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Association of ventricular septal defect with rare variations of the HAND?2 gene

LI Mei-Kun, PANG Shu-Chao, YAN Bo. Cheeloo College of Medicine, Shandong University, Jinan 250012, China/Institute
of Precision Medicine, Jining Medical University, Jining, Shandong 272029, China (Yan B, Email: yanbo@mail.jnmc.edu.
cn)

Abstract: Objective To study the association of ventricular septal defect (VSD) with rare variations in the
promoter region of HAND2 gene, as well as related molecular mechanisms. Methods Blood samples were collected
from 349 children with VSD and 345 healthy controls. The target fragments were amplified by polymerase chain reaction
and sequenced to identify the rare variation sites in the promoter region of the HAND?2 gene. Dual-luciferase reporter
assay was used to perform a functional analysis of the variation sites. Electrophoretic mobility shift assay (EMSA) was
used to investigate related molecular mechanisms. TRANSFAC and JASPAR databases were used to predict transcription
factors. Results  Sequencing revealed that three variation sites (g. 173530852A>G, g. 173531173A>G, and
2.173531213C>G) were only observed in the promoter region of the HAND2 gene in 10 children with VSD, among
whom 4 children had only one variation site. The dual-luciferase reporter assay revealed that g.173531213C>G reduced
the transcriptional activity of the HAND2 gene promoter. EMSA and transcription factor prediction revealed that
2.173531213C>G created a binding site for transcription factor. Conclusions The rare variation, g.173531213C>G, in
the promoter region of the HAND2 gene participates in the development and progression of VSD possibly by affecting
the binding of transcription factors. [Chinese Journal of Contemporary Pediatrics, 2023, 25(4): 388-393]
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2 [B] P& B i1 (ventricular septal defect, VSD)
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[m] Joi i £ 2018 4F 12 H —2021 42 H £ % 1
=2 B B g BE Be st i2 31112 4 VSD 1 8 L3 349 4]
[ BE204 ], k14560, POAER N6 (3, 8)
4] AERVSDA . (EERRXTHRAL LI 345 1) [ 4
168 15, L1774, i 4EE RS (3, 8) %1,
Bk A R HIE T 77 B 2= Be B Be e ) L3 A A o
(R BRI LRE . VSD 2 W b o S 7 0 3 &
WoRERIPRIHAA S ML, REESEN
VSD. HEBRFRE R A GG e MO e Bl A

BB TS 1 VSD S L. ABFSE B AR5 7 B B
GEAAAREIZE 2l (2017-FY-079), I/ 4% A
O 7R SEFEE F ) 0 P BIFFE R 00 b A 34
XEABFERMIE R, R B R =1,
1.2 BaFRENF

FHBURIE T X SR A0 A1 Jo] de Dk of. L A P 4
WO B AN . T8 DNA $2 3B & 32
AL AR B R R ZH DNA . BEEERF SR AT B Y
h Bt HAND2 & K J¥ %1 -1300bp % +46 bp
(1346 bp, chrd: 173530184-173531529, NC_
000004.12) . i F§ NCBI (https://www.ncbi.nlm. nih.
cov/) W BLASTRJFiH514 [1EM: 5'- (Kpn I
[ ) -GTTGACACCGTTTTCCACACC-3'; JZ[]: 5'-
(Hind I ) -TGAGGGGAGCAAGCGGATTT-3"], 5]
Y B TAY TRIRGARA R G K. i
YBCR B TR 2H DNA AR gtz , (] Bk 51 i i 5
B EEEE NS, IR R A IR T AT
e B0 A1 IR W AT P o DNAMAN Al
Chromas B AF X H- G N P 2554
1.3 JR R BRI N

£ H B9 R Br i 2 pGL3-Basic Rk # A I, I
W 72 ORI e B HOC2 i R, fiff W e K i
A 5 RIS I X7) 3 A 6 G ASCAGE I 2 't 2% e 1 o
HAND2 HE N JR 3l 5 B3 563 P Hh 2 K O R il
( i pGL3-Basic 3615 ) W MEMM F 22 KB (H
pRL-TK ik ) {EMHM LR R . KB A HAND2
BEDRE 37 B FE SRR 100% . FIPEXS I 28
) pGL3-Basic, WZ A pRL-TK.
1.4 BXEBEZIHIH

2 B HOC2 20 Jifd 1) A% $ e (4 7 Thermo
Scientific [ NEPER ™% 1 g J5t $2 Ul &) . Uk
S bR 30 bp RIFP AU A EREE, Jfh 1
TR TRE IO A7 BRZS W] &) i Thermo
Fisher Scientific [ LightShift® k2% & 6 H1 Jik i #% %
s 5 0 M (electrophoretic mobility shift assay,
EMSA) G & UE T EMSA 5240
1.5 FitESH

KRG F AR B, F5 G B T
PRI s bR (K +£5) £ox, WAME L
BT FHPIREAS R0 5 AAFA IR0 1 ROk
A AEL (Mo igEiE) (M (P, Py) ] 0K,
W2 ] b i Wilcoxon BRI BG o THECTOREH
BRI (%) 3o, 4L HESRH] Fisher #1]
MWE % 3L o i F TRANSFAC (http://gene—regulation.
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HHBAE 1041 VSD UL, Horr 4 6 8L 14
A S, TRV K 4491 BB L34 oy =5 (] i A 50 ik
1, WFE 1. VSD AL FIfERFREXT IR ¢.173531213C>6
gy AT AE O R 25 A i it o B (P<0.05)
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THEAI, WK 2,
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6 2.173531213C>G ] 4 PS4t T 24 AR
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Hﬁﬂ (%) ] Eil 7 i #H ] 2
. 78 EEEXTIRAL  VSDA
A5 B A g L
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— £=J
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0.499
AG 0(0) 2(0.6) - '
¢.173531173A>G 944 . .
AA 345(100)  348(99.7) 000 e AR
AG 0(0) 1(0.3)
Mt g
g 173531213C5G ~984 P g 173531213C-G
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000004.12) 1Y L3 >G Al g.173531173A>G [ EMSA &5 ¥ BAPE, sz —1Eh

ISy % e
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HLA TR FAXTHESRIGYE  off Pl
pGL3-WT 41 1.00£0 - -
pGL3-Basic 41 0.13+0.01 98271  <0.001
pGL3-173530852G41  0.97 +0.01 3.779 0.063
pGL3-173531173G41  1.03+0.02 2219 0.157

TRANSFAC F1 JASPAR % 53 PRl %5405 P2 1) i)
ZERAR, 0.173531213C>G Al g4 T 10 B
ANHL R 73 (early B-cell factor 3, EBF3) . NK2 [A]
JEHE (NK2 homeobox 1, NKX2-1) . Hi4EK 1 1
(splicing factor 1, SF1) 255 5% R 25 G M7 a5,
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FEATIREAS (036, P<0.05 FnE A5 L,

%4 9.173531213C>G HYIRETF 5

HPA 2 RET 5 AR S ERET 5 FPHI L E
S'-ttaatggttccecteCgataactaaacetg-3' 5'-ttaatggttccccteggataactaaacetg-3' 173531228-173531199

e FAMALIN R BN A S JPAIALERIETF NCBI (https://www.nebi.nlm.nih.gov/)

A
Matrix Factor name Position (strand) Core score & Matrix score
V$COE1_Q6 Early B-Cell Factor-related factors 10 (+) 0.948 0.721
V$TTF1_Q5_01 TTF-1 (Nkx2.1) 13 (4) 0.875 0.856
V$SF1_Q5_01 SF-1 group 9(+) 0.816 0.761
B

P C AAN\A 5 C v ITAAA

EBF3 NKX2-1

B3 FRNEREFHESHEAIFMEESCSE AN TRANSFAC T HINE R F45 4 711355 (FULE core

score>80 AYRESEIA 1) s B Ry BT FLIN % s DAl 775 JASPAR iy 45 A AL 15
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SABRBE, FRATTE VSD L B T 3

25

IS4
7

AR5, S TRE T A LR R R, #E—H
By 1 X 5 AR S X VSD R AR R R IAE T . X R
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