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Abstract

AIM: To evaluate the association between single
nucleotide polymorphisms (SNPs) at the -2548
site in leptin gene and nonalcoholic fatty liver
(NAFL) in patients with type 2 diabetes (T2DM).

METHODS: Two hundred and eight patients
with T2DM were randomly selected, of which 98
had NAFL and the remaining 110 had no NAFL.
One hundred sex- and age-matched healthy
volunteers were used as normal controls. The
SNPs at the -2548 site in leptin gene in these sub-
jects were detected by ligase detection reaction

(LDR). Meanwhile, the body height, body mass,
waistline and hip circumference of all subjects
were measured, and clinical parameters such as
fasting serum C peptide, liver function, blood
glucose, and plasma lipid were determined.

RESULTS: The distribution of SNPs at the -2548
site in leptin gene in patients with concurrent
T2DM and NAFL was significantly different
with that in patients with T2DM alone and
healthy volunteers (both P < 0.01). The geno-
type of SNPs at the -2548 site in leptin gene was
correlated with the development of abdominal
obesity. The A/ A genotype was associated with
a 2.720-fold increased risk for abdominal obe-
sity than the GG genotype (OR = 2.720; 95%CI:
1.186-6.235; P < 0.05). The genotype of SNPs at
the -2548 site in leptin gene was an independent
variable associated with the development of
NAFL in T2DM patients. The A/ A genotype was
a risk factor for the development of NAFL in
T2DM patients (OR = 3.035; 95%Cl: 1.210-7.615;
P <0.05).

CONCLUSION: The A/A genotype at the -2548
site in leptin gene may increase the risk for the
development of abdominal obesity and NAFL in
T2DM patients.
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BHH): K2R 4 K& (type 2 diabetes, T2MD)
%4 9% % A F (leptin gene promoter, LEP) & %)
F X -2548 4 3 BR % &M(single nucleotide
polymorphisms, SNP)5 J&-5t3F iB#51 fig s
JiT 8 % B%.
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FtAE B AR VRS B AT B 084, BRI 110
%), B AT BAAMER] . FE L5 2 A6 100
B4 AR Ay B AT PR, R AR T i B
(ligase detection reaction, LDR) &9 54 A 75 ik,
M LEP-2548G>A4%, 5 #9SNP; ) i & % 3%,
F G 5. KEe. RE. FR, SHEn =
ChRKF. Fohsk. fde. 55 lsEISHF.

458 LEP-2548G>A4% 5. SNP# 5 f& %
BB 2H R At AR B AR VNG BF AT . IR B 64
T2MDZ 6] £ - % % H(P<0.01); SNP# -7
5 R 3R e R4 %, A LEP-2548A A% A A &
& P LR R R 2, AGGAE A 692,720
1&(OR = 2.720, 95%CI: 1.186-6.235, P<0.05);
LEP-2548G>Ale Sy A R A ML T &5
T2MD & % &5 A B A IS 5 I B9m 40 %, AA
F R A ET2MD & &5 3F U8 5 b g s BT 4
S B £ (95%CI: 1.210-7.615, P<0.05).

2598 LEP-2548A AL B 7T A 1@ 1T A 42 ALK AR
By oA, 38 e v BRI R R, 1R 3 T2M DA
St 4R T MRS B AT 6 R

RERT: EEREIERERT AT, R, BE S S BRI

TB8. TE B3, XR, NalE 28ERREESLEP-2548
MIRSNPSIIBBEMISIHATIAR. BRENBIAE 2009;
17(26): 2732-2737
http://www.wjgnet.com/1009-3079/17/2732.asp
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ARG 1 5 W5 fHF(nonalcoholic fatty liver, NAFL)
S R IR IE -2 - A SORH 5% 1Dl PR g BE 25
HAE, EIRR LE SRR 28005 R (type 2
diabetes, T2MD)f: K A7AE. B IEERIT2DM L
T FIE N, T2DMIFKNAFLAEET B3 2, i
IF [ 5% e v L AR A1 21%-78%, 106 iy T A
T A AR (K T2DMUEE 2 T 100%). i
DRIP R AT AE A JH B 493 37 D0 =, i 08 T s i sk e
BT YEAL L R, TR A B SR N T
T2MDEFWIAER, JCH LR 22
(leptin gene promoter, LEP)/F A 5 -4 A AT 1T IA IR
(IR PR 7, IR DA 35 X F)-2548G/A A 1Y
1% % 251"k (single nucleotide polymorphisms, SNP)#]
SEIREE R SR R R AE R 1208, HNAFL
(¥ 2 AR AT OGP R, HfEMILEP-2548G>A T
MISNPZ AT it 5 T2MD 4 JENAFLAT K.

1 RIFSE
1.1 A4 %382006-01/2007-057F A< i [X 12 W B
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I T2M D4 #2084, Y554 19994 36 [F 4
PRII 43 (ADA) 2 Wibr i, I 5312445, 2084
B, E4420-795 . HEBRBRUE: BRAME U 5, LK
JH R EEEGe . & H mANE IR PP R4S
AR FES. AR F S AT B
/B ECTAS A, AR 20024 1 7 (1 E RS P
g 07 P FEF 993 2 Wb L, i o e A5 T AR RS
JI I3 S5 98451, A IR P T 107 JH- 110451
Fade 1 A 3] 2 A e 1) 4 B AR 7 100451, 5611431,
390, FE22-73% . SEAAK R IR T A K
JEAT DU NEE, JT AT 52387 Y 25 28 45 1 %0 1
M. 51%: Lif5-TTC CTG TAA TTT TCC
CGT GAG-3', Fii#5-CTC CAG CCG ATC TCT
CTG TT-3"; ¥4l modify, P-GCA ACC CTG TCG
CAAAAC AAAACAATT TTT TTT TTT TTT TTT
TTT TT-FAM, A-TTT TTT TTT TTT TTT TTT TTT
TGG GAG ACT GAG GCG GGA GGT TCA GT,
G-TTT TTT TTT TTT TTT TTT TTT TTT TGG
GAG ACT GAG GCG GGA GGT TCA GC. PCR
VAR ZR20 LB (50 mg/L)1 pL. 1XBuffer 2
pL. Mg*'(2.5 mmol/L)1.2 pL. dNTP(2 mmol/L)
2 uL. Taqff(5 U/uL)0.2 uL. 1XQ-solution 4
uL. 51404 uL, ddH,0 9.2 pL#hFF; LDRWY
1210 pL: PCR/Z4)(100 mg/L)3 uL, LDRAF4A!
TEA(12.5 mol/uL)0.4 pL, 1 XBuffer 1 uL, i%
FZH(40 U/uL)0.05 uL, ddH,0 5.55 uLAh55.

12 7k

1.2.1 Fakagareyml 2 (MR K 5w, AT,
JEEEFEL R (%) 00 35) e L PN Bk A T, It
AR R IEBBMI) = AR (kg)/[ 5 H(m)],
R LL(WHR) = [ (cm)/f& Fl(cm). JF45 5
AR N BE 23 ) de AN A PR s e I JRE b
(BMI<24 kg/m’. BMI=24 kg/m’). H i e ik
FRUE(WHR J<0.9. %<0.85, WHR % =09, «
=0.85)73 Al 3 A 24, JEATSNP S Il PREFAEAH
PEITHT.

1.2.2 AP E 5422 12 h, EEMMBUN
k7 mL, 2 mLJEDTABUEE, -80°C #1474
H; 5 mLIIA B 2 BE0 S 4y B IR, B
HATAST. ALT. y-GTXAU. TC. TG. LP.
HDL-c. LDL-c. FPG. FC-PIfiARFEAR KA.
1.2.3 LDR& M 54 A (HDNAEHG 4% A4 i
SRR 2 DN A2l A 3K 77 £ Ui B B E i TDN A
PRI, 7EEAM 3O AL E AT DN AZE L
5E; (2)PCRR N A5AF: TiAEE95°C 15 min—F 1
94°C 30 s—Bfi /% -1E ki E(1°C 30 s)—~FEfHT72°C

AT B A 5

B W% AR R
TR ERB YT
X -25484% & B &
AR S EH, ¥
o) fig By 4043 5 ik
&%, 5NAFL#
i, 2RE5
2 B ¥ Sk R A I
NAFL#) 5 Bt A
EICE -
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Wi £ E
Petersen et a/4k it
A4 IR =
[ S VY R i -
) 61/39 124/84 =
Me By & OB 3 TFH(25) 52.87 +11.93 55.34 +12.12 FoRERLAT4R SFNAFLLEA
e, B RE A BTG 4 WHR 0.87+0.05 0.91 +0.06° n(SB/Q) 66/44 58/40
EARD NAAE gy 2227 +3.17 24.33+3.29° FH(2) 55.49.+ 11.49 55.16+12.84
TS IR A AT WHR 0.89 +0.05 0.94 +0.05°
BB T T4 2 890, 942005
ot al#hik SANAFL A BMil(kg/m?) 23.12+£2.82 26.20+3.11
T P<0.01 vs IEESNTIRA.
AR, T <001 ve LRI AST(UL)' 2.95+0.31 3.15+0.49°
i}ﬁﬁéﬁiﬁ L . - ALT(UALY' 2.89+0.39 3.27+058"
i e, | MInTERET2CHEANI0 min, 3SR WIKEL Ty 3.04+0.52 3.54 +0.68°
W30 /LI B Mt s Ay A, WEEEPCR™ ) AUumol/L)! 5.51+0.31 5.70+0.36°
A J . 1 2 HAE B LDR N I 1 TC(mmol/L) 4.74+1.37 5.03+1.78
- o . 1 b
%; (3)LDR&}L‘A§%1¢, TD@EVDS C 2 min, gﬁl‘i TG(mmol/L) 0.44 +0.52 0.88+0.61
. . . HDL-c(mmol)  1.08+0.29 1.05+0.19
4°C B ‘C2 AMEER; (4)LDR)
? i 30 s’ﬂjr;wo N min, 357 {EH‘E “) A rL LDL-c(mmol/L) 2.72+1.11 2.47+0.75
PR oy RS LDRIAESTT DNAWFPACEIE ooy 4.87 +0.54 5.06 = 0.64°
AT K, 83 Genemapper K F T3 EIM FPGImmonL) 8.80+3.61 10.19+ 4.80°
I (AU, T 52 SNP 4y . FC-Pl(ug/L) 1.39+0.86 2.024+1.16°

1.2.4 LEP-2548G>A4% £.SNP 5 T2MD4- 3 NAFL
B BEAT AR £ PE AT

Bt Ab3R R HISPSS12.08 34T 4812
O3HT, VEECE R mean £ SDFE R, AEIES O &
A RITEL, SR REA IS 56, V- YOk
KUK, LAHardy-Weinberg V-4 i HER KR
ABEAARENE, LLIGAE EL(OR)F195%CIR /s AH
xF KR, SNPHT2MDZH 4 N AF LIS
2 R A4 LogisticlH A3 Hr, DL Rt
RRZ . HEEH N AR, DERAIHFNAFL
H A (A JFNAFL A 1, JEHEW T4 0), K LEP-
2548G>A LR A 4% — 73 AR B AL BE, 7850 By
B IRI(AGHGGHL = 0, AATY = 1), P<0.05 %
RGN E R L.

2 BR

2.1 AR RABERY 45 SE

2.1.1 T2MD & 5 IEH X OB 4
475 T 2L AT Le M (P>0.05), (HT2MDZ [IBMI.
WHRIPFEME B T IE 0 A, A4
U (P<0.01, #1).

2.1.2 T2MDEH A IHNAFLALIBMI. WHR.
AST. ALT. y-GT. AU. TG. LP. FPG.
FC-PV¥7KFE i T TN Wi 4, 4R & e 240
() 22 5 o o PR (R2).

2.2 LEP-2548G/A4% 5 SNP# & B A 45 m) 2%
R EWMEAST2MDA (&I NAFL. &
JEWTHD A AA. AG. GG 3FhSEA A, &4
LEP-2548G>AM7 £SNP{HL H 43 A EHardy-

"ENESRWEUS; °P<0.05, *P<0.01 vs T2DMFESAHATA.

Weinberg i (1) BE 0 58 2 W) 72 5 250 Wl 2% 1k
(P>0.05), Pt IFEAILD B o) A2 S5 5] 1), HLRE
HARENE. T2MD A IENAFLALILEP-2548G>A
FE DRI AL A3 A1 5 1 H 6 AL TE AR 4L TR 22
B W E; TAMDA IFNAFLARIA. GE7
DRI 28 55 T 0k FECAHL R) 22 S A Yl 2 PR (P<0.01),
5 T2DM I NG 4 1R 22 76 . 35 1 (P>0.05, 43).
2.3 LEP-2548G>A4% 5. SNP5 T2DM A5+ NAFL
# K e 5 ¥ LEP-2548AG. AG+GGIEK ALY
AAFEFT2MD 835 & JEN AF LI RS A7 7E
25 (P<0.05); ZLogisticAl V2> B4 IFE 5]

E#y. BMI. WHRMXHZE 5, %2 R IhF 4,
AAFERT2MD A I NAF LK X 51(P<0.05),
HAGHK B #3.0804% « G55 A7 K& DA 485 4y &
(AGHGGHEK A 12.2871%, AARIA&-F 18I0 T
T2MD %5 J-NAFL 5 1 KU (K 4).

2.4 SNP5 s FRAFAEAR K 1

2.4.1 SNP5 3], WHR. BMI# R A& A &
FALE R A AEAN R PERE A7 o N P 4 TR
e ST B EEIP>0.05), 45 T R EIE
Jie ) 25 A Y 2 MR (P<0.05, 3K5).

2.4.2 LEP-2548G>A4% &SNP 5 w 15 3R AE At 6 R
K547 LEP-2548 A AJE R ALK A v BRI 1)
MBS 51(P<0.05), AGGHERI 12,7205 ; ASEAT
R DRI 5 i AR M 1 XU, 0 G857t 7 14911520
£, AZEAT PR ARG N T v R A IR A A X

www. wjgnet.com
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| BN
KA R AL e
BEL BB IR F A
RA e AR % 5% 5% 5T
23R n == = W 25 - B B
e HO &g e © F &£ BSNPA F,
[EBNIRA 99 43(43.43) 42(42.42) 14(14.14) 128(64.64) 70(35.35) KitRE BT
T2DM X-2548G>A
. SNP 52 7 4% Jk )%
ToRERnATA 109 57(52.29) 46(42.20) 6(5.50) 160(73.39) 58(26.61) L HNAFLE J &
SFHNAFLEA 98 65(66.33) 24(24.49) 9(9.18)* 154(78.57)°  42(21.43)° B, R TR A
FHL B RART
1R
°P<0.05 vs T2DMTCISIEHEE R, °P<0.01 vs IERNIREERA.
SNPELEE RIER] RIEG
ORiE 95%Cl PE ORiE 95%Cl PE
AA 1 1
AG 2.186 1.190-4.016 0.011 3.080 1.515-6.246 0.002
GG 0.760 0.255-2.267 0.622 0.428 0.083-2.207 0.311
AG+GG 1.797 1.024-3.155 0.040 2.287 1.185-4.416 0.014
NAFL A0, Hh AARE R TOMD s &
JENAFLIGERE R 25, Bl A ALY )3 2 1
s HER ZMER £ XS B4 N(OR = 3.035, 95%CI: 1.210-7.615,
B o PE “B d PE  P<0.05); BMI. FPG. TG. ALT/RY5T2MD
WHR 6.337 2 0.042 4. 597 1 0.034 %‘%#NAFL*E;’%, i@jﬂﬁﬁﬁ%(%'n
BMI 0444 2 0801 0446 1 0504
M2 0319 2 0853 0306 1 0580 NN
pe 3 111
95 2% A2 B PR FE R (o b3k RN i i, B T 4 2R B 43
K (326). WK . obBE R T AN Y tafk7q32 I,

2.4.3 LEP-2548G>A/% 5. SNP 5 16 JR AL 354764
X GGHAGHK A 5 A AJL R K & AL AL 4R
FR(ALT. AST. y-GT. TG. TC. LP. AU,

FPG. FCP)HAT LLEL, 45 Won & WA bR e
W 2L 7] 22 S 1) 1 i 3 PE(F.P>0.05).

2.4.4 LEP-2548G>A1% & SNP5NAFLS &AL
a9 AR R M K T2MD A INAFLE S, $HIEB
(T 5 oy N R B T R R P AL AT L
B, S5 LEP-2548 G>AN M43k R A, J
DRI 24 7 AN [ R P52 PR IR I JH 20 1) 222 S G A 25 1Pk
(P>0.05).

2.5 LEP-2548G>A{% 5 SNPR L ietg £ B £ 5
T2MD4A-FFNAFL &% 6948 % 1 LEP-2548G>A
A= Y EICE (S h VA S s =K [ IEEEY N

BMI. WHRMALT. AST. y-GT. TG. TC.

LP. AU. FPG. FCPJ[HIBIANZ N EIELKM
Logiste|[H 940 H 84, 45 5L B 7R: LEP-2548 G>A
A7 55 R R AE S o AR i 5 T2MD IR & 9F
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INANE TR WS AR, AR N &
(1 5 LA A AT LR G 0 i R . PR I
P 2% 5 R P R AT G, AR TR 1 AR
0 P BT 9 5 3 L3 98 2R KT B v T L R R
Y, 2 AR TR 7N e I3 R 2K F kg i G
JHT 28 37 f 3505 DR ™). 98 2% 3 B i e gk e
#HPi(insulin resistance, IR), Z 5L kS g
it K R A= i Petersen et al i IE X A7
A7 TR AR 5 (1 g iy JHF £ A T 3
AT A, PR B 22 ORI, TN I TG
FrRLIHD, DAk 9 R AT T TROR T T 77 A 12k
L EAS [) 45 SR 1 T 8 Jst IR 0 AR iy B 2 A7
FE R M DB er alMHRIEXINAFL
HRORIT, AT H I 3252 A mR N A ) 65 1
I, St ZIPT. X ANAFLEE A B H
P 4 THEIE. AET2DM A HNAFLE 1L
L7598 22 /KT IR TE e g 58 3w, ml gt S
O FIPT AR AR« - 7 4n
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iR EE
RIR A 4 3
2 A ¥ R A F
NAFL %;ﬁ? SNP PIETRIERELEN(%)  IER4EN(%) ORE 95%Cl P&
. ~ TN AN 0
ik, T — 4 FO
RIFHIINE, S AA 131(55.74) 34(47.89)
R /Mﬁg% fj& AG 87(37.02) 25(35.21) 1.107 0.618-1.984 0.732
e TN R SE 5 .
liaagegeqund CiG 17(7.23) 12(16.90) 2.720 1.186-6.235 0.015
EILESLS S0 SER
A 349(74.26) 93(65.69)
G 121(25.74)° 49(34.51) 1.520 1.016-2.274 0.034
°P<0.05 vs IEEHAARRAY; °P<0.05 vs [EFRHAER.
8 B SE wald PlE ORIE 95%Cl
AAFU 1.110 0.469 5.596 0.018 3.035 1.210-7.615
BMl(kg/m?) 0.266 0.076 12.127 0.000 1.304 1.123-1.515
FPG(mmol/L) 0.197 0.058 11.557 0.001 1217 1.087-1.364
AU(umol/L) 0.008 0.002 12.407 0.000 1.008 1.004-1.013
TG(mmol/L) 0.396 0.161 6.064 0.014 1.486 1.084-2.038
ALT(U/L) 0.040 0.011 12.608 0.000 1.041 1.018-1.064

W%l BB HL B2 B R, 00 I 25 4 WA T
REJ) T B, DRIt 33T RE/ FIRX T2DM A Jf:
NAFL# & A4 F U,

ORI MR E SR I R
RISNPA — & Bk, Hoffstedt et a/'#RIELEP/S
Bl 11X -2548G>A 2 A& 5 L35 8 KA K,
2548 A A4 T 107 41 i R A T EmRN A K-
T I 98 2R P B -2548G A/G Gty i, JL
I I 40 L it 980 3R () R IR 2 -2548G A/G G
Wi 245, 2N NIELEP-2548 G>AZ 51
A BRI 3 K S LEPIR 3%, LEP -2548AA
E— R PARRE T “HEIPT” MR

BT AR NI TLEP-2548G>A N 55 11
Frl g5 R o, IEE XA . T2MDA JFNAFL
KRR EAA. AG. GG 3FPFE N Y,
Horh LLG GAE D B (R e Je IS, 5 [ N i i
AHIER. T2MD & I NAFLA LEP-2548G>A %
PRI 70 23 A1 5 T2M D G AR Wi 4L 1E 8 % 401
) 22 S 3840 W k. o AABEDI U T2MD %
A IENAFLIY K 5 (P<0.05). #—2 LLILEP-
2548G> AN LR AR S AR B S P AR
% BMI. WHRAIm R A bR — m 4T 2
Al Z& LogisticZ & [HIH 347, 45 RLEP-2548G>A
[ISNP5T2MD % & IFNAFLAH G, AASERIAY
Je L E R 3R, Bl A AJE DR TR 3 22 L AR A

WAN(OR = 3.035, 95%CI: 1.210-7.615, P<0.05).
$E/RLEP-2548G>A {7 £ SN PAE A A7 AR &
T2MD& IENAFLI ARG, v g2 H &) st
DRI A, AASEDR 7R 18 0 7 .

T2D M & FF JIg Wi JIF 1) 2 5 I8 B 2% 1)
AU e ) v i I ) RATTAELEP-
2548G>AMT £ IIS NP5 I PR AE 119 46 5 43 AT
R L, LSNPS 523K N HE I I A
K, LEP-2548 A AJE PRI TR A= v JI5g 30 A JRE: g XL
B =1 (P<0.05), A GG AL 1)2.720£5%(95%C:
1.186-6.235). Kk, FAIHEMLEP-2548G/A%E
DA A% S5 BT BEAE 3 Sk K 52 L EPRIA, A8 5% (1)
2548 A AKEDA T TE I B s o b, (RAEET 98
FIPL” KA, UG T A, I ITAE SR
FRfE EARAERE T T2MD 5 4 JFNAFLIF K 2.
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