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Abstract: The study included 54 patients with congenital heart defects; confirmation of the heart defect

was accomplished by echocardiography and/or cardiac catheterization. Chromosomal analysis was done

using GTG-banding and FISH techniques. Mutation detection in transcription factor genes GATA4 and

NKX2.5 was done using PCR/ SSCP and DNA sequencing.  Patients were classified into isolated heart

defects (n=34) and CHD associated with other malformations (n=20). Associated malformations were

syndromic disease: (Russell * Manuscript Silver S. (2), Jacobsen S. (2 sibs), Noonan S. (2), McKusik

Kaufman S. (1); other malformations: short stature (1), Microcephaly (1), hand anomaly (2); and

dysmorphic (3). Chromosomal anomalies were found in 10/34 patients (29.4 %). They were: 47, XX+13

(2); 47, XX,+18 (1); 47,XY+18 (1); 46, XY, t (14; 18) (q11.2; p11.2) (1); 47, XY + mar (mat.) (1); 47,

XX +mar (1); 46, XX del 11q 23.3- qter (2 sibs); 46, XX, dup13q33-34 (1).DNA sequencing of NKX2.5

gene revealed two different mutations in two unrelated patients. Sequencing of GATA4 gene in patients

with TOF has shown polymorphism in exon 6 at nucleotide 53423 (A-G) in 5 patients. Chromosomal

abnormalities were observed in CHDs associated with other malformations while the mutations in

transcription factor genes were mostly observed in isolated defects. Chromosomal analysis and genetic

diagnosis of syndromes in patients with heart defects has a great impact on genetic counseling.
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INTRODUCTION

C o ngenita l hear t  d e fec ts-  chro mo so mal

analysis-FISH- molecular genetics. (CHDs) are the

most common developmental anomaly and are the

commonest leading non-infectious causes of mortality

in newborns. Congenital heart problems affect up to 6-

8/1000 infants, in most cases the cause is unknown .[19]

Genes contribute to both the cause and the

pathogenesis of virtually any abnormality of human

physiology including disorders of the heart and vascular

system. Only  a minority of CHDs are caused by

single- gene defects whereas most are thought to be

multigenic disorders. Earlier surveys of the incidence

of familial heart disease indicated that 8% of defects

were thought to be due to chromosomal or single gene

defects, 2% due to environmental teratogen and 90%

are multifactorial in origin . Cardiac defects might[29]

occur in familial cases or as isolated cardiac defect.

Technical advances in Genetics had led to the

identification of a greater proportion of chromosomal

aberrations mainly microdeletions, and of single gene

mutations . In prenatal studies the frequency of[2 ,16]

chromosomal abnormalities found after the diagnosis of

a CHD varies between 16% and 50%  reported a[31,18]

rate of chromosomal anomalies of 29% in fetuses with

congenital heart defects.

Mutations of GATA4, a transcription factor gene

found on chromosome 8 appear to be responsible for

some cardiac septal defects . Previously, only one[13,30]

gene, NKX2-5 has ever been implicated in the cause of

non-syndromic CHDs. Further studies found that the

CHDs are associated with missense or frameshift

mutations in GATA4 and was present in all affected

family members but not in any unaffected members.

The mutation prevented GATA4 from interacting with

TBX5 a T-Box protein linked with a subset of

syndromic cardiac septal defects . Broad screening for[13]

GATA4, NKX2.5, TBX5 and other related genes may

provide new avenues for understanding the

development of CHDs leading to future therapeutic or

preventive interventions.

Our aim was to provide proper clinical assessment

of CHD's cases especially those associated with other

malformations for delineation of syndromes, to detect

the spectrum of chromosomal abnormalities in patients

with congenital heart defects, and to study the

molecular defects in candidate genes, focusing on

studying GATA4 and NKX2.5 transcription genes.
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Subjects and Methods:

Each Patient Was Subjected to the Following:
1- Clinical Evaluation: Patients suspected of having

congenital heart defects were referred to the Human
Genetics Clinic of the National Research Centre, Cairo,

Egypt, for further evaluation and genetic counseling.
All patients were subjected to full clinical examination,

pedigree analysis, history taking, and echocardiogram,
for the proper assessment of the cardiac defect and

provide provisional diagnosis of the condition. 
Classification of patients was done according to the

clinical findings into: isolated group and group with
associated congenital defects. An informed consent was

signed by the patients or their guardian according to
the form approved by the Ethics committee of the

National Research Centre.

2 -  E c h o c a r d i o g r a p h i c  E x a m i n a t i o n :
Echocardiographic imaging was performed with

machine equipped with 35 and 5 MHZ transducers.
Two dimensional views were used to detect cardiac

septal defects. For accurate measurement of these
defects, the direction of the shunt color flow mapping

was obtained. Doppler examinations were done to
assess the pulmonary blood flow. The images were

obtained according to the usual standardization .[46,43]

3- Cytogenetic studies:
Chromosomal analysis was done using G-banding

technique according to the method described by
Seabright  and Verma & Babu , a total of 25[45] [50]

metaphases were analyzed for each case. Structural or
numerical anomalies were recorded and karyotyped

according to the ISCN. Further analysis was done by
high resolution or in Situ hybridization (FISH)

technique for selected cases using specific probes.

4- Molecular studies: Peripheral blood was collected
on 0.5M EDTA as anticoagulant. Extraction of

Genomic DNA was done using phenol/chloroform or
salting out technique .[28]

Screening for M utations in NKX2.5 & GATA 4

Genes: Amplification of exons carrying hot spots for
mutations was done using specific PCR primers  as

reported by Goldmuntz et al  followed by single[15,30]

strand confirmation polymorphism (SSCP). Samples

proved to have abnormal pattern using the SSCP
technique were subjected to DNA sequencing for

mutation detection. - The coding regions of NKX2.5
gene, including exon /intron boundaries, were amplified

from genomic DNA by four PCR reactions. All
reactions started with 2 min. at 95º � followed by 35

cycles of 45sec at 95º �, 30 sec at 60º or 61º �, and 45
sec at 72º� and finished with 10 min. extension period

at 72º C.  DMSO (0.2ml/20ul reaction)  was added  to 

standard  reagents  for  reaction  2A.  PCR  enhancer
solution was added to standard reagents at 1x
concentration for reaction 2B . The coding regions of[15 ]

GATA4 gene were amplified by PCR. Exons
corresponding to human GATA4 gene Accession No.:
NT_077531.3) were amplified using specific primers in
the intronic regions. PCR was cycled 35 times at 95º
� for one min., 55º- 56º � for one min., 72º � for one
min. in 50ul mixture containing 1x Taq buffer , 0.2
mM each dNTP, 1 uM each primer and 2 units Taq
polymerase .[30]

Single Strand Conformation Polymorphism (SSCP):
Samples denatured at 94ºC for 5 minutes and placed on
ice for 3-5 minutes. PCR product (2.0 – 4.0 ul per
sample) was loaded on 7% polyacrylamide gel. Gel
electrophoresis must run in a constant temperature (7
ºC) for 3-5 hours at 200 Volts. The gel removed then
stained with silver stain and photographed under gel
documentation system.

DNA Sequencing: Samples were run on 1.5% agarose
gels and the bands corresponding to the predicted size
were cut and purification was carried out using the gel
extraction kit following the manufacturer protocol (QIA
quick columns, Qiagen). Purified samples were
subjected to cycle sequencing using Big Dye
Terminator v3.1 Kit and injected to ABI 3100 Genetic
Analyzer (Applied Biosystems, Germany).

RESULTS AND DISCUSSION

Results: A total of 54 patients with CHD were referred
to the out patient clinic of the Clinical Genetics Dept.,
NRC for genetic diagnosis and counseling. The patients
were further examined by echocardiography for
confirmation of the cardiac defect. Patients were
examined by a clinical geneticist for diagnosis of
syndromes and other associated defects. They were 26
males and 28 females, their ages ranged between 50
days to 10 years. The patients were classified primarily
by their septal defects; they were: Atrial septal defects
(ASDs) (n=13), Ventricular septal defects (VSDs)
(n=17), Atrio-ventricular septal defects (AVSDs)
(n=11), and Fallot's tetralogy (TOF) (n=13). Patients
were further classified into patients associated with
other malformations (n=20), and patients with isolated
defects (n= 34) (table 1). The patients with associated
malformations were diagnosed as follow: Patau's
syndrome (Trisomy 13) (n=2), Edward's syndrome
(Trisomy 18) (n=2), Jacobsen syndrome (Del 11q23.3)
(2 sibs), Russell Silver syndrome (n=2), Mckusick
Kaufman S. (n=1), Noonan S. (n=2). Other associated
malformations were: polydactyly (1), microcephaly (2),
dysmorphic (2), ectodermal dysplasia (1), short stature
(1),  hearing  loss  (1),  and bilateral congenital
cataract (1).
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Table 1: Classification of Patients According to the Type of Heart Defects.

Type of congenital M alformation Cases with isolated defects Number of Cases as a part of syndrome or with 

associated defect.

Tetralogy of Fallot Russell Silver S. (1)

(n= 13) 10 M icrocephaly (1)

Polydactyly, dup13q33-34 (1)

ASD Russell Silver (1)

(n= 13) 8 Trisomy 13 (1)

Bilateral Hearing loss (1)

M icrocephaly (47, XY +mar) (1)

Dysmorphic (47 XX + mar) (1)

VSD M cKusik Kaufman syndrome (1)

(n= 17) 10 Dysmorphic bil. Cong. cataract (1)

Dysmorphic, ectodermal dysplasia (1)

Noonan S. [t(14, 18)] (1)

Noonan S. (1)

Short Stature (1)

Jacobsen S. [del (11q23.3- qter)] (1)

Combined ASD & VSD Trisomy 18 ( 2 )

+PDA Trisomy 13 (1)

(n= 11) 6 Jacobsen S. [Del 11q23.3- qter] (1)

Plageocephaly, low inserted thumb (1)

Total (n=54) 34 20

S.: syndrome, ASD: Atrial septal defect, VSD: Ventricular septal defect, PDA: patent

ductus arteriosus, dup: duplication, mar: marker, bil: bilateral, Del: deleted.

Chromosomal analysis was performed for 34
patients. Two patients with Down syndrome have been
excluded from the study. Ten patients 10/34 (29.4%)
had chromosomal abnormalities; the results of
karyotypes are shown in Table (2). The most common
chromosomal anomalies were trisomies: trisomy 13 (2
cases) and trisomy 18 (2 cases, one of them was
mosaic). Partial trisomy of long arm of chromosome 13
was observed in one case
(dup 13q33-34) (Fig. 1) and was confirmed by high
resolution technique. One patient with clinical findings
suggestive of Noonan syndrome had translocation of
chromosomes t (14, 18) (q11.2, p11.2) (Fig. 2).
Another patient (case No. 42) with MCA and delayed
milestones associated with ASD, PDA and pulmonary
hypertension (PH) had marker chromosome, 47, XY +
mar which proved to be maternal in origin (Fig. 3). In
situ hybridization using chromosome painting (WCP
15) indicated that the marker chromosome is not
chromosome 15. The marker chromosome observed in
case No (69) was further examined by FISH using
whole chromosome painting (WCP 15) (Fig. 4) which
indicated the origin of the marker to be derived from
chromosome 15. 

Two affected sibs (cases No. 77a & b) had
terminal deletion in chromosome 11 (11q23.3- qter).
They had clinical criteria of Jacobsen syndrome mainly
dysmorphic features, cranial anomalies, developmental
delay, mental subnormality, and cardiac defects. In situ
hybridization was done for the metaphase spreads
obtained from the two sibs using probes for telomere
11p and 11q. Results of FISH demonstrated two signals
of telomere 11p (spectrum green, and one signal 11q
(spectrum orange) indicating deletion of sub telomeric
11q region. Other group have congenital heart defects
associated with other malformation and normal

chromosomes are shown in Table (3). Amplification of
NKX 2.5 and GATA4 gene fragments was done using
previously published primer sequences. Screening for
sites of mutations was done by PCR/SSCP and DNA
sequencing. Sequencing of NKX2.5 gene for samples
from 24 patients with ASD / AVSD revealed silent
mutation in exon 1, codon 21 (GAA 6 GAG).
Screening for 2 known mutations in NKX 2.5 using
restriction enzyme MSPI and HSP 92 II demonstrated
the presence of 2 mutations in 2 cases with ASD.
These mutations were located mainly in fragment 2A,
(exon 2) homeodomain of the gene (Table 4). The two
mutations were detected in two unrelated patients, and
were further confirmed by restriction enzyme analysis.
One mutation was found in the homeodomain of
NKX2.5 in codon 188 (Asn 6 Lys) at nucleotide 740
(C6 A) and could be detected by the enzyme MSPI.
The other mutation at the codon 178 (Thr 6 Met) at
nucleotide 709 (C – T) could be detected by the
enzyme HSP92II (Fig.5). Screening for mutations in
patients with Fallot's tetralogy has shown one mutation
in NKX2.5 gene, exon-1 codon 25 (Arg6 Lys) and
polymorphism in GATA4 gene, in 2 patients (SNP) in
exon 6 at 53423 A G base (Fig. 6).

Discussion: It has been estimated that 4 to 10 per
1000 live born infants have a cardiac malformation,
40% of which are diagnosed in the first year of
life . Improved understanding of possible causes of[20,2 8]

CHD will permit better understanding of the
pathobiological basis of the congenital heart problem
and allow definition of the disease risk. Proper
diagnosis of the underlying genetic causes is very
important for further management and genetic
counseling. For example the diagnosis of important
organ system involvement, help in providing prognostic 
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Table 2: Summary of Clinical and Chromosomal Anomalies in Patients with CHDs.

Code No. Sex &Age F.H Cons. Clinical findings ECHO Karyotype

77a M ale 6yrs. Affected 2sibs one died -ve Dysmorphic features, Small restrictive 46,XY,del

delayed milestones, perimembranous (11q23.3-qter)

mental subnormality, outlet Fa: 46,XY

microcephaly, short stature. VSD

77 b Female 3 yrs. Female sib of case # 77 -ve dysmorphic features, ASD, VSD, 46,XX,del

plageocephaly, delayed Pulmonary (11q23.3-qter)

milestones, mental hypertension

subnormality

42 M ale 4/12 yr. -ve +ve Failure to thrive, M edium sized ASD 47,XY + mar

Ext. auditory canal secundum M oderate Fa.:46,XY

atresia, delayed sized PDA, M o: 46 XX/ 47,

milestones, pulmonary XX +mar, mosaic

Partial dysgenesis of hypertension (75% of

corpus callosum. metaphases)

24 M ale1 3/12 yr. Anencephaly stillbirth, +ve Dysmorphic features, Peri membranous 45, XY t (14, 18)

female Umbilical hernia, outlet VSD. (q11.2, p11.2)

Short stature Fa: 46, XY

M o: 46, XX

30 Female 2/12 yr. -ve +ve Polydactyly, ASD & VSD 47, XX, +13

dysmorphic, failure to

thrive.

48 M ale 7 yrs. Affected sib +ve Post axial Polydactyly Tetralogy of Fallot, 46, XY, dup

Left tempro-frontal VSD 13q33-34

arachnoid cyst, M R

60 Female1/12 yr. -ve -ve Bilateral cleft lip & Small secundum 47, XX, +13

cleft palate, Bilat. Post ASD, PDA.

axial poydactyly

9 2/12 yr -ve -ve Dysmorphic, delayed Large secundum 47, XX + 18

milestones, ASD, peri

Arachnodactyly membranous VSD

410 5/12 yr. -ve -ve Dysmorphic, AVSD, PDA, PH 47, XY +18/ 46 XY

M icrocephaly, growth (mosaic)

retardation.

69 Female 1 1/2yr. -ve +ve Dysmorphic, Delayed ASD 47, XX + mar

milestones, thumb (chr.15)

Camptodactyly

Yr.: year; mar.: marker; del.: deleted; PDA: patent ductus arteriosus; PH: pulmonary

hypertension; t: translocation; chr.: chromosome; dup: duplication; M R: mental retardation. AVSD: atrioventricular spectal defect

Table 3: Congenital Heart Defects Associated with other malformations and Normal Chromosomes.

Code No. Age & Sex Cons. F.H. Heart Defect Associated M alformations

18 10 yrs M -ve -ve Fallot's Tetralogy Russell Silver S.Dysmorphic, M ental 

subnormality

34 10 ms. M . -ve Limbanomaly VSD, PFO Dysmorphic, bilateral Congenital Cataract,

(1)M R (10MCA (1) delayed milestones, plageocephaly

41 1 yr. F. +ve -ve PerimembranousVSD M cKusick Kaufman S., Post axial polydactyly,

deafness.

15 1 yr. F. -ve -ve Closed VSD Short stature 

22 8 ms. F. +ve -ve Fallot's tetralogy M icrocephaly

Small PDA

55 9 ms. F. -ve -ve ASD Failure to thrive, dysm orphic, delayed milestones.

Russell Silver S.

58 1 mn. M . -ve -ve VSD, PFO Dysmorphic, split hand & foot, complete

camptodactyly of Rt. Hand, ectodermal dysplasia.

53 2 yrs. M . +ve +ve ASD, VSD, PDA Plageocephaly, low inserted thumb, delayed

physical & mental milestones.

59 8 yrs F. -ve -ve Large secundum Dysmorphic, bilateral hearing loss.

ASD,Small PDA

43 F. -ve -ve VSD Noonan Syndrome

Cons.: consanguinity, FH: family history, yrs: years, M .: male, F.: female,

M s.: months, M R.: mental retardation, M CA: multiple congenital anomalies,

PFO: patent foramen ovale, PDA: patent ductus arte
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Fig 1: Metaphase spread and karyotype of patient No. (48) showing the karyotype: 46, XX, dup 13q 33-34.

information for clinical outcomes, and provide genetic

reproductive risks. Standard chromosome analysis

revealed chromosome aberrations in 5- 13% among

live-born children with congenital heart defects .[9]

However, higher incidence has been reported in fetuses

with CHDs (22 to 33%), than among live births .[1 2 ,4 ,17]

With improved resolution in cytogenetic analysis and

the availability of molecular techniques, the prevalence

of chromosomal abnormalities in selected congenital

heart defects is now estimated to be much higher .[23,35]

At least 30% of children with chromosome

abnormalities have a congenital heart defect, with an

incidence varying from that of the general population

to nearly 100% as in trisomy 18 . [36]

In our study 29.4% of children with heart defects

have chromosomal abnormalities. This rate is higher

than that reported by Ferencz et al  in live born[9]

children with CHD (5-13%); the reason might be due

to the selective referral of patients with associated

congenital malformations to our center at NRC, for

genetic diagnosis rather than patients with isolated

defects. Tennstedt et al  reported the association[47]

between chromosome abnormalities and cardiac defects,

30% of VSD/ AVSD were associated with trisomy 21;

12% of VSD/AVSD was associated with trisomy 18. In

our study, 16.6% of AVSD were associated with

trisomy 18, and 8.3% of ASD/ AVSD were associated

with trisomy 13. Trisomies were the most frequent 
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Fig. 2: Metaphase spread and karyotype of patient No. (24) showing translocation of chromosome 14 and 18: [46,

XY, t(14,18)(q11.2, p11.2)].

chromosomal abnormality observed in our study:
trisomy 21, trisomy 13, and trisomy 18. Trisomy 18
(Edwards syndrome) is the second most common
autosomal trisomy in live born infants, with incidence
varying from 1 in 3000 to 1 in 8000 . Congenital[7 ,39,24]

cardiac anomalies are frequent among patients with
Edwards syndrome, reported incidence varied from
70% to 100% . The commonest malformations were[32,14]

VSD with valvular lesions, patent arterial ducts or
ASD . In the present study two patients had trisomy[14,24]

18: patient No (9) female, had dysmorphic features,
delayed milestones, microcephaly, arachnodactyly, large
secundum ASD and peri membranous VSD. Patient No
(50) male, had dysmorphic features, microcephaly,
ASD, VSD, patent ductus arteriosus and pulmonary
hypertension. Previous studies note that between 59 and
75% of the infants are female. Some authors suggest
that increased intra uterine mortality and spontaneous
miscarriages in males with trisomy 18 results in lower
numbers of live born males .[39,24,37]

In our study two patients had trisomy 13. The two
cases were females (case No. 30 (45 days old) had
polydactyly, dysmorphic features, ASD, VSD; the other
case (No. 60) had bilateral cleft lip and palate, bilateral
post axial polydatyly, and ASD, PDA. Trisomy 13
occurs in about 1 in 10.000 newborns; a prevalence
ranging from 1:5000 to 1:29000 live births was
reported in different studies . The main symptoms[32,39,24]

are cleft lip/ palate, polydactyly, hernias, mental
retardation, skeletal (limb) anomalies, microcephaly,
and congenital heart defects (ASD, VSD, and PDA).
More than 80% of children die in the first month;
some survive into the second or third decade of
life . CHD is present in about 80% of infants with[51,39,24]

trisomy 13 . Smith's text reports that 80% of[32,37]

trisomy 13 infants have abnormal hearts with VSD
more common than ASD .[24]

The distal 11q deletion (Jacobsen syndrome), a
rare chromosomal disorder, is caused by segmental
aneusomy  for  the  distal  end  of  the  long arm of 
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Fig. 3: Metaphase spread and karyotype of patient No. (42)showing marker chromosome derived from maternal

side:[47, XY +mar (mat.)].

chromosome 11. The incidence is less than 1in

100,000, and 75- 80% of cases are females . The[34]

range and severity of symptoms may vary depending

upon the exact size and location of the deletion on

11q. They are mainly prenatal and postnatal growth

retardation, mental retardation, psychomotor retardation;

c ran io fac ia l ,  h a nd  a n d  fe e t  m a lfo rm atio ns ,

thrombocytopenia, and / or defects of the heart, the

most common are VSD, ASD .[10,34]

In our study two sibs (a male and a female) had

Del 11q23.3- qter, patient No (77), male sib, 6 years

old, had dolicocephaly, dysmorphic features, delayed

milestones, mental sub normality, small peri

membranous VSD with trial of closure by septal

tricuspid leaflet. His sister, 3 years old, had

trigonocephaly, dysmorphic features, psychomotor

retardation, mental sub normality, bilateral complete

simian crease, ASD/ VSD and pulmonary hypertension, 
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Fig. 4: Metaphase FISH in patient No. (69) using WCP 15 (whole chromosome painting), showing the marker

derived from chromosome 15.

Fig. 5: Agarose (3%) gel electrophoresis, shows Restriction enzyme analysis of NKX 2.5 gene fragment 2A, using

HSP92II enzyme. Lane 1: PCR product of fragment 2A (469 bp). Lane 2,3: Mutation at codon 178 (C 709

T). Mutant fragments (256, 155, 56 bp) (cases No. 20& 24). Lane 4: Normal sample (411, 56 bp). M: Phi

X 174, Hae II marker.

both had thrombocytopenia. It has been reported that

56% of patients have serious CHD, moderate mental

retardation and 94% have Paris-Trousseau syndrome

(thrombocytopenia). In individuals with partial

monosomy 11q the break point tends to begin within

band 11q23 and the region consistently missing is band

q24.1 . The deletion is mostly spontaneous (de novo).[17]

Fragile site FRA 11B has been linked to band 11q23.3.

The mothers of some affected individuals have been

found to be carriers for FRA 11B.  Grossfeld et al[17]

described critical regions for the deletion breakpoints in

14 clinical phenotypes. 

Patient No 48: a female 7 years old, with Fallot's

tetralogy/ VSD, had partial duplication in chromosome

13  (dup   13q33-34).  The   patient   had   postaxial 
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Table 4: Summary of mutations detected in CHD patients.

Code No. Sex & Age F.H. Cons. Clinical findings ECHO M utation detected

44 Female1 yr. -ve +ve No abnormal findings Fallot’s tetralogy NKX 2.5, Exon 1A Arg 25 Lys.

(CGC TGC)

28 Female2 yrs -ve +ve No abnormal findings Fallot’s tetralogy GATA 4, Exon 6, SNP, 53423 A G

20 Female1 yr. -ve -ve No abnormal findings Fallot’s tetralogy GATA 4, Exon 6, SNP, 53423 A G

21 Female2 ½ yrs. -ve -ve No abnormal findings 2 ASD secundum, NKX 2.5, Exon 1, SNP, codon 21 Glu

Perimembraneous VSD, 239 A G

 pulmonary hypertension

25 Female 5.5 yrs. -ve -ve No abnormal findings Large ASD NKX2.5 Exon 2 ,H D, 188 Asn  Lysine

(C 740 A)

45 M ale 11 ms. -ve +ve Bossing forehead Long Secundum ASD, 0.5cm, NKX2.5 Exon 2, HD. 178 Thr  M et.

eye lashes Short neck M ildly dilated R.V., (C 709 T)

R.A., M ild T.R. 

Fig. 6: Partial sequence of GATA4 gene exon 6 fragment, showing overlaping of A & G peaks in base No.

53423, indicating normal & polymorphic sequences SNP exon 6 at 53423 A6G base.  

polydactyly in right hand and foot, delayed motor and
mental development, absolute neutropenia, relative
lymphocytosis, moderate thrombocytopenia. MRI and
CT brain had shown Left tempro prieto frontal
arachnoids cyst, mild cortical atrophic changes. The
most relevant phenotypic features seen in distal partial
trisomy 13 has been described by Rogers , they are[40]

polydactyly and hemangioma that were mapped to
bands 13q31--q ter. Phake and Patil  described a case[33]

of partial trisomy 13 of the distal segment of 13q22-
qter. The child had trigonocephaly, postaxial
polydactyly, developmental delay, and unilateral renal
agenesis similar to the features of C syndrome;
however, cardiac defects were absent. Trigonocephaly
and polydactyly appear to be commonly seen features
associated with trisomy of distal part of 13q .[48,5]

Anomalies of internal organs involving heart, kidney
and brain defects have been reported .[1]

Patient No. 24: male 1 year old, had abnormal facies,
plageocephaly, ptosis, widely spaced nipples, webbed
neck, short stature, umbilical hernia, clinodactyly,
perimembraneous outlet VSD. He had the criteria
suggestive of Noonan syndrome, and had translocation
(14, 18) (q11.2, p11.2). Fryns et al  described two[11]

adult male patients with a chromosomal rearrangement

involving the short arm of chromosome 18 and an
acrocentric chromosome; they presented dysmorphic
stigmata similar to those found in the Noonan
syndrome in addition to moderate mental retardation
and verbal disability. Rao et al  reported a patient[38]

presented with (18p-) picture due to translocation
between 14 & 18(p11; q11.2). He had generalized
seizures, hydrocephalous and Coarctation of aorta (Pre
subclavian). Other features were microphthalmia,
micrognathia, hypertelorism, wide anterior fontanelles,
large forehead, short neck, prominent ears, macrotestis
and delayed developmental milestones. The deletion in
Rao's patient was larger than that found in our patient
as it included the whole short arm of chromosome 18
and extended till the long arm q11.2. Several reports
have described the presence of chromosomal anomalies,
syndromes  and  extra  cardiac  malformations  in
patients   with   congenital   heart  defects.  Meberg
et al   indicated  that (22%) of patients with CHDs[26]

had associated anomalies, of these (36%) had
chromosomal anomalies (exclusive micro deletions),
(18%) genetic syndromes, (0.7%) a teratogenous
syndrome, and (46%) extra cardiac malformations.
Associated anomalies occurred in (31% ) of
perimembraneous VSD compared to (9%) in VSD
located in the muscular part of the septum.
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Transcription factors are increasingly recognized as
having key roles in the complex biological processes
governing cardiac development. The role of some genes
such as NKX 2.5 and GATA4 genes has been
extensively studied in cardiac morphogenesis such as
atrial, ventricular, and conotruncal septation . Several[25,6]

studies have shown that nonsyndromic CHD can result
from single-gene defects. In our study two patients
with isolated ASD (2/13) have two missense mutations
in the NKX2.5 gene in the homeodomain in exon 2A,
in codon (178) and (188) respectively, the mutations
were not found in control samples. The mutation Thr
178 Met was previously detected in unrelated families
with ASD and patients with ventricular septal defects .[6]

The mutations are located in the homeodomain which
is important for DNA binding specificity. They may
cause cardiac defects through reduced DNA affinity or
affect transactivation activities. These mutations were
detected in lymphocytic DNA and therefore are
considered of germ line in nature .[44,25]

Schott et al  identified mutations in NKX2.5 in 4[44]

kindreds with atrial septal defects and atrioventricular
conduction delay without other apparent syndromic
features. Numerous heterozygous mutations of NKX2.5
were identified in patients with congenital heart
disease . Atrio-ventricular conduction disturbance (AV)[3]

and atrial septal defect were the most common
phenotypes .[22]

NKX2.5 and GATA4 mutations are the first gene
defects identified in nonsyndromic tetralogy of Fallot
patients, mutation is present in about 4% of tetralogy
of Fallot patients . A slightly higher result was[15]

observed in our study where (1/13) of patients with
TOF had mutation in NKX2.5 gene in exon 1A; the
patient had no other malformations (Case No.44).
Screening for mutations in NKX2.5 gene in patients
with Fallot's tetralogy and ventricular septal defect
using Hha1 enzyme could detect the mutation
(Arg25Cys) in exon1, in one patient with TOF, but no
cases with VSD were carriers for this mutation. This
mutation was previously reported in patients with VSD
as well as TOF in familial cases .[3,25]

Sequencing of GATA4 gene has shown SNP at
base 53423 (A6G) in exon 6 in 2 patients with TOF.
Some cases had more than one SNP: case No. 20 had
three SNP's, (SNP 53423, 53177, 53164) and case No.
38 had 2 SNP's and one silent mutation. The normal
polymorphism that were shown as SNP or silent
mutation in our cases could be useful as DNA markers
in families with CHDs, a larger number of families
needed to be studied to prove the usefulness of these
polymorphisms as marker for these defects. Results of
SSCP analysis indicated abnormal pattern in migration
at electrophoresis of several samples, however, DNA
sequencing revealed normal sequence. It could be
concluded that SSCP is not a powerful tool for
detection of mutations in studied genes. 

Conclusion: A high rate of chromosomal anomalies,

syndromes and extracardiac malformations were

observed in patients with congenital heart defects.

Chromosomal abnormalities were observed mostly in

CHDs associated with other malformations while the

mutations in transcription factor genes were only

observed in isolated defects. Chromosomal analysis and

detection of other malformations is recommended in

patients with CHD for the proper diagnos is and

genetic counseling. 
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