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[ ABSTRACT] Aim To investigate the relationship of alpha 2-Heremans-Schmid glycoprotein (AHSG) gene poly-
morphism including four single nucleotide polymorphisms (SNPs) (rs4917, rs4918, rs1071592 and rs2248690) with type
2 diabetes mellitus (T2DM) and combined lower extremity atherosclerosis (LEA) in T2DM. Methods A case-con-
trol study for 333 Kunming Han subjects including 88 normal control and 245 T2DM (84 without LEA and 161 T2DM with
LEA) was performed. Four SNPs of AHSG gene polymorphism analysis were performed with polymerase chain reaction-
restricted fragment length polymorphism (PCR-RFLP) and allelic specific primer-polymerase chain reaction ( ASP-PCR) in
three groups. Results The SNPs including rs4917 (C/T), 154918 (C/G) and 152248690 (A/T) frequency of geno-
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type and allele of AHSG gene had no significant differences in three groups (P >0.05).

In the groups of T2DM without

LEA and with LEA there were significant difference on the AC and AA frequency of genotype and A allele distributions in

rs1071592 compared with control subjects (P <0.01 or P <0.05).
rs1071592 was an important risk factor in T2DM (OR =8.501, 95% CI 1.210-60. 153).

The Logistic regression showed that A allele s of

Conclusions  The study

suggested that A allele of rs1071592 was probably a predisposing gene for T2DM, but it was not found AHSG gene was re-

lated with T2DM combined LEA.

a2-HS-## 25 H (alpha 2-heremans-schmid glyco-
protein, AHSG) , XFRIRERE 1 A (fetuin A) , & F 2
JBE i ST K R G AR R BEIR
I BB B 2 3 Tk ok REAE AL (atherosclerosis, As) 1Y 51 16
NHE, R MAE I K E S W PR Y 3 2 B Ak st
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PR, A S SO A8 0 R A M BE T )
A, JCHXF 2 BUME PR 5 (type 2 diabetes mellitus,
T2DM) & 2 0 I FE T M i R AR . AT
ESERTHAS LA H Y AHSG JEM 1Y 4 AN AR IR £
A ( single nucleotide polymorphism, SNP ) {if A5
rs4917 rs4918 . rs1071592 , rs2248690 5 2 UM R Ik
JHA T s kiR AR A AL (lower extremity athero-
sclerosis , LEA ) [ & J 115 ) JB O B
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WEIBHKNEEZEHLARMT 3 RUA
KEHMBERAEN FEHELZE LML Xx Ry
TR A . T2DM ##1% 1999 £ WHO 45 % ty 4 7 #n
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W RIEATRM , 2 K 2 4 A8 R 41 (n =84 1],
F%51.24 £8.10 ¥ ) A SR E & I T B3 Bk AE L
H(n=161 ] 44 59.66 £8.44 %) IE# xfHE 4
K E R R E ¥R — E RS R #
B TR SR Kk AR o g
MEHEF - FELLHYEHF R T K
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Wk EF R R E W R AT, W E 5 F R
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(kg)/ & &> (m®), £ & T2DM & %0 F 4 7 7 6 2
krEAFHRLE,
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K % J& fI§ & A (low density lipoprotein, LDL) | i AL B
(serum creatinine, Scr) | /& % & ( blood urea nitrogen ,
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h i #% (2 hour postprandial blood glucose,2hPBG)
K Jl 3L s 8 2R R BL 2k M A b o 27 & & (glycosylat-
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B A ST B LR E Ny B AR R 4L DL IMT=1.0
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phism, PCR-RFLP) , 2 & N & & & R 577 ik % 4
Z k(4] AT rs1071592(7538C/A) (152248690
( —T99A/T) % 25 G i 09 A 3 R R 25 o 2 (R 4% 3
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ase chain reaction, ASP-PCR) , 2 X N & % & R &
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ZAGKER LR
BEPRI 6 IF LEA 4lR40E0s e e R Z A 1
1IN T R R 8 o2 = = i =
(P <0.055¢ P<0.01), =% s & AL T HAb
PIZH (P <0.01) M PR T2 | s 1l & A2 %8 BMIL,

2.1

5 2 h WE KR AR 2T 88 = T Bl R 4 (P
<0.05 3 P <0.01) ; B 4lif bR s 41 FOME FR 9 5 9F
LEA 2111725 IR ipE (&7 3k i B i 1 1 X R4 (P
<0.01) , =% BN 2R B AL FIE# X Rl (P <
0.01)(5£1),
2.2 ZHHIE 14917 WERFEB R EMERE MR

A l5E [V ( polymerase chain reaction, PCR)
14 R Bk 298 bp , AR 4 B i 04 N YT Hin 11§D
R B O, L H AL 3 Fh, CC LK 298 bp; CT Al
298 242 57 bp (i BN, M EERE, B R B
7)) s TT 5k 242 57 bp ( B/, R BE R, i &l rh
KRIIR) . SNP rsd4917 ( C/T) F K Y A3 A F 25 o7 ik
PRI A =l W) 22 F 0 (P >0.05) (B 1 3R
2).

= 1. FABIGKRERER

Table 1. Comparison of clinical characteristics in different groups

EE R IEH X HRZ (n =88) LRI (n =84) BEPRI 5 LEA 41(n =161)
BHLTE 47. 8% 58.7% 53.4%
EIR (%) 53.92 £5.92 51.24 +8.10" 59. 66 +8. 44"
BEPRI L () — 18(2,69) 36(6,96)°

A e — 22.6% 44.1%"

e e (mmHg) 112.57 +12.73 132. 44 +27.92" 142. 85 +30. 74™
#F ik (mmHg) 73.63 +8. 66 83.77 +18.52" 87.50 +16. 24"
IRJFEFE L (kg/m*) 22.61 £2.72 24.88 +2.92" 23.66 +3.41™
JRZEA (mmol/L) 4.26 +1.02 4.01 £1.27 4.82 +1.59™
I AILEF ( pmol /L) 65.37 +13.33 72.07 +£17. 61 78.01 +26. 12™
LSBT B (mmol/L) 4.58 +0.68 4.64 +1.01 7.26 +2.38"
Hih =g (mmol/L) 1.21 +0.35 2.19 +1.35" 4.51 2. 10"
EE NS A (mmol/L) 1.67 +0.50 1.50 £0. 40" 1.03 £0. 32"
I B2 g 2 11 (mmol /1) 2.64 +0.64 2.95 +0. 83" 4.82 +1.54"
23 JE 1A% ( mmol /1) 4.68 +0. 44 10.48 +1.77° 11.52 £4.01*
5 2 h IR (mmol/L) — 10.91 +3. 11 16. 44 +5.83°

WAL LT 2

6.39% +1.22%

9.48% £2.56%"

a N P<0.05,b°NP<0.01,5EWXTIRA HE ;¢ I P<0.05,d M P<0.01, 5B R4 Fe i,

R2. BEHE 4917 BERBSHREMEFFE (F])
Table 2. The genotype and allele frequencies of rs4917 in different groups( cases)

FIR i
Al %L
cC CT +TT C T
1EH X IR 88 61 (69.3% ) 27(30.7% ) 145(82.4%) 31(17.6% )
FRANE PRI 2 84 57(67.9%) 27(32.1%) 135(80.4% ) 33(19.6% )
BERRSE A I LEA 4 161 99(61.5% ) 62(38.5% ) 254(78.9% ) 68(21.1%)

TT BRI <5, &1 % CT B,
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<— 500bp

<— 300bp

1. 14917 EEENZER
B1;57 bp KR BUN, L B
Figure 1. Restriction enzyme digestion results of rs4917

12 HTTHI,3 4 KCTH,5.6 K CC

=408 1s4918 WEEBE S HREMERFIE
REBEEE RN 18 F B~ 1063 bp , AR R il 14
WU SaclfFD] F Beb i, LR A 3 Fi, CC BN

2.3

R 3. FAEE 4918 BEERB SR EMERFTZE(5])

1 063 bp; CG Ak 354 709 .1 063 bp; GG %k 354
709 bp( &l 2) . SNP rsd918( C/G) FE K I 434 K 5437
FERRAE =R 22 R0 (P >0.05;3%3)

Marker

1 2 3 4 5 6

1000bp

500bp

B 2. 14918 B4R
L

Figure 2. Restriction enzyme digestion results of rs4918

125 GG .3 4% CGHLS5.6 K CC

Table 3. The genotype and allele frequencies of rs4918 in different groups( cases)

S E A
| i
cC CG GG C G

oot 88 54(61.4% ) 29(23.0% ) 5(5.7%) 127(77.8% ) 39(22.2%)
PAANE PR 21 84 53(63.1%) 22(26.2%) 9(10.7% ) 128(76.2% ) 40(23.8% )
BRI AIE LEA 40 161 98(60.9% ) 53(32.9% ) 10(6.2% ) 249(77.3% ) 73(22.7% )
2.4 =418 151071592 WERB S G REMER R A TT 81 AT &I AA BI([K1 4), SNP rs2248690
g R (A/T) FE R RY o3 A Je A5 35 PRI 8 A E = 2 [R] G {3

KA BN 1 7 B Ry 349 bp, Ay 3 Ak
AL, S AA R AC R CC AU (& 3), PRalif R s
2H BEPRIE AT LEA 2 SNP 1s1071592 14 AC AA A&
PRS2 A7 B A 37 DRI 2 78 - IE 5 4 BB (=
13.505,P <0.01;x> =5.193,P <0.05) , {HHE )R I
GIF LEA 25 B2l JROS 2 # SNP 11071592
(C/A) FEPI B 3 A Ko S0 FE PRI R 0 1 3 22 53 (o
=3.776,P =0.052;% 4) ,

2.5 =4HI18] 152248690 MERFEEBE S H R EMER

REWBE N Y1 7 B Ry 433 bp, Mg 3 Fhdt

R4, BAHE 1071592 BEEEBE S REMEFTE(F)

ZER(P>0.05;%5),

1 2 3 4 5 6  Marker

<—1000bp

<—500bp

3. 151071592 PCR # 1 7=4)
5.6 CCHI,
Figure 3. The polymerase chain reaction products of rs1071592

1.2 5AA L 3 4 ) AC B,

Table 4. The genotype and allele frequencies of rs1071592 in different groups( cases)

) F R A S IR
A ki
CC AC + AA C A
Nsoayikil 88 76(86.4% ) 12(13.6% ) 162(92.0% ) 14(8.0% )
BAAT A R e 21 84 52(61.3%) 32(38.1%)" 125(74.4% ) 35(25.6% )"
WEIRIG G IF LEA 41 161 119(73.9%) 42(26.1%)* 273(84.8% ) 49(15.2% )"

AA TRIBGHIEASRL <5, 8FFF AC L, a P <0.05,b N P <0.01, 51F % % B4 H &,
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& 4. rs2248690 PCR # 1 7=4)
5.6 4 AA R,
Figure 4. The polymerase chain reaction products of rs2248690

120 TT 81,3 4 9 AT #Y,

2.6 2 BUMERRR S BIZEER S SN 11071592 (C/
A)MHEXEREZRSH

it —20 DL T2DM & A 5 0 R N A2 i, R BRAE
e eI e B = (1WA N TE = N A A ) S
JE 25 B2 I AR A H b =R L AR A K
WIERR A LB R 2] A 11071592 (1 A 554
FEPON PSR AT Logistic [R1IH 434, 45 5 B s I
4 e CH I =R 25 B LR R 1s1071592 AC + AA
RIS (R A S0 LR #5717 ) A& T2DM & A iy ok 37
fERHZ, Hp Ay A 2507 3 X AR B T2DM
) AR Ry A #E 7 1Y 8. 501 A5 (% 6) o

R5. F4HE rs2248690 EEE S R EMEEIER (F)

3 4 i

Ytk 3q27 JEME IR AR 25 B AE I — A &)
JEIX S, N AHSG 5E R F 4t dk 3q27, th 7 4>
ANBE TR 6 NN T B 1 ASK 2 8 kb (1132 7 51
28, AHSG JE R 4w i 1) 8 H e —Fh 2 D g
Jo, HERT 0 R 5 3R A A 1 T A R T, B R %
PRI F S BRI Ak LA 2 5 22 1 A s g £k, A
IR AHSG S RAREIBTIES B R . AHSG 3K
AR RS T B — A B s A e AR G
fIE T2DM Z5 0 J5 K . Heiss 255 BF 5 26 W] AHSG 3
HIHY 53 — 469T > G 1) SNP 5[ 55 R A S 130
RE W o i AR 2 B 105 5 188 VI AR G, 55 JIH [ s K
SEIEAR G, Siddiq % %A R OnR AR5 &
PR, AHSG FE [H A F 482 F 7 19 SNP 151072592 5
T2DM A P =0. 008 ,0R =1.27(95%CI 1. 06
~1.52) ], 54k 2 4~ SNP 152248690 55 154918 13
M5 T2DM A — & BIARSCHE . FRE AR X 8 PRHbIX
BN BE B 5T b W%, AHSG A 1) SNP
151072592 Fl 12248690 1) 43 A i 2 1 [E S iz 18 £z
I, o 151071592 S50 35 PR 28 A48 S BUBOME R s 1Y

Table 5. The genotype and allele frequencies of rs2248690 in different groups( cases)

LA e |

a4 A %L

AA AT +TT A T
1E & X R4 88 64(72.7% ) 24(27.3%) 148(84.1% ) 20(15.9% )
PAZTHE PR v 2 84 56(66.7% ) 28(33.3% ) 131(77.0% ) 37(22.0% )
BEIRIR A IE LEA 41 161 110(68.3% ) 51(31.7%) 265(82.3% ) 57(17.7%)
TT B R AR <5, & IR 5 AT 5,
% 6. 2 BItERFER E R M & IT Logistic 47
Table 6. Multiple Logistic regression analysis of type 2 diabetes mellitus for the influencing factors
mooH B S.E Wald P OR 95% CI( OR)
AL -22.256 5.342 17.359 0. 001 0. 001 —
WS4 0. 065 0. 024 7. 658 0. 006 1. 067 1.019 ~1.118
H il = e 3.001 0. 867 11.985 0. 001 20. 096 3.676 ~109. 864
25 W 1A 2.481 0. 567 19. 165 0. 001 11.955 3.937 ~36.305
1s1071592 (AC + AA) 2. 140 0. 998 4. 596 0. 032 8.501 1.201 ~60. 153

XU 18 . AS #F 5% 8 3 %F AHSG FE K 4 > SNP
154917 154918 (151071592 J% 12248690 #1714 4r
Hir 154917 (C/T) (154918 ( C/G) 152248690 ( A/

T) Pk 35 PR B 43 A S S5 A7 5k DR A 3 7 TE 5 X6 IR 4 5
PR ARG 2 A Gl s 22 R, T 1s1071592
B2 AR AC FnL2 a5 8 AN B A 4l 5 A CC
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oy e AR A et 22 5 (x° = 13. 505,
P<0.01) ,#F— L BAR R RS G IFE T AR
FAEE s BT Tk R | S E O IR R
=R S EIRE A AUVE IR A LSRR
FJn, Bn rs1071592 A ZE{i KN 5 T2DM 1778 5%
BEE AT M HEAHF 1s1071592 A 254 B[4 Al fE
fn T2DM 5 KU ( OR = 8.501,95% CI 1.201 ~
60. 153) ,

S — 71 MAMIFFE IR SE AHSG S 3 FR 3t
BEIRATIE Rl ) . 04k X AHSG SE R £
A5 A 5k AN HE I O R N 5T HRGUE
FEXT 28 K W 5 o B B BF 9T 8w, HE A AHSG
rs4918 1 G A5 N PR & A 1l 45 485 Ak 1 XU 7T g
KB AE— T K [ 368 BRI K EE R 829 4
T2DM £ 5T el AR Sl ik ok A e £ 55 e 0 551 5 fik o4
FEREALBEEL 5 AHSG JEHAY 11 4> SNP 3£ 815 Hr
FORE5E) 7R, 3 AN AR 4 A X 1Y SNP ((rs2248690 |
12593813 FlI 12070632 ) 5 — > 4 1% X 1) SNP
(rs10197592) 5 T2DM A4 74k 3 Jhk 3h ik ks A A AL AR
K(P<0.05), A58 x5 g 8 & T2DM )
HAI TR BKEAEREfL S AHSG JEH 1 RS
X [ SNP ( 12248690 ) Fl1 3 >4 i [X. SNP (rs4917 |
rs4918 F1 rs1071592) 1Y JEHK 43 #1 {7, 14917 (C/
T) .rs4918 (C/G) Fll 152248690 ( A/T) (1) %L A 38 43 A5
R A PUIRUR M PRI 5 JF LEA 21 5 1E % X BR
2H N L alipl RO A 22 (R TG A J 25 57 511071592 (C/
A) BRI R A3 A S S5 A5 B DR TEBE IR 9% A I LEA
HHEHEMRAZEA LI #EZR (X =5.193,P
<0.05) PRI A& I LEA 21 56 R B o A S 55407 B
PRIB R 5 gl g L i — 25 Ut P 22 5% (3
WA KBNS 225 (x* =3.776,P =0.052) , A
BEIN M 151071592 (C/A) 5 2 RIS I LEA A
KERME, JE AT A 5 TR AT O A A RE AR i,
151071592 1) AA FE RV BRI VG — R R .

2 TN PRI B R s o I 45 0 A8 A 2 2 B
HR A it S L F/EHZE R . T AHSG
FEPUIR S R B IS5 10 i AR R, S T2DM
B ok ks B 58 b =2 [ A7 A 2 VDl A2 % i S R0
HHICT AHSG FEH 28 M 5 T2DM &I shkikite
TEAL AR ML B 80, 3T AHSG JE R A7 £ 4
SNP {3 f5, , AW 5T e B 4 i DX 1) 3 /1> SNP (1s4917 |
1s4918 | 1s1071592 ) Al 1 A4~ 3k % % X (%) SNP

(1s2248690) #EAT K IR ME 43 4T, AN 151071592 (C/
A) 5 E B B M X DU T2DM FE7E B, 405
IR i P — 2 X AHSG 3 [K SNP 5 T2DM & H:
KAMAE I RAEHEAT AT B AL 2= BT, e i — 20 W]
W2 AR MR AR R A A L R AL, Sy By i P 1t
AR BIIR ISR

[ &% k]
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