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[(HE] Bry =W PEHS (ventricular septal defect, VSD) 5 HAND2 3L )5 21 X 55 W AR 5 1Y ST
T, XM FHURI I TR AR R . Faik g 349 191 VSD 20 H LA 345 Bl fEE R X IR L3 M REEAS , 18
ot R BERE SR YR HA R BT TN, B HAND2IE RS 87 K A 5 WA S0 o5 o ol FERU Y 28 Bt AG I ot
AR LS Re AT, IE i VKRR A B o BT AT 43 FHLEIBESE . [RIEf I TRANSFAC F1 JASPAR %541 e 15
MEEFER T, ER WA T A 3RS (2.173530852A>G, ¢.173531173A>G Fl ¢.173531213C>G) H il
PLAE 10 ) VSD LAY HAND2 B8 5 2h 1 1, Ho 4 B LA 1A 28 5 00 80 o 398 0 2l e I e R
.173531213C>G FEAIR T HAND2 FER A 3 F 6 Stid vk . UK 2828 )y 4B Aty S I TN 7R ¢.173531213C>6
PR T I R TA5 G000, 8518 HAND2EEF S 31 X A ZF IS 57t ¢.173531213C>G A BEH A 52 % s [H 5
BIgh A, iS5 VSD kA KR [hEYRILRIZRE, 2023, 25 (4): 388-393]
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Association of ventricular septal defect with rare variations of the HAND?2 gene
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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 1 (ventricular septal defect, VSD)
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1.1 HRA=E

[m] Joi A A 4 2018 4F 12 H—2021 42 H (£ T
=22 B B g BE Be st i2 311012 VSD 1 8 L3 349 4]
[ BE204 ], Ltk 1456], POAER N6 (3, 8)
4] AERVSDA . (EERREXTHRAL L IL 3451 [ %
168 15, Ltk 17741, 4R S (3, 8) %1,
Bk A [ HE T 77 B 2= Be B B e ) L2 AR s
(R fE AR JLIE . VSD 2 W bk o S 7 0 3h 1R
WoRERIPRAHAA S ML, REESEN
VSD. HEBRFRHE R BB A GG e MO RS Bl A

BBEYERR A VSD L. A 9T B3R T R 2 B
PR BRR B 2xitiE (2017-FY-079), Ff ™ 4% 10
CB/RFEFEF T ) R BT IR G2 0 M40 A3
XA NG [, JF4E B R =1,
1.2 BIFRENF

BT 58T 2 (%) S0 JE bk o, ot FH 48 i 53 25
W PR . S DNA $BUR5] & e
H BSR40 P A FE R 4 DNA L, BEBEBFSE A H Y
b Bt S HAND2 J: [ J¥ %1 -1300bp % +46 bp
(1346 bp, chrd: 173530184-173531529, NC_
000004.12) . i F§ NCBI (https://www.ncbi.nlm. nih.
gov/) W BLASTRJFiH514 [1EM: 5'- (Kpn I
[ ) -GTTGACACCGTTTTCCACACC-3'; FZ[i): 5'-
(Hind 1) -TGAGGGGAGCAAGCGGATTT-3"], 3|
Y BifgA TAY) TRBRGARA AR i
B B 20 DNA PR BN, (i Lk 51 i i 2R
B HEEE SN Y, I YR B T A T
FE By A B2 ®) oE 4700 % o {8 FH DNAMAN F1
Chromas #RAFAZ XS G TN P45 3R
1.3 FERHEEK N

£ H B9 R Br 4 2 pGL3-Basic Rk #A I, I
W T 2H FORIE YL B HOC2 40 v, FH W8 1 i
i A5 5 R ARG T 3RR) 6 8 R oA SR 0 5 ' 2R T o
HAND2 B R J5 2l 10 5% s i Ve 7 R O Rl
( i pGL3-Basic 315 ) T PEMM B2 KB (H
pRL-TK ik ) {EHMY LR R . KB A HAND2
B A B+ 15 G MR 100% . B RECR 23
) pGL3-Basic, NZ A pRL-TK.
1.4 BXEBELZHHH

$& B HOC2 2 Jft 1 % $2 B ) (il A Thermo
Scientific 1Y) NEPER ™A% 1l i £ Bl & ) . B
SO B 30 bp BRI N ARER, Jf il B
AT AY TR AR\ G . ] Thermo
Fisher Scientific ) LightShift® 1k 2% & 6 H1 Jik i #% %
s 5 0 M (electrophoretic mobility shift assay,
EMSA) i8] & 1T EMSA 525K
1.5 HItESH

KHRIES TR, 55 IS0 BT
PR £ bR (x+5) Fon, PI4lElL
WA HPIREA k56 s AP A IES /i T vk
FHH O (A mliE) [M (P, Py | R,
WAL IA] H Al FH Wilcoxon BRAIRGEG: . 31HECFRHI 1
BHE % (%) T, R A Fisher i V)
HE R 1 o i F§ TRANSFAC  (http:/gene-regulation.
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com) FIJASPAR (https://jaspar.genereg.net/) %% 5%
PR 7 A T2 %) 2 si TR - R AT O o B e 2 56
EMSA M7 42 3L B P<0.05 KR 28 A Bt
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S BAE 1041 VSD UL, Horr 4 6 8L 14
AR S, TRV K 491 BB L33 Sy =5 (] i ] 50 ik
t, WFR 1. VSD AL FIfERFREXT IR ¢.173531213C>6
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2.173530852A>G

2.173531173A>G
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w

2.173531213C>G

E1 HAND2EEREZHFERLTSHNFBIEE L IshERA
F1 106 HAND2ZE R B F X T2 8 LRI R 5 1
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5 2.173530852A>G E’S 2 IR S T A LA S
6 2.173531213C>G ] 4 P4t T 24 AR
7 2.173531213C>G ks 1 FEIRCHBBATI T BRI T 1 B A AR R
8 2.173531213C>G s 2 s At TAH 2N NA S
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TE: RIEAI 3AEILAERALA

+ 390 -



525 % 55 4

FE S XILF L E Vol.25 No.4
2023 4F 4 H Chin J Contemp Pediatr Apr. 2023
%2 VSDEMEENBATNERNHHER s f 2 hon s
Hﬁﬂ (%) ] 24 7 A #H 7 4
. 78 EEEXTIRAL VSD4L
A A3 1 i L
AR AT 45 /LR A (bp) (n=345) (n=349) PfH
2.173530852A>G  —623
- E=d
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0.499
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2173531213056 _984 B P xf g.173531213C>G
cc 345(100)  342(98.0) o1s 2 .173531213C>GHIEMSA &R ZREM A
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pGL3-WT4H 1.00+0 - -

pGL3-Basic 21 0.13+0.01 98.271 <0.001
pGL3-173530852G 41 0.97 +0.01 3.779 0.063
pGL3-173531173G 4 1.03 £ 0.02 2.219 0.157
pGL3-173531213G 41 0.80 +0.02 16.086 0.004
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2.4 HREFN
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YA R 73 (early B-cell factor 3, EBF3) . NK2 A
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(splicing factor 1, SF1) 255 5% R 25 G M7 55,
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JPAL ERUEF NCBL (https:

//www.ncbi.nlm.nih.gov/)

A

Matrix Factor name Position (strand) Core score & Matrix score Sequence

V$COE1_Q6 Early B-Cell Factor-related factors 10 (+) 0.948 0.721 cccCTCGGataact

V$TTF1_Q5_01 TTF-1 (Nkx2.1) 13(+4) 0.875 0.856 CTCGGat

V$SF1_Q5_01 SF-1 group 9(+) 0.816 0.761 tccCCTCGg

B
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PE R B R R AR B R Sk () OGS T, W]
I 27 DL AR S5 P50 A R T 1145 i 1, 7 ke 1 4
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