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[ ABSTRACT] Aim  To investigate the relationship between single nucleotide polymorphism (SNP) of ATGI6L1
gene promoter sequence and acute myocardial infarction ( AMI). Methods The ATG16L1 gene promoter was ampli-
fied and sequenced by polymerase chain reaction in 285 AMI patients and 296 controls using case-control method. ~ Com-
bined with DNA sequencing sequence and alignment SNPs database, data statistics and analysis were carried out.  After
using the Hardy-Weinberg balance test, the X* test and ¢ test were used for correlation analysis.  Logistic regression was
used to analyze the association of multiple risk factors and three SNPs loci with susceptibility to AMI.  Haploview 4. 2 soft-

ware and SHEsis online software were used for linkage disequilibrium and haplotype analysis. TRANSFAC database was
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used to predict the binding sites of transcription factors that may be affected by SNPs.

Results Multivariate Logistic

regression analysis showed that male, smoking history, and hypertension were independent risk factors for AMI ( P<0.05) ,

while high density lipoprotein cholesterol was a protective factor for AMI ( P<0.05).

Among the three SNPs (rs1816753,

112476635, 1s2289477) in the promoter sequence of ATG16L1 gene, the TC genotype of rs1816753 was associated with

AMI, which significantly increased the risk of AMI (OR=2.519, 95% CI.1.130 ~5.615, P=0.024).

software analysis showed that the three SNPs were strongly linked.

Haploview 4.2
Conclusion The SNPs of ATG16L1 gene promoter

may be associated with the susceptibility to AMI, and the TC genotype of rs1816753 may be a genetic risk factor for AMI.

2O U BE (acute myocardial infarction, AMI)
JE: 509 ( coronary heart disease, CHD) B —Fj ™ 5
AL CHD 2 —Ffr b s bR 20 ok 72 3= 2 2 e AR 5l fik
SRAERE AL T R Y DL 1Y 52 2 MR | Hh st A% A ER B
HZ A EAE S, & R BBk T e 2N
PR AW B A% A ) Pt AR ST 1Y el VA AR
SR R 25 R A AR AE R A N RS iR
FOCHEMIEM ., AL, B WETE R 40 i S8 T A
TR RAE TR G B EEMAIEH . SR
AT H WO, 41 Mt 52 = SRR 7 5 A 1
SRR W A O JIL SR 0t 107 38 S 3R 4 i T AT IR
B e A A7 P B B Y,
FEC A ZR G, WO I A4S ) R S Ay fig
ZOCHEE A BPAEGE R B RS 32 S 2B RS
ik R RE Ak 7E P A0 L B L A AR OC 1611
(autophagy related 16 like 1, ATG16L1 ) 3& X 4 it 1Y
T H AT A T B R B S R — 4,
FEAEVETT A BRI T BT R AR S
SR SF-TE ALZAH AR R B 200 B b (Y 1 T e K TR AE
Sk FERE AT B A b A AR AT, A A
Wiz ] 351 7 3 Bk sk AR AL, 35 0 ATG16L1 114 3R3A 7T 4
S ELER A A Wk, TR A0 A 3R 18 i, 12
PR EBEANAL , AR CSTBL/6 /N KA 30 ik ok Fp A
1 AR RFGT I, ATG16L1 (T300A) 415
1Sk A R e B JEE R 1 o S 3 AH G TE W] ATGI6L1
A5 5t 5SS ko RERE AL AR G

ATGI6L1 3 H 2 H W 7 ] B B A ml b i) 2
FBT, C 8k B 5 g ks B R Ak & s pLi A oG, 3
&, AR ATGI6L1 2 [HJE 55 CHD 5 AMI %
AR A G, B, AL EHRSY ATGI6LY B )5 3)
+ XS BAAZ R 22 51 (single nucleotide polymor-
phism ,SNP) 5 AMI 5 Jd&dE 2 [0 9 5¢ &, Sk AMI
FHOCSE R L R S P2 A Sy AMIT 1 JRURG: DFEAl |
B2 Wy B 30 pTs B st AL A AR

1 #ERFAE

1.1 WRIFH

FEALIE I 2016 4F2 A—2018 4712 Azt ¥ FiF
TSI B E I 2 K #6285 ] AMI
RHEN AMI 41, B 207 ], 4 78 1, 1% (63. 88+
12.52) % ;26 U] 3 ok AR Je 8 B AR o0 R B A
0296 5] b xt BE 4, B 188 A, & 108 fi], &£
(44.84+12.24) % . AMI 4 40 N AT . = % 14K 1
AMI BAIIE R X R HERAfMe AEE
HRONAARZ DO AMALEE A T LIS & A
IIBRAER ITH)NRE  F68FCHE KR
NMEEER BRAKERERRE, K2 E
5 W AMI B AR VE s HEBR ARl . 0 EIE IR L £ 3
i =N [ RN 8 A - B I &
B, dEAHERRE. LA CHD, & IUE %
N BRI K e R ER T SRR MW
BRAR, AFREFTEFRMEER E 40
BEZRAMWE BERERE,
1.2 KWFENFERIRXF

PCR 334 L (ABI-9700 ) ; % it i 1% % 45 ( Tanon-
3500), A 4k JE L B AN A% 4 B B R (K R -
LDS1075) ; i 7/ 41 8/ 48 fi 2 W 4 R BUR A & (b
T A AMR-DP304-03) ; PCR Master Mix( 3 [E Promerga-

M7502) .,
1.3 SEIA&
1.3.1 #AMkE F0 B AMI 4 36 57 B A0 3t BE 4

HRZEBSNE M3 mL, FA S AN 20 M
TR KR R BN kA B AR BN A AN
M, F-80 CHRAEAA,

1.3.2  fmpe ik B 4a 42 B % B DNeasy Blood and
Tissue Kit ( QIAGEN, Valencia, CA, USA) it ¥ 4 #
fE, NBANZ 40 e B #R B3R B 41 DNA, 15 U & F &
THE AT Ay o/ Ay oy T2 1.8 ~2.0 Z 7] 3K E >
100 mg/L,#i‘ﬁ?ia)éﬁ%—go CHF,

1.3.3 3l 4% &A% % B GeneBank # A
ATGI6LI # & J¥ 7| (NC_000002. 12) , ATG16L1 #
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Kl %% 3k A2 45 B ( transcription start site, TSS) fiL T
233251828, B TSS L 2L A & 20 F F 71 6 1 246
g H A JF Primer Premier 5.0 ##4% it ATG16LI1
HEBFH TR G, ERFENEEN DNA K &,

FrF% 1.233250476 %| 233251194 (719 bp) , b £ 2.
233251120 2| +233251721 (602 bp) , 3t th L4 T
NEHE AR, SIMFAILE L,

F 1. ATGI6L1 EEE3F5I14F 5!
Table 1. Primer sequence of the ATG16L1 gene promoter

3194k ElE7l2]l i PR/ A K i
ATGI16L1-F1 5'-TTCATCTCCCCCTTTCAACA-3’ -1 095 719 bp 52 C
ATG16L1-R1 5'-GCTTGGTACAGGGGAAACCT-3' =377

ATGI6L1-F2 5'-ATGCTCCTGCTGTCAGGGTA-3' -451 602 bp 57 C
ATGI16L1-R2 5'-GAGCTCACCTCCACACACTG-3' 151

1.3.4 B & K% PCR ¥ 3% #% ¥ PCR Master  AMI ZH/A 4541 (body mass index,BMI) iK% B g &

Mix ( Promerga-M7502 ) & JF U6 BH # 1E, 50 pwL PCR
R Rk %A AR DNA 3.0 pL, EiE. T35 4 (10
pmol/L) %& 1.0 pL,PCR Master Mix 25 pL, T #% 8
B K 20 pL, #AEF A .95 CHE K 2 ming95 C
P30 s, 3Bk 40 5,72 C HEH 40 s, 3t 35 I HpE
372 CHEH 5 min,4 CH H1EHE,
1.3.5 B#REME K PCRYBWENAFEK
YA b A T 5 LA Sanger 3% M| 7 | 3 3T Chromas
1 DNAMAN #2444 B il 7 7] 5 2 4 AL 3EAT 7 71t
X, 376 GenBank [ 3k 2 4%t xF SNP L &
1.4 S50

& | SPSS 25.0 B P $EAT G vt o A, T BUHOR
A Bk, T EXRA R, EH X BB N
AMI A5t BAWEFRAREMEXERE N 24
# 53 Fl Logistic [F] /7 247 SNP 5 AMI £ 48 £, A
%t (odds ratio, OR) 2 95% & 12 X [8] (95% con-
fidence interval ,95% CI) % 7~ ; # 41 SNP 3£ 4{ 1~ F
il Haploview 4. 2 %k 5 24, & A SHEsis £ %& % 1+
HAT B4 A M, A TRANSFAC 3k 48 & 4 #7
SNP # K H FHAENEAME, P<0.05 hEFH
Gt FEE N,

2 & R

2.1  AMI AR % BR 4R I PR AE 53

PAZH 5 AT AH G R R B He B s, AMIT 2P 55
P AR S e I OB PR B L 9] B AT 1 44 1
2 TR IRLL (P<0.05)  AMI 2 = %5 32 iR 2 11 AL [
[ (high density lipoprotein cholesterol, HDLC ) 7K>F-H
RALT XA (P<0.001) . FTHE M T AR 55 1,

F1JH &[5 (low density lipoprotein cholesterol , LDLC) I
S [ % (total cholesterol , TC) 7K B W AK T~ X 18
H(P<0.05) , 7] AEH1 T A9 5 M0 A5 25 fn DL ¢
55 WA H I =R (triglyceride , TG ) ZKF-JC 8 & P
Z5, W2,

R 2. IGKFFHES R

Table 2. Analysis of clinical characteristics

X 2 AMI 2H

SH (n=296) (n=285) P
L % 44.84+12.24 63.88+12.52  0.000
B HI(% )] 188(63.5)  207(72.6)  0.019
T/ [ H1(% ) ] 108(36.5) 78(27.4)

MRS/ [ (%) ] 51(17.2) 150(52.6)  0.000
FRLE/ [ B (% ) ] 73(24.7) 132(46.3)  0.000
BEIRIE/ [ 1(% ) ] 25(8.4) 61(21.4)  0.000
BML/ ( kg/m*) 25.49+3.66  24.78+3.78  0.022
HDLC/( mmol/L) 1.31£0.29  1.07+0.43  0.000
LDLC/ ( mmol/L) 2.78+0.72  2.50%0.81  0.000
TG/ ( mmol/L) 1.46+1.01  1.5220.99  0.505
TC/ ( mmol/L) 4.88+1.49  4.31«1.11  0.000

2.2 AMI AR ITERANEXBIREZESH
A BER I My 83. 4 (>60) , 16 B4R A <7
AEE DLAMI Ry RS & DUAERSY PRS0 O sk
M JE PR . BMI HDLC .LDLC TG .TC K [ 25 &,
T2 E Logistic MIHAMT, 45 R W, 1 AR
ORI R AMI B R ST fE R B (P<0.05) , 5
P W S R I T AMIT B R XU
HDLC J& AMI {5 A R (P<0.05) , A B & B AR
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AMI BRI, W3R 3,

2.3 ATG16L1 EEF3hFF 5 SNP MEER
M FFLE 5 R 3 4> SNP 151816753 . 1s12476635 .

*3. HABKMEZEM S EZE Logistic BT 12289477 1 SRR 4l T o848, WA 228 F 5878
Table 3. Multivariate Logistic regression analysis of WA 1
related risk factors 2. 4 Hardy-Weinberg Eﬁﬁﬁﬁ'gﬁ\g g!*u%{ﬁg
i B S.E OR 95% CI P SRR AR
AR 0.106 0.323 1.111 0.591 ~2.091 0.743 %3 4~ SNP LL AT Hardy-Weinberg S 1 Ky
B 0.130 0.013 1.139 1.111 ~1.167 0.000 Bﬁ,/n%ﬁﬂ_\‘% SNP fi,@fﬁéﬂ*ig?ﬁtm Hardy-
s 2.170  0.315 8.758 4.719 ~16.252 0.000 Weinberg SF@Z{T(HWE) (P>O 05) %%Eﬁﬁzliﬂé Qiﬁ
EME 0.816  0.271 2.263  1.330~3.848 0.003 ,ﬁ%qz@]:ﬂ/‘jﬁﬁ: \ﬁ E%E’Jﬁ%ﬂi %Ié}ﬂ%%
BERHE  0.077  0.356 0.926 0.461 ~1.861 0.830 R rs1816753 rs12476635 H1 CC TC . TT 3 FL [
BMI -0.016 0.039 0.985 0.912~1.063 0.691 ifﬂﬁéﬁﬂﬁiﬁ%%fr%ix Wjéﬂ%fi%.}fﬁg
HDLC -1.340 0.357 0.262 0.130~0.527 0.000 THIC %#jjﬁ%ﬂ“%ixo 152289477 1 TT TG .
LDLC 0.344 0.395 1.410 0.651~3.057 0.384 GG 3 ﬂ%.ﬁ”fﬁéﬂﬂﬁzﬁ_#%%l‘l‘%i)( Wéﬂff
TG 0.235 0.175 1.265 0.897~1.784 0.180 W
PEEPIIR T A G Z RGBS, k4,
TC -0.603 0.324 0.547 0.290~1.032 0.063
rs1816753 g.4393T>C rs12476635 g.4469T>C rs2289477 9.5129T>G
Reverse Reverse Forword

ATGCCAACCCAGAGATAGCCT ACATCAGCCTAATGGCTAATG CCTCGGGGACTGCCAGTGTGT

w |

i

ACATCAGCCTGATGGCTAATG CCTCGGGGACGGCCAGTGTGT

ﬂ I

|

Ll

ACATCAGCCTGATGGCTAATG CCTCGGGGACGGCCAGTGTGT

” l

LA

1. ATG16L1 E[F 33T SNP I F &

LIENIER T, PR ARG TRALTFIRIZAEE T RALFFS 8k il SNP,

Figure 1. Sequencing chromatogram of SNP in ATG16L1 gene promoter
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= 4. AMI AF0Xf BB 2H SNP fi &Y Hardy-Weinberg L& 16 E R B FZ G EF TR
Table 4. Hardy-Weinberg equilibrium test, genotype and allele frequency of SNP in AMI group and control group

s pr
r %Eﬁ% ;ﬁ o B2/ B HWE  AMI Z0/0 HVE Xgﬁ[%fg Aﬁlﬁfg )
AB BB P AA AB BB P A B A B
rs1816753 T/C 76 139 81 0.298 58 154 73 0.158 0.183 291 301 270 300 0.542
rs12476635 T/C 253 40 3 0.325 243 41 1 0.597 0.605 546 46 527 43 0.885
152289477 T/G 109 148 39 0.308 112 128 45 0.406 0.425 366 226 352 218 0.980
2.5 HEXMESH HDLC LDLC \TC TG %R 42 & J5 PRI M Logistic

K Logistic [B1J943 41 SNP A [ 3 [ Y 5 AMI
AAAIENE , 25 3 & BE rs1816753 1) TC FER AL TT 3k
RIRURI rs2289477 ) TG LKA TT 2K A5 AMI
ZHIfFAE SRR (P<0.05) , AT RESE AMI FIfE R IR 2
METE P 1), AF % BMI, WA S i W DR e

LT, 45 5 R 1s1816753 1) TC JE K 1 5
AMI [BJFFAE TR A AMI ff 2 57 /G 16 IR £, mT B
A AMI 1Y R 995 KUK (OR = 2. 519,95% CI 2 1. 130 ~
5.615,P=0.024), W5,

5. AMI EFI3ER A SNP REEEE A Logistic EJ34 47
Table 5. Logistic regression analysis of different genotypes of SNP in AMI group and control group

FELIE S B KB J& 50T
SNP FEPR A
OR 95% CI P OR 95% CI P
151816753 TT 1.000 — 0.009 1.000 — —
TC 2.402 1.313 ~4.392 0. 004 2.519 1.130 ~5.615 0.024
cC 1.853 0.787 ~4.365 0.158 1.994 0.673 ~5.909 0.213
112476635 TT 1.000 — 0.428 1.000 — —
TC 0.784 0.421 ~1.459 0.442 1.467 0.651 ~3.308 0.355
cC 0.230 0.021 ~2.550 0.231 0.051 0.002 ~1.628 0.092
12289477 TT 1.000 — 0.018 1.000 — —
TG 0.507 0.290 ~0. 887 0.017 0.564 0.274 ~1.163 0.121
GG 0.810 0.333 ~1.966 0.641 0. 698 0.224 ~2.177 0.536

T — PR B AR

2.6 EPATERPERSHT

K H Haploview 4.2 #K{F43 M1 & B ATG16L1 FE
HE 35 X (1s1816753 |, 1512476635 | rs2289477) 3 4
SNP i 1 3% 8 [ rs1816753/rs12476635 (D' = 1. 000,
R*=0.777) ;rs1816753/rs2289477 (D' =0. 928 ,R* =
0.748) ; rs12476635/rs2289477 (D' = 0.953, R* =
0.708) ], VLI 2, i SHEsis 7E£&FAFERTIX 3 4
SNP {7 g AT BAE B 43 A7, 45 R I R PR B AL 5
AMI & J5HI56(P>0.05) . L6,
2.7 il SNP #MHIEERE G LR

K TRANSFAC %4 72, 90 %% 5% P ( tran-
scription factor, TF) X AEANJEH15Z SNP 520 AT TF A9
Z5A 0, 11816753 ILAE ATG16L1 JE [ 8+
5 HSEMEIAF GATA 254

GATA binding 1,TRPSI) 7% SAM

1 (transcriptional repressor

DR EE R E26

rs1816753 rs12476635 rs2289477

Block 1(0 kb)
1 2

2. ATG16L1 EE/E31X 3 4~ SNP K]
E A EER
E AL RARECT Y DE R 1,
Figure 2. Linkage imbalance detection map of three
SNP in the ATG16L1 gene promoter region
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% 6. ATGI6L1 EFE/F3X SNP i HEEE 5 AMI 5 K IE5 4
Table 6. Analysis of SNP locus haplotype and AMI susceptibility in ATG16L1 gene promoter

X BB/

AMI 41/ ,

rs1816753 rs12476635 rs2289477 R (%) ] R (%) ] X Fisher’s P OR 95% C1
C C T 46.00(0.078) 43.00(0.075) 0.032 0.857713 0.961 0.623 ~1.482
C T G 217.43(0.367) 213.67(0.375) 0.031 0.753001 1.022  0.805 ~1.297
C T T 37.57(0.063) 43.33(0.076) 0.653 0.454428 1.205 0.766 ~1.896
T T G 8.57(0.014) 4.33(0.008) — — — —
T T T 282.43(0.477)  265.67(0.466) 0.240 0.609977 0.944  0.749 ~1.190
T — R B R

AL ¥ 5 M I F ( SAM pointed domain containing
ETS transcription factor, SPDEF) | GLI & %1 £} 45 2
(GLI family zinc finger 2, GLI2) AY %5 & ; 1s12476635
AR AR ATGIOLL 2 N5 3 1 5 5 sk I 1 AP-2
(transcription factor AP-2,AP-2) BARX []Ji A &
2 ( BARX homeobox 2, BARX2) . [f] ¥ 5 # & ( ho-
meobox , HOX ) B9 %5 4 ; 1s2289477 A 2 4% ATG16L1
FER A 8 F 5 848 8 H (zine finger protein, ZNF) |
#% A F 1B ( nuclear factor IB,NFIB) . - 75 /R A0 & 1
(churchill domain containing 1, CHURCI ) SUESTA
W27, %4 SNP nlfigilid Tt TF 5 ATGI6L1 %
s B 145 4 A8 ATG16L1 3 JE 3h F 19 3%
PEVET R ATG16L1 R 5% /K-

7. BMAZEZ SNP ZNH TF &4 608
Table 7. Prediction of TF binding sites affected by
SNP in human

SNP B 5 = TF 256100
51816753 b TRPS1 ,SPDEF
THER GLI2
1512476635 A& AP-2
THBR BARX2,HOX
152289477 b ZNF
THER NFIB, CHURCI

3 3 i

CHD 1 AMI J2: 3 22 oy Sl koot A A A0 5 R 1) 18
P AAEPE R BB B Ko R BE AL BE B
FERR AL | AE A R R 3l A ik, I i
e igp 2 2 1 400 JEL PR 490 Joi 47 B R 40 i 9 52 S A At
A, MLAEEF- 20 JULZAR ML 9 1 ik e o 2 189 240 JH 2 7
SIRKREREAL A R — R AL DR AT 1 40 5T
WAV PR AT AL B, A v HAT PR N -F A 2
AE , EA5 AEFRF A 1 J50OR 200 45 1) S8 B LA R R 35 4

W RIS R, E WA KO£ BE A AR B 3E
T FAARG, 256 UF BH 362 2 A9 K B rpr O R L PR 45 4
ZUHR ) R T 24 N [ WK S AT LA >
AT AH G 1R 25 1A 5T R 4 IR A B 4N B HP 32 451 40 i 2%
BRI BB ML A S R IR IUAE =2
[ LA o 2 VI A 2 B 56 2R, AR P S o 7%
2L AR AN [ K 3 B4 R R T
SR T (L 0 Bl e 2 ) I S f 38 T
GRS G AR 1 S e 31 I B 1 N S A |
AN AAE B AL N IR 40 i A8 T 2 A, 5 Eh
Jik ok BRI AL & A % J 2 VAR 5%, e 1t 1 W A A5k
A YRR ORI Sk e vk A B R,
SRR L H SO RIS I R P 32 2 2 s WL
PR X A S R AR A B I A W, [ A B
r EA O LR

ATGI6L1 i FYetafhk 2¢37. 1, Hi 15 19 4~
AR FEATRA LIz 3k, ATGI6LL 2 H WY
AR T 76 F A 3l K A WA IR A4 ] B Hh
HEEE/ER . LIRS R BT, ATGI6LL Ay s = fin
HTAMEN R 22 (555 S0 EEM, S8 LK
YT EEFET-1 . ATGI6L1 WX FhZm {4 D g 5
F A R AR A AVE A 5E1 . ATGI6L BRI
A O [ A 2 A N R R BRI M B ) 18 B RN
BRI AR, SIS B BE ™ ATGI6L
JE PN A B R A TR PEAGHE S ATGI6L1 YR
PR AL REREAR P K A LY (A s, A0 ATG16L1 (B TR
PRI LA 2F 1 45 A 0T L e Ak, AMP 3T AR 2 1
PABEAE PN 2 40 i b 48 P 2 A K I (vascular
endothelial growth factor, VEGF) #1%, 725 VEGF
PB4 AR B, A W2 VEGE 55 145 48 15 i
TR, ATG16L1 A9 B R Ak M4 AH oG 28 1 52 55 3B
AR I i & 1 1 W R B B D WA (T B, S
W I Bl A% T REA Bh T s 45 A2 s, ATG16L1
V1R AT 35 Al T Ak A I e 1) R A A AR R 4 R 4 T B
YRR, 48052 480 RT 36 Jin 855 5% 100 LA A 1 e, i sk
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ATG16L1 BEfRAL , T RETE LR 4O LA MO AE A 0 )
TRFET AR, BB R, H
AR T ATGI6L1 7.0 LA F 8 15 i At v & 4%
BLRVER (H EARAE FHALEIA AR B T, B HOE 7R
15 F AL B 42 9 o > Bk, AR AT T
ATGI6L1 £ [H JE 3 7 IX W /Y SNP 5 AMI ) 4H 3¢
PE, AT REXT AR AMI A3 7E 4> AL A HEAEH

AHFFE T 285 5] AMI & i1 296 51 %F RN AY
ATGI6L1 FERE BT SNP 4041 & B, 7E ATG16L1 &
N 2 75 R g 3 4> SNP (rs1816753 . 1s12476635 |
1s2289477 ) {1 11816753 [ TC FEPH 5 AMI [8] 477
KK, AMI GRS 2, B AMI |9 B XU 2 1
WA 2.519 £%, i@ id Haploview 4. 2 #4434 3
™ SNP Z[8] (3% 850 B, 45 5 /R 3 4~ SNP S ii%
81, it SHEsis FTEL B Hr a5 R R fE7E 5
PAAERD L) 1s1816753C/1s12476635T/152289477G Fl
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