
INTRODUCTION

Congenital Heart Diseases 
(CHD) are the most common 
malformations both as an 
isolated form and a part of genetic 
syndromes1,2,3,4. Extraordinarily 
fast development of molecular genetics confirms that 
almost all CHD are genetically dependent in terms of 
microaberrations in different regions of a chromosome 
or single gene mutations 5,6,7. On the other hand, CHD 
are an important component of diverse genetic diseases, 
including monogenic, metabolic and mitochondrial 
disorders, most often as secondary cardiomyopathies8,9.

HEART GENETICS OUTLINE

The genes participating in cardiogenesis are located 
nearly on each chromosome, mainly on pathways, along 
with ligand genes and co-factors, transcription factors 
or individually10,11,12,13,14,15.  Crucial genes controlling 

fetal development, including the creation of heart tube 

and the forming of left and right 
ventricular outflow (LVOT and 
RVOT), are primary “homeobox” 
genes grouped in 4 clusters: 
HOX1 (7q), HOX2 (17q,21-22), 
HOX3 (12q,11-21), and HOX4 
(2q31-37)14,16,17,18,19,20,21. They 

sequentially control the growth and division of appropriate 
cell groups and next, their apoptosis. Genes frequently 
undergo signaling pathways, for example NOTCH1, which 
participate in the forming of the aorta and mitral valves 
or constitute gene complexes,  e.g. Tbox and Tbx20 for 
forming  heart cavities (Fig.1-3)16,18,19,20,21.

Moreover, in numerous functional disorders, for example 
the long Q-T conducting, the reason is also genetic, 
namely the mutation of ion- channel gene placed in 
6 chromosomes: 3p, 4q, 7q, 11p, 17q, and 22q(2x). 
Presently, over 300 possible mutations are known22,23,24. 

Many genes of cardiogenesis were identified thanks 
to the investigation of 
other genetic disorders, 
for example PTPN11 gene 
in Noonan syndrome. The 
gene is also responsible 
for the development of 
pulmonary valves or TBX5 
gene in Holt-Oram Syndrome, 
partly involved in the growth 
of ventricles and the atrial 
septum25,26,27.

Heart development is also 
affected by the phenomenon 
of imprinting (ref. to about 30 

Figure 1. The earliest stage of heart development as studied hitherto 

PRENAT CARDIO. 2014;4(1)

Corresponding author: mail: kjp@onet.pl
Submitted: 2014-02-07; accepted: 2014-04-08

PRENAT CARDIO.  2014 MAR;4(1):6-8 Krzysztof Piotrowski et. al.

Review

6

PRENAT CARDIO. 2014 MAR;4(1):6-8
DOI 10.12847/03141

Authors: 
Krzysztof Piotrowski1, Krzysztof Mędrek1, Stanisław Zajączek1

1 Cytogenetics Laboratory of the Pomeranian Medical University in Szczecin Genetic Counseling and Prenatal Diagnosis PUM

AN OUTLINE OF CARDIOGENESIS

How to Cite this Article:
Piotrowski K, Mędrek K, Zajączek S. 

An outline of cardiogenesis  
Prenat Cardio. 2014 Mar;4(1):6-8

Abstract

The paper presents a description of the development of the human heart based on the present state of knowledge cytogenetics 
and molecular genetics. Despite the complexity of the genetic mechanisms described, the authors emphasize that it may 
be just a slice patterns in kardiogenezie. Aberrations and mutations lead to the formation of congenital heart defects in both 
isolated and components of genetic syndromes.
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genes) and the inactivation of the X 
chromosome in early (day 21) stage 
of fetal development. The above 
mentioned phenomena activate or 
inactivate specific gene clusters. It 
is worth emphasizing that mutations 
can occur in many locations of each 
gene, hence the number of mutations 
is not defined. 

We propose, e.g. a classification 
of genetic pathologies connected to 
CHD (Tab.1).

Yet a more practical classification 
could refer to specific CHD 
characteristic of particular disorders, 
which might prove helpful in daily 
practice of different specialist and 

Development 
of the aorta

Figure 3. The extraction of septum Ao-TP and the modeling of LVOT and 
RVOT.

Figure 2. The extraction of septi and valves according to the present state 
of knowledge

Chromosomal aberrations

Numerical Triploidies, Poliploidy X,  Trisomies 9, 13, 18, 21,  Monosomy X, 

Microdeletions (selected) 4p, 4q31, 5p, 9p, 10q, 17p, 18q, 22q, 

Microduplications (selected) 3q2, partial 22q

Known mutations in defined genetic syndromes 
and single genes: 

AD

Noonan, LEOPARD, Holt-Oram, Shprintzen, Townes, Apert, Alagille, Goldenhar, 
Velo-Cardio-Facial, Ehlers-Danlos tI,II, Marfan, 

Conotruncal face, Contractural arachnodactyly congenital, Noonan-Ehmke, A-VC 
congenital, Heterotaxy 6q21,  Jacobsen, Pallister-Hall,

Rubinstein-Taybi, CdL, ASD + conduction defect,

AR Ellis-van Creveld, Saldino-Noonan, SRP t I, TAR, Fanconi, Aase, McKusick-
Kaufman, Carpenter, Baller-Gerold, Meckel, Lawrence-Moon-Bidel, Cutis laxa,   

X-linked Heterotaxy Xq26.2

Other groups of genetically conditioned disorders Both dilated and hypertrophic cardiomyopathies in: 
a) metabolic diseases, 
b) mitochondrial diseases,
c) neuromuscular diseases

Polygenic ground Hundreds of thousands possible genes 

Table 1. CHD in selected monogenic disorders and genetic syndromes
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Table 2. Specific CHD in selected genetic syndromes 

Genetically conditioned CoA Trisomies 13, 18, 21, Monosomy X, WHS(del 4p), 
DGS(del22q2), Holt-Oram, Noonan, Velocardiofacial,  
Ellis-van Creveld, Marfan, WBS, CdL, Allagile and other….

Examples of teratogenic CoA FAS, Hydantoin, Valproat, Lit, Rubella, mothers PKU 

AVC 16 known different genetic syndromes and disorders 

PS 11 known different genetic syndromes and disorders

LVOT obstruction 13 known different genetic syndromes and disorders

ASD II 15 known different genetic syndromes and disorders

Isolated VSD 14 known different genetic syndromes and disorders

Pulmonary veins pathologies 4 known different genetic syndromes and disorders

CoA – rupture of the arch 9 known different genetic syndromes and disorders

PDA 24 possible disorders etc. 
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enables them to focus on identifying  the underlying 
syndromes (Tab.2).

In prenatal diagnosis CHD is often the sole syndrome 
confirmed by USG scan, which may depend on truly 
isolated nature or non-specific mild ultrasound co-markers.    

It is easily observed how precisely nature manages 
heart development and as a little bit we know about 
heart genetics.

To summarize, it should be assumed that the genes 
and mechanisms described above constitute a mere 
representation of the complex issue of cardiogenesis. 
Our aim was to bring recognition to the crucial role played 
by genetics in the multifaceted process of heart creation. 
We hope that the outline proves useful in the diagnosis 
of CHD in daily practice. 

 
References:

1.	 Optiz	JM,	Yost	J,	Clark	FB.	Overview:	syndromes,	developmental	
fields,	and	human	cardiovascular	morphogenesis	of	conge	heart	
disease:	twenty	years	progress	in	genetics	and	developmental	biology.	
New	York:		Futura	Publishing;	2000.	O

2.	 Lin	AE,	Pierpont	ME	(guest	editors).	Seminars	 in	medical	
genetic	aspects	of	cardiovascular	malformations.	Am	J	Med	Genet	
2000;97(4):235.O

3.	 Gilbert-Barness	E,	Debich-Spicer	D.	Embryo	and	fetal	pathology,	
an	atlas	with	ultrasound	correlation,	Ch.	16.	Cambridge:		Cambridge	
University	Press;	2004.O.

4.	 Hutson	MR,	Kirby	ML	(2003).	Neural	crest	and	cardiovascular	
development:	a	20-year	perspective.	Birth	Defects	Res	C	Embryo	
Today	69:2-13

5.	 Copel	JA,	Cullen	M,	Green	JJ,	et	al.	The	frequency	of	aneuploidy	
in	prenatally	diagnosed	congenital	heart	disease:	an	indication	for	
fetal	karyotyping.	Am	J	Obstet	Gynecol	1988;	158:409.

6.	 Srivastava	D	(2006).	Making	or	breaking	the	heart:	from	lineage	
determination	to	morphogenesis.	Cell	126:	1037-1048.

7.	 Lindsay	EA,	Vitelli	F,	Su	H,	Morishima	M,	Huynh	T,	Pramparo	T,	
Jurecic	V,	Ogunrinu	G,	Sutherland	HF,	Scambler	PJ,	et	al.	(2001).	
Tbx1	haploinsufficiency	in	the	DiGeorge	syndrome	region	causes	
aortic	arch	defects	in	mice.	Nature	410:97-101.

8.	 Merscher	S,	Funke	B,	Epstein	JA,	Heyer	J,	Puech	A,	Lu	MM,	
Xavier	RJ,	Demay	MB,	Russell	RG,	Factor	S,	et	al.	(2001).	TBX1	is	
responsible	for	cardiovascular	defects	in	velo-cardio-facial/DiGeorge	
syndrome.	Cell	104:	619-629.

9.	 Mori	AD,	Bruneau	BG	(2004).	TBX5	mutations	and	congenital	heart	
disease:	Holt-Oram	syndrome	revealed.	Curr	Opin	Cardiol	19:	211-215.

10.	 Cai	CL,	Liang	X,	Shi	Y,	Chu	PH,	Pfaff	SL,	Chen	J,	Evans	S	(2003).	
Isll	identifies	a	cardiac	progenitor	population	that	proliferates	prior	
to	differentiation	and	contributes	a	majority	of	cells	to	the	heart.	
Dev	Cell	5:	877-889.

11.	 Chein	KR,	Olson	EN	(2002).	Converging	pathways	and	principles	
in	heart	development	and	disease:	CV@CSH.	Cell		100:153-162.

12.	 Galvin	KM,	Donovan	MJ,	Lynch	CA,	Meyer	RI,	Paul	RJ,	Lorenz	
JN,	Fairchild-Hunterss	V,	Dixon	KL,	Dunmore	JH,	Gimbrone	MA	Jr,	,	
et	al.	(2000).	A	role	for	smad6	in	development	and	homeostasis	of	
the	cardiovascular	system.	Nat	Genet	24:	171-174.

13.	 Garratt	AN,	Ozcelik	C,	Birchmeier	C	(2003).	ErbB2	pathways	in	
heart	and	neural	iseases.	Trends	Cardiovasc	Med	13:80-86.

14.	 Hu	T,	Yamagishi	H,	Maeda	J,	McAnally	J,	Yamagishi	C,	Srivastava	
D	(2004).	Tbx1	regulates	fibroblast	growth	factors	in	the	anterior	heart	
field	through	a	reinforcing	autoregulatory	loop	involving	forkhead	
transcription	factors.	Development	131:	5491-5502.

15.	 Piedra	ME,	Icardo	JM,	Albajar	M,	Rodriguez-Rey	JC,	Ros	MA	
(1998).	Pitx2	participates	in	the	late	phase	of	the	pathway	controlling	
left-right	asymmetry.	Cell	94:	319-324.

16.	 Casey	B.	Genetics	Of	human	situs	abnormalities.	Am	J	Med	Genet	
2001;	1001	(4):356.

17.	 Casey	B.	Two	rights	make	a	wrong:	human	left-right	malformations.	
Hum	Mol	Genet	1998;	7(10):1565.

18.	 Biben	C,	Harvey	RP	(1997).	Homeodomain	factor	Nkx2-5	controls	
left/right	asymmetric	expression	of	bHLH	gene	eHand	during	murine	
heart	development.	Genes	Dev	11:1357-1369.

19.	 Franco	D,	Campione	M	(2003).	The	role	of	Pitx2	during	cardiac	
development.	Linkig	lift-right	signaling	and	congenital	heart	diseases.	
Trends	Cardiovasc	Med	13:	157-163.

20.	 Kathiriya	IS,	Srivastava	D	(2000).	Left-right	asymmetry	and	
cardiac	looping:implications	for	cardiac	development	and	congenital	
heart	disease,	Am	J	Med	Genet	97:271-279.

21.	 Moorman	AF,	Christoffels	VM	(2003).	Cardiac	chamber	formation:	
development,	genes,and	evolution.	Physiol	Rev	83:	1223-1267.

22.	 Costantini		DL,	Arruda	EP,	Agarwal	P,	Kim	K-H,	Zhu	Y,	Leebel		
M.	Cheng	CW,	Park	CY,	Pierce	S,	Guerchicoff		A,	et	al.	(2005).	The	
homeodomain	transcription	factor	Irx5	estblishes	the	mouse	cardiac	
ventricular	repolarization	gradient.	Cell	123:	347-358.

23.	 Crotti	 L.,	 Tester	 DJ,	 White	 WM,	 et	 al.	 (2013).Long	 Qt	
syndromeassociated	 mutations	 in	 intrauterine	 fetal	 death.	
JAMA;309(14);1473-82.

24.	 Crotti	L,	Cefano	G,	Dagradi	F,	Schwartz	PJ.	(2008).	Congenital	long	
QT	syndrome.	Orphanet	J	Rare	Dis.	3:18.	Doi:10,1186/1750-1172-3-18.

25.	 Garg	V,	Kathiriya	IS,	Barnes	R,	Schluterman	MK,	King	IN,	Butler	
Ca,	Rothrock	CR,	Eapen	RS,	Hirayama-Yamada	K,	Joo	K,	et	al.	(2003).	
GATA4	mutations	cause	human	congenital	heart	defects	and	reveal	
an	interaction	with	TBX5.	Nature	424:	443-447.

26.	 Christoffels	VM,	Mommersteeg	MT,	Trowe	MO,	Prall	OW,	de	
Gier-deVries	C,	Soufan	AT,	Bussen	M,	Schuster-Gossler	K,	Harvey	
RP,	Moorman	AF,	et	al.	(2006).	Formation	of	the	venous	pole	of	the	
heart	from	an	Nkx2-5-negative	precursor	population	requires	Tbx18.	
Circ	Res	98:	1555-1563.

27.	 Grag	V,	Muth	AN,	Ransom	JF,	Schluterman	MK,	Barnes	R,	King	
IN,	Grossfeld	PD,	Srivastava	D	(2005).	Mutations	in	NOTCH1	cause	
aortic	valve	disease.	Nature	437:270-274.

Conflict	of	interest:	The	authors	declare	no	conflict	of	interest

Author	does	not	report	any	financial	or	personal	links	with	other	

persons	or	organizations,	which	might	affect	negatively	the	
content	

of	this	publication	and/or	claim	authorship	rights	to	this	
publication

Krzysztof Piotrowski et. al.PRENAT CARDIO 2014,  1  (12):  6-8


