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[#=E] HNY R IE T AR REAE G K 7 (fat mass and obesity-related gene, FTO) F&[X 19939609 BT R £ &1
(single nucleotide polymorphism ,SNP) 55 2 BUg# [R5 (type 2 diabetes ,T2DM) (YAHICHE, J5ids A8 5 PR XA FE ML %k
5 2 BUBESRI% 167 5] (T2DM 2) FIIE & X 18 263 4] (NC 21) , Nl TagMan 5450 SE R S P24 38 0 A ik ) FTO JE R
159939609 FARZH R A, 18 FL RT3 43 A5 S L AN [) 5k R 780 30 4 8] A9 4% Al IRARIF S8, b FTO R 251k
T2DM fFHIEPE, &53  FTO JE[H 159939609 7F T2DM £H A 5 FE R AR (16.17% ) &= T NC £2H(9.89% ) , A 247
FEPR A % 8 T2DM (14 IXUR: Sy T 25 o7 ik B #5452 119 2. 012 £% (OR =2.012,95% CI = 1.266 ~3.197,%* =8.759,P =
0.003) ,FTO F [K 78 558 i {4 Fi F8 40 (BMI) 55 2 OB PRIGAH G, 78 T2DM 4, AA + AT SE [ A BERY (R D46 40 I R B R
2 h MKEAHE & T TT HE AR, 8518 FTO HH rs9939609 L2 A7 A1) A S50y KL R AT B & T2DM (1) JXUBs: 45 o BE A,
FTO F& R v GE & i U A T2DM N 3l ik A Ak i 5 JlRE I 22—
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[ Abstract ]  Objective
r$9939609 in FTO (fat mass and obesity-related gene) and type 2 diabetes mellitus (T2DM ). Methods
Genotyping of FTO rs9939609 polymorphism was performed in 167 patients with T2DM and 263 normal health

controls using an allelic discrimination assay with TagMan probes. Genotype and gene frequencies were studied

To study the correlation between the single nucleotide polymorphism of

and counted in T2DM patients and control individuals. The metabolic parameters of those with different geno-
types were contrasted in order to investigate the correlation of the polymorphism and T2MD. Results The
frequency of the A allele carriers was significantly higher in the T2DM group (16.17% ) than in the control
group (9.89% ). The A-allele of 159939609 significantly increased DM risk with an allelic odd ratio (OR) of
2.012 ([95% CI =1.266 to 3.197, Chi-square =8.759, P =0.003). A common variant in the FTO gene was
associated with T2DM through an effect on body mass index (BMI). The waist circumference and postprandial
2-hour plasma glucose with AA + AT genotype in T2DM group was significantly higher than that with TT geno-
type. Conclusion These results indicated that A allele polymorphism of rs9939609 site in FTO gene might be
a risk factor for T2DM, suggesting that FTO rs9939609 might be a susceptible gene of T2DM and arteriosclero-
sis in the Chinese Han population.
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RAMATAEAA o AT 8 3 % 5 PR s XA FTO
FEN 1s9939609 (1) BA A% F 2 £ &5 1 (single nucleotide
polymorphism, SNP) #4743 41, & 76 B 5% v & DU A
#EH FTO 5 2 AUBE RIS K i KRS SO i A 25 L i
AH

1 &E5H%

1.1 R %

M\ 2007 45 H 22 2008 4F- 6 ) HE PHb DX A N D1 £ s
P, 42 1 1999 4F i th B AR 2H 20 (WHO ) R 9 12 W b
R HEBRBRE , SR FH 187 2R R A LR 2 B E - 2 vk v B 2 BUp PR
995 (T2DM) B IF % X HE (NC) A B 430 51, o 58 44 258 4], &
PE172 i, o T2DM & 4t 167 51 (B4 105 6, Lok 62
) AR (62.49 +11.84) 27 5 [RI3UIa ARG 341 15 & X HR 40
(NC),F: 263 4] ( T 153 f, o4k 110 6i]) , 44840 (60. 27 +
12.91) %, HEBRARAE : OHERR ™ 2 F Mg (O JTF B g
ek SR PR R AR XU A ) s @HERR 1 UM PR T AT
K78 P ST FRAE PR 5 LA S AU s s B3 A H N T i R
SESE MR I 259 ; DI % ; ©BMI < 18.5 kg/m” ; @ % Hia
VORISR SR ed . 2 4UAFRY MRS 422 R (P >0.05) .
1.2 PARAE

) A 1Y P A AR B ST S R P 0 AR RO 5
JEME PR G 52 K VAT 0, Wk AR sk A T T B, R R
RIGEL S, HAERIRE SR 2 A G AR A IR 5
/R B < 100 32) , WM (KR 1 SZ ARl o &2, HOIRAR
H=14R) KSESER SN 4 MY ARNB(FR<1 K) .
DEES(ERES2 ~3 R)) hREEs(EFR3 ~5 1K) KEiE
(R =5 W) i@ sh bl h AR iZ 3l , =30 min/¥K,
1.3 thibhd

mEAIE TAEN B LG — bR i AT, e B WA IS
Ve AR B R L R I R 4%, BMI = ST A R B (kg )/ B g
(m®) o 23 M I B PR B R LR ML
1.4 AALFgAreg B

TG W58 % G2 B8 s i A A, BT 4R B 41 DNA &
HEALIRFRIE . T ZIRE TSR (10 ~12 h) AR 75 g 4
MRS 2 h BGER KA, B B R S BRI, A A sh Ak gy
M ( Sapphire 600 ) I 5 IfiL A . LW , B RS 5 RS B A4 W R A
FRZS TR TR &, W0 2 1oy FF 4 250 0 S AL o M ARl
FE TG SR P AR H- v S Ak B ik, B TE [ 85 (TC) >R FH I (76 I 4
TR, % NG R - IR & B (HDL-c ) {125 J3 16 2 1 - [ e
(LDL-c ) 4t F I AHI 5 72
1.5 A EA FTO £ K rs9939609 % At 4|

OB E e bk i, FH By 5% 2 B DNA, ] TagMan %54 3%
N S P 2 s A 0B AT BB TR R 22 A5 M (SNP) 43, @7 NC-
BI i 122 w3 A% 1 R 22 457 (SNP) 19939609 , 334 8] FTO
FERUARXT BT A, 1 _E LR AR B AR A IR R IFA s
YIF TagMan 54, 3519 :5' -TCCCACTCCATTTCTGACTGT-
TAC-3', F i 8] #: 5'-AATTCAAAACTGGCTCTTGAATGA-3',
FAM F%i284T A:5'-CATCACAAAATTCACA-3' , HEX #Rie 454"
T:5'-CATCACTAAATTCAC-3', @R 20 pl itk &R, FTiF
S EY R 10 wmol/L 354 T A1 A 2L 448 10 pumol/L,

TS 295 °C TR 10 5,95 °C5 5,60 °C 34 s 342 AMEER,
D7F [ ABI7500 %56 5E 7t PCR A L EFT47 3% /35, Real-
time PCRXFI &M H AW TR (CK®E) ARAF. @®IS
RIGE R A TR (CRGE ) A FRA FIT o
1.6 %it$Fk

K SPSS 16.0 it . 1155 Hardy-Weinberg -7 F1] 7
BEAS HIBEPR A 1 T 4 41 SNP (16 35 R 700 1 26 o7 3L IR0 R
i) 5 R 75 5 e DR L e P 0 R L i s R A
WERIEZS A AT MR A ¢ K56 sk Wy 25 2007 Lb A5 I R AR & vp
A 1E A3 (H I 2 0B 3 U3 LA B (2R, Ings
)5 RAEIEZS A, MR R AE S B G R R 5. SR
Logistic [E IR 4 H 5299 A 0 S7 KU R F- o

2 HR

2.1 —fgls RS H

sk 1 7R, T2DM 41 BMI JE[H (WC) W45 % (SBP) &
5K (DBP) Z= k% (FPG) &5 2 h Ik (2hPG) H il =g
(TG) A JRFEEE(TC) \LDL-C ¥ .3 = F X it 41, 1 HDL-C N
B NC 4k (P <0.05),
2.2 ERMREABA 2 BRI F EF ABEF FTO

A& B 19939609 % AL EIRF 5 A

FTO 19939609 2 5P s A Hh 8 ot X AN FEAEAE TT,
AT AA 3 FhIL R AL, 43 51 2 TT 331 4] (76. 98% ) , AT 92 4]
(21.40% )AA 7 H](1.62% ) , A 257 FL PRI %K 0. 123, T 447
FLAZR A 0. 877, 755 Hardy-Weinberg -7 (P = 0.960) , #£
AEARRMAEM. BT AA DMEBER D, AT §IF T
GeitorHr (AA + AT) o BE[R 34 AR 7E T2DM 2071 NC iy
il 225 (X° =7.511,P =0.023) , S LR A Gei |2
B (x* =7.460,P =0.006) , FTO 3: [ 19939609 7 T2DM 41
A SO AR (16. 17% ) ;b 2 = F NC 44(9.89% ), A 5%
LB 3 2 T2DM (9 XURS: g T 46 457 SE PR 454 4 1 1. 866
%[ OR = 1.866,95% CI 33 (1. 185 ~2.938) %’ =7.261,P =
0.007 ] , B IEAFS G , AT AES M Logistic M1 4347 R,
AA + AT FLH 7 8 T2DM (9 5 o 25388 n , >4 TT BU [ 2. 012 £
(OR=2.012,95% CI =1.266 ~ 3. 197,)(2 =8.759,P =0.003),
ERAGITFEX(P<0.01),
2.3 FTO A A rs9939609 % &M A4x & 7R F A K A jg

AR F 7 ARAFE ARG LA

T2DM 21 AA + AT FEAL S TT FER B AFFAR LG, Ph o7 2543
IR IEPER AR IS, TR AR IS M) JS , BMIL,WC .2 hPG 47}
L ERAGEIFE (P <0.05,%2),

NC ZHAN [ 5 B 8 ) A0 2 2% AR AR I LS. AA +
AT RS TT B H AR BML et 22 R L8 it =
(P >0.05) , ZAFM PRI IE G 2 FA RG22 2 L (P >
0.05,%2),
2.4 Logistic B2 4 #F

P2 ORGSR AR &, DL A SFA SRR AR PR TR
TR G2 BN A AR R AT I% 25 Logistic [A1IH, H45 5 B /R AR |
R G830 A SRR 2 BB IR E A ARG (P <0.05, 3%
3) AHZAEGIA BMIL 5, A 8507 JE R 55 2 OB JRA 9 AH 5GP T
K(P>0.05),
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x1 FE¥EABER2BEREBEERERILE
a5 n BMI2 SBP DBP wC TC TG HDL-C LDL-C FPG 2 hPG
(kg/m?) (mmHg) (mmHg) (em) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
NC 263 20.69+1.60 105.61 £11.32 68.84 +7.08 72.43 +5.67 4.66+0.82 0.95+0.30 1.40 £0.27  2.58 +0.65 5.28(5.11 ~5.49)  6.03(5.65 ~6.45)
T2DM 167 25.95 +3.52% 132.50 £16.212 80.97 +8.92% 89.14 £9.21* 4.86+1.00* 1.92+0.95% 1.01 £0.21* 3.19+0.67* 8.31(5.70 ~9.72)% 13.22(11.61 ~15.86)?

a; P<0.05,5 NC 414z

#&2 242 FTO rs9939609 REEFE R R IFHEIRILE (x+5)

2415 LR BB/ 40 ER(H) BMI( kg/m?) SBP(mmHg) DBP (mmHg) WC(em)
T2DM T 117(75/42) 62.79 =11.53 25.50 £3.42 133.95 +16.96 81.79 +8.55 88.03 £8.43
AA +AT 50(30/20) 61.76 =12.62 27.00 £3.59" 129.12 +13.88 79.04 £9.53 91.74 +10.45"
NC T 214(124/90) 60. 11 =12. 80 20.69 £1.58 105.75 = 11.57 68.79 =7.15 72.38 £5.54
AA +AT 49(29/20) 60.98 = 13.52 20.71 £1.69 105.02 = 10.236 69.06 +6.84 72.65 £5.72
215 FLPR A TC( mmol/L) TG ( mmol/L) HDL-c( mmol/L) LDL-c¢( mmol/L) FPG?( mmol/L) 2 hPG#( mmol/L)
T2DM T 4.84 +1.07 1.90 =0.97 1.01 £0.22 3.20 £0.68 2.07 £0.30 2.51+0.35
AA +AT 4.90 +0.82 1.96 +0.92 1.02 +0.20 3.19 0.66 2.11+0.36 2.64 £0.36"
NC TT 4.65 +0.85 0.92 £0.30 1.40 +0.27 2.60 0. 66 1.66 +0.05 1.81 £0.09
AA + AT 4.69 +0.70 0.95 +0.30 1.39 +0.27 2.52+0.62 1.67 +0.05 1.80 +0. 09
a: HIEZ B AT b: P<0.05,5 TT AR A k4
%3 T2DM ZIEEH Logistic B 547 FH 3 PRUUR () R[] 17 5 BOR [R) AR 58 25 S 25 7 10
DWEE D P okl _swa Wit KT FTO HER2E Sl BMI 55 2 BUBESRAFH
AR 0.016 0.069 1.016 0.999 ~1.033 s st —
WA 0.951 0.001 2.590 1.501 ~4. 468 BOFLH] E Ay AN B, (H X T A28 FTO & A Aoy 3%
R 0.908 0.010 2.480 1.248 ~4.930 wg’ FTO %ﬁq:g%@ﬂg 16q12. léﬁ%ﬁ 430 kb3 ,
B -0.528 0.012 0.590 0.390 ~0. 891 .
A S B 0.549 0.024 1.732 1.076 ~2.789 T 9 AN FL,8 AN E T, Hirb 159939609 {3 F
FERE T &%, A3 GenBank [ 41, HEE P 228 M:
3 iR R T—A S A 2E2E NN, FTO BN 2 e 58

FEATIFSE A, TR 36k HCER DR b [X A B4 S W2 5%
G SRR 9 T, 7F T2DM 415 NC 4 A
GRS, A BE T2DM 21 (7 b | IfiL % | LR 6T 4
T NC 41, #278 T2DM 41 E A8 &7, ik A 91 1
wawEn AR fCIEEEL R RE, A5 & 2 AU IR A9 I IR
FEHE ., ABFFTES R R, FTO 159939609 A %543 JE K45
BN T S B 7E T2DM 41F0 NC 41 2 7] 2%
SAGTRE A 2 RIBEPRIR ALY A S50 FERR
R T IEH X A4, AA + AT FEF A& T2DM 19X
B TT /Y 2. 012 f%, F B A %5457 3 K 7] fig & T2DM
A XU S5 2 R, [ INF Logistic [81 9 8 BRI AR |
153 \1s9939609 v i A i FEHF S5 T2DM 19 %
A= (HREIE BMI JE ) A 543 56 5 T2DM A ¢ 14 7
0 HEm 2 RUBE IR I A e e iR 1t A% T R AR B I &R
FE[EE T 205, FTO 5 PR AR S5 308 o0 X6 e 4 3 114 5% )
25T T2DM )% 4. M5 Frayling 25! 15 38759 ]
FLE AR BT 45 R —80, AMNG T 7E B AR ABES
SN ) A v [ A0 e AREHR ™ ARIESE T FTO
SR AR S o BML 5 2 BB R B9 A5G, (HFE Li
SELOUXE T AL RO A BE IR, H R & B L
R, ST AREFIT S5 18 A 6] A9 IR i A8 48, T
AE SN FIFFT R BUREAS B | A AR AT AR 22 S AT
[E] B Tan %[8] i# 1 Hapmap [~ FTO EL[R Z 47 15 SNP
B BN A A AL (1) 4T, & B FTO 6P 2 238 PE7E
[EUNGESE RN i =3 I N & R P AR 5|

PRAEFR- A7 (19 F oA R, e 1s9939609 22 25 1 3l 1t
S e F A 2R T I R , T 5 A A 7 4 v
B AR TS R W, %4 T AT RE & RE BT
P EE D TIF . AN OIS Bos FTO KL
P2 RT3 gt A S DR F- CUTLL (45 4067 24, T4
FTO JEPH ik ) HLBAATHAE M 1 E— B0 5%

AT HE—25 AA + AT JEFR A B S TT LA
TUNFERA LG, 7E 2 BB PR 20 1 o B 6 50 W B B S
2 h Il 2 AT BA GRS A AR T
S50 DR AR ) 04 s T A 1E X PR, 2 4 L PR R
T B GEHF2E 5. TEF I B rb A0 e AR BF
Fob R T RS A S0 B AR AR S L R
AL BT B E OIS, R 0L DL i IR g — A4
Thsr AR, WL H 5 FTO 3 A 44 56 7 1 31
i, AHEIORR S AR A — g s A R ER S LA
WLEE R RIS A A SRS ARE S & A T S5
PIARERI L 285 2 h B BB P22 5, 1 23 I 1M
B B 225, 23 M6 W RIS L T v A Lo B
SCHBA R[] « 23 A T R TR B AR
TSI v MU -5 55— A AR R B2 2 0 W 2 AL A fie
BB 6. IAERBIE R WSS 2 h M N
BN DK o RERE AL AT 25 T B A4 ST B PR 2T 5 2 R
BETCHA AR SCPE " ABFSE # W], FTOrs9939609 5
SRS MU A 5 , 5 FTO 36 R A 57 J2 785 W] B AR 5%
N S0 Ji R AL B G R 45 4 , i T ot — 2B F5E

B2 AR5 E B FTO B 19939609 £ 254 A]
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