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ABSTRACT Congenital heart disease (CHD) is the most common form of human birth defects accounting for about
30% of the total anomalies. The prevalence of CHD worldwide is found to range between 1.0 — 150/ 1000 live births.
The causes for CHD can be categorized into three major groups such as, chromosomal (0.4 - 26.8%), single gene
disorders (10-15%) and multiple factors (85-90%). Here we report the association of chromosomal variations with
CHD in Mysore. A total of 192 confirmed CHD cases were considered for the present study whose age ranged from 1
day to 23 years. After written consent was obtained from the family members, 136 CHD patients were subjected for
conventional cytogenetic studies and some of them for FISH analysis. Of these, 18 patients were with numerical
abnormalities, 3 patients with structural abnormalities, one patient with both numerical and structural abnormalities
and remaining 114 patients with normal chromosomes. Thus, the present findings are the maiden report from
Mysore, which have contributed richly towards the association of chromosomal anomalies with CHD and pointing

out chromosome 9 a possible killer chromosome for the cause of CHD.

INTRODUCTION

Congenital heart disease (CHD) is the most
common form of human birth defects accounting
for about 30% of the total anomalies (http://
www.fi.edu/biosci/devel op/devel op.html), which
is found to affect nearly 1% of newborns, and
their frequency in spontaneously aborted preg-
nancies is estimated to be tenfold higher
(Behrman et al. 2000). Population based studies
on the prevalence of CHD worldwideisfoundto
range between 1.0 — 150 per 1000 livebirths
(Smithaet a. 2006b), whereas, in Indiaitisfound
torangefrom 2.2t050.89 per 1000 livebirths (Tank
et al. 2004; Smithaet al. 2006b). The causesfor
CHD can be categorized into three major groups
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such as, chromosomal, single genedisorders (10-
15%) and multiplefactors (85-90%) (Payneet al.
1995). Therefinementsin cytogenetic techniques
have promoted progress in understanding the
role played by chromosomal anomalies in the
cause of CHD (Noonan 1978). It is found that
about 0.4 - 26.8% of all CHD are associated with
several chromosomal anomalies like numerical
and structural variations (Naganumaet al. 1981;
Ferencz et al. 1989; Roskeset a. 1990; Allanet al.
1991; Grech and Gatt 1999; Knight et al. 1999;
Prasad and Chudley 2002; Patel et al. 2004; Ergun
etal. 2004; Riegel et a. 2005; Soareset d. 2005).
The present investigationisfirst of itskind from
Mysore, South India in which an attempt had
been made to systematically study the associa-
tion of chromosomal variations with CHD in
Mysore. The investigation was carried out from
the year September 2003 - August 2005 in three
major hospitals, K. R. Hospital, CSI Holdsworth
Memorial Hospital and J.S.S Hospital, Mysore.
The subjects of the study included pediatric
livebirths and inpatients who had been examined
for variousillnessin the hospitals by the pedia-
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tricians. The suspected CHD patients or strong
familia cases had been subjected by the pedia-
tricians for further clinical diagnosis, extensive
X-ray analysis, electrocardiogram and echocar-
diography examination for confirmation of the
defect/disease.

A total of 192 confirmed CHD cases were
considered for the present study whose age
ranged from 1 day to 23 years. After written
consent was obtained from the family members,
136 CHD patients were subjected for conven-
tional cytogenetic studies, which were carried
out on peripheral blood lymphocyte cultureusing
standard protocol with little modifications. G-
banded metaphases were screened using Leica
DMRAZ2 research microscope. A total of 50 well-
banded metaphase plates were analyzed and
karyotyped according to the International System
for Human Cytogenetic Nomenclature (ISCN
2005). Further Florescencein situ hybridization
(FISH) analysis was carried out on interesting
CHD patientsusing telomeric, centromeric[Vysis
Inc, France] and multicolor-FISH probes
[METASY STEMS, Germany] on peripheral blood
samples as per the protocols supplied by the
manufacturer, and with suitable modifications.

By using cytogenetic and FISH technique,
about 16% of common, rareand unique numerical
and structural chromosomal anomalies
associated with CHD were observed. The patients
with numerical abnormalitieswere grouped into
syndromic CHD, as they were associated with
extracardiac features and the patients with no
extracardiac features were grouped into
nonsyndromic CHD. Of the 136 CHD patients,
117 wereisolated CHD, while 19 patients were
syndromic CHD. Of these, 18 patientswerewith
numerical abnormalities, 3 patientswith structural
abnormalities, one patient with both numerical
and structural abnormalities and remaining 114

Table 1. Number of congenital heart disease
patients with chromosomal anomalies.

No. of CHD Chromosomal anomalies

114 Nil

17 Free Trisomy 21

01 Isochromosome 18p

01 Free Trisomy 21 with reciprocal trans-

location between subtelomeric regions of
chromosomes 9q and 13q

02 Pericentric inversion in chromosome 9

01 Complex variant translocation between
chromosomes 5q, 9p, 11p and 13q

136 16.18%

patients with normal chromosomal complement
(Tablel).

Syndromic CHD and Chromosomal Anomalies

One of the most commonly associated
syndromes with CHD is Down syndrome (DS),
whichisfoundin0.6% of the general population
(Malini and Ramachandra2006). About 40 - 60%
of trisomy 21 patients have CHD with varying
degreeof clinical features (Stoll et al. 1998), with
cardiac malformations as the principal cause of
mortality in thefirst two yearsof life (Tubman et
al. 1991). Inthe present study, among the nume-
rical chromosomal abnormdlities, free Trisomy 21
wasfoundin 17 CHD patients. Table 2 provides
the standard characteristic clinical featuresof DS,
which were present in 17 cases of free trisomy
21. Therearereportsthat all characteristic cranio-
facial and physical featuresof DSarenot present
inevery case (Kavaet al. 2004). Similarly, al the
17 trisomy 21 patients analyzed have shown only
few of the characteristic clinical features consis-
tent with the reported cases of DS with free
trisomy 21, identified cytogenetically. The
common clinical featuresfound in these patients

Table 2: Characteristic clinical features of con-
genital heart disease patients with free Trisomy
21.

S. Standard Clinical features observed
No. characteristic
features No. Expression in %

1 Mongoloid slant 17 10.00
2 Delayed development 2 11.76
3 Simian crease 3 17.65
4  Epicanthal folds 8 47.06
5 Hypertelorism 0 0
6  Microcephaly 6 35.29
7  Flat nasal bridge 17 100
8 Hypotonia 1 5.88
9 Sandal gap sign 4 23.53
10 Ear abnormalities 0 0
11 Brachycephaly 0 0
12 Congenital heart diseases 17 100
13 Congenital cataracts 0 0
14 Clinodactyly 0 0
15 Brachydactyly 0 0
16 Short stature 4 23.53
17 Hypothyroidism 0 0
18 Strabismus 0 0
19 Nystagmus 0 0
20 Brushfield spots 0 0
21 Imperforate anus 0 0
22 Tracheoesophageal fistula 0 0
23 Hirschsprung disease 0 0
24 Duodenal atresia 0 0
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were CHD, mongoloid slant and flat nasal bridge.
The most common CHD associated with DS
worldwideisfound to be Atrioventricular canal
defect (AVSD), followed by Ventricular septal
defect (VSD), Atrial septal defect (ASD), Coarc-
tation of Aorta(COA), Tetralogy of Fallot (TOF),
Patent ductus arteriosus (PDA) etc. (Ferencz et
al. 1989; Grech et al. 1999; Paladini et al. 2000;
Ahmed et al. 2005). In India, the common CHD
found to be associated with trisomy 21 are VSD
followed by ASD, PDA and TOF (Kavaet d. 2004).
Similarly, in the present investigation, the most
common cardiac defect found in these trisomy
21 patients was VSD (58.82%), followed by
Complex CHD (23.53%),ASD (11.76%) andAVSD
(5.88%) (Fig.1). Advanced maternal or paternal
age has been noted for long time in a series of
families with the proband having trisomy 21
(Fischet al. 2003; Kothareet al. 2002). However,
inthe present investigation, it was seen that none
of parent’s age of trisomy 21 patients was
advanced, which rules out the advanced age as
arisk factor for the occurrence of trisomy 21 in
the probands affected with CHD.

Trisomy 21 patients are also found to be
associated with asmall degree of translocations
involving the acrocentric chromosomes. Litera-
ture revealsthat about 2 - 3% of the DS patients
have translocations like the robertsonian trans-
location, which involvesthe whole arm exchange
between acrocentric chromosomes 13, 14, 15, 21,
and 22 (Bandyopadhyay et al. 2003). In our
investigation, one of the probands had trisomy
21, with anovel reciprocal translocation between
the subtel omeric regions of chromosome 9q and
13q [47,XY,+21,1(9;13)(q34.1;934)] by FISH
analysis.
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Fig. 1. Different types of congenital heart
disease associated with Trisomy 21.

Themale proband was the second-born child
of nonconsanguineous young parents. Clinical
investigationsrevealed low set ears, flat occiput,
depressed nasal bridge, mangoloid shunt,
clinodactly, two phalanges in fingers, simian
crease and CHD. These clinical features further
lead to the suspicion of the presence of trisomy
21 in the proband. Echocardiographic exami-
nation confirmed the CHD as nonrestrictive
ostium secundum (OS) type of ASD (9mm).
Analysis of 50 G-banded metaphases reveal ed
trisomy 21 confirming theclinical diagnosisalong
with a subtelomeric deletion on chromosome 9
[47,XY, +21,del 9(g34.1)] (Fig. 2). FISH analysis
confirmed the presence of trisomy 21 in all the 50
metaphases screened using amixture of LS| and
centromeric probes (chromosome 13, 18 and 21)
thus, confirming the case to be nonmosaic.
Further, FISH analysiswas carried out in order to
confirm the subtelomeric deletion, but instead a
reciprocal trand ocation between the subtelomeric
regions of chromosome 9q and 13q [t (9;13)
(034.1;934)] (Fig. 3) wasfound inall the 50 meta-
phases analyzed (Unpublished data). One of the
limitationsfaced inthis casewasthe non-coopera
tion by the parentsto take part in the cytogenetic
investigation. Thisisamaiden novel findingina
patient with CHD and trisomy 21.

In another femal e dysmorphic child wefound
adenovoi(18p), (Smithaet al. 2006a) confirmed
by cytogenetic and FISH analysis [47,XX +
i(18p)]. It is a rare chromosomal abnormality,
occurring once in every 140,000 livebirths,
affecting malesand femalesequally. Most of the
i(18p) cases reported so far in the literature are
sporadic dueto de novo formation, whilefamilial
and mosaic cases are infrequent. However, the
present case, could be due to the somewhat
advanced maternal age (32 years) and/or
expression of recessive genes in the proband,
whoisthe progeny of consanguineous marriage,
which could have led to misdivision and
nondisjunction of chromosome 18 in meiosis |,
followed by failure in the chromatid separation
of 18pinmeiosis|| and by inverted duplication.

Nonsyndromic CHD and Chromosomal
Anomalies

Structural chromosomal anomalies such as
translocations (reciprocal translocations,
subtelomeric translocations etc.), duplications,
inversions and microdeletions have been
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Fig. 2. G-banded metaphase chromosomes of the congenital heart disease patient with trisomy 21 and
subtelomeric deletion on chromosome 9 [47,XY, +21, del 9 (q34.1)]: (A) Metaphase showing (i) Trisomy 21
(arrow); (ii) subtelomeric deletion (arrow) and (B) karyotype of the metaphase.



CHROMOSOMAL ANOMALIES AND CONGENITAL HEART DISEASE IN MY SORE, SOUTH INDIA 135

Fig. 3. FISH image showing the reciprocal trans-
location between subtelomeric region of chromo-
some 9q and 13q on metaphase chromo-somes of
the proband [47,XY,+21,t(9;13) (q34.1;934)]: (a)
Normal chromosome 9qg region (Spectrum red);
(b) Chromosome 9 with sub-telomeric region of
chromosomes 13 (spectrum green and spectrum
orange); (c) Chromosome 13q with subtelomeric
region of chromosome 9 (Spectrum red) and (d)
Normal chromosome 13q region (Spectrum green
and spectrum orange).

reported in association with nonsyndromic CHD
(Back et al. 1994; Smith et al. 1994; Baruch and
Erikson 2001; De Vries et a. 2003, Neas et .
2005; Riegel et a. 2005). Cytogenetic aberrations
like aneuploidy, deletions, translocations and
inversions on chromosome 9 have been reported
to be one of the most frequent abnormalities.
The range of phenotypic consequences found
to be associated with theseabnormalitiesare mild
growth retardation, malformations of the skull
and facial (craniofacial) region, abnormalities of
the hands and fingers, skeletal malformations,
and/or cardiac defects (Boby et al. 1994; M okhtar
1997; McAuliffe et al. 2005). Among these
anomalies pericentric inversion of chromosome
9isoneof the most common balanced structural
chromosomal aberrationsfoundin 1 to 3% of the
general population (Nielson and Silesen 1975;
Koetal. 1992; Teo et al. 1995; Humphray et al.
2004). There are severa conflicting reports on
the association of this inversions with
subfertility, sterility, recurrent miscarriage,
schizophrenia, congenital myotonic dystrophy,
cerebral cyst, dysmorphic signs, mental retar-
dation, psychiatric disorders and other abnormal
clinical conditions (Krishnaet al. 1992; Scarinci

etal. 1992; Teo et al. 1995; Gardner and Sulther-
land 1996; Kunugi et a. 1999; Daval oset a. 2000;
Parmar and Sira2003; Srebniak et al. 2004).

In the present investigation, we found two
different cases of pericentric inversion of
chromosome 9[inv(9)(p11-q13)], associated with
Total Anomal ous Pulmonary Venous Connection
(TAPVC) and Tetralogy of Fallot (TOF). Inone
of the cases (TOF), the mother had similar
chromosome 9 inversion without CHD. We
predicted that, the genes responsible for the
normal heart development could be present on
chromosome 9 around p11-q13 region, which
might have been defective during the process of
inversion and thereby resulted in CHD. To our
knowledge, this is the maiden report of
association of chromosome 9q inversion with
CHD from South India(Smithaet al. 2007).

In another proband, wefound anovel complex
variant trans ocation involving chromosome 5q,
9p, 11p and subtelomeric region of 13q. The
proband was the first liveborn child of non-
consanguineous parents. Clinical investigations
revealed that the proband was suffering from
CHD. Echocardiographicinvestigation confirmed
the presence of acomplex CHD whichincluded a
small sized muscular VSD (3mm), nonrestrictive
ASD with OStype (7mm) and alarge side PDA
(6mm). Ophthalmologist investigation revealed
that the child was suffering from anoxiaamblyopia
and audiological investigation suspected
deafness. A follow-up study was carried on the
proband at 5 months of age. A repeat echocar-
diographic examination at 5 monthsrevealed the
presence of alargesize PDA (6mm) with asmall
sized muscular VSD (3mm). Pedigree analysis of
the probands family revealed that there was no
history of birth defects or genetic defectsin the
family.

Cytogenetic analysis (G-banding) of the
proband revealed normal diploid chromosome
complement with a possible reciprocal trans-
location involving chromosomes 5 and 9 in all
the 50 metaphases screened (Fig. 4). Chromo-
somal investigationsin both the parentsrevealed
normal karyotypesindicating the caseto beade
novo. In order to confirm the reciprocal translo-
cation, M-FISH analysis was carried out. The
analysis of metaphases confirmed involvement
of chromosome 5 and 9, but aso revealed the
involvement of chromosome 11 and 13 in the
complex variant translocation i.e. t(5;9;11;13)
(q14;p24;p15;033) (Fig. 5, Unpubli-shed data).
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Fig. 4. G-banded chromosomes of the congenital heart disease patient with a possible reciprocal
translocation between chromosomes 5 and 9 [t(5;9)(q14;934)]: (A) Metaphase showing t(5;9)(q14;p24),
and (B) Karyotype of the above metaphase.
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Fig. 5. M-FISH image of congenital heart disease patient with complex variant translocation chromosomes
5,9, 11 and 13[t(5;9;11;13)(q14;p24;p15;q33)]: (A) Metaphase, and (B) Karyotype of the above metaphase
showing (a) chromosome 5 with a part of chromosome 11; (b) chromosome 11 with subtelomeric region
of chromosome 13; (c) chromosome 9 with part of chromosome 5q; (d) chromosome 13 with part of

chromosome 9p.
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Thisis a case of de novo origin as none of the
family members showed the presence of this
particular chromosomal aberration. The clinical
feature of the proband which includes CHD, and
hearing impairment does not fit into the frame of
any particular syndrome. However, there have
been reports of gene mutations on chromosome
9asthe primary cause of hearing impairment and
chromosome 5 asthe probable cause of CHD. In
our investigation, thisisthethird caseinvolving
chromosome 9 which is con-firming that the
chromosome 9 indeed consists of some genels
required for normal heart devel op-ment.

Thus, the present findings are the maiden
report from Mysore, which have contributed
richly towards the association of chromosomal
anomalies with CHD and pointing out chromo-
some9apossiblekiller chromosomefor the cause
of CHD.
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