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Congenital cardiovascular diseases are diagnosed in nearly 1% of newborn babies, and are the most common major birth de-
fects. Only in about 15% of patients with congenital cardiovascular diseases has the cause been identified as being chromo-
somal or single gene disorders with syndromes or one of the primary environmental factors; the etiology of the rest of the cases
(85%) is unknown and is considered to be multifactorial inheritance. In this article, the multiple factor inheritances in congeni-

tal cardiovascular disease, including those identified in a recent finding, are discussed.
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Table 1  Etiologic basis of CCVD

Gene, Cardiovascular Disease
Epidemiology Committee of JSPCCS"
1990.4-1999.6
(2,654 cases)

Tokyo Women’s Medical University
Inpatients with CCVD?
1976
(422 cases)

Etiologic Basis Cases % %
Primarily genetic factors
+ Single mutant gene 124 4.7 1.4
+ Chromosomal 217 8.2 3.1
Primarily environmental factors
+ Teratogen 13 0.5

9 872 95.5
+ Polygene 2,300 86.7

CCVD: congenital cardiovascular disease, JSPCCS: Japanese Society of Pediatric Cardiology and Cardiac Surgery

Table 2 Relative Incidence of CCVD

Gene, Cardiovascular Disease Epidemiology
Committee of JSPCCS"

1990.4-1999.6
(2,654 Cases)

Anomaly Cases %
VSD 853 32.1
VSD+other left-right shunt
TOF 301 11.3
ASD 285 10.7
Total 1,439 54.2

Japan Welfare Facilities® Hoffman®
1986 1978
(Newborns 773 cases) (3,104 cases)
Cases % %
433 56.0 30.3
31 4.0
41 5.3 5.1
41 5.3 6.7
546 70.6 42.1

CCVD: congenital cardiovascular disease, JSPCCS: Japanese Society of Pediatric Cardiology and Cardiac Surgery, VSD: ventricular septal defect,

TOF: tetralogy of Fallot, ASD: atrial septal defect
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Fig. 1 Hypothesis of cardiovascular disease (Intrauterine environmental factors).

a: The incidence of intrauterine environmental factors in 2,654 mothers of VSD, ASD, and TOF sporadic probands.

A higher incidence of maternal anemia was found in familial aggregates of TOF compared to familial aggregates of VSD or
ASD (p<0.05); a higher incidence of maternal cigarette smoking was found in VSD, but not in ASD.

b: The incidence of intrauterine environmental factors in 148 mothers of familial aggregated probands.

Interestingly, predominantly higher incidence of maternal cigarette smoking, maternal alcohol intake, and low-birth-weight ba-
bies was not associated with the mothers from familial aggregates of ASD probands.

All data were compared to those of pregnant mothers from welfare facilities (Vital Statistics of Japan™). Values were consid-
ered significantly different if p<0.05.

CCVD: congenital cardiovascular disease, VSD: ventricular septal defect, ASD: atrial septal defect, TOF: tetralogy of Fallot, NS: not sig-
nificant
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Fig. 2 A genetic blueprint for heart development.
This schematic shows particular steps in cardiac morphogenesis, focusing on mesodermal contributions.
Cardiac septal defects occurred in 54% of congenital cardiovascular disease patients.
(Modified from “Nature 2000; 407: 221-226" by Srivastava D and Olson EN.)
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Table 3 Disease genes of typical CCVD

Gene Phenotype Chromosome
GATA4 (GATA binding protein 4) ASD, VSD, PS, AVSD, PDA 8p23.1-p22
ASD CSX/NKX2.5 (cardiac-specific homeobox) ASD+AV block, TOF 5935
TBX5 (T-box 5) Holt-Oram syndrome 1224 .1
AVSD GATA4 (GATA binding protein 4) ASD, VSD, PS, AVSD, PDA 8p23.1-p22
CRELD1 (cysteine-rich protein with EGF-like domains 1) AVSD 3p25.3
GATA4 (GATA binding protein 4) ASD, VSD, PS, AVSD, PDA 8p23.1-p22
VSD CSX/NKX2.5 (cardiac-specific homeobox) ASD+AV block, TOF 5q35
TBX5 (T-box 5) Holt-Oram syndrome 12g24.1
TOF GATA4 (GATA binding protein 4) ASD, VSD, PS, AVSD, PDA 8p23.1-p22
CSX/NKX2.5 (cardiac-specific homeobox) ASD+AV block, TOF 5935
PDA GATA4 (GATA binding protein 4) ASD, VSD, PS, AVSD, PDA 8p23.1-p22
TFAPZ2B (transcription factor AP2-beta) Char syndrome 6p12

CCVD: congenital cardiovascular disease, ASD: atrial septal defect, AVSD: atrioventricular septal defect, VSD: ventricular septal defect, TOF: te-
tralogy of Fallot, PDA: patent ductus arteriosus, PS: pulmonary stenosis, AV: atrioventricular

Table 4 Disease genes of other CCVD

Disease Gene

Disease Gene
Alagille syndrome JAG1 NOTHZ2
Char syndrome TFAP2B

CHARGE association CHD7 SEMASE

PPH BMPR2 ALK1 ENG SMADS8
Holt-Oram syndrome TBX5

Kartagener syndrome Dynein

Marfan syndrome FBN1 TGFBR2 TGFBR1

Familial heterotaxy
Familial ASD
Noonan syndrome
LEOPARD syndrome

ZIC3 ACVR2B LEFTYA CFCt
NKX2.5 GATA4

PTPN11 KRAS SOS1 RAF1
PTPN11 RAF1

CCVD: congenital cardiovascular disease, CHARGE: coloboma, heart defects, atresia of the choanae, retardation of growth and development, genital
and urinary abnormalities, ear abnormalities and/or hearing loss, PPH: primary pulmonary hypertension, ASD: atrial septal defect, LEOPARD: lentig-
ines, electrocardiographic conduction defects, ocular hypertelorism, pulmonary stenosis, abnormalities of the genitals, retarded growth, and deafness
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Table 5 Types of CCVD and need for surgical repair in affected family members'"

Case 1 Case 2
CCVD Surgery CCVD Surgery

1-1 ASD + 1-1 Dextrocardia -
I1-1 ASD - 11-1 ASD +
II-2 ? II-2 ASD

11-1 ASD + 11-3 ASD +
-2 ASD + 11-1 ASD +
1-4 ASD + -2 ASD +
11-5 ASD, AR, MR - 11-3 ASD +
V-1 ASD + V-1 ASD +
V-4 ASD +

IV-5 ? -

V-7 ASD, VSD, PS +

IV-10 ASD, VSD, PS -

V-1 ASD, VSD, PDA -

V-2 ASD, PS -

V-3 ASD, PS ?

V-5 ASD +

V-6 ASD, AVSD, PS +

V-7 ASD, PS +

CCVD: congenital cardiovascular disease, ASD: atrial septal defect, AR: aortic valve regurgitation, MR: mitral valve
regurgitaion, VSD: ventricular septal defect, PS: pulmonary stenosis
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Table 6 del22g11.2 syndrome (Monozygotic twins)

Clinical findings Twin1 Twin2
Cardiac defect + -
Abnormal face + +

Thymic hypoplasia - -
Velo-pharyngeal insufficiency + -
Hypoclacemia - -
Mental retardation
Short stature

Anal atresia

+ o+ o+
[
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Fig. 3 Metabolic abnormalities in WS and 22q11.2DS.
WS: Williams syndrome, 22q11.2DS: 22q11.2 deletion syndrome, T-cho: total cholesterol, TG:
triglyceride, LDL: low-density lipoprotein, OXLDL: oxidized low-density lipoprotein
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Fig. 4 Disease genes of PAH.
a: All familial PAH cases had mutations
in BMPR2 gene or ALK1gene in our
studies.
Thirty-one percent of idiopathic PAH cas-
es had mutations in BMPRZ2 gene, ALK1
gene, or SMD8 gene in our studies.
b: TGF-B/BMP signaling pathway.
The disease genes of PAH were
BMPR2, ALK1, SMADS,"® and involved
the TGF-B/BMP signaling pathway.
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