457 HOREHEEERIIONWTS, F1L
7 h—fr 2 AETO .

(5) A D FEAG

HBRE O B E (m), ARE (kg) R ORI (BMD)
ZRIEL 7. BMIIIAKE (kg) 25K (m) O 2 %
THORLTEN L EMEHOEE (mm) i
=G EMEROMMETT O F Y V<A
70 A—4%— (Mitutoyo, HE) % fHWTEHHI
U, 1208 EERAWwk BEHEIXEEICIER
REWITTHEEHL, BHRIIENE (TANITA
TBF-305, 50 THRIEL . £, REpRAH
F (RMR) 13 PL F 1278 9 Harris & Benedict @ X
WHEIODWTEH L. RMR (kcal/day) = 66 +

(13.7 X W)+ (5 X H) — (6.8 X A) W KH (kg),
H:HE (cm), AVFE#H )

(6) MR ERIMET

ADRB3 D4R 3 % \\Wid UCP2 D45 & #s B &
DHE, KE, BML K FEIOEZX, RMR,
HER R R O & & O MBI IC DWW T, Mann-
Whitney @ URE (Hifl#E) 217\, p < 0.05
DPEEEBEEDH O EHEL =

5 S

(1) UCP2 D#H L WELE TR
UCP2IZBIBE’ LY D 3 UTR IZHLE
3 5 45 bp @ insertion/deletion @ & & F 2 #l
EMETLZEZA, INEFTHEINTNWS 412
bp (deletion #Y) & 457 bp (insertion &) @ 2
AT/ 457 bp &K 500 bp D 2 AD )N R
ZER, 412 bp O\ R Enian -7z (K
1). ZNEDONY REINETTWESINTVSE
LEFREQRREZHSNIT LD, Y117
=2 2 I K DEERMNERH . 457
bp DN RIZIEA My FaA RO 3 Kl B
111 bp FHROEALIZ, CCCACCTCTTCCTTCC
GCTCCTTTACCTACCACCTTCCCTCTTTC
@ 45 bp @ insertion R XN, INETHE
INTW 53 insertion B D 457 bp D/N > K & A
UTHor. #5500 bp DN RiZ, insertion &
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412bp
457bp
502bp

412bp
457bp
502bp

412bp
457bp
502bp

412bp
457bp
502bp

412bp
457bp
502bp

412bp
457bp
502bp

-60:

-60

-60:

61
61
61

121:

121
121

181:
181:

181

241
241
241

TATGAGCAGC
: TATGAGCAGC
TATGAGCAGC

:GCCTCTCCTG
:GCCTCTCCTG
:GCCTCTCCTG

:TTTTCTTCCT
:TTTTCTTCCT
:TTTTCTTCCT

TGAAACGAGC
TGAAACGAGC
TGAAACGAGC

CTGCTGACCT
CTGCTGACCT
CTGCTGACCT

TCTTTCTCTT
TCTTTCTCTT
TCTTTCTCTT

L Sy |

CCTCATGGCT
CCTCATGGCT
CCTCATGGCT

GATCACCTCT
GATCACCTCT
GATCACCTCT

CCCTCCTTCC
CCcCTCCTTCC
CCCTCCTTCC

GCCTGCACTT
GCCTGCACTT
GCCTGCACTT

GGCTTTGTCT
GGCTTTGTCT

GGCTTTGTCT

CTTCTCTCCT

CCCGAGAGGC
CCCGAGAGGC
CCCGAGAGGC

CTAGCCGGGC
CTAGCCGGGC
CTAGCCGGGC

TCCCTCTTTC

CTTCTCTCCT

TCCCTCTTTC

TCCCTTCTGA
TCCCTTCTGA
TCCCTTCTGA

CATGCTTTCC
CATGCTTTCC
CATGCTTTCC

CCCACCTCTT

CTTCTCTCCT

TCCCTCTTTC

CCCACCTCTT

CTTTC————= ~=—m—m—m— e ——m e

: CCTTCCGCTC

CTTTACCTAC

CACCTTCCCT

1 CCTTCCGCTC

CTTTACCTAC

CACCTTCCCT

CTTTCCCCAC

CTCTTCCTTC

CGCTCCTTTA

: CCTACCACCT

TCCCTCTTTC

:GACATTTGAC
:GACATTTGAC
:GACATTTGAC

AGTGTGGGAG
AGTGTGGGAG
AGTGTGGGAG

TACATTCTCA
TACATTCTCA
TACATTCTCA

GCCTCGTACC
GCCTCGTACC
GCCTCGTACC

TCTACTCATT
TCTACTCATT
TCTACTCATT

AGCCAGGATC
AGCCAGGATC
AGCCAGGATC

GTCTCAGTGC
GTCTCAGTGC
GTCTCAGTGC

CCAAGCGTCC
CCAAGCGTCC
CCAAGCGTCC

TGGTGGAGTT
TGGTGGAGTT
TGGTGGAGTT

CGTCCCTTGG
CGTCCCTTGG
CGTCCCTTGG

412bp
457bp
502bp

301
301
301

:AAAGTTCAGC
:AAAGTTCAGC
: AAAGTTCAGC

CAGAATCTTC GTCCTGCCCC
CAGAATCTTC GTCCTGCCCC

CAGAATCTTC GTCCTGCCCC

— 45bp -

5’'-CCCACCTCTTCCTTCCGCTCCTTTACCTACCACCTTCCCTCTTTC-3’

Yo
A

B2 UCP2@ATFRIOHEERN. N2 AR UCP2ERTFOR MYy 7I R (KFOTCA)NSHEE LY D3
UTR O EESIZ<LUT2. 412 bp 7 LIIVOEFIZ Walder et al. (Hum Mol Genet 1998;7:1431-5) 7»
551U, 457 bp 7 LIV E 502 bp 7 LIV OEREINISEOY 1 LI ho—7 23 2 T ORICE S,
A %) w7 XT3 deletion B (412 bp) IZHA S NZHAEFI 2R L, HEEEME PCR ICH W/ primer
WCHBREAZRT. 1 RO FERES & 2 KO TEEMIFAINA 45 bp 2K T2 F1 & F2 &
BT B OEREFSNE R L 72, INRIVBIZFIAET N 45 bp & F1, F2 OBfRERL7Z.

D457 bplZ, THIZHD 1EHD 45 bp 2MHFA S
NEHOEHBLE (M2). £ 7T, 500 bp ff
DN RIZIEICIE 502 bp THD, ZNET
ICHREDOBRWHHOBLZFREEZ SN

5T, ZOFDOHEREESZ IR L7z
LIA, HATNTWS 45 bpld, CCCACCTC
TTCCTTCCGCTCCTTTACCTACCA @ 32 bp
n578%5F 1 &, CCTTCCCTCTTTC @ 13 bp
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"y y
Trp%l | 41bp 158bp 49bp
Arg®Y | 41bp | 69bp 89bp 49bp

<« 248bp >

K3 B3-7RLFULLETZ—O TrpRlE Arg HOBETER. /NFIVADOKENIHIEEESE Msp 112X 5 UIMER
frZE579. 248 bp ® PCR EWZ Msp 1 {12 L D Trp BITIE 158 bp, 49 bp &1 41 bp @ DNA WiE-1Z,
Arg T3 89 bp, 69 bp, 49 bp KT 41 bp ® DNA Wi &75%, NI BIE Trp B & Arg B 10% R Y
FZUIILT I RENVEKEET, L—2> 1, 213 Trp/Trp &, L — > 313 Trp/Arg %, MiZDNA < —H— %17,

MHERDF2MOBRINTHD, 457 bp D7
LIVId# A Sz 45 bp QAR O EREANCF
2DEMERSB, F2—->F1—>F2, 502bp®
7UIWZIF2->F1—-F2->F 1—-F 2012z
LB EBNHLNITES T

UCP2%:8 7 > ®» 3 UTR ® &z R
457/457 MO R EHEGR L 457/502 BD AT 1O
BAEKRDO 2D 1 TINEEL, 457/457 BN
14 ), 457/502 BIN 4 4C, 457 bp 7 L ),
502 bp 7 LIV O THEEIXZFNZH 0.89, 0.11

T, 502 bp 7 LIVIZERBEFEORABEICA
<HFETBHEEZSNZ LML, 412bp 7 L
JI (deletion #)) 3@ INLho 7.
(2) ADRB3 B FRIDBEE

ADRB3 @ PCR FEPNI Msp 1 HALIC X D Trp &Y
T1X 158 bp, 49 bp & 41 bp @ DNA Wi i,
Arg BI T3 89 bp, 69 bp, 49 bp & 41 bp @
4D0W R &/xo 7 (K3). ADRB3IZHBIT %
Trp64Arg O BIE T AT Trp/Trp B O KT
BN 16 4T, Trp/Arg BMOANTOESEN 2



40 BB H

£ TH-7. TroHlE Arg OB LETHEITFN
3094, 006 T, SETIKHEINTWSH
BANT—=FITHAN, Arg OB ETHEEIMEWH
THo7=""". Tro/Arg BHs 2 il L vk S s
Mo 7=DT, ADRB3 DEETHH L AH, ks
DOREEHERFHEII T h - 72

(3) UCP2 = TRl L KK, HE# DR

457/502 DN TF OFEGEAR L 4567/457 BLD R
EEAKOBRABED FE, KE, BMI, kL=
SE CMIMEERTO R FRRIFOE S, RMR, fBHi%
KOIEHEOEZR LICE LD,

457/502 B ONT DG & 457/457 BID R
EEAROMT, ZHSDEIZEREND DM,
Mann-Whitney O UEIC L DML 7=, HE,
BMI XU RMR IZIZABEZRBDBN O 20, 1K
H, FB-SEHEAEETOR FEHORES, g
iR K EHRIEIATOZEGRBETHERICHMEZ
R

= 2

BFERBEEORABME 18 £I2DWT, UCP2E
8 .7V >® 3 UTRIZFFET 5 45 bp insertion
RIDEIETEHH 53 ADRB3 O Trp Bl & Arg
ROBMETEE ERE, & OB ERE L /.
UCP2 @ 45 bp insertion/deletion & #1131 —
PTABERBNTEHKO®ME """ NRLH,

BMI, R THEMOES KU RMRICHE ERHE
DIEINTWVWD, ABITHBNWTIE, UCP2D
W4TV D ARSSVal, BTV 2D
Ala232Thr OELFEBMAHE 7 T3
A%, Z @ 45 bp insertion/deletion 2&Z DWW T
BEEARV, SEIOHE T, Walder 57 53
5 L /= 457 bp @ insertion Bz & 51 [F—#
HEHID 45 bp H3FE A X172 502 bp M52 5 H
ROBLTRN, 18£D S5 4412 457/502 B
ONTOEGERE L THRIHENAZ. £z, 412 bp
M5 725 deletion BIZERINT, ZOEMICH
TJAH5HANDOBIRTFEENT, I—HTAEIZE
mBEEZSN, 51T, 45 bp OEAGANL,
Walder 51388 =7V > ® 3 K s 158 FH
ELTOWDY M, AL I Re—Hr 2 IO
BEMNB513457 bp, 502 bp 7 LILED 111 %H
Thoi-. £i-, #HAIN/ 45 bpid 32 bp i
55F 1 &, 13bpm65F 26N,
457 bp & 502 bp 7 LIV EBEAELD LFRICF 2
iFZzHDZ EHHBIL .

UCP2 @ 457/502 Bl O N F OO 1K 4 ffil &
457/457T B DR EHEAER 146D 2 FHHITHB W
T, (¥ SRR BRI DN T A—F &l L 7z,
457/502 BIOANT OESEKRTIIAE, LH=3HEH
EREE O K TR DR X, FERFR K OEH &2
FEICEEZ R L. OB UCP2 OHH D

#1 UCP2DES TV DI UTRIZBI BB EFERENE, K FEWOES ORI

TEHAEK

AT OEARE

457/457 (n=14) 457/502 (n=4 ) Total (n=18 )

i (%) 45.3+9.1 43.0+7.0 44.8-+85
HE (m) 1.69+0.05 1.68+0.02 1.69+0.05
HE (ke) 69.7+9.3 82.9+12.7" 726+11.1
BMI (kg/mf) 244430 29.2+4.1 255+3.7
B RIB O e &

HIREER (mm) 94+1.7 11.7£14" 99+19

ZHE (mm) 6.3£15 80+1.7" 6.7£3.7
RMR (kcal/day) 1,550+ 150 1,730+210 1,590+ 180
e 0.216+0.037 0.275+0.024" 0.229+0.042
felh & (ke) 152+4.2 23.0+53" 16.9+5.4

* [IMann-Whitney®UF A R CfEBRE 5 ¥ CTHREEZZ RO LEHEZRT.
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BETAN, BHRABRABFOKRE, KTIEN=
EHHEAT D RJREE AR L T, R ADEH]
WAL EY 5 3 UTR O E AT DWT, SECI4L &
127 Tld mRNA OZEMN L2 IIMMRMEICE
EHEADZENRBINTNS Y. UCP2 DA
H 502 bp 7 L)L T3 UCP2 mRNA D2 EHEA
KFL, UCPZDIKTA2BZLTHEESENEZZS
N3N, ZORIZONWTIEBRANDBETHS. F
HIEORE, SFEOEREPENTNDN, ZhiC
UCP2 DB FRINEES L TWaD, S%MEHT
LBEMNDH 5. Walder 5", Bouchard 5 ' @
| ICENIT UCP2 & UCP3 |3 EBE A A R EEIC
HBELTWD, F[E, UCP2 DH BTN
FRINZZENS, HAAZBWTZ OFEED
FRaNT Oy 1 TEPBEEEZ 5N,
ADRB3 1ZDWTIE, HAATII Arg HO#E R
FHEN 023 ~016"" LaNTVWBEH, KL
ORFTTIIBE R THEED 0.06 & DB EERL
Z. LoL, ZOBENEFREANDELTEIEE
ZIEFIRL TOWAENED NTEHBEE O L T
BT 2HLEND D,

# W

DN AZEFT H B [N O $2 B K (8 B
RS DRI D & < FTE 72 7500 7 BB 00
FRICEEH L 7

B2 3k
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