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[ ABSTRACT ] Aim To investigate the association between genetic variations in the promoter region of the homeobox
protein NKX2-5 gene and the onset of acute myocardial infarction ( AMI). Methods A case-control study was con-
ducted involving 415 AMI patients and 388 healthy controls. ~ Gene sequence variations in the promoter region of the
NKX2-5 gene were identified using polymerase chain reaction combined with sequencing.  The biological functions of gene
sequence variants in the NKX2-5 promoter region was analyzed through cell culture and cell transfection assays.  Tran-
scription factor binding sites potentially altered by gene sequence variations were predicted using the TRANSFAC online

platform. Results A total of eight gene sequence variations were identified. ~ Therein, genetic variants g. 173236217 C>T,
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g 173236119 T>A, g 173235502 A>G and g. 173235141 C>T were observed only in AMI patients, whereas genetic vari-
ants g. 173236158 T>C and g. 173235283 G>A were found only in the control group.
strated that genetic variants g. 173236119 T>A and g. 173235502 A>G significantly reduced NKX2-5 gene promoter tran-

In contrast, genetic variants g. 173236158 T>C and g 173235283 G > A enhanced
TRANSFAC analysis indicated that genetic variants g. 173235502 A>G and g. 173236158 T>C

Conclusion Genetic variations in the NKX2-5 gene pro-

Transfection experiments demon-

scriptional activity (P<0.01).
promoter activity ( P<0.05).
altered transcription factor binding to the NKX2-5 promoter.

moter may contribute to AMI susceptibility by decreasing transcriptional activity through altered transcription factor binding,

suggesting their potential role as rare, low-frequency variations in the AMI pathogenesis.
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H=6.5%;(4) gl TEAENELTHERS
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B 0.5 pL,dNTP Mix 8 pL,GC buffer I 25 pL, % %
K115 pl, K495 CHA 3 min;95 C
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Table 1. Analysis of clinical characteristics

e

B[ B(%) ] 203(52.3) 302(72.8) <0.01
WS/ % 49+12 62=12 <0.01
BMI/ (kg/m*) 25+6.5 26+4.3 <0.01
e i/ mmHg 129+20 123£22  <0.01
#F 9/ mmHg 77£12 7715 0.417
AR s/ [l (% ) ] 23(6.0) 237(57.1) <0.01
WEPRI S/ [ (%) ] 24(6.2) 95(22.9)  <0.01
TG/ ( mmol/L) 1.60+1.04 1.42%1.07 <0.01
TC/ ( mmol/L) 4.95+0.86 4.39+1.00 <0.01
LDLC/ ( mmol/L) 2.84+0.79 2.63%0.77 <0.01
HDLC/ ( mmol/L) 1.26+0.28  1.07+0.25 <0.01

2.2 NKX2S5SEFERBHFRMFER . EFEEMNE
S EEFE S

AT AL T 8 > NKX2-5 BN 3T IX 5
GRS, Hirh 4 B AR S5 (g 173236217 C>T,
g 173236119 T>A g 173235502 A>G g 173235141 C>T) Y
UL AMI S5 XTREZH ARG . IEAh g 173236104 G>A

il g 173235491 A>G 7£ AMI H3#5 SO R 4L 3447
Kt , Hardy-Weinberg P 5045 5 W, % SNP 3
¥4 Hardy-Weinberg £ (P>0.05) , 3¢ B BE A< K
H st L P AR B R AR B2 T
Ao A 25 5 0 B E P (P>0.05) , G 7E R
g. 173236158 T>C Fil g. 173235283 G>A H7EXT IR
R B, SR AR S E A LA 1, SRR R
PRI R, g 173236104 G>A Fil g 173235491 A>G
T PR v %) S5 D] 780 R 46 o7 ik DRI 36 43 A 2 S 4
BEM(P>0.05;%2),

g.173235502 A>G
0.173235491 A>G

0.173236217 C>T 0.173235283 G>A

exon1

1 1 1

—-1000 -500 +1

9.173236104 G>A
0.173236119 T>A
9.173236158 T>C

9.173235141 C>T

B 1. NKX2-5 BERBSHTFERUAMNE
AR AR HAE NKX2-5 JE R A7 (6 B B %L AR
{5 Bt ZE ESRS . NG_000005. 10) F I B T4 .

R T A — MR T 173235204 (+1)

Figure 1. Locations of NKX2-5 gene promoter variants

x2. BEERHNERBMEMERFESN

Table 2. Genotypic and allelic frequency analysis of genetic variants

AL (% )

AR A6 A, Fe R #Y Xt HR4H (n=388) AMI(n=415) P
g. 173236217 C>T(rs546313027) CT 0 1 —
g. 173236158 T>C TC 1 0 —
g. 173236119 T>A(1s3763052) TA 0 1 —
g. 173236104 G>A(1s572793923) GA 3(0.8) 2(0.5) 0.677
GG 385(99.2) 413(99.5)
G RN 773(99.6) 828(99.8) 0.601
A SEA R 3(0.4) 2(0.2)
g. 173235502 A>G(1s561472902) AG 0 1 —
g. 173235491 A>G(rs118026695) AG 67(17.3) 63(15.2) 0.205
GG 0 3(0.7)
AA 321(82.7) 349(84.1)
AG+GG 67(17.3) 66(15.9) 0.603
G SN EE 67(8.6) 69(8.3) 0.811
A FET A 709(91.4) 761(91.7)
g. 173235283 G>A GA 1 0 —
g. 173235141 C>T CT 0 1 —

" RN B IR AR
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2.3 BEETREAFERBABENSHINE

SRtk — 20 WY i AS BIF 5 i S I R AL S AR A
B, AR 5T 38 5 gnomADv4-Genomes 25 [ T AT 17E
ANTR Hb DX A8 S A 38 (3 3) | K AR S AR A AE A
TG B X 28 5 ASBIE ST AR T B 228 S A AR N
FERAHRIY , RARMT MR GG 5, Wl

WAL ¢ 173235141 C>T Fl g 173236158 T>C
g. 173235283 G>A) R 1 KA , K ik 3] NCBI
dbSNP H 4, Fir LA 2 B 2 e AT T AR A, ohy
i — 25 B AR 5 o 0 728 S 67 o515 e 0o i 1Y) OB
AT T openGWAS EHi i i OC T 5L (1 B
B KRR IS Z MR AR S0

xR 3. FRRBABHERHR

Table 3. Variant frequencies of populations in different regions AT %

K S 13763052 1546313027 1118026695 1s572793923 1561472902

(g 173236119 T>A) (g 173236217 C>T) (g 173235491 A>G) (g 173236104 G>A) (g 173235502 A>G)
2Bk 0.0107 0. 0054 0.2527 0.008 0.0014
el 0 0.008 0.005 0 0
£ 0 0 0.043 0 0
AR 0.31 0.02 7.17 0.23 0.04
R 0 0 0.25 0 0

B K E gnomADv4-Genomes

2.4 XS

DL AMI 2 PR 6 AR P WG s B PR
SEEIG R R A B AR &, R Logistic [B1IA 7347 IR
5 AMI C R, 45 R Bon, A% AR s &7 5k
JE LDLC BEIRSG S 5 AMI & 4 5 3 1E A OG (P<
0.05), PR ERATEES 5 T AMI 0 & i 2 5 i i
45 HDLC \TC 5 AMI &4 2 W F AL (P<
0.01) , HH TC WA T fEZ AMI B H AR
RS (R, TEARDF R B  BMI TG F11E
BIAR RN AMI BA B3 M0 (P>0.05) , Al fig
H5HARDII SN MER K, F—5HFT REEAR
ik (% 4),

4. ImRRERERNEXSHT

Table 4. Correlation analysis of clinical risk factors

Ak OR 95% CI P

AR 1.116 1.092 ~1.141 <0.01
Ve 0.950 0.934 ~0.966 <0.01
KT 1.063 1.036 ~1.092 <0.01
HDLC 0.160 0.061 ~0.420 <0.01
LDLC 1.736 1.048 ~2.877 0.032
TG 1.233 0.931 ~1.633 0.145
TC 0.370 0.226 ~0.605 <0.01
BMI 1.009 0.973 ~1.045 0.639
W2 A s 21.217 11. 666 ~38. 588 <0.01
B PRI R 2.841 1.472 ~5.483 0.02
1k 0.723 0.447 ~1.168 0.185

fifi 11 SNP Stats £ £k 53 B #14F XF 35t % A8 5+
g 173235491 A>G 47 5 FpostfE i ml (g vk 8
PE S G AR ) 2B, S5 R R 7R R R AR
WAFIE GG , B8 5 o 173235491 A>G 5 AMI fY
RATOM N, R 8L 8 5 ¢ 173236104 G>A
(ORI FE X G2 BB /D, R FEAT 5 F 3 45 B AU 43 #r
(%&5),

R 5. NKX2-5 EFEEEFX SNP 5 AMI BB X 947

Table 5. Correlation analysis between SNP in the promoter

region of NKX2-5 gene and AMI  F{y; . {4
bugi
SNP p— FEHAL AMI XFHEZL OR P
2. 173235491 A>G @M AA 349 321 1.00 0.68
AG+GG 66 67  0.91
g AA 349 321 1.00 0.3
AG 63 67 0.88
GG 3 0 —
MR AA+GG 352 321 1.00 0.55
AG 63 67 0.87
Kbt  AA+AG 412 388 1.00 0.15
GG 3 0 —
Ik — —  — 0.950.82

Y — FR BRI TR,

2.5 EETRI NKX2-5 BEREhFRREER N
SR XL 2E ' 28 Tl 4 5 28 8 A ) 38t A% 22 5 %o
NKX2-5 H P9 81 5 ) 6 1 152 ), 245 2R /K 7
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HEK-293 4ifitrf U AE AMI H 3% v ok B0 0 je A5 70 5
g 173236119 T>A Fil g 173235502 A>G i & &A%
NKX2-5 BERR 8l 3 sk i Pk (P<0.01) |, Je sk i Pk
ALK P4 1 132 43 591 by 24. 82% (g 173236119 T>A) Al
33.48% (g 173235502 A>G) . {XFE AMI & &
PSR 5 o 173236217 CST Fl g 173235141 C>T
I A NKX2-5 3 DR 8 7 19 5% S 4 (P>
0.05) , {FEXTIA R BIAEHEAE T ¢ 173236158 T>C
Hl g 173235283 G>A HEHN T NKX2-5 3K )5 sh T 5%
SRTRTE(P<0.05) e ;TR RS M B W B2 53014 9. 56%
(g 173236158 T>C) F132. 72% (g. 173235283 G>A) , 7E
HOC2 4l 3545 T 55 HEK-293 £ Jifd A AL 4 4%
IUAE AMI 4 & B i1 A8 5 ¢. 173236119 T>A Al
g 173235502 A>G &R NKX2-5 5L JE 2l 1 i
SETEPE(P<0.01) , % SRyl PEFRAR B BE 4350 31 42%
(g 173236119 T>A) F130.34% (g 173235502 A>G) , UTE
XTHEAH ke B g5t 1% AR 5 ¢ 173236158 T>C I
g 173235283 G>A HAT NKX2-5 FLH A TG 5%
TEPE(P<0.05) 5 S0 M TH 5 1A 1 2 43 30K 39. 87%
(g 173236158 T>C) F118.71% (g. 173235283 G>A) , U
TE AMI & B 5t 45 A8 57 g 173236217 C>T Al
g. 173235141 C>T [AJFER .35 28 NKX2-5 5& A
BT SR TEPE(P>0.05) , FIRZERER X P4
WHLAS (g 173236119 T>A g 173235502 A>G .,
2. 173236158 T >C, g 173235283 G>A) A T
NKX2-5 3£ i gl F B FE sidive (| 2) o

mm HEK293
. HI9C2

~ -
=) 0
1

©
)

Relative transcriptional activity

o

1 2 3 4 5 6 7 8

2. NKX2-5 ZF A zhF7 HEK293 2 faFn
HIC2 A HHEXH RIEME(n=9)

Phas #fA pGL3-basic 1E R BHMEXT B, K05 24E A NKX2-5 FE P ) 8
% SRAE PRI AE Ry 100% , TR S A NKX2-5 HEP R 2l 1 A X %
., 1~ pGL3-basic,2 i pGL3-WT,3 K pGL3-173236217T,4 A pGL3-
173236119A,5 4 pG13-173236158C,6 4 pGI3-173235502G,7 4 pGL3-
173235141T,8 4 pGL3-173235283A, a i P<0. 05, % YL A8 7 FrkL (1)
HEK293 5% e B 1k T o i) HEK293 Hed ;b i P<0. 05, 54 e s 57
FRLAY HOC2 556 L BF A= RIBTRL Y HOC2 LLAR,

Figure 2. Relative transcriptional activity of wild-type and

variant NKX2-5 gene promoters in HEK293 and
H9C2 cells(n=9)

2.6 MWiNEEFETRINEREFHZM

K H TRANSFAC FEG R FE Tl NKX2-5 FE [
Je S GAE S i 25 A B S I, 25 SR
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