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Background & objectives: Cardiac malformations in the young constitute a major portion of clinically
significant birth defects. Congenital heart disease (CHD) is a common congenital cardiac birth defect,
affecting nearly 1 per cent of all live births. Patent ductus arteriosus (PDA) is clinically significant foetal
circulation anomaly, second most common form of CHD which constitutes approximately 10 per cent of
total CHDs. The study aimed to screen for 7F4P2B mutations in CHD patients of Mysore.

Methods: With informed consent, 100 clinically diagnosed CHD patients and 50 healthy controls in
Mysore, south India, were recruited for the analysis of screening of mutations. MassARRAY analysis of
5 prominent mutations of 7FAP2B was performed.

Results: The analysis did not show any of the five mutations of TFAP2B screened by massARRAY in
patients and controls, indicating that these mutations were not involved in the manifestation of CHD in
the patients at Mysore, south India.

Interpretation & conclusions: The findings suggest the lack of involvement of known mutations of TFAP2B

with syndromic or nonsyndromic CHDs in Mysore patients.
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Congenital heart diseases (CHDs) occurring in 1
per cent of all live births are the most common birth
defect and the leading non-infectious cause of mortality
in newborns, and account for 25 per cent of all human
congenital abnormalities'. Only a minority of CHD
is caused by single-gene defects and follows a clear
Mendelian inheritance, whereas most malformations
are thought to be multigenetic disorders. The available
data suggest that foetal heart development is regulated
by a group of highly conserved transcription factors,
including NKX2.5, TBXS, GATA4, TBX1, CRELDI,
ZIC3, TFAP2B, FOG2, and others>.
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Patent ductus arteriosus (PDA) is clinically
significant foetal circulation anomaly, second most
common form of CHD which constitutes approximately
10 per cent of total CHDs. The prevalence of isolated
PDA is 1 in 2000 full-term infants’. PDA can be
an isolated abnormality or associated with other
congenital anomalies or may be part of Char syndrome.
It also occurs in most cases randomly with other septal
defects. Transcription Factor AP 2 B (TFAP2B) is
mapped to chromosome 6p12-p21, a Char syndrome
locus®. It is a member of AP-2 family of transcription
factors’. Mutations in the gene encoding the TFAP2B,
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a neural-crest related transcription factor can cause
Char syndrome with cardiac, craniofacial, and hand
abnormalities. 7FAP2 gene family has its role in
cardiac morphogenesis, particularly in the outflow tract
formation and cardiac septation, by controlling cell
proliferation and terminal differentiation®”. To date, nine
mutations associated with CHD, (PDA associated with
Char syndrome) have been identified in the 7TFAP2B
(Table 1)**1°, Studies also suggest that TFAP2B can be
a candidate gene for isolated nonsyndromic PDA, an
outflow tract defect'!. However, there are no studies on
such aspects of different forms of CHD and PDA from
India. In this study we aimed to identify the known
mutations of 7FAP2B in the Indian CHD samples in
Mysore, south India. We hypothesized that TFAP2B
is an essential and conserved gene and the mutations
already known would also be present in any of the
other cases. Thus, the analysis of mutations of TFAP2B
in isolated PDA cases and also in varied forms of CHD
was made.

Material & Methods

The present investigation was carried outin Mysore,
a city in southern India, south-west of Bangalore. The
present study was conducted from February 2007 to
December 2010 in two major hospitals, K. R. Hospital,
and J. S. S. Hospital at Mysore, as and when the cases
were registered and were available in the hospitals
with ethical consent. These hospitals together receive
the majority of children as patients from in and around
Mysore due to the nominal fee charged towards the
diagnosis and treatment. A detailed family history,

for CHD or any congenital malformation, physical
examination, chest X-ray and electrocardiogram and
Doppler study were considered for recruiting the cases
for the study.

A total of 100 clinically diagnosed CHD patients
from these hospitals were selected based on the severity
of the conditions, viz., patients having a defect of
>7 mm were included and also the preterm PDAs and
minor defects less than 4 mm were excluded for the
present study. The study was approved by the ethical
committee of University of Mysore. Informed written
consent was obtained from all the patients’ family and
controls. Those cases with preterm PDA and minor
defects less than 4 mm were excluded from the study
as these are not considered as severe forms as these
would close with time as the child grows older. The
age range was 1 day to 12 yr with 44 females and 66
males. There were Hindus (82%), Muslims (16%) and
Christians (2%). The 50 randomly selected controls did
not have any clinical history of CHD or other congenital
malformations in the family and belonged to the same
geographical region. Care was also taken to maintain
similarity of ethnic and socio-economic backgrounds
of the cases and control groups. The controls were not
related to patients in any ways.

Peripheral venous blood samples (2 ml) were
collected in EDTA tubes and stored in -80°C until
use. Genomic DNA was extracted from peripheral
leukocytes by using Wizard genomic DNA purification
kit (Promega, USA) and was checked for purity.
MassARRAY analysis was carried out by using

Table 1. Summary of previously reported 774 P2B mutation

Type of study Type of defect Nucleotide position and Exon/ intron position Amino acid change
change
Family study?® PDA" c. 791C>A Ex 5 A264D
(100 controls) c. 865C>T Ex 5 R289C
Family study’ PDA” c. 185 C>G Ex 2 P62R
(100 controls) c.673C>T Ex 4 R225C
c. 673C>A Ex 4 R225S
c.821 G>A Ex 5 R274Q
Family study* PDA" c.600+5G>A IVS3+5
c.821-1G>C IVS4-1
c.185C>G Ex 2 P62R
c.673C>T Ex 4 R225C
c. 673C>A Ex 4 R225S
c. 791C>A Ex 5 A264D
c.821 G>A Ex 5 R274Q
Family study"! PDA IVS2-2A>T Ex 3 L170fsX1
Splice site junction 78

“Includes the clinical features of Char syndrome; Superscript numerals denote reference numbers
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Table II. Sequences and molecular weights of unextended (UEP) and extended (EP) TFAP2B primer

TFAP2B UEP" Call Mass (Da)
mutation E1/E2 UEP/E1/E2
1 c.185C>G GCCCTACTTCCCACCCC C/G 4987.2/5234.4/5274.5
2 c.673C>T GTTTGTCTCTGCTCAGTTCAACT T/C 7114.7/7385.9/7401.9
3 c.791C>A AAATCGAAAAATGGGGGGAG C/A 6274.1/6561.3/6601.2
4  c.821 G>A AGAAAGGCAAGAAAAAATCGG C/A 6304.1/6551.3/6631.2
5 ¢.865C>T CAAAGCAGCAAATGTCA G/A 5471.6/5742.8/5758.8

"All sequences are from 5°; E1, extension call; E2, extension call 2: the values in the bold denotes the result of massARRAY.
Source: Manually designed the primers based on the sequence of the gene and mutation site which were obtained from NCBI (http://www.

ncbi.nlm.nih.gov/gene).

Sequenom-iPLEX® Gold SNP genotyping platform with
Spectro CHIP® and MALDI-TOF Mass spectrometer,
USA. The technique, massARRAY is one of the most
promising mutation analysis tools to analyze mutations
in disease-causing genes involving the MALDI TOF.
The introduction of matrix-assisted laser desorption/
ionization (MALDI) time-of-fight (TOF) mass
spectrometry (MS) has resulted in the direct and rapid
identification of intact biomolecules'*!*. The primers/
probes employed in the mass spectrometry analysis are
given in Table II.

Mutations were genotyped using the Sequenom®
MassARRAY technology (Sequenom®, San Diego,
CA, USA) with the help of Vimta Laboratories,
Hyderabad'>. The iPLEX™ assay was followed
according to manufacturers instructions using 5 ng of
genomic DNA. In brief, Massarray analysis was done
as follows: The fragments of 300-400 nucleotides
including the mutant site of the samples and the
control DNA were amplified with the primers that
were designed by MassARRAY® Designer software,
USA. The amplified products were used as templates
for the extension of an oligonucleotide probe over a
mutation site and terminated using dideoxynucleotides,
to produce different size products for each allele of a
mutation. The extended products were analyzed by
SEQUENOM MALDI-TOF mass spectrometry, and
the time-of-flight is proportional to mass, permitting
precise determination of the size of products generated,
which was converted into genotype information.

Results & Discussion

TFAP2B is a 28.8 kb gene consisting of seven
exons, having a transcript size of 5770 bps and coding
for 460 amino acids (Fig.). In the present investigation,
five mutations of TFAP2B ¢.185C>@G, ¢.673C>T, ¢.673
C>A, c.791C>A, ¢.821 G>A, ¢.865C>T were screened

(Table III) in 100 CHD cases and 50 controls, which
included 18 PDA cases, 56 ventricular septal defect
(VSD), 21 atrial septal defect (ASD), 3 atrioventricular
septal defect (AVSD), 10 ASD with VSD, 4 tetralogy
of fallot (TOF), and 7 complex CHDs (Table IV). Four
of the eighteen patients with PDA showed the presence
of facial dysmorphisms (Table V). To date, there
are nine mutations identified in TFAP2B associated
with PDA, and only six of which are associated with
Char syndrome-PDA (Table I). The location of these
mutations is presented in the Fig. The analysis did not
show any of the mutations of TFAP2B screened by
massARRAY (Table III) indicating that these mutations
were not present in CHD patients investigated.

CHD usually refers to abnormalities in the heart’s
structure or function that arise before birth?. Clinically
significant anomalies range from persistence of
foetal circulation like PDA to complex defects such
as transposition of the great vessels, single ventricle
anomalies; hypoplastic left heart syndrome, and
complex variants of heterotaxy'®!”. PDA occurs in

. 185C>G 673 C>T 865C>T
673CA 7g1con 2! A
Helix span helix
Transactivation domain Basic domain domain
B ! R2258 A264D, | R289C
P62R
R225C R274Q

Fig. (A). Gene structure of 7FAP2B indicating the mutations
involved in CHD. Numbers 1-7 show seven exons. (B). Transcription
factor indicating the domains of 7FAP2B and the change in amino
acid involved in CHD. [Source: Ref.4].



624 INDIAN J MED RES, NOVEMBER 2011

Table I1I. List of mutations of 7FAP2B analyzed by massARRAY
in the present study

No. Mutation Exon Amino acid change
1 c.185C>G 2 P62R
2 c.673C>T 4 R225S
c.673 C>A
3 c.791C>A 5 A264D
4 c.821 G>A 5 R274Q
5 c.865C>T 5 R289C

autosomal dominant and recessive disorders that
are nonsyndromic and constitutes 10 per cent of all
CHDs?. PDA can occur as an isolated abnormality
or in association with syndrome like Char syndrome,
which is characterized by the triad of typical facial
features, PDA, and aplasia or hypoplasia of the middle
phalanges of the fifth fingers. Typical facial features

are flat midface, flat nasal bridge and broad flat nasal
tip, wideset eyes, downslanting palpebral fissures, mild
ptosis, short philtrum resulting in a triangular mouth,
and thickened (patulous) everted lips. Studies suggest
that mutations of 7FAP2B are associated with CHAR
syndrome related PDA*S. A recent study has identified
mutations of 7FAP2B in nonsyndromic PDA cases
having none of the features of Char syndrome'".

Since TFAP2 gene family has an important role in
cardiac morphogenesis, mainly outflow tract formation
and cardiac septation>”’, thus we carried out this analysis
to determine the frequency of TFAP2B mutations and
to define the subset of CHDs that is associated with
mutations in 7FAP2B,ifany, otherthan PDA cases. PDA
is known occur randomly with septal defects, therefore,
we hypothesized that 74 P2B mutations could also be
involved in septal and other forms of CHDs. TFAP2B,
a neural-crest related transcription factor, has three

Table IV. Mutation screening by massARRAY analysis of TFAP2B of 100 congenital heart disease patients and 50 controls in Mysore,

south India

Phenotype No. of cases c. 185C>G

c.673C>T

c.791C>A c.821G>A c. 865C>T

VSD 33 -
ASD 12 -
PDA

TOF

PHT

CCHD

AVSD

ASD, VSD

VSD, PDA

ASD, PDA

COA

PDA, PAH

TGA, VSD

ASD, PHT

SI

MS

TGA

Dextrocardia
TAPVC, ASD
TOF, PDA

DORYV, ASD

VSD, cardiomegaly
ASD, PS

ASD, TA, PA
AVSD, VSD

Total 100 00
Control 50 00

~
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ASD, atrial septal defect; VSD, ventricular septal defect; PDA, patent ductus arteriosus; AVSD, atrio ventricular septal defect; PHT, pulmonary
hypertension; SI, situs inversus; MS, mitral stenosis; TGA, transposition of great arteries; TAPVC, total anomalous pulmonary venous
connection; PAH, pulmonary arterial hypertension; DORYV, double aortic right ventricle; TA, truncus arteriosus; TOF, tetralogy of fallot; PS,
pulmonary stenosis; PA, pulmonary atresia; COA, coarctation of aorta; CCHD, complex congenital heart disease
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Table V. List of clinical features of the 18 PDA cases involved in
the present investigation

Case PDA+ Facial Limb
associated CHD dysmorphisms abnormalities

PDA, VSD - -
PDA - -
PDA, VSD - -
PDA, ASD - -
PDA, ASD + -
PDA, ASD, TAPVC - -
PDA, - -
PDA, VSD
PDA, PAH - -

PDA + -

PDA, PAH - -

PDA, TOF, - -

PDA - -

PDA - -

PDA, PAH - -

PDA ASD + -

17 PDA, ASD - -

18 PDA, ASD, PAH - -

PDA, patent ductus arteriosus; VSD, ventricular septal defect;
ASD, atrial septal defect; TAPVC, total anomalous pulmonary
venous connection; PAH, pulmonary arterial hypertension; TOF,
tetralogy of fallot
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main functional domains, the N-terminal portion of
the protein contains a transactivation domain with
a conserved phosphotyrosine motif, the C terminus
contains a highly conserved basic domain, which is
necessary for DNA binding, and the helix-span-helix
domain is involved in DNA binding and dimerization.
The TFAP2 transcription factors comprise a family of
proteins that are closely related to sequence-specific
DNA-binding molecules. Eight 7F4P2B mutations
have been reported in six unrelated individuals and
families with Char syndrome (Table 1)**’. Five of the
mutations affect the basic domain. The sixth missense
mutation, p.Pro62Arg, alters the PY motif in the
transactivation domain. All of these missense changes
affect highly conserved residues. Among the five
basic domain mutations, four affect arginine residues.
Another splice site mutation has been identified
in nonsyndromic isolated case of PDA, indicating
that the mutations of TFAP2B are involved in those
patients who do not exhibit any features related to
Char syndrome'".

In the present investigation, five of the six missense
mutations were analysed by massARRAY. The analysis
did not identify any of the five mutations among the 18

PDA cases and also in the varied CHD cases analyzed
for mutations in 7FAP2B. Thus, the mutations screened
were not involved in the manifestation of PDA in all
the isolated and also syndromic related PDA cases
analyzed in the present study.

This study has certain limitations. Only prominent
mutations were screened and not all the mutations
reported. Since this is a targeted mutation based study,
the unknown mutations in all the exons were not
studied. The sample size was small due to the selection
criteria and lack of consent from the patients. It is also
possible that Indian populations may harbour mutations
distinct from other populations previously reported.

Thus, identification and analysis of specific
nuclear families with Char syndrome or having more
than two children affected with PDA in a family and
further a large scale screening of PDA cases would
help substantiate the role of 7F4P2B mutations in the
manifestation of the disease.
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