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(22q11.2 DS).

Methods: 78 patients negative for the 22q11.2 deletion, previously screened by fluorescence
in situ hybridization (FISH) and/or multiplex ligation probe amplification (MLPA) were tested by
chromosomal microarray analysis (CMA).

Results: Clinically significant copy number variations (CNVs >300kb) were identified in 10%
(8/78) of cases. In addition, potentially relevant CNVs were detected in two cases (993 kb
duplication in 15g21.1 and 706 kb duplication in 2p22.3). Genes inside the CNV regions found
in this study, such as IRX4, BMPR1A, SORBS2, ID2, ROCK2, E2F6, GATA4, SOX7, SEMAD6D, FBN1,
and LTPB1 are known to participate in cardiac development and could be candidate genes for
CHD.
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Conclusion: These data showed that patients presenting CHD with extra cardiac anomalies and
exclusion of 22q11.2 DS should be investigated by CMA. The present study emphasizes the
possible role of CNVs in CHD.

© 2017 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Desequilibrios genémicos na cardiopatia congénita sindromica

Resumo

Objetivo: Identificar desequilibrios genémicos patogénicos em pacientes apresentando Car-
diopatias Congénitas (CC) e anomalias extra cardiacas, e exclusdo da Sindrome de Delecao
22q11.2 (SD22q11.2).

Métodos: Um total de 78 pacientes negativos para a delecao 22q11.2, previamente testados por
hibridacao in situ com fluorescéncia (FISH) e/ou amplificacao de multiplas sondas dependentes
de ligacdo (MLPA), foram avaliados por microarray cromossomico (CMA).

Resultados: Foram identificadas variacoes do nimero de copias de DNA (CNVs) clinicamente
significativas (> 300kb) em 10% (8/78) dos casos, além de CNVs potencialmente relevantes
em dois casos (duplicacao de 993 kb em 15g21.1 e duplicacao de 706 kb em 2p22.3). Genes
envolvidos como IRX4, BMPR1A, SORBS2, ID2, ROCK2, E2F6, GATA4, SOX7, SEMAD6D, FBN1 e
LTPB1 sao conhecidos por atuarem no desenvolvimento cardiaco e podem ser genes candidatos
a CC.

Conclusao: Estes dados mostram que pacientes apresentando CC, com anomalias extra cardia-
cas e exclusao da SD22q11.2, devem ser investigados por CMA. Ainda, este estudo enfatiza a
possivel funcao das CNVs nas CC.

© 2017 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este & um artigo
Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Introduction

Congenital heart disease (CHD) is a common malformation
affecting approximately six per 1000 live births. It occurs
as an isolated trait or related to multiple congenital anoma-
lies, among which the 22q11.2 deletion syndrome is the most
common."' CHD is the most critical manifestation and repre-
sents the major morbimortality factor in 22q11.2 deletion
syndrome (22q11.2 DS), affecting between 74% and 80% of
patients. Among the variety of CHDs reported, conotrun-
cal and/or aortic arch defects are the most prevalent.? The
cause of cardiac phenotypic heterogeneity is not known, but
there is no evidence of correlation with sex, race, 22q11.2
deletion size, or parental origin of the deletion.?

It is recommended that all newborns or children pre-
senting CHD and dysmorphism or other congenital anomalies
be screened for 22q11.2 deletion.” In addition, genomic
imbalances of other chromosomal regions, including 10p12-
p15, 4q21-q35, 8p21-p23, 17p13, and 18q21, can be found
in patients with clinical suspicion of 22q11.2 DS and without
22q11.2 deletion.’

Currently, the application of chromosomal microarray
analysis (CMA) for clinical diagnosis allows the identifica-
tion of previously undetectable submicroscopic genomic
imbalances, bringing new information about the genesis of
congenital defects. The current study investigated a group
of individuals presenting CHD with extra cardiac anomalies
and exclusion of 22q11.2 DS to identify pathogenic genomic
imbalances.

Patients and methods

Patients

The Research Ethics Committee of the University of Campi-
nas approved this study (No. 487/2009 and 433/2010). All
participants or their guardians signed the written informed
consent. The evaluation included a standardized protocol
as part of a multicenter study of the Brazilian Craniofacial
Project, and all individuals were seen by a geneticist.

Initially, a group of 108 patients having CHD with extra
cardiac anomalies and clinical suspicion of 22q11.2 deletion
were screened by fluorescence in situ hybridization (FISH)
and/or multiplex ligation probe amplification (MLPA). Only
78 patients (43 males and 35 females) without 22q11.2 dele-
tion were included in the present study.

Among the CHDs in this cohort, tetralogy of Fallot (ToF)
was observed in 40%, ventricular septal defect (VSD) in 22%,
and atrial septal defect (ASD) in 8% of cases. In 9% of cases,
two of these three defects were observed. The remaining
21% of cases presented other cardiac defects such as trun-
cus arteriosus (TA), bicuspid aortic valve (BAV), and patent
ductus arteriosus (PDA), among others.

The main clinical features found in these patients, in
addition to CHD, were: facial dysmorphisms - 96% (75/78),
neurocognitive and behavioral-developmental abnormali-
ties - 65% (51/78), skeletal abnormalities - 58% (45/78),
palatal abnormalities — 43% (34/78), immunological abnor-
malities - 41% (32/78), growth delay and/or feeding
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