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OARENZ T EREIRP, SILE, FEEHRE, DR L2 & OAFEERAEML T3,

e, RFIC NSRS R A RO BEE 2 KT Th 5. EHMIEICIE, BREEHEIHGRELED
BREBEEAPES T 5. LarLl, BEERKOREIIN60% EHE I TWS., mFEOET /7 LH
ATIZ & D, AN OBI 52 & 212 XN 2FTOMEIEA T (fat mass and obesity associated gene) D—
LA (single nucleotide polymorphism, SNP) & {&f&15% (body mass index, BMI) & DR %
PIEIZE L UTHGEL 72, ZO8ER, HAANIZHB W T EBMIE FTOREIE TSNP & OB E: % 580
7z. bNHNIUERNZ L 2FTOBIZFSNPOHE T, AEMERX D223l T % 2 W REME A VRIE X
Nz, LaL, BIESNPORFED-DIZIE X S ISR ARG BETH 5. 72, MmO EER
TEHE T Mz EEBEL 2%, BIEFHO-OORMEMENLEENS. ZLT, ZDED
LRI MBI R RFENT D T DT E B HISHEES DO EMGIZ D & 5.

Abstract

In Japan, lifestyle-related diseases, such as diabetes, hypertension, abnormal lipid metabolism, and
arteriosclerosis, are increasing. Obesity, particularly visceral fat accumulation, is an important factor
contributing to lifestyle-related diseases. Environmental factors, such as overeating and lack of exercise,
are involved in the development of obesity. However, genetic factors account for about 60% of obese cases.

An association between single nucleotide polymorphisms (SNPs) of the fat mass and obesity
associated gene (FTO gene), whose involvement in obesity was revealed by a recent genome-wide
analysis, and body mass index (BMI) was investigated in the present preliminary study of Japanese
individuals. Results showed that, the SNPs of the FTO gene were associated with BMI, suggesting
that they may serve as predictors of obesity. However, a large-scale study is needed to identify SNPs
responsible for obesity. In addition, a screening test should be established for obesity genes for use in
prospective screening for obesity prevention. Through such studies, health and medical universities can
contribute to public health.

Key Words: EiiEER (ife-style related disease), Ui (obesity), 4% (body mass index,
BMI), FTO#{% ¥ (fat mass and obesity associated gene), —IEKEZ A (single
nucleotide polymorphism, SNP)
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DYRENZBVTHEEERTA 7 A5 4 VORCRIEIZ
Eb v, BERE, ST, FREASHEE, BRI
EOETEEERAEIMLTCE TS, Iho ofRHE
FIIEBHREEROEMKNT %25, £ LT, M, 5
AR E I A EEEBROEELRTTH A, I
WFIEICI, BELEHAE R EORBEER I HET
5 Z EITHEV WA, BIEMEROES b 55T,
BIETF SR OFBIRN60%TH S LWMED Shi. =
ANVF—INTG Y ADHTFHRBICETIRFELL, B3
7 RNV UREREETFLRICBITST I/ Rk

(Trp6dArg) HIEICBS-T 2 LR Shizps, %
DHDOBHOIER, TORBIINEL, HEBIIBY
HHGRABETRRVEREY ShTwa, I, b
MET ) A hoN—F 5 —3EREZA single nucleotide
polymorphism (LLFSNP) #f#&3 55/ A7 4 N

fi#HT genome-wide association study (LLFGWAS) D #55,

BRI ICES T ARETAHALI LR/ £
DO—2IZ, 16F Gt RER12. 2 3038 (16q12.2) ZHEf
L, 2BUHEROBIZERSED) S5 S N7 FTOMI R
F (fat mass and obesity associated gene) DSNPAH & A
HOMEMRAEICHSE T2 2 MESNEYY . 20
%, AARNCBI MRS 5% Sh7za5, SNPO
WEIIIAM - RIEEMFEL, FTIOBRETIIBWTH
g—uavyNANEIET -1 v RN TIER % 2 SNPO M
Y ShTws, bbb, LHIERHSNFTOM
T DOSNPIZBWT, HARMNIFFH DOEMLESNPE i E
LHIENEETHL., 22T, bhbiuk, HEILEH
OHIBEREZ ML E T2 KB LRAELFER L, FTO#
T OEMLREZHMEICTL L L b1, ZOFIZED
CHEGBAESEORELI|ELZFETTHILICLD, H
WA RORBEMER: - WD RED % MEET 5 i
&R % BRI TIISE & Bfs L 72,

POE Qi RES

1. M¥&

RIFFEDORERE L, WERNKFOFED X OEKE
DA EEL, FHEolonl%d - HMBE 4L
L7z, FMMAIZEE L3403 v 7 oRH 2 5

501015, BE144, Li20%4) SOV TIRIT 24T - 72.

LB, AW ER I RPEMAEERBROKR (%
F7F5250625) %G HIAT- 72,
2. Ak

F T VoORIGE, FBERNICT ) ADNAZ RIS
5728, LIERNRGEMIL 2 0t 3 g TR 7 7 V12 Xk
DERIL 7z, BREUBR 2 fa e P P i3 2 1%, B & -
RE - AR (R - MRl 2 AR T2 2 LICX D
EATRERE AL 2 i LIt (FICFE) o AHERELC

BLRE L 7=,

M2 6057 2 ADNAOHH L, Gentra Puregene
Buccal Cell kit (QIAGEN#L) Zfiff L7-. SNPKtH )
#iE, R 25— YEEKIL polymerase chain reaction

(LLFPCR) ZzHMH T A2 Mz L, DNA¥ v ¥
1) —3—%4 4% — (310 Genetic Analyzer, Applied
Biosystemstt) & fifi fl L CEHEIEIERLY e 3 & S0 L
7. WNBEENOHMM LS ADNAZHRE LT, %
SNP#% & & 1= T 4838 # TaKaRa Ex Taq kit (TaKaRa
1) % VR ICPCRIEIR L 7. PCRMEY % ExoSAP-
IT (Affymetrixth) 12X D SRR L7-%, HHEPCR
Y % W iE$Dye TerminatoriEIZ X 294 7 L —
v ARG (BigDye Terminator Cycle Sequencing kit
v.3.1, Applied Biosystemstl) #EfE L7z, $ 4 7 v —
v v 7 ROBEY % BigDye XTerminator kit (Applied
Biosystemstl) THi##, 310 Genetic AnalyzerlZ X %
AMFTSNPY £ 72 HE L. T WEFOHELK
HED S ARMIEE body mass index (LLFBMI) Z&MHL,
BMIfiti 25.0kg/m”*Lh b o> Bl & A o0 IEHBECHER L,
%SNPY £ T DB a BGE L 7=,

3. B E UIFTOEIZFDSNP

THMATZEE LC, FTOMIAZT-SNPOE 1 B, %
TG 2% 2L, MR L 0BT R S
NTWLLT 5 HFHOSNPY £ 7% HE L7z
D rs1421085 C/T (Ancestral Allele: T, Minor Allele Count:
C=0.25)

2 rs1558902 A/T (Ancestral Allele: T, Minor Allele Count:
A=0.25)
(3 rs1121980 C/T (Ancestral Allele: C, Minor Allele Count:
T=0.37)
@ rs8050136 A/C (Ancestral Allele: C, Minor Allele Count:
A=0.34)
® rs9939609 A/T (Ancestral Allele: T, Minor Allele Count:
A=0.36)

B, O~BEDOSNPIX, FTOHEETH 1A v a2l

BYT5 Lo Q—-@oEFETHETS (K1), K

Human, Chr 16q12.2
[FTO gene (417,505 bp) NG_012969 ]

] g B 0 B pE B 5]
CUX1 site
@rs8050136
Exon 1 @rs1558902 Exon 2 Exon 3
D ® Il [l
] =

@rs1121980

(Drs1421085 (Brs9939609

X1 Fat Mass and Obesity Associated (F70) &1z
F & XFTRSNP D FERL

NCBIF—#2~N—X (NG_012969) #XR~1EL T5IA.
Human, Chr 16g12.2 : & FE16E £ EFRBI12.25E1E.
CUX1 site: cut-like homeobox 1 #&& B 5IISRfL.
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K1 FTOEEFSNPHIEAPCRE S VERRIRE S 51 v —

ZHISNP Tmf& EYE

s | S| SSRTSCOMTINS | 6T o
" TGAGACACTACAGGCATTGTG-3' 7.3

@ rs1558902 An?fgesre]se Z'-G%A%A%C%TC?CST%CAGCfT-:c; ’ :9.2"8 243 bp
s 5 - TGTCCAGCACAGCAACTAGC-3' 60.2°C

@rs1121980 Antfzssse 5 AGACAGGAGCTGGACCTGAA-3' eo0Cc | 109bP
s 5-ACAGTGCCAGCTTCATAGCC-3' 60.4C

®rs8050136 Amf;:;e 5 TTGAGGTGCCATTCCTCAAT-3' eo5C | 183PP
s 5 - TCAAAACTGGCTCTTGAATGAA-3' 59.9C

© rs9939609 Antfzzsse 5. TGCTCTCCCACTCCATTTCT-3' s9.8c | 228bp

VI AY
Al 1&J: !
major homo hetero minor homo
2 FTOEEFSNPZ A THIER (@ rs1558902
T/A)

[E A T~ % — (NCBI) 57— % X— A
5 FTOE TR RS (NG_012969) = AFL, &
SNPZHIE T %7290 D 5 lFHDPCRT 74 v —+t v
EMBICEE L (K1), "ILES 7 ADNAIZDOWT
EHO~GOPCRE Efti L, HIREMHSHE—NY FTH
LIERMARLE A2 VY—r v ARGEHW,

Tmf&: melting temperature, bp: base pair

DNAF v ¥ 51 — =47 Y —%FH L 72 EILES g
(K2) %RA, SIFN 21T RO RE L.
wmoOR
W2 x4 (344) (2B AFTOM LT 5 MM D

SNPENT SR 2K 2 1R L7,

FTOBAZTF @ 5 FFSNPHI EDFER. <A F—T U
WEONEE % 6 ZME L. 095554, BMI
liA325.0kg/m* L EOLHFIRTH Y, wFhbAFo
BAEKRTHo72. —F, BMUEAMED TRV (15.7kg/
m?) WHEBE1LIEAF—T IV IVOFEELEEKTH -
7z, ARWFFRIE R A & MRS REE L L CTT 5 72720,
CORNBRHEIIBT L EGEES FRIGHIRN, 0B
BIRMETE TRV, F72, IR 6405 fESNPY
A TDF = FTRTIBLTEY, KFSNPHHSHA

®2 WHREDBMHUE EFTOEEFSNP S 1 THIERER

No. sex age BMI D rs1421085 | @rs1558902 | ®rs1121980 | @ rs8050136 | & rs9939609
1 F 20's 15.7 minor homo minor homo minor homo minor homo minor homo
2 F 20's 158 WT WT WT WT WT
3 F 20's 16.6 WT WT WT WT WT
4 F 20's 17.5 WT WT WT WT WT
5 F 50's 17.9 WT WT WT WT WT
6 M 40's 18.1 WT WT WT WT WT
7 F 20's 18.4 WT WT WT WT WT
8 F 20's 18.8 WT WT WT WT WT
9 M 30's 19.2 WT WT WT WT WT
10 F 20's 19.5 WT WT WT WT WT
11 F 30's 19.8 WT WT WT WT WT
12 F 20's 19.9 WT WT WT WT WT
13 F 40's 19.9 WT WT WT WT WT
14 M 20's 19.9 WT WT WT WT WT
15 F 20's 20.0 WT WT WT WT WT
16 M 50's 228 WT WT WT WT WT
17 M 40's 229 WT WT WT WT WT
18 F 20's 229 WT WT WT WT WT
19 F 40's 235 WT WT WT WT WT

20 F 20's 23.8 WT WT WT WT WT

21 M 20's 24.5 WT WT WT WT WT

22 M 50's 24.6 WT WT WT WT WT

23 F 50's 24.6 WT WT WT WT WT

24 F 40's 24.6 WT WT WT WT WT

25 M 50's 24.8 WT WT WT WT WT

26 M 40's 24.8 WT WT WT WT WT

27 F 20's 25.0 hetero hetero hetero hetero hetero

28 M 20's 25.1 hetero hetero hetero hetero hetero

29 M 50's 26.4 hetero hetero hetero hetero hetero

30 F 50's 27.7 hetero hetero hetero hetero hetero

31 M 50's 28.3 WT WT WT WT WT

32 M 20's 29.7 hetero hetero hetero hetero hetero

33 M 40's 30.8 WT WT WT WT WT

34 F 30's 37.0 WT WT WT WT WT

(kg/m?) WT:wild type (major homo)
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ST YL T Tay 7 EEE LTS I EHRE
I,

BMUE®D 2 HIZ2BWT, FTO#GT-SNPY £ 7i2~< A4
F=T VIVREE LIER XY v — R ERAEOHAE
Ji % Fisher's exact testiZ X W ET 5 &, P<001TH Y
MatFMAEEZHER L (K3a). T/, Hihlok
FEIZBWTD, %£4P<005THh ) ARELTAOMEZED
WX h o7z (R3b o). 72721, SMoOMER %t
LB TR AT & 3w 23, BREHE SO
NP FONTT LR EDEEL, BMIFESEIZHE M
OFBEEE D FAEATH - 72,

&3 BMUELFTOEIZFSNPZ A T DA ELE

a. (&)
BMI major homo minor allele
<25.0 25 1
—05.0 3 5 P<0.01
Fisher's exact test
b. (51%)
BMI major homo minor allele
<25.0 9 0
225.0 2 3 p<0.05
Fisher's exact test
c. (&)
BMI major homo minor allele
<25.0 16 1
>25.0 1 2 <005

Fisher's exact test

E

N R 2 BUBEPRIG 70 & O FAE K Z M5 713 S B
ENTVAEY, ThE5DF— i LIRERT Tl XD
W RIS DU REME I D W TR A TH 5. GWAS
WCBITS [H)SANEERLKEIE HEOEWH D
SNTERTZH (SNP) THHTE S| LW IRED
B TOEEZSNTWADS, FEBE, WAL T DOSNP
I TIOORESLHREZFHIITE BMEERIT5 ~10%F
BIEE R, LadoT, L) BehBBRT 2
T 5121k, ZoMoEEEETOME, BLU, ML
BB THILES OFHTIC X 5 FESNPOSFENLETH
5. Gl AORBEEFERKRFEOFEERO—DL L
T, MR OMEHMR: - WHEICEMTE 22 &
FHIZB WO A % BliG L 7-.

WIRREED T I A4 <) —Wiges LT, BHIHsTE:
UL DOWIIEICBT B 5 HFEHOSNPH E DR, 5, T
i DIFIEIZ 22 o TW ABMIUE 25.0kg/m*LL Lo @i |2
FTOBIZTHE 14> +ra vy OSNPIZBW TS A F+—7T1)
WA ET LEN 2R EHicEdESTs2 L
IR S N-FTORIET 4 1 4 ~ b o » OSNPIZ20f
BRI BER, HARANZRRICLALITHZETI,
Hotta® 7’ & Kawajiri & °’ 13rs9939609 (@), rs1558902

(®), rs1121980 (®) %%, Omori® * 13rs8050136
(@) OEBYMELTVDE. TALEBEICLT
rs1421085 () %M ZIEHT L7z 5 22 OSNPIE, HA
ANZBWTRFA—oNTay 4 F7ay 7 2B LT
EZLNZ LaL, SHOFMHMEBENIIH WY
YIVETIRIoNTa YA TFTay 7 R ET L EE
SNPZIEET BTV Shh ol 58, ry—Aav
=)V R %54 & LCRBIBLR AT 2 ERL, &
ESNPZ IRET 5 UEDVH 5.

L2L%26, HETLREONZEHREICLY, &
B R BN AURE XN B FTO%EE T-DSNP% £ 4§
52 LN RETH 7>, Stratigopoulos S 13rs8050136
(@) D<A F =7 U NVADRAE HIZFTO®EE T 5B
s Tnwa 2 E, ZORNPFIOEETHELA ~ b
0 >rs8050136 (@) FHISIZ BT % B N T-cut-like
homeobox 1 (CUX1&»AWIZCUTL1) #Eartr
A ELFN DA FB L#iE L7z, %7z, Thorleifsson
52X 525000 AL EDT A V5 v FAD KB
BT, BHMBEEERERNLE LT LN EHo
TR D BE ORI FTORAZ T DR 5 167
HARERI2TH Y, TOH TR HBMIE OB
SNP#'rs8050136 (@) THHEHMELTWD. &5,
Stratigopoulos 5 * 1ZCUX 1 12 & % FTOZ T 58 Bl i
BT A REM ka2 WE L, CUX1ide A b U7 &
FALEER 2 BB U CIRENGHEALN 7 &2 B3 2 g%
b OMGPIHIN T & LChEREL, rs8050136 (@) A5+
£ F =7V NVAD L ZIZCUX 1 #EEEFI AT 5720,
FTOBIZTRHAPKT I L 2L ML 7.

—77, Peters5 'V 12 X 520,000\ Pk LA T
&, 77VHh YT AYAET—RET YT AY D
YONFEEEB E 2T BMIfE & BE$ ASNPE L
T, 151421085 (©) 75 b FTO#(m T D HEfE % 5HAl
FTHDIZHM LSNP TH L L#ELA. ZoHETIE
rs1421085 (D) IR D EH A E 1Y 7 CUX 1 4 A B
THbEBRENTWS., 25 2500 (rs1421085
(D), rs8050136 (@)) DFTO#ET-SNPIZ, Dinab
Vpa—uy NARHRICLBMETRBEY S MO
NTay A4 77Ty ZIZHEELTWDA, rs1421085
(©) &rs8050136 (@) 2 H TSNP Z [&] I (Z fEAT$
% L, FTO#EETHIEITRHET L HEENSNPE L
THET A I LATE, MEMIIED L 0 BN EIRN
Fov—=h—= LTHHTE 2 WRMEIRIE SN, &
DT L, FHEOLDE TN E LRI L 72 SNPAHLHE
WTfo~x—h— LTHHTHLIEZEMNITITVEE
E2b.

LH»L, 4> bha IZfFEET 5SNPO R, &I5T
FHMEOAL ST, AT7I74 LV 7ORFHICEHDbLIE
HEYOWEEMEDS DY, ATIA4 Vv 7T+ —L%EL
S CHHEOME I CHWETLII L RMETES. &
DI e, SHOFMAEMEICLYBIRL TV LE
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BdhHAbH. FTOBETI, 16%FGGAER]2. 2 fHISICH
1E3 %417505bpH & 7% 5 #InFTH Y, —ARFHDNA,
RNAERMEZ SO FVALEER 7 7 IV —ICE LT
5% FICHEA L R L O & BUR TERICB VT
BL, BATHOXTICHT 26K, HbAH, — 4+

VE—HRAEEHBLCTRDLERORTREAY

FEM 2R B RE 72 © NTHEFIEN D 2 A1 = X AR O 43 Hb
3EINhTnW5,

v b4 LADNAZIKD# 1 % IZSNPAFEAET B. 2D
SNPOZ T ADKREZZ M55 Z L 3TE, X
FRY v 7Yy Fu—LAFREICE b 57 & OB
BRPPS 2RV DOO0H 5. M & OF 7 B A

B BN FTOBIETIZIZZEOSNPYEE S N TV 5

LAaL, AM - BREORWICE S8BT ORE, 7-
&2, HARMNIEA 72 SNPO ¥ & %> B 72 TSNP
FEDT=DITIE, & HITKBBER %2 ZIT L7 MGE & 7
M EATALETH Y, S, BEBROERB L O
TS L — KI5 7 H BRI A T R TH S, DX
) e WFZR IR R HR KA DA B 2 R T IS E W o
EHEBRDOTIEIRVES ) 2. WIZEOMEIC L ) FIT
SNPOSPeE S N7z 1E, $EESNPZ #ith 3 % Mgttt &
WS T 22 L R ENWMHETH Y, 20 LIHRMRAES
HoFHgL 5.

RODEEL I LIE, PRHERFAN BN S HIRER
(R IZTHARER) OFEEIHEITLEIEIZHS.
ZFO7HIzi, BERTOHERHEICIED  BFEREL
119 2 L CEIT A E Ik — MgExMED L Z &8
VB % 5. FTORZFIZE LTI, WIS T 28
ERZERICI LT, EBHSICL 2 FH@AERTH 50
BETEASHET SR CTwab. 4, BEFRERIATET
o775, FTOBIZTSNPO< A F—T V)V - FEHE
RAHH X N 2BMUELS. 7kg/m* DR R #H1x, F—27 v
G HE AT O CoEENEETEE L T A EEE
PR, ZOZEEEROFRMEBEICL ) VTS S
ENEETHDH. FTOME(ETSNP rs8050136% 4 7 D
AT X 0 BB AN & M L 2w X AP T, IR
VA7 &HONRETIE, 208K AN EHR
FHZBWT, Y 27 H &k LRI O AR R ATE
WHRTH -7, Thbb, MY A7 2 HT508E
AOEEHAM ORI 4 &2 ISR E L 2Tl
RPN EBEZOND. TOXOMBERIFERE
23D TR R SR ORI Z S SICHGEEL, AiEY
B HEORSE - JBEITHIET, AFKYv I IV F
O— A DFFHICINT 2B ) M ADTREIC R D L E R 5.
LHIE, TRBIET 5 TH A ) IEGMEBRE T LT
AT HZEICEY, SEEZPIET 2T, v
LIi3HE T2 a3 (R oFEBULraHITHED
EEZD.
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o

AWFFEIEI IR OTP25E I BT 5 FRIGE
TEIISE & U COREBEZZITBME L7228, IERME (&
) OFERENIME, WIFEOMBATITREI 2 ) W58
DEREDBTE Dol YU TVINELEIIBITLHE
VLA K 2 (A B SRR AL 2 BBPCRIFFE X D A ¥ X — (VNI
ek, Ak A, VER OB, R T, B BK, M
I ER) BROWINHEHP L RiFp L L b1, W%k
BATOWIZIZOWT L E ) BHCHL EFET.
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