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Table 1 Congenital heart disease (CHD)-associated syndromes resulting from chromosomal microdeletion or single gene mutation

Syndromes Loci Genes Associated CHD CHD Fregency
Microdeletion syndromes
22g11.2 deletion syndrome 22q11.2 TBX1, etc. TOF, VSD, PAVSD, MAPCA, IAA(B), PTA 80%
Williams syndrome 7q11.23 ELN, etc. SVAS, AS, BAV, MVP, MR, 75%
PS, ASD, VSD, PPS
Jacobsen syndrome 11923 unknown VSD, ASD, HLHS 60%
1p36 deletion syndrome 1p36 unknown ASD, PDA, VSD, BAV, Ebstein anomaly
Single gene disorders
Noonan syndrome 12g24.1 PTPN11 ASD, VSD, PS, PDA 50%
3p25 RAF1 (HCM)
12p12.1 KRAS
17q11.2 NF1
2p22-p21 SOS1
Alagille syndrome 20p12 JAG1 TOF, PPS, ASD, VSD, CoA 93%
1p13-p11 NOTCH2
Char syndrome 6p12 TFAP2B PDA 100%
Marfan syndrome 15021 Fibrillin1 MVP, MR, AAE, AR 70%
Shprintzen-Goldberg syndrome 15921 Fibrillin1 MVP, AAE 20-30%
Loeys-Dietz syndrome 9933-q34 TGFBR1 PDA, AAE, Aortic dissection
3p22 TGFBR2
Holt-Oram syndrome 1292 TBX5 ASD, VSD 50%
CHARGE syndrome 8q12.1 CHD7 TOF, ASD, DORV 69%
79211 Sema3E

TOF: tetralogy of Fallot, VSD: ventricular septal defect, PAVSD; pulmonary atresia with ventricular septal defect, MAPCA: major aorto-pulmo-
nary collateral artery, IAA(B): interrupted aortic arch (B), PTA: persistent truncus arteriosus, SVAS: supravalvular aortic stenosis, AS: aortic
stenosis, BAV: bicuspid aortic valve, MVP: mitral valve prolapse, MR: mitral regurgitation, PS: pulmonary stenosis, ASD: atrial septal defect,
PPS: peripheral pulmonary artery stenosis, HLHS: hypoplastic left heart syndrome, PDA: patent ductus arteriosus, HCM: hypertrophic cardiomyo-
pathy, CoA: coarctation of the aorta, AAE: annuloaortic ectasia, AR: aortic valve regurgitation, DORV: double outlet right ventricle

b\, HEIZ, 22q11.2 RIGEMEHRE, Noonan EMERE 2 SIZIBAHIE NS <, EREOCEEDSZIO & > 00T
W20, R b/RNRIEREGBESEHT 2 2 L%, MHBICBEOARZE 5.2 5 2 Lk, EEFIZOVWTOIR
JEWHEEE D - C, RHMICEMMNREH AT T SERRYITH L. K cd, TEEZEANICE
L1V /NBREOHBOBEZE S DHTIZHASNTEY, KB X OLEUAAOF R %2 &GS R KHA
12, FADDLAERR L7225 THRERBE - EHOMIFIZARYD, BEO QOL O LIZEHHK LS & v ) Rk
ICEAZRBAEASNS, BEFZHREICED CEBWERIZOWTE, BRIV 0EDL, T4 K342 9%
ONHEE™ W TG 2T EFENTH 5.

T, [EREGERBOTHIETED? ] Bahdlob50b 25, EREVERTTFHT 47200 SN2 H
Bz, BRMWOREBOFHOWRMEEZEZ 59 2 C, FBfERy - #ETER - BRMERZRARNIIER
b2 LIEREETH L7720, M- RERTFZE#T 2 HES T THENTH L. ERECEEREDOLHT
BIZETVIZEAUEL, "L S W fi(threshold)” & £ IR S ¥ 2 W REMED H 5 4419 - BBER T 1220V T, (RRICH
BHHEROD ) BEOITROIAICE T2 L) I2fEET 52 L2, BRI ORBEOREERZEKTIEL 2
ENTEDLEEZOND (Fig. 1), L, WERLYTHIIH & T Vv % Baltimore-Washington Infant Study % H1-(» &
L 72K D FEEWESE % #8456 L 72 American Heart Association Scientific Statement (Noninherited risk factors and congenital
cardiovascular defects: Current knowledge') 733 S, AMY - BERTICOWTELOONTWA (EELOHAR
FERUMESLAS, [Heart View REIZIBRE T W AY) . 20 Statement, 3 & ORRAGHY, HHGHRC b BS5NT
V5 HA/NBIEBR AR F 4 - LR OBIEZ TS RESIE YICEO T, BN CORRMECERBTH (%)

30 | | BAVNRBERGBFRME $265 F15




31

Table 2 Congenital heart disease (CHD) associated with single gene disorders

Genes Loci Associated CHD Reports
Multiple reports
NKX2.5 5934 ASD, AVB, TOF Scott et al., 1998, Goldmuntz et al., 2001 etc.
GATA4 8p23.1-p22 ASD, VSD, PS, TOF Garg et al., 2003, Tomita-Mitchel et al., 2007 etc.
ZIC3 Xqg26.2 heterotaxy Gebbia et al., 1997, Stephanie et al., 2004 etc.
CFC1 2021.1 DORV, heterotaxy, TGA Bamford et al., 2000, Goldmuntz et al., 2002 etc.
JAGH1 20p12 TOF Eldadah et al., 2001, Lue et al., 2003.
NOTCH]1 9qg34.3 BAV, CoA, HLHS Garg et al., 2005, Mohamed et al., 2006 etc.
TBX20 7p15-p14 ASD, (TOF, TAPVC) Kirk et al., 2007, Liu et al., 2008 etc.
Single report
ACVR2B 3p22-p21.3 heterotaxy Kosaki et al., 1999
LEFTY2 1942.1 heterotaxy Kosaki et al., 1999
Cx43(GJA1) 6021-g23.2 HLHS, AVSD Dasgupta et al., 2001
CRELD1 3p25.3 AVSD Robinson et al., 2003
PROSIT240 12924 TGA Muncke et al., 2003
ZFPM2/FOG2 8923 TOF Pizzuti et al., 2003
CITED2 6023.3 TOF, VSD, ASD Sperling et al., 2005
MYH6 14q12 ASD Ching et al., 2005
NKX2.6 8p21 PTA Heathcote et al., 2005
GDF1 19p12 DORYV, TOF, TGA Karkera et al., 2007
FOXH1 8g24.3 DORV, TOF, TGA Roessler et al., 2008
GATA6 18q11.1-q11.2 PTA, (PS) Kodo et al., 2009

ASD: atrial septal defect, AVB: atrioventricular block, TOF: tetralogy of Fallot, VSD: ventricular septal defect, PS: pulmonary stenosis, DORV:
double outlet right ventricle, TGA: transposition of the great arteries, BAV: bicuspid aortic valve, CoA: coarctation of the aorta, HLHS: hypoplastic
left heart syndrome, TAPVC: total anomalous pulmonary venous connection, AVSD: atrioventricular septal defect, PTA: persistent truncus arteriosus
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Fig. 1 Hypothetical quasi-continuous and discontinuous model for multifactorial
inheritance of congenital heart diseases. In a common family, the threshold
of congenital heart diseases may be crossed by a symmetrical curve of
polygenic predisposition. An increase in genetic predisposition moves the
curve to the right, and an influence in environmental factors moves the
threshold to the left, resulting in higher risk of appearance of congenital
heart diseases.
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