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Resumo

Introduc&o:22g11.2SD é a sindrome de microdelegdo cromossdmica mais
frequente, originada a partir de eventos de recombinagdo meiotica néo
homologa que ocorrem em aproximadamente 1 em cada 1.000 - 6.000 fetos.
As manifestacdes clinicas sugestivas de 22q11.2SD e que requerem testes
diagnosticos variam de acordo com a idade. Na infancia, os sintomas tipicos
incluem alguma combinacdo de defeitos cardiacos congénitos e outras
manifestacfes. Atualmente, a 22q11.2SD é considerada uma das anomalias
cromossOmicas mais frequentemente observadas em associagdo com as
cardiopatias congénitas, ficando atras somente da sindrome de Down.
Objetivos: o objetivo deste trabalho foi verificar o perfil de dismorfias e
cardiopatias encontradas em pacientes encaminhados a um centro de
referéncia no sul do Brasil com suspeita clinica de 229q11.2SD. Material e
Métodos: Foi um estudo prospectivo com amostra de conveniéncia
desenvolvido no Laboratério de Citogenética da Universidade Federal de
Ciéncias da Saude de Porto Alegre (UFCSPA). A amostra consistiu de
pacientes atendidos pelo SUS que apresentavam achados clinicos sugestivos
de 22q11.2SD. A avaliagdo genética consistiu de uma entrevista para dados
clinicos e histéria médica, como ecocardiografia, seguida de um exame fisico
dismorfoldgico. Apds avaliacdo genética, a amostra de sangue foi coletada em
tubo de heparina e, em seguida, enviada ao Laboratorio de Citogenética da
UFCSPA para cultura e analise celular pelo FISH. Resultados: No total, trés
perfis de pacientes suspeitos com 22ql11.2SD foram encaminhados para
analise: individuos que apresentavam apenas dismorfias (n=4); individuos com

cardiopatia congénita isolada (n=7) e individuos com dismorfias e cardiopatia



congénita (n=35). A hibridizacdo in situ fluorescente(FISH) foi realizada em 46
pacientes com achados clinicos de 22g11.2SD, incluindo aqueles com
resultados de cariotipo alterados. Da amostra total, 15,21% (7/46)
apresentaram a delecdo 22g11.2, consistente com o diagndstico clinico de
22011.2SD. Destes, apenas pacientes com dismorfia associada a cardiopatia
congénita tiveram a delecéo de 22q11.2 (7/35).

Concluséao: A associacdo de dismorfias faciais (cranio, olhos, ouvido e nariz) e
cardiopatia congénita provou ser um critério clinico confiavel para o
encaminhamento a analise citogenética molecular. Entre os defeitos cardiacos,
sugerimos que individuos com anel valvar pulmonar obstrutivo, truncus
arteriosus e valva aodrtica bicuspide associada a CIA e/ou arco aértico a direita

devem realizar investigacao por FISH para dele¢cédo 22g11.2.

Palavras-chave: Cardiopatia congénita; Sindrome de delecdo 22q1l1;

Dismorfia facial; Hibridizacao in situ Fluorescente.



Abstract
Introduction: 22q11.2DS is the most frequent chromosomal microdeletion
syndrome, estimated to result mainly from de novo non-homologous meiotic
recombination events occurring in approximately 1 in every 1,000 — 6,000
fetuses. Clinical manifestations that urge for diagnostic testing vary by age. In
infancy, typical symptoms include some combination of congenital heart defects
and others conditions. Currently, 22q11.2DS is considered one of the most
frequently observed chromosomal abnormalities in association with congenital
heart disease (CHD), only after Down syndrome. Aim of study: the aim of this
work was to verify the profile of dysmorphia and heart defects found in patients
referred to a reference center in Southern Brazil with clinical findings suggestive
of 22g11.2DS. Materials and methods: It was a prospective study with a
convenience sample developed at the Universidade Federal de Ciéncias da
Saude de Porto Alegre (UFCSPA) Cytogenetics Laboratory. The sample
consisted of patients cared by UHS presenting clinical findings suggestive of
22011.2DS. Genetic evaluation consisted of an interview for clinical data and
medical history such as echocardiography, followed by a dysmorphological
physical examination. After genetic evaluation, blood sample was collected in
heparin tube and, then, sent to the UFCSPA Cytogenetics Laboratory for cell
culture and analysis by FISH. Results: In total, three suspected patients
profiles with 22q11.2DS were referred for analysis: individuals with only
dysmorphia (n=4); individuals with isolated heart disease (n=7) and individuals
with both dysmorphia and CHD (n=35). FISH was performed in 46 patients with

clinical findings of 22g11DS, including those with altered karyotype results. Of



overall sample, 15.21% (7/46) showed a 22g11.2 deletion, consistent with the
clinical diagnosis of 22q11.2DS. Of these, only patients with dysmorphia
associated with CHD had a 22g11.2 deletion (7/35). Conclusion: Facial
dysmorphia (skull, eyes, ear, and nose) associated with CHD proved to be a
reliable clinical criteria for referral to molecular analysis. Among heart defects,
we suggest that individuals with obstructive pulmonary valve ring, truncus
arteriosus and bicuspid aortic valve associated with ASD and/or right aortic arch

should perform FISH investigation for 22q11.2 deletion.

Keywords: Heart Defects, Congenital; 22qll Deletion Syndrome; Facial

Dysmorphism; In Situ Hybridization, Fluorescence.
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1. REFERENCIAL TEORICO

Embora as doencas genéticas teoricamente sejam raras, sua frequéncia
conjunta faz com que elas reforcem uma parte importante da Medicina. De
2010 a 2014, um estudo transversal registrou 819.018 nascidos vivos na cidade
de Sado Paulo, dos quais 14.657 apresentaram algum tipo de anomalia
congénita, correspondendo a uma prevaléncia de 17,9 casos para cada 1.000
nascidos vivos ao longo do periodo estudado.'Em paises desenvolvidos, os
distarbios genéticos e as malformacdes congénitas contribuem com 30% de
todas as admissdes infantis, e cerca de 40 a 50% de todos os Obitos
observados nesta faixa etaria.?

O diagnodstico precoce € de suma importancia, podendo inclusive
impactar a morbimortalidade infantil associada as malformacfes congénitas,
especialmente no periodo neonatal. O aumento e a reducao da sobrevida estao
diretamente relacionados ao planejamento prévio e a busca de recurso
especializados nos sistemas de saude para esses pacientes. No entanto,
muitos médicos podem nao estar cientes das diretrizes recomendadas e
podem ndo ter acesso a servicos genéticos. Segundo Tarini et al.,, 2015,
apenas 5% dos meédicos de cuidados primarios pediatricos entrevistados
encaminhariam um paciente com atraso global de desenvolvimento para um
especialista em genética.® Desses, 50% indicaria o cari6tipo, ou seja, um
exame que nao detectaria as condi¢des comuns que s&o objeto deste artigo.

Estima-se que 10 a 12% de todos os individuos nascidos vivos irdo
desenvolver uma doenca influenciada geneticamente ao longo de suas vidas.

De todos os neonatos, 2 a 3% tém pelo menos uma anormalidade congénita



maior, das quais pelo menos 50% s&o causadas exclusivamente ou
parcialmente por fatores genéticos.?456

Segundo o banco de dados da Vigilancia Europeia de Anomalias
Congénitas,18% das mortes neonatais com presenca de alguma malformacao
congénita, tem origem cromossomica.’ Além disso, foi verificado que anomalias
cromossOmicas sdo responsaveis por cerca de 15% das principais sindromes
congénitas, sendo associadas a 25% das mortes perinatais na Europa.? Ja no
Brasil, 37% das internacdes pediatricas nos sistemas de saude terciarios sao
de pacientes com algum defeito congénito ou enfermidade genética.® Além
disso, essas alteracdes sdo ainda responsaveis pela elevacdo das taxas de

cesarianas e nascimentos de recém-nascidos prematuros.1°

1.1 Malformacdes congénitas

As malformacdes congénitas sdo anomalias estruturais ou funcionais
originadas por eventos fisioldgicos ou ndo que precedem o nascimento.'As
manifestacfes clinicas sdo diversificadas, podendo variar desde dismorfias
menores até alteracdes complexas e raras.’? A etiologia das malformacées
pode estar relacionada a alteracbes mendelianas, cromossémicas, ambientais,
entre outros, porém muitas vezes ndo € possivel determinar a sua causa.
Sugere-se que 6% das malformacdes congénitas estejam relacionadas a
anomalias cromossémicas, podendo esta propor¢cdo aumentar quando sao
associados os desequilibrios genémicos abaixo da resolucédo (<5Mb), ou seja,
ndo diagnosticaveis pela analise cromossémica padréo, o cariétipo.t3

As microdelec¢des e microduplicagbes (MMs) podem estar presentes no

periodo pré-natal, as quais apenas sdo identificadas por métodos mais



sofisticados de diagnéstico citogenético, como por exemplo, a hibridizacdo in
situ fluorescente (FISH), Multiplex Ligation-dependent Probe Amplification
(MLPA) ou microarray cromossdmico (CMA).** As microduplicacbes e
microdelecbes cromossémicas estdo envolvidas em diversas malformacdes
congénitas, sendo a mais comum e uma das principais causas de morbidade
infantil, a cardiopatia congénita ou congenital heart disease (CHD).%®

As anomalias congénitas podem contribuir para a incapacidade motora
de longo prazo, o que pode resultar em impactos significativos nos individuos
acometidos, além dos familiares, sistemas de saude e da sociedade como um
todo. Com isso, é importante que se faca um diagndstico completo de cada
sindrome, obtendo um maior nimero de informacdes possiveis a fim de
proporcionar melhor acompanhamento e tratamento dos pacientes. Assim, a
partir de uma atenta avaliacdo clinica se pode tracar uma estratégia de

investigacao visando a otimizacdo do uso dos diferentes testes genéticos.

1.1.1 Cardiopatia congénita

A CHD é um conjunto de anormalidades estruturais e funcionais do
coracdo e grandes vasos, que podem surgir durante a embriogénese
cardiaca.'®Possui incidéncia que varia de 19-75 casos a cada 1000 nascidos
vivos. A etiologia é complexa e multifatorial, com cerca de 80% das CHDs
surgindo através da combinacdo de fatores genéticos e ambientais.'® A
malformacédo cardiaca oriunda de anomalias genéticas ou cromossémicas,
como a sindrome de Down, esta presente em 1 a cada 100 criancgas.’

A CHD pode ser classificada em ciandtica ou acianética devido a

mistura, ou ndo, de sangue venoso e arterial.'A CHD acianética é a mais



frequente, levando a alteracbes que nem sempre causam repercussdes tao
graves no funcionamento cardiaco. A depender dos sintomas provocados,
estas alteracbes podem ser descobertas logo apés o nascimento, ou apenas
na idade adulta. Sao elas: comunicacdo interatrial (CIA), comunicacao
interventricular (CIV), persisténcia do canal arterial (PCA), estenose pulmonar,
estenose adrtica e coarctacdo da aorta. Nessa qualificacdo, a CIA e a CIV séo
mais encontradas. JA a CHD ciandtica € a mais grave, pois a alteracdo
cardiaca pode afetar de forma significativa o fluxo sanguineo e a capacidade
de oxigenacdo do sangue, sendo a mais frequente a Tetralogia de Fallot
(ToF).18

A base genética, epigenética e ambiental precisa da CHD ainda nédo esta
totalmente compreendida. A maioria das CHDs ocorrem como malformacdes
de forma isolada, enquanto 25-30% estdo associadas a alteracdes
extracardiacas e alguns defeitos especificos sdo frequentemente encontrados
na associacdo com sindromes genéticas conhecidas.!® Cerca de 20% dos
casos podem ser atribuidos a anomalias cromossdémicas, sindromes
mendelianas, desordens genéticas ndo sindromicas ou teratbgenos.?°

Aneuploidias e microdelecbes de regides cromossdmicas estdo
associadas ao desenvolvimento da CHD (Tabela 1), porém 0s mecanismos
pelos quais esse desequilibrio cromossémico altera a cardiogénese sao pouco
conhecidos e provavelmente muito mais complexos do que um efeito de
dosagem génica. J& se sabe que mutagcbes em genes associados as CHDs
humanas afetam um conjunto heterogéneo de moléculas que coordenam o

desenvolvimento cardiaco?l15



Tabela 1. Cardiopatias congénitas — condi¢cBes mais comuns.

Mecanismo Cromossomo / Sindrome Caracteristicas dos defeitos cardiacos
genético Regido genética
Jonter-all sindrome do Olho Retorno total/parcial venoso pulmonar anormal;
Tetrassomia pterq do Gato Veia cava superior esquerda persistente
. Defeito do septo ventricular; Ductus arteriosus
13 sindrome de
Patau patente; Defeito do septo atrial; Dextroposi¢ao.
. Defeito do septo ventricular; Defeito do septo
18 sindrome de
Trissomia Edwards atrial; Ductus arteriosus patente.
Defeito do septo ventricular; Defeito do septo
i sindrome de Down atrioventricular; Defeito do septo atrial.
. Via de saida do ventriculo esquerdo;
. sindrome de
Monossomia X .
Turner Malformacéo da aorta.
3p sindrome-3p Defeito do septo atrioventricular
sindrome de Wolf- Defeito do septo atrial
4p :
Hirschhorn
5 sindrome Cri-du-  Variavel (em 30%)
Delecéo P chat
8p sindrome-8p Defeito do septo atrioventricular
Defeito do septo ventricular; Ductus arteriosus
9p sindrome-9p patente; Estenose da valva pulmonar.
Estenose supravalvar aodrtica; Estenose
7q11 sindrome de periférica da artéria pulmonar; Estenose da
Willams
valva pulmonar.
Estenose da valva pulmonar; Defeito do septo
17p11.2 sindrome Smith-  atrial;  Defeito do  septo  ventricular;
Magenis . ) )
Microdelegao Malformacé&o da valva atrioventricular.
) Tetralogia de Fallot; Defeito do septo
sindrome Miller- )
17p13.3 Dieker ventricular; Estenose da valva pulmonar.
nd q Anomalias da via de saida e do arco adrtico.
sindrome de
22q11.2 DiGeorge

Adaptado de Brennan et al., 2001. Exames para diagnéstico: Tetrassomia, Trissomia e Monossomia — Cariétipo, array-CGH; Delegdo —

Cariotipo, array-CGH; Microdelecéo — FISH, array-CGH.

Dentre as principais causas da CHD, a sindrome de dele¢do 22ql11.2

(SD22g11.2) é a segunda mais comum, ficando atras da sindrome de Down. A

CHD é a manifestacdo mais critica e principal fator de morbimortalidade na

SD22ql1 afetando entre 74% e 80% dos pacientes. Dentre diversas CHDs

relatadas, os defeitos conotruncais e/ou do arco adrtico sdo 0s mais

prevalentes.?>15



1.2 Sindromes de microdele¢des/microduplicacdes

A associacdo entre malformacdes congénitas e alteracdes
cromossOmicas teve seu inicio no ano de 1956, quando o pesquisador Jerome
Lejeune identificou um cromossomo 21 adicional, em pacientes com sindrome
de Down.?? A partir dessa descoberta juntamente com o auxilio da citogenética
basica e, posteriormente, da molecular, o tratamento e aconselhamento
genético para esses individuos foram aprimorados. As MMs puderam ser
detectadas a partir da criacdo de técnicas moleculares, como a hibridizacéo in
situ fluorescente (FISH) e a reacdo em cadeia da polimerase (PCR), onde é
possivel observar rearranjos menores que antes ndao eram identificados com
técnicas menos sofisticadas, como o cariétipo com bandamento G.?*

As sindromes de microdelec¢des e microduplicacdes (SMMs) originam-se
de variacBes submicroscopicas no numero de coépias de uma regido do
genoma, que por sua vez levam a ganhos ou perdas subcromossémicas
especificas. Esses disturbios podem ser chamados de sindromes de genes
contiguos (SGC). As SGCs possuem regides criticas de dois ou mais genes,
com localizacdo préxima, que sdo responsaveis por anomalias congénitas,
atraso do desenvolvimento e transtornos neuropsiquiatricos.?® Estatisticamente,
para cada sindrome de microdelecdo deve haver uma sindrome de
microduplicacdo reciproca, onde uma comparativa atual realizada no ano de
2012, entre as duas alteracbes cromossdmicas, mostra uma relacdo de 211
microdelecdes versus 79 microduplicacées relatadas,?® conforme demonstrado

na Figura 1.
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Figura 1. Visdo geral esquematica de todas as regides de microdele¢do e microduplicagdo genémica
ja relatadas. As setas vermelhas indicam microdelecdes, as setas azuis indicam microduplicagées e
regibes mistas de vermelho / azul indicam microduplicagdo e microdelecao reciproca. Adaptado de

Weise et al.,

2012.

Exemplificando as SMMs, podemos citar a sindrome de delecdo 22q11.2,

também conhecida como DiGeorge/Velocardiofacial (SD22g11)?’, sindrome de

Williams-Beuren (del7q13)?8, sindrome de Prader-Willi/Angelman (del15q11-

13)?° e sindrome de Duplicacdo 1g21.1%°, a qual possui um fenétipo bem

parecido com a Velocardiofacial, entre outras (Tabela 2).



Tabela 2. Exemplos de sindromes de microdele¢gbes e microduplicagdes mais comuns.

Sindromes Rearranjo Regido critica Incidéncia (nascimentos)
cromossOmico cromossOmica

Microdelecao 3q29 Delecéo 3g29 N&o informada

Cri-du-chat Delecéo 5p15 1 em 20.000-50.000

Willams-Beuren Delegéo 7q11.23 1 em 7.500 (del)
Duplicagdo 7q11.23 N&o informada (dup)

Beckwith-Wiedemann Duplicagao 11p15 N&o informada

Prader-Willi* Delegdo 15911.2-q13 (paterno) 1 em 10.000-30.000

Rubenstein-Taybi Delecéo 16p13.3 N&o informada

Microduplicac&o 17p13.3 Duplicagdo 17p13.3 <1 em 1 milhdo

Potocki-Lupski Duplicagao 17p11.2 N&o informada

Koolen-de Vries Delecéo 17921.31 1 em 16.000

DiGeorge/Velocardiofacial Delegdo 22g11.2 1 em 2.000 —4.000

Distrofia muscular de Duchenne Delecéo Xp21 Né&o informada

Adaptado de Crotwell & Hoyme, 2012; Vialard et al., 2012; Grati et al., 2015. Legenda: * = outras causas como impriting dissomia
uniparental.



1.3 Aspectos moleculares das microduplicacdes e microdelecdes

A caracterizacdo das sindromes genéticas originou-se através da juncao
dos achados clinicos comumente encontrados em pacientes afetados, e na
capacidade de detectar anormalidades cromossOGmicas por analise citogenética
classica e molecular. As delecBes e duplicagcbes cromossémicas parciais se
destacam pela importancia para a variabilidade do genoma, podendo ser ou
ndo, patogénicas.3'Desde os anos 80, as microduplicacdes e as microdele¢des
vém sendo associadas a formas sindrémicas de deficiéncia intelectual (DI) e
atraso do desenvolvimento (AD).3?

As microduplicacdes e microdelecdes cromossdmicas compreendem a
perda ou ganho de parte de um ou mais genes devido a presenca de variantes
de nimero de cépias (CNVs) de um segmento de DNA.333* As CNVs abrangem
delecdes, translocacdes, duplicacbes ou rearranjos complexos que podem
afetar a funcdo dos genes através da disjuncdo da regido codificadora ou
reguladora, pela geracdo de um gene quimérico ou por efeito de posi¢do. O
tamanho dessas variantes é >50 pares de bases (pb) e sua presenca no
genoma humano é estimada em 12% com mais de 100.000 CNVs ja
identificadas.3>36:37

A deteccdo das microduplicacdes e microdelecbes permite identificar
rearranjos cromossémicos e CNVs, 0s quais estdo envolvidos em uma parcela
significativa das anomalias congénitas. Cerca de 1 al,7% de gestantes com
idade avancada possuem CNVs patogénicas, o que significaria, quando
comparado, uma frequéncia muito maior do que o numero de casos de

sindrome de Down.38:39



Os rearranjos cromossbmicos podem ser balanceados ou
desbalanceados. O que difere entre os dois é se ha perdas ou ganhos de
material genético, embora tenha ocorrido algum rearranjo. No caso, as CNVs
estdo envolvidas nos rearranjos desbalanceados, que podem estar associados
a delecbes/duplicacbes ou a heranca de produtos de translocacdes néo
balanceadas. Além disso, ambos mecanismos demonstram ter impactos na
expressdo de genes.*°As CNVs podem ser classificadas em variacdes
benignas, patogénicas ou variacdes de significancia incerta (VOUS), com isso,
muitas dessas podem estar associadas a sindromes ou basicamente a
deficiéncias neurocognitivas, como autismo ou atraso do desenvolvimento.*!

As CNVs estdo estabelecidas em duas classes: as recorrentes e as nao
recorrentes. Ambas sdo mediadas por diferentes mecanismos na formacao de
rearranjos estruturais.*?> As variantes recorrentes originam-se a partir de
recombinacdes homologas néo-alélicas (NAHR), onde sdo mediadas por uma
pequena sequéncia de DNA repetitivo, conhecidas como LCRs (low-copy
repeats) (Figura 2). Os rearranjos gendmicos mais observados sédo causados
por NAHR entre duas LCRs. As LCRs séao regides especificas do DNA que
possuem geralmente o tamanho de 10-300 kilobases (kb) e 95-97% de
similaridade entre si.*®4#4 Importante ressaltar que a extensdo das CNVs
recorrentes é idéntica em diferentes individuos.*>% Aproximadamente, 37

regides do genoma ja foram evidenciadas para esse tipo de recombinacé&o.*’
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Figura 2.Figura esquematica dasLCRs. As LCRs representam regides de sequéncia altamente repetitivas de baixa
copia que podem fornecer um substrato para rearranjos cromossdmicos mediados por NAHR. As setas azuis
exemplificam duas grandes duplicacdes de uma sequéncia de alta similaridade que flanqueia uma regiéo contendo
genes a, b e c. Seguindo o desalinhamento dos homélogos, estas duplicacdes facilitam as NAHR durante a meiose,
auxiliando um evento crossing-over entre duplicagbes segmentares pardlogas, em vez de alélica. Isso resulta em dois
produtos reciprocos: um cromossomo que transporta uma duplicacéo da regido intermediaria e uma cépia adicional dos
genes a, b e c; e um segundo cromossomo que contém uma delecéo dessa mesma regido. Tais rearranjos sdo causas
comuns de muitos distarbios gendmicos recorrentes, caracterizados por rearranjos reciprocos de regies
cromossoOmicas especificas. Adaptado de Watson et al., 2014.

As CNVs néao recorrentes possuem sequéncias com similaridade mais
limitada que flanqueiam os pontos de quebra, contendo apenas 2-15 pb em sua
estrutura. Estes rearranjos podem ocorrer em regides ricas em LCRs, alterando
a arquitetura genbmica por estarem em sentido invertido nas sequéncias de
DNA.4849Além disso, 0s rearranjos ndo recorrentes compartilham uma regido
gendmica comum de sobreposicdo (SRO, smallest region of overlap), que

abrange o locus associado ao transtorno gendmico (Figura 3).%°



a b C

RECORRENTES NAO RECORRENTES ~ NAO RECORRENTES
com grupo
—— m - a5 1
— e ——
I, . v
Breakpoint clustering SRO Breakpoint grouping
B - GENE

- LCRs

- ELEMENTOS ARQUITETONICOS DO COMPLEXO GENOMICO
SRO - smallest region of overlap

Figura 3. Observagdes experimentais de rearranjos gendmicos recorrentes e néo recorrentes associados a disturbios
gendmicos. A linha longa e fina significa a regido gendmica submetida a rearranjos genémicos. O retangulo preto
representa um gene que esta localizado na regido reorganizada e pode ser afetado pelos rearranjos. As barras de azul
escuro (em a) e vermelho (em b e c) representam os rearranjos (duplicagdes, eliminagdes ou inversdes) com seus
pontos de interrupgdo. a. Rearranjos recorrentes com um tamanho comum e pontos de quebra agrupados. A maioria
dos rearranjos recorrentes resulta da recombinagdo homologa néo alélica (NAHR). Os dois retangulos listrados que
flanqueiam o gene, retratam as repeti¢cdes de baixa copia (LCRs) funcionando como substratos para NAHR. Os pontos
de quebra do rearranjo sdo agrupados dentro dos LCRs. b. Rearranjos ndo recorrentes. Os pontos de quebra dos
rearranjos nao recorrentes sao dispersos na regido gendémica. Nota-se que todos os rearranjos compartilham uma
regido gendémica comum de sobreposicéo (SRO), que engloba um gene necessario para o trago fenotipico transmitido,
0 que permite que esses rearranjos sejam determinados. ¢. Rearranjos ndo recorrentes com agrupamento de um ponto
de interrupcéo. Alguns dos rearranjos néo recorrentes tém um de seus pontos de quebra localizados em uma pequena
regido gendmica. Este agrupamento de pontos de quebra é distinto do agrupamento do rearranjo recorrente, mas
sendo um agrupamento de quebra, pode refletir na arquitetura genémica subjacente (por exemplo, palindromo ou
cruciforme) importante para o mecanismo de rearranjo, representado como o retangulo pontilhado na Figura 2c.
Adaptado de Gu et al., 2008.

As CNVs podem estar presentes em sequéncias de um gene ou em um
gene inteiro, em um segmento contendo varios genes ou, em elementos
regulatérios. As variantes intragénicas podem possuir consequéncias similares
as mutacdes de ponto patogénicas, sendo que as CNVs maiores podem levar a
sindromes de genes contiguos devido a sua possivel inclusdo em multiplos
genes. Com isso, essas variantes estdo sendo associadas com o surgimento
de doencas devido a interferéncia em funcdes fisiologicas.>® A expressao
génica nas regides de CNVs esta fortemente relacionada ao niumero de copias

de genes, ou seja, quanto maior concentracdo das variantes maior vai ser a



expressdo dos genes. Ja para delecbes, observa-se o0 oposto desse
mecanismo.>?53

Ha também, genes que podem modificar a sua expressao pelo fato de
estarem proximos aos pontos de quebra e presentes em numero de cépias
normais, como por exemplo, as microdelecbes do cromossomo 7ql11.23
responsaveis pela sindrome de Williams-Beuren (WBS). Delecbes e
duplicacdes relacionadas a alteracbes na expressdo génica para CNVs
também estdo sendo citadas em estudos em humanos e camundongos, nas
regides 16pl11.2 e 17p11.2, respectivamente, 55556

A heranca de produtos nédo balanceados dos rearranjos cromossdmicos,
como as translocacfes, € uma das causas para a origem das alteracdes nos
nameros de copias do genoma. Além disso, como resultado, podem-se
observar grandes ganhos ou perdas de regides cromossdmicas.®’ Portanto, as
duplicacdes e delecbes podem influenciar nos niveis normais de expressao
génica, alterando o numero de copias de um gene e assim, resultando em um
produto genético diferenciado, além de exercer um efeito em outros genes que
estdo proximos ou distantes dos pontos de quebra. Possivelmente ha também,
alteracdo no tempo e na localizacdo em que ha a expressdo. Assim, observa-
se a importancia do estudo das CNVs em relacdo a expresséo génica, levando

em conta todos os efeitos espaciais e temporais ja relatados.5®

1.3.1 Sindrome de delecéo 22g11.2

A sindrome de delecdo 22q11.2 (SD22gll ou DiGeorge) (OMIM
#188400) é uma das mais comuns desordens relacionadas a variantes do

namero de copias (CNVs) e erros de recombinagdo meidtica ndo-homaologa. A



SD22qg11 é caracterizada por uma microdelecdo no braco longo (q), regido 11.2
do cromossomo 22, com perda de, aproximadamente, 90 genes.5%22

A prevaléncia e incidéncia em nascidos vivos ainda é objeto de estudo
devido a grande variacao no fenétipo que dificultaria a imediata identificacdo de
individuos acometidos. Entretanto, na literatura sdo relatadas incidéncias ao
nascimentos entre 1 em 2000 — 7000 nascidos vivos®, e atualmente, é
considerada uma das anormalidades cromossémicas mais frequentemente
observadas em associacdo com a CHD, ficando atras apenas da sindrome de
Down.®! Hoje, a maioria (90-95%) dos individuos recém identificados com
SD22g11.2 possui delegcbes de novo, ou seja, nenhum dos pais tem a delecéo
22011.2. No entanto, devido a melhora da sobrevida e, portanto, maior aptiddo
reprodutiva dos individuos com SD22g11.2, a prevaléncia, especialmente dos
tipos hereditarios, deve aumentar.6263

A SD22qg11 é conhecida pela heterogeneidade de achados clinicos e a
dificuldade de se estabelecer uma analise fidedigna baseado no fenétipo. Ainda
hoje, o diagndstico é basicamente clinico devido a impossibilidade de
fornecimento de testes genéticos, principalmente em nivel SUS, que poderiam
auxiliar no acompanhamento e tratamento desses individuos. A primeira
caracterizacdo da SD22q11 veio por meio da descricdo de achados clinicos em
criancas que apresentavam a triade clinica de imunodeficiéncia,
hipoparatireoidismo e CHD, pelo Dr. Angelo DiGeorge, em 1965.%4 Apdés o
surgimento das técnicas citogenéticas convencionais e moleculares, foi
possivel a identificagdo da dele¢do da regido ql1.2 do cromossomo 22 que
estava presente frequentemente nesses individuos diagnosticados clinicamente

como sindrome de DiGeorge.%>66



A SD22qll é agora conhecida por ter uma apresentacdo heterogénea
que inclui multiplas anomalias congénitas e condi¢des identificadas no decorrer
da investigacdao clinica, tais como anomalias palatais, gastrointestinais e renais,
doenca autoimune, atrasos cognitivos variaveis, fenotipos comportamentais e
doencas psiquiatricas.?’

Através da identificacdo da CHD nesses individuos, criou-se hipéteses
de que um mecanismo que leva a uma alteracdo no desenvolvimento
embrionario poderia estar envolvido.®® Na populacdo em geral, a delecdo
22011.2 esta entre as causas mais comuns detectaveis de varias condicdes.
Um grande numero de individuos que apresentam a CHD possui a delecéo
22011.2: em 52% dos individuos com arco adrtico tipo B interrompido, em 34%
com truncus arteriosus, em 16% com Tetralogia de Fallot e em
aproximadamente 5-10% com defeitos do septo ventricular.59

A relacdo entre os genes presentes na regido 22ql11.2 deletados em
heterozigose e fenétipos ainda € pouco compreendida. Sabe-se que 4 LCRs
(A, B, C e D) definem essa regido. Estas LCRs, devido a semelhanca
substancial de sequéncia, facilitam a recombinacdo meidtica homologa nao-
alélica, resultando em translocacdo, delecdo ou duplicacdo desequilibrada.
Dependendo do tamanho da delecdo e LCRs envolvidas, o fenétipo pode ser
sucinto ou até mais abrangente. Mais de 85% da recombina¢do ocorre entre
LCR A e LCR D, resultando em uma delecdo "tipica" de 3 Mb(Figura 4a).A
delecdo de 1,5 Mb entre LCR A e LCR B pode ser identificada em ~10% dos
individuos afetados.”

Individuos com delecdo LCR22A - LCR22B possuem 0 espectro

completo de fenotipos que também é encontrado em individuos com a delegéo



tipica LCR22A — LCR22D, sugerindo que os fendtipos chave da SD22q11 sao,
na sua maior parte, devidos a diminuicdo da dosagem dos genes localizados
na regido das LCR22A — LCR22B. Defeitos cardiovasculares também parecem
ser 3 vezes mais frequentes em dele¢cbes de LCR22A — LCR22B ou LCR22A —
LCR22D."* Ja as dele¢bes em regides distais, LCR22B —LCR22D ou LCR22C
—LCR22D, séo associadas a alteracbes no desenvolvimento -cardiaco
semelhantes aquelas associadas a delecéo tipica, embora apresentadas em
menor frequéncia(Figura 4b). Existem ~90 genes conhecidos presentes no
locus tipico de 3-Mb da regido 22g11.2, incluindo 46 genes codificadores de
proteinas, sete microRNAs (miRNAs), dez RNAs nédo codificantes e 27

pseudogenes.’?
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Figura 4.Delecdo 22g11. a) Tamanho de delecdes entre LCRs na regido 22g11. b) Genes envolvidos nas delegdes
entre LCRs na regido 22q11. Adaptado de McDonald-McGinn et al., 2015, Motahari et al., 2019.



1.4 Metodologias utilizadas para a investigacdo da SD22q11

O inicio da citogenética classica deu-se no final do século 19, através da
realizacdo de analises microscopicas de cromossomos em células de
carcinoma e sarcoma.”® A partir disso, com o descobrimento de técnicas mais
aprimoradas com o intuito de aumentar a resolucdo dos cromossomos, a
citogenética humana tornou-se ndo sO uma ciéncia valiosa, como uma
estratégia de diagnostico tradicional para deteccdo de anormalidades
cromossdmicas pré-natais, pés-natais e adquiridas.”* A primeira visualizacédo
de padrao de bandas cromossémicas foi através do método de bandamento Q
e logo apds, desenvolveu-se a técnica mais usada em tempos atuais, o
bandamento G™

A cariotipagem com bandamento G € considerada padrdo-ouro para
analises de doencas cromossdmicas, como aneuploidias, trissomicas ou
monossomias, além de grandes rearranjos estruturais (>5-10Mb). Esta
metodologia baseia-se em cultura de células que varia de 3 a 5 dias, associado
com a confeccdo de laminas, seguida da coloracdo de Giemsa,com uso de
uma enzima proteolitica (tripsina), e analise microscépica que possibilita a
visualizacdo habitual de um padrdo de 450 a 550 bandas nos cromossomos.
No entanto, a técnica ndo possibilita a visualizacdo de alteracdes pequenas, a
nivel submicroscépico, como no caso de microdelecdes cromossémicas.’®

A introducéo e aplicacdo de abordagens moleculares aprimoraram a
resolucdo da andlise de cromossomos, resultando na obtencdo réapida de
resultados e deteccdo mais precisa de anormalidades cromossémicas. A FISH
foi aprimeira metodologia aplicada na pesquisa citogenética’’, além de ser

atualmente uma das principais técnicas para diagndésticos clinicos e analises de



microdelecdes e microduplicacdes.”® Através da hibridizacdo do DNA alvo com
sondas fluorescentes, esta técnica permite identificar cromossomos envolvidos
em aneuploidias e rearranjos cromossémicos, podendo ser obtido o resultado
em 48horas. Por mais que esta abordagem seja de nivel mais elevado, a
capacidade de deteccdo € considerada limitada, pois dependendo dos
conjuntos de sondas escolhidas, as alteracbes podem nao ser possiveis de
analise.’

A FISH é a técnica mais utilizada para o diagnéstico devido a sua alta
sensibilidade e baixo custo relativo. As sondas comerciais para SD22g11 tém
como alvo o segmento de DNA entre as LCR22A - LCR22B da regido 22q11.2,
mas nao podem precisar o tamanho da delecdo. A sonda LSI TUPLE1-HIRA
Spectrum Orange/LSI ARSA Spectrum Green possui duas sequéncias de DNA
marcadas com duas cores (vermelho e verde), na qual uma hibridiza na banda
alvo 22g11.2 (LSI TUPLE Spectrum Orange) e a outra na banda controle 22q13
(ARSA Spectrum Green).”®

A TUPLE1-HIRA é especifica para a banda 22q11.2, mais precisamente
no gene HIRA que estd posicionado entre a LCR22A-LCR22B. A sonda
apresenta microssatélitesde DNA (D22S553, WI-326, D22S942) localizados em
diferentes posicoes no gene HIRA(Figura 5). A auséncia do sinal vermelho no
cromossomo 22 indica dele¢&o do locus HIRA em 22g11.2 (Figura6a). A ARSA
€ especifica para a banda 22913 que hibridiza na extremidade telomérica do
cromossomo 22, diretamente marcada com verde e € usada como um controle
interno, além de verificar a regido 22q13.As sondas hibridizadas fluorescem
com luminosidade moderada a intensa tanto em nucleos de interfase como em

metafases cromossdmicas. Em nulcleos de interfase e metafases de células
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normais, a sonda geralmente aparece como 2 sinais vermelhos e dois sinais

verdes distintos (Figura 6b).
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Figure 5. Localizagdo dos microssatélites de DNA presentes na sonda TUPLE1-HIRA. Adaptado de
McDonald-McGinn et al., 2015; USCSgenome browser (http://genome.uscs.edu).



Figure 6.Imagens da analise da FISH do Laboratério de Citogenética da UFCSPA. a) Células alteradas:
auséncia do sinal vermelho (TUPLE1-HIRA) em metafase e em intérfase, indicando dele¢do do locus
HIRA em 22g11.2. b) Células normais: nucleos de intérfase e metéfase de células normais apresentando
2 sinais vermelhos (TUPLE1-HIRA) e dois sinais verde (ARSA) distintos.

Outras técnicas, como a amplificacédo de sonda multiplex dependente de
ligagdo (MLPA) e o array-CGH sao uteis para definir o tamanho da dele¢éo. O
array-CHG permite detectar rearranjos cromossdmicos muito pequenos
einicialmente esta abordagem era feita para identificar desequilibrios

cromossOmicos através da deteccdo de CNVs em tumores, no intuito de



distinguir genes que poderiam estar envolvidos na patogénese do cancer.8%8!
Pouco depois, comecou entdo a ser utilizada como uma poderosa tecnologia
gendmica, auxiliando o diagndstico clinico de pacientes que apresentavam
atraso mental idiopatico, deficiéncia intelectual, anormalidades congénitas,
esquizofrenia e outros transtornos neuropsiquiatricos. Atraves desta técnica foi
possivel analisar o genoma inteiro em alta resolucéo, detectando variacdes até
entdo desconhecidas.?

Em relacdo a deteccdo de genes com delecbes/duplicacdes, podemos
destacar a técnica de MLPA. Por ser um método sensivel e rapido, simples e
econbmico, € indicado para caracterizar desordens congénitas e hereditarias,
analisando quantitativamente mais de 40 dosagens diferentes de sequéncias
em uma Unica reacdo de PCR.83Além disso, o MLPA pode analisar até 96
amostras simultaneamente, com resultados em até 24h, seguindo o protocolo
descrito em basicamente quatro passos (desnaturacao, hibridizacdo do DNA,
reacdo de ligacdo e amplificacdo por PCR). Ja para interpretacdo dos
resultados, é necessario realizar etapas de separacdo dos produtos por
eletroforese capilar e a analise dos dados por programas especificos. Mais de
300 sondas (probes) estdo sendo comercializadas para a investigacdo de
doencas genéticas, porém a técnica é incapaz de detectar rearranjos
balanceados e mosaicismos de baixo grau, além de ser sensivel a qualidade

da amostra de DNA testada.?*#8586



1.5Gene HIRA

O gene HIRA (Histone Cell Cycle Regulator), também conhecido como
DGCR1 ou TUPLE1 é considerado o principal gene candidato em algumas
sindromes de haploinsuficiéncia, como a SD22qll, e a sua atividade
insuficiente pode interromper o desenvolvimento embrionario normal.?” O HIRA
codifica uma chaperona responsavel pela incorporacdo de uma variante da
histona H3.3 em nucleossomos, é conservado em eucariontes e esta associado
ao silenciamento transcricional. Seu dominio N-terminal também funciona como
um ativador transcricional que marca genes ativos e promotores, e
potencialmente envolvido na recuperacdo apds dano ao DNA. Estes gene
provavelmente media as alteracfes irreversiveis do ciclo celular que ocorrem
em células senescentes.88

A ligacdo entre o HIRA e a SD22gll tem estimulado muito a
investigacdo sobre a funcdo da proteina HIRA, visto que é essencial para o
desenvolvimento embrionario.8Em camundongos e galinhas, o HIRA ¢é
detectado na crista neural, pré-migratéria e migratoria, arcos faringeos e
coracdo. J4 se sabe também que a delecdo do HIRA em pintinhos esta
associado ao tronco arterioso persistente, um fenétipo chave do SD22qll. A
delecdo condicional de HIRA em midcitos cardiacos de camundongo altera a
expressdo génica, causa patologia e hipertrofia, mas nao perturba a

morfogénese cardiaca.®’



2. JUSTIFICATIVA

A identificacdo de alteracbes cromossdmicas € importante, principalmente
no acompanhamento pré-natal e na antecipacdo de diagnosticos, contribuindo
para o planejamento familiar por meio de aconselhamento genético adequado.
A falta de disponibilizacdo de exames diagnésticos em genética médica torna
dificil a realizacéo de testes genéticos principalmente para pacientes atendidos
pelo Sistema Unico de Saude (SUS).

A FISH é considerada padrdo-ouro para analises de microdelecbes e
microduplicacbes cromossémicas, sendo a primeira alternativa quando
evidenciado a suspeita clinica de SMMs, como a SD22gl1l. A SD22qll é
conhecida pela heterogeneidade de achados clinicos e a dificuldade de se
estabelecer uma andlise fidedigna baseado no fendtipo. Ainda hoje, o
diagnéstico é basicamente clinico devido a impossibilidade de fornecimento de
testes genéticos, principalmente em nivel SUS, que poderiam auxiliar no
acompanhamento e tratamento desses individuos.

Apesar da variabilidade fenotipica da SD22g11, a CHD vem se tornando o
principal achado para a suspeita clinica juntamente com a presenca ou
auséncia de dismorfias, sendo elas, faciais e vertebrais. Com isso, é importante
que se faca um diagndéstico completo da SD22g11, obtendo um maior nimero
de informacgbes possiveis a fim de proporcionar melhor acompanhamento e
tratamento dos pacientes. Assim, a partir de uma atenta avalia¢éo clinica pode-
se tracar uma estratégia de investigacdo visando a otimizagdo do uso dos

diferentes testes genéticos.
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4. OBJETIVOS

4.1 Objetivo geral

Realizar avaliacdo clinica e analise por hibridizacdo in situ fluorescente
(FISH) de pacientes com suspeita clinica de SD22gl11.2 encaminhados ao

Servigco de Genética Clinica da UFCSPA.

4.2 Objetivos especificos

1. Identificar o perfil de paciente encaminhado com suspeita clinica de
SD22ql1;

2. Determinar as dismorfias e alteragbes cardiacas encontradas nos
pacientes que apresentarem a delecéo 22q11;

3. Verificar se h4 alguma alteracdo exclusiva para pacientes com a delecao
22911,

4. Comparar os achados encontrados com a literatura e sugerir um critério
mais assertivo para o encaminhamento a investigacdo molecular;

5. Possibilitar o acesso a novas tecnologias aos pacientes suspeitos ou
portadores de doencas genéticas;

6. Fornecer laudos aos pacientes sobre os procedimentos diagndsticos
realizados;

7. Composigcéao de um biorepositério visando analises futuras;
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ABSTRACT

22011.2DS is considered one of the most frequently observed chromosomal
abnormalities in association with congenital heart disease (CHD) include some
combination with others conditions. Thus, the aim of this work was to verify the profile
of dysmorphia and heart defects found in patients referred to a reference center in
Southern Brazil with clinical findings suggestive of 22q11.2DS. Of overall sample, only
patients with facial dysmorphia (skull, eyes, ear, and nose) associated with CHD
(obstructive pulmonary valve ring, truncus arteriosus and bicuspid aortic valve
associated with ASD and/or right aortic arch) had a 22911.2 deletion. These findings
proved to be reliable clinical criteria for referral to perform FISH investigation for

22q11.2 deletion.

KEYWORDS: Heart Defects, Congenital; 22qll Deletion Syndrome; Facial

Dysmorphism;



INTRODUTION

22011.2 deletion syndrome (22q11.2DS or DiGeorge syndrome)
(OMIM#188400) is one of the most common disorders caused by copy number variants
(CNVs) and non-homologous meiotic recombination errors. 22911.2DS is characterized
by a microdeletion in region 11.2 of the long arm of chromosome 22, with
approximately 90 genes being deleted.!2

The prevalence and incidence in live births is still studied due to the high
phenotypic variation, which makes the immediate identification of affected individuals
difficult. However, the literature reports incidences between 1 in 2000 - 7000 live
births.® Currently, 22q11.2DS is considered one of the most frequently observed
chromosomal abnormalities in association with congenital heart disease (CHD), only
after Down syndrome.*

CHD is a condition characterized by structural and functional abnormalities of
the heart and great vessels, which appear during cardiac embryogenesis.® It has an
incidence of 19-75 cases per thousand live births. CHD has a complex and
multifactorial etiology, with about 80% of CHDs being a combination of genetic and
environmental factors.® Aneuploidies and microdeletions of chromosomal regions are
associated with the development of CHD, but how this chromosomal imbalance alters
cardiogenesis is unclear and probably much more complex than a gene dosage effect.
The majority of CHDs occur as isolated malformations, while 25-30% are associated
with extracardiac abnormalities and often found in association with known genetic
syndromes.®

Cardiac malformation caused by genetic or chromosomal abnormalities, such as

Down syndrome, is found approximately 1 in 100 children.® In the general population,



22011.2 deletion is one of the most common detectable causes of several clinical
conditions. A large number of individuals with CHD have 22q11.2 deletion, such as:
individuals with interruption of the aortic arch type B (52%), truncus arteriosus (34%),
tetralogy of fallot (ToF) (16%) and ventricular septal defects (5~10%).1°

G-band karyotype is considered the gold standard for chromosomal diseases
analysis such as aneuploidy, trisomy or monosomies, including large structural
rearrangements (>5-10Mb). However, visualization of small sub-microscopic
alterations, as microdeletions, can not be performed by this technique.!*FISH was the
first methodology applied in cytogenetic microdeletion research®?, and is currently one
of the main techniques for clinical diagnosis as well as for microdeletions and
microduplications analysis.** Through hybridization probing using doubly labeled
fluorescent probes, the identification of aneuploidies and chromosomal rearrangements
can be obtained in 48 hours.!*

Although genetic diseases are individually rare, their frequency, as a group, is an
important field in medical care. Early diagnosis is extremely important and directly
impact on infant morbidity and mortality when associated with congenital
malformations, especially in the neonatal period. Chromosomal abnormalities
identification is important in prenatal follow-up and in early diagnosis, contributing to
family planning through adequate genetic counseling.

In Brazil, the Unified Health System (UHS) offers every Brazilian citizen full,
universal and free access to health services. Considered one of the largest and best
public health systems in the world, the UHS benefits about 180 million Brazilians and
provides care, from simple outpatient procedures to highly complex care. However,

molecular genetic tests are not routinely provided by this system, neglecting many



individuals who have some genetic disease. Thus, research works, such as this one, are
essential to help in the diagnosis of patients who need molecular investigation.

Despite the phenotypic variability of 22q11.2DS, CHD has become the main
finding for clinical suspicion along with the presence or absence of facial and vertebral
dysmorphia.t>!6:1718 Thys, the aim of this work was to verify the profile of dysmorphia
and heart defects found in patients referred to a reference center in Southern Brazil with

clinical findings suggestive of 22q11.2DS.

MATERIALS AND METHODS

It was a prospective study with convenience sampling developed at the
Cytogenetics Laboratory / Universidade Federal de Ciéncias da Saude de Porto Alegre
(UFCSPA) from January 2017 to December 2019. The sample consisted of patients
cared by UHS presenting clinical findings suggestive of 22q11.2DS. The patients were
followed up at the Hospital da Crianca Santo Antoénio (HCSA), Hospital Escola of
Universidade de Pelotas (HE-UFPEL), Hospital Universitario de Santa Maria (HU-SM)
and Instituto de Cardiologia do Rio Grande do Sul (IC-FUC). After genetic evaluation,
blood sample was collected in heparin tube and, then, sent to the Cytogenetics
Laboratory / UFCSPA for cell culture and analysis by FISH.

Genetic evaluation consisted of a review of clinical data and medical history
such as echocardiography, followed by a dysmorphological physical examination. Then,
a peripheral blood sample was collected from all participants in a heparin tube for cell
culture, which was based on Moorhead et al'® protocol. Molecular cytogenetic testing
by FISH was performed using the commercial Vysis LS| DiGeorge/TUPLEL (Abbott

Molecular) region dual-color probe, which identifies deletions of band 22q11.2.This



probe mixture contains the OrangeSpectrum TUPLE 1 (HIRA) probe (30 regions
without TUPLE 1, D22S553, D22S609 and D22S942 coding) and the GreenSpectrum
LSI arylsulfatase A (ARSA) control probe that maps the telomeric end of 22q
(22913.3). The protocol suggested by the manufacturer was used to perform this
methodology on fixed cell suspension samples. The analysis was performed under an
Axio Imager Z2 Zeiss fluorescence microscope (Goéttingen, Germany). In each case, 10
metaphases and 200 complete interphase nucleus were analyzed for respective
hybridization signals of the probes. The pictures were captured using a high resolution
digital camera coupled to the fluorescence microscope and processed using Isis
Fluorescence Imaging System software. The described analysis, with the count of
fluorescent signals per metaphase and per interphase nucleus, were performed in the
laboratory standard form.

Research Ethics Committee of all participants Hospitals and UFCSPA approved
the present study. Only patients whose parents consented to participate were included in

the study.

RESULTS

Blood samples from 47 individuals aged 3 days to 14 years with clinical findings
suggestive of 22q11.2DS were referred to the Cytogenetics Laboratory. Final sample
was consisted of 46 individuals (23 females and 23 males). One patient was excluded
due the absence of cellular growth.

In total, three suspected patients' profiles with 22911.2DS were referred for
analysis: individuals with only dysmorphia (n=4); individuals with isolated heart

disease (n=7) and individuals with both dysmorphia and CHD (n=35). Of all individuals



analyzed, 56.52% (26/46) had karyotype results: 88.46% (23/26) with normal
chromosomal constitution (46.XX/46.XY) and 11.53% (3/26) with altered chromosomal
constitution. In addition, 46.47% (20/46) had no karyotype result. Alterations identified
in the threealtered karyotypes were: 46,XX,del(16)(q12.1922); 47,XX,+mar and
46,XY,1(6;8)(g23.3;922.1). FISH was performed in 46 patients with clinical findings of
22q11DS, including those with altered karyotype results. Of overall sample, 15.21%
(7/46) showed a 22q11.2 deletion, consistent with the clinical diagnosis of 229q11.2DS.
Among the three suspect individual’s profiles, only patients with dysmorphy associated

with CHD had the deletion (Table 1).

Dysmorphia and cardiac alterations analysis of patients with 22q11.2 deletion:

The main alterations found in patients with 22g11.2 deletion were: face
dysmorphia (100%); skeletal abnormalities (57.14%); breast abnormalities (28.57%);
skin abnormalities (14.28%); neurological alterations (14.28%); endocrine alterations
(42.85%) and CHD (100%) (Table 2).

Considering the types of alterations, some dysmorphisms and cardiac defects
were identified exclusively in patients with 22g11 deletion, such as: small anterior
fontanel (1/7), ectopic calcifications in soft tissue (1/7), café au lait spots(1/7),
pseudohypoparahyroidism (1/7),obstructive pulmonary valve ring (1/7), truncus

arteriosus (1/7) and bicuspid aortic valve (2/7) (Table 2 and 3).

Unexpected results:

The three altered karyotypes identified by FISH did not show a 22911 deletion.

However, a idic(22)(ql1.2) chromosome was identified in the individual with karyotype



47,XX,+mar.In addition, one of the patients without karyotype result showed a 22913
(LSI ARSA x1) deletion by FISH. The FISH analyses of both patients are presented in

Figure 1.

DISCUSSION

22011.2DS is known for the heterogeneity of clinical findings and the difficulty
of establishing a reliable analysis based only on phenotype. In Brazil, the diagnosis is
still clinical due to the difficulty of performing genetic tests, especially in UHS, which
if performed, could help in the better follow-up and treatment of these individuals. The
main medical centers, when less experienced, are not exempt from underdiagnosing
patients with 22q11.2DS.?°The overall prevalence of clinical alterations detected may
differ according to the age of the patient and the specialist's experience. Currently, 180
clinical features and symptoms, such as physical and behavioral abnormalities, have
already been described. However, typical findings are not found in all cases®,
corroborating the clinical findings of this study.

In our study, we classified the patients with clinical suspicion of 22q11.2DS
referred for molecular analysis into three clinical profiles. Of these, only patients with
dysmorphia associated with CHD had a 22g11.2 deletion (7/35). This result is
compatible with literature. 22q11.2 deletion is more frequent in patients with CHD
associated with other clinical findings (80-90%) than in patients with isolated
conotruncal heart disease (29%).22 The interindividual variability of the 22q11.2
deletion phenotype is characteristic, once individuals with significant clinical
expression of the syndrome can be found, as well as moderately affected individuals.
The precise phenotypic evaluation of patients with deletion demonstrates that facial

abnormalities, severely or slightly expressed, are detectable in all cases, which



corroborates with our findings. All individuals with 22g11.2 deletion, besides heart
defects, showed facial dysmorphia that ranged from skull, nose, eyes and ears
alterations (Figure 2). Among the facial abnormalities found, the small anterior fontanel
was exclusively seen in deleted patients (n=1, see Table 2).

In our sample, 91,3% of the patients had CHD, and in 16,7% the malformation
was isolated. All individuals with 22g11.2 deletion showed extracardiac alterations and
CHD (15,21%). Other studies found similar results. Fokstuen et al.'® investigated the
incidence of 22q11.2 deletion in a series of patients with extracardiac alterations with
CHD and isolated heart defects. All patients with the deletion presented major or minor
additional extracardiac anomalies (8%). No deletion was detected in the group of
isolated cardiac malformations. Wozniak et al.*® also analyzed children with CHD
(conotruncal and non-conotruncal) who presented at least one additional characteristic
of 22911.2DS.The deletion was detected in 14.94% of the patients examined and, after
CHD, face dysmorphy was the most evidenced clinical feature in the study (84.51%).
Halder et al.'” also performed a study to determine the prevalence and capacity of
clinical criteria to predict 22g11 deletion. In total, only 6.16% of individuals had the
deletion and none of the cases with isolated heart defects was positive for 22q11.2DS.
The most frequent alterations found in these individuals were also dysmorphic facial
features. The differences in prevalence of patients with the deletion who have
congenital heart disease and facial dysmorphia can be explained by the sample size.

When comparing our results with other studies, it can be seen that screening for
22011.2 microdeletion in cases of cardiac malformations associated with extracardiac
manifestations, in the form of facial dysmorphism, should be considered. It is also
known that it is difficult to carry out an efficient dysmorphological assessment in

newborns or in infants in the intensive care unit (ICU). These characteristics are often



subtle or less evident, making congenital heart disease one of the main clinical
suspicions for SD22q11 in these individuals. In these situations, it is important to
observe if the patient does not have any other alterations compatible with the syndrome,
since isolated heart disease does not demonstrate to be a good parameter for molecular
analysis referral.

Conontrucal heart defects are often found in these individuals. ToF is the most
described alteration?*, but interruption of the aortic arch type B, truncus arteriosus and
ventricular septal defects are also frequently observed®. We analyzed the types of heart
defects present in patients with 22q11.2 deletion and verified if there were any exclusive
alteration in these individuals. In total, twelve heart defects were observed (Table 3).
Obstructive pulmonary valve ring, truncus arteriosus and bicuspid aortic valve were
present only in patients with the deletion.

Study of specific "cardiac phenotype" in patients with 22q11.2 deletion shows
that a particular cardiac anatomy can be identified.'® In fact, patients with conotruncal
heart defect often have additional heart defects that may lead to the suspicion of the
presence of the 22g11 deletion.?® In our sample, the most frequent alterations in this
individuals were ASD (5/7), followed by right aortic arch (4/7). However, these
findings were also observed in the nondeleted individuals associated with other heart
defects. Coincidentally, the three exclusive alterations in the deleted individuals were
associated with an ASD and right aortic arch. Aortic arch alterations are observed in
85% of 22¢11.2DS cases, and when there is an association with other heart defects, it is
one of the main reasons for referral to 22911DS investigation.’Association between
interruption of the aortic arch type B, persistent truncus arteriosus, ToF and ventricular

septal defect with ASD have been described in patients with 22g11.2DS.%



Other clinical features were also seen exclusively in the deleted patients, such as
ectopic calcification in soft tissue (n=1), café au lait spots (n=1) and PHP (n=1). Ectopic
calcification was a consequence of PHP in only one patient of this study, a rare case of
association of PHP with 22q11.2 deletion.?

FISH is the most widely used genetic diagnostic procedure for 22q11.2 deletion
analysis.?"?2° However, commercially available FISH probes cannot detect atypical
deletions.® In total, seven deleted individuals (15.21%) were confirmed, but it is
important to take into account that although the rest of the individuals have clinical
signs of the syndrome and have no detectable deletion, other causes may be responsible
for the phenotype. Mutations in genes associated with heart disease such as TBX1
(located in the deleted region of chromosome 22)%!, GATA4 (8p23.1)* and DGS2
(10p13-14)*3, are other possible causes.

Others diagnostic methods can also be used to identify 22gq11.2 deletion and
determine microdeletion size and chromosomal breakpoints, such as high resolution
comparative genomic hybridization (HR-CGH), multiplex ligation dependent probe
amplification (MLPA), short tandem repeats (STR), as well as quantitative polymerase
chain reaction (QPCR).3* Kuo et al®*® described a case of a fetus with CHD diagnosed by
ultrasonography (singleton fetus with heart defects including overriding aorta, small
pulmonary artery, and ventricular septal defect) associated with extracardiac defects,
and referred for molecular analysis for 22q11.2 deletion. MLPA, a-CGH and FISH
techniques confirmed the deletion. Conventional cytogenetic analysis revealed a normal
male karyotype. CHD’s prenatal identification are beginning to play an important role,
since early diagnosis is crucial for the treatment and follow-up of these individuals,

improving the life quality and reducing premature deaths.%



In our study, 22g11.2 deletion was not detected by karyotype analysis in any
case, reinforcing the idea that this technique is ineffective for deletion research.
However, karyotype examination is usefulin order to detect other chromosomal
alterations that may or may not be related to clinical findings that resemble 22911.2DS.
The three individuals with altered karyotype were referred to 22q11.2 deletion
molecular cytogenetic analysis, as they had clinical findings compatible with
22011.2DS.However, no deletion was detected by FISH.

Patients with altered karyotypes (46,XX,del(16)(q12.1922),
46,XY,1(6;8)(g23.3;922.1) e 47,XX,+mar) had heart defects and dysmorphia that were
also observed in our deleted patients (IVC, ASD, PDA, right aortic arch, DORV, sacral
anomalies; large anterior fontanel; wide nose; low ear implantation). We have not found
any description in literature of 16q12.1g22 deletion cases, as well as
1(6;8)(g23.3;g22.1). Interstitial deletions near 16q region (16g12.2q21%and 16q12.2-
q13%®) have already been reported in cases of skeletal dysmorphia and cardiac
malformations, respectively.

47 XX,+mar patient’s karyotype revealed the presence of a non-defined
chromosome origin isodicentric marker. Through FISH, it was observed that
TUPLE1/HIRA probe hybridized on the marker chromosome allowing identification of
the idic(22)(gl1.2). This alteration may be associated with cat eye syndrome (CES;
OMIM #115470), a rare malformative syndrome whose diagnosis is based on the
presence of an extra marker chromosome derived from chromosome 22.3°

FISH also detected the 22q13 deletion in a patient with clinical characteristics
similar to SD22gl11.2. This region has been associated with Phelan-McDermid
syndrome (OMIM #606232)*° and Metachromatic leukodystrophy (OMIM #250100)*,

but our patient did not have clinical characteristics compatible with these two disorders.



CONCLUSION

More assertive clinical criteria for molecular testing are crucial for optimizing
spending on testing, better diagnostics, treatment and follow-up of the patients.
Furthermore, appropriate genetic counseling can be offered to the families in order to
aid them with risk of recurrence as well as prenatal care in future pregnancies.

Facial dysmorphia (skull, eyes, ear, and nose) associated with CHD proved to be
a reliable clinical criteria for referral to molecular analysis. Among heart defects, we
suggest that individuals with obstructive pulmonary valve ring, truncus arteriosus and
bicuspid aortic valve associated with ASD and/or right aortic arch should perform FISH
investigation for 22g11.2 deletion. Particularly in newborns, the detection of these
cardiac defects is crucial for the early diagnosis of this syndrome, as dysmorphisms

associated with 22q11.2DS are often slightly or lately expressed.
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FIGURE LEGENDS:



Figure 1. Figure 1. FISH analysis with/without contrast: Red signal — probe
TUPLEL/HIRA specific to the 22g11.2 region. Green signal — control probe ARSA
specific to the 22913 region. The arrows indicates the signs of hybridization. a) FISH
analysis in a patient with del 22g13. The normal chromosome 22 shows both red and
green (marker) hybridization signal, while the deleted one shows only the green signal
(marker). b) FISH analysis in a patient with 47,XX, + mar. The normal chromosome 22
shows both red and green (marker) hybridization signal. Here, we can identify that an
extra signal from the red probe TUPLE1/HIRA hybridized in the marker identified in

the karyotype (+ mar), concluding that this marker is idic(22)(ql11.2).

Figure 2.Percentage of individuals with 2211 deletion presenting face dysmorphia

associated with CHD.



Table 1. Results of cytogenetic analysis according to the profiles of suspected individuals.

NORMAL FISH ABNORMAL FISH WITHOUT FISH
GROUPS KARY_OTYPE RESULTS KARY?TYPE RESULTS KARY_OTYPE RESULTS
(n=23) (n=3) (n=20)
ONLY
DYSMORPHISMS 3 del22 (0) 0 del22 (0) 1 del22 (0)
(n=4)
ISOLATED
HEART DISEASE 1 del22 (0) 0 del22 (0) 6 del22 (0)
(n=7)
CHD
DYSM OI;PHISMS 19 del22 (4) 3 del22 (0) 13 del22 (3)
(n=35)
Table 2. Clinical findings observed in patients with 22g11 deletion x patients without 22q11 deletion.
Without
Individuals diagnosed with 22q11.2 deletion 22q11.2
deletion
P12 P13 P15 P22 P23 P29 P31 n n
Age | 2m 5d 3m 16d 14y 5d 6m
FACE DYSMORPHIA
Skull
Large anterior fontanel + + 2 7
Small anterior fontanel + 1 0
Nose
Nasal Bridge, Wide + + 3 11
Nasal Bridge, Depressed + 1 2
Tubular nose + 1 1
Nares, Anteverted + 1 1
Eyes
Palpebral fissure + + 2 4
Epicanthal fold 1 2
Ears
Low ear implantation + 1 8
Microtia + 1 1
Overfolded superior helix + + + + 4 9
SKELETAL ABNORMALITIES
Ectopic calcification in soft tissue + 1 0
Sacral anomalies + 1 12
Short neck + + + 3 6
Clinodactyly of the 5th fingers + 1 10
Hypoplastic phalanges + 1 1
Hypoplastic nails + 1 2
BREAST ABNORMALITIES
Teletelia + + 2 3
Inverted Nipple i + 2 1
SKIN ABNORMALITIES
Café au lait spots + 1 0
NEUROLOGICAL ALTERATIONS
Delayed psychomotor development 1 3
ENDOCRINE ALTERATIONS
Hypocalcemia. + + + 3 1
Pseudohypoparathyroidism (PHP) + 1 0
CHD + + + + + + 7 35




Table 3. Heart defects observed in patients with 22g11 deletion x patients without 22g11 deletion.

Without

Individuals diagnosed with DS22q11 DS22g11

diagnosis
CHD P12 P13 P15 P22 P23 P29 P31 n n
Pulmonary valve agenesis + 1 1
Right aortic arch + + + + 4 5
Pulmonary atresia + + 2 3
Atrial septal defects(ASD) + + T+ + i 5 27
Interventricular communication(IVC) i + T+ 3 19
Double outlet right ventricle (DORV) T+ 1 5
Interruption of the aortic arch type B + 1 1
Obstructive pulmonary valve ring + 1 0
Patent ductus arteriosus (PDA) + 1 14
Tetralogia of Fallot (ToF) + + 1 12
Truncus Arteriosus + 1 0
Bicuspid aortic valve + i 2 0

Abbreviation: P= patient; n= number of patients;
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Figure 1. FISH analysis with/without contrast: Red signal — probe TUPLEL1/HIRA specific to the 22q11.2
region. Green signal — control probe ARSA specific to the 22q13 region. The arrows indicates the signs of
hybridization. a) FISH analysis in a patient with del 22q13. The normal chromosome 22 shows both red and
green (marker) hybridization signal, while the deleted one shows only the green signal (marker). b) FISH
analysis in a patient with 47, XX, + mar. The normal chromosome 22 shows both red and green (marker)
hybridization signal. Here, we can identify that an extra signal from the red probe TUPLE1/HIRA hybridized
in the marker identified in the karyotype (+ mar), concluding that this marker is idic(22)(ql11.2).
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Figure 2. Percentage of individuals with 22911 deletion presenting face dysmorphia associated with
CHD.



6. CONCLUSOES

As doencas genéticas representam um importante problema de saude
publica, pois, além de provocarem uma enorme proporcdo de mortes infantis,
sdo a causa de grande parte das internacbes em hospitais pediatricos.
Atualmente sdo poucos 0s exames genéticos realizados via SUS. O presente
projeto visou a realizacdo de uma abordagem clinica e genética em pacientes
suspeitos de delecédo 22q11.2.

No Brasil, o Sistema Unico de Salde (SUS) oferece a cada cidaddo
brasileiro acesso pleno, universal e gratuito aos servicos de saude.
Considerado um dos maiores e melhores sistemas publicos de saude do
mundo, o SUSbeneficia cerca de 180 milhdes de brasileiros e oferece
atendimento, desde simples procedimentos ambulatoriais até atendimento de
alta complexidade. Entretanto, os testes genéticos moleculares ndo sao
rotineiramente fornecidos por este sistema, negligenciando muitos individuos
gue tém alguma doenca genética. Assim, trabalhos de pesquisa, como este,
sdo essenciais para auxiliar no diagnéstico de pacientes que necessitam de
investigacdo molecular.

Através deste estudo foi possivel fornecer acesso as novas
tecnologias diagndsticas para as sindromes de microdele¢des, bem como a
avaliacdo genética completa para os pacientes. Cada resultado obtido originou
um laudo que foi entregue na consulta médica. Além disso, casos que ndo
foram elucidados neste estudo, estdo sendo encaminhados para investigagao
utilizando outras técnicas ja realizadas no laboratorio de Citogenética da

UFCSPA. Além disso, de acordo com nossos resultados, conseguimos verificar



trés perfis de pacientes que sdo encaminhados, baseado no diagnostico
clinico, para a investigacdo molecular. Porém destes, apenas individuos que
apresentaram dismorfias de face e cardiopatia congénita continham a delecao.
Importante salientar que, como a cardiopatia congénita € um dos principais
achados encontrados para o encaminhamento a investigagdo molecular, os
defeitos cardiacos demonstrados neste estudo como, anel valvar pulmonar
obstrutivo, truncus arteriosus e valva adrtica bicuspide associada a CIA e/ou
arco aértico direito sdo melhores candidatos para a investigacao por FISH para
delecdo 22q11.2.

O presente estudofaz parte de um projeto maior intitulado “Avaliacao
etioldgica de pacientes suspeitos ou portadores de doencas genéticas, ou
sindromes malformativas.”, aprovado pelos Comités de Etica em Pesquisa
(CEP) do HCSA (Parecer N° 2.315.917), UFCSPA (Parecer N° 2.729.168) e do
IC-FUC (Parecer N° 3.604.989). Deste projeto maior estdo sendo
desenvolvidos diversos outros trabalhos e projetos.A realizacdo de testes
genéticos especificos possibilita a obtencdo de diagnosticos mais precisos,
levando a um planejamento terapéutico mais otimizado, além de diminuir o
sofrimento de pacientes e suas familias. Também gera reflexos em relacao a

diminuicao de custos, agilizando o diagnéstico.



7. ANEXOS

7.1. Parecer do Comité de Etica da UFCSPA

UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE W
PORTO ALEGRE

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Investigacdo etioldgica de pacientes suspeitos ou portadores de doengas genéticas, ou
sindromes malformativas

Pesquisador: Paulo Ricardo Gazzola Zen

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que nio necessita de andlise
ética por parte da CONEP;);

Varsdo: 2

CAAE: B6036418.4.0000.5345

Instituicdo Proponente: Universidade Federal de Ciéncias da Sadde de Porto Alegre
Patrocinador Principal: MINISTERIO DA EDUCACAD

DADOS DO PARECER
Nimero do Parecer: 2.725 168

Apresentacio do Projeto:

Embora as doengas genéticas sejam individualmente raras, sua frequéncia conjunta faz com que elas
representem um importante problema de sadde pdblica. De todos os neonatos, 2 a 3% tém pelo menos uma
anormalidade congénita maior, das quais pelo menos 50% sao causadas exclusivamente ou parcialmente
por fatores genéticos. As incidéncias de anomalias cromossomicas e distirbios monogénicos em neonatos
s3o de aproximadamente 1 em 200 & 1 em 100, respectivamente. A cardiopatia congénita & a alteracio
congénita mais comum & uma das principais causas de morbidade infantil relacionadas a malformagdes
congénitas. Com incidéncia de 19 a 75 casos a cada mil nascidos vivos, possul etiologia complexa &
multifatorial, com cerca de 80% das cardiopatias congénitas surgindo através da combinagio de fatores
genéticos @ ambientais. Cerca de 20% dos casos podem ser atribuidos a anomalias cromossdmicas,
sindromes mendelianas, desordens genéticas ndo sindrémicas ou teratdgenos. As doencas genéticas
representam um importante problema de sadde pdblica, pois, além de provocarem uma enorme proporcac
de mortes infantis, =30 a causa de grande parte das internagdes em hospitais pedidtricos. Atualmente 30
poucos 0% exames gendticos realizados via SUS. O presente projeto visa a realizacao de uma abordagem
clinica & genética em pacientes suspeitos ou portadores de doengas genéticas ou sindromes malformativas.
A amostra serd composta por pacientes do SUS

Endareco: Rua Sarmenio Ledle 245

Bairre: Sarmenio CEP: 30.050-170
UF: RS Municipio: PORTD ALEGRE
Telefone: (51)3303-8304 E-mail: cepi@ulcapa edu by

Pagira 01 8 04



7.2Parecer do Comité de Etica do HCSA

HOSPITAL DA CRIANCA Plataforma
SANTO ANTONIO %ﬁﬂ

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliacao etioldgica de pacientes suspeitos ou portadores de doencas genéticas, ou
sindromes malformativas

Pesquisador: Paulo Ricardo Gazzola Zen

Area Temdtica: Genética Humana:
(Trata-se de pesquisa envolvendo Gendtica Humana gue ndo necessita de andlise
ética por parte da CONEP;);

Versdo: 1

CAAE: 74971917 2.0000.5683

Instituicido Proponente: Hospital da Crianga Santo Antdnio - Santa Casa/RS
Patrocinador Princlpal: Financiamento Proprio

DADOS DO PARECER

Mimero do Parecer: 2315917

Aprasentacio do Projeto:
Avaliacao etioldgica de pacientes encaminhados para investigacao no servico de Genética da UFCSPA

Objetivo da Pesquisa:

Objetivo geral

Realizar investigacao clinica e genética de pacientes suspeitos ou portadores de doencas
genéticas ou sindromes malformativas, atendidos pelo Servigo de Gendtica Clinica da
UFCSPA/HCSA.

Objetivos especificos:

- Investigar anomalias genéticas utilizando técnicas como FISH, MLPA, arrayCGH &
saquenciamento/exoma;

- Descrever relatos de caso e séries de casos envolvendo individuos portadores de doengas
genéticas ou sindromes malformativas em periddicos cientificos,

- Constituir um repositério de amostras de DMA de individuos suspeitos ou portadores de
doencas genéticas ou sindromes malformativas;

- Possibilitar o acesso a novas tecnologias aos pacientes suspeitos ou portadores de doengas

Enderece:  Av. Independéncia, 155

Bairro: INDEFEMDEMCIA CEP: 90035074
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3214-8907 Fax: [51)3214-B097 E-mail: cephcsafsaniacasa.tche.br
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7.3Parecer do Comité de Etica do IC-FUC

s INSTITUTO DE CARDIOLOGIA
) DO RS / FUNDACAO W
\ C EP UNIVERSITARIA DE
CARDIOLOGIA/ IC/FUC

PARECER CONSUBSTANCIADO DO CEP
Elaborado pela Instituicdo Coparticipante
DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: Investigagio etinldgica de pacientes suspeitos ou portadores de doengas genéticas, ou
sindromes malformativas

Pesquisador: Paulo Ricardo Gazzola Zen

Area Tematica: Genética Humana:

(Trata-se de pesquisa envolvendo Genética Humana que nao necessita de andlise
ética por parte da CONEP;);

Versdo: 1

CAAE: BB036415.4.3001.5333

Instituigdo Proponente: Instituto de Cardiclogia do RS / Fundagao Universitaria de Cardiologia
Patrocinador Princlpal: MINISTERIO DA EDUCACAD

DADOS DO PARECER
MNimero do Parecer: 3. 604 989

Aprasentacio do Projeto:
O presente projeto visa a realizacdo de uma abordagem clinica & genética em

pacientes suspeitos ou portadores de doencas genéticas ou sindromes malformativas.

atendidos por médicos geneticistas em hospitais pdblicos.

Objetivo da Pesquisa:

- Realizar investigagio gendtica de pacientes do SUS suspeitos ou portadores de doengas genéticas ou
sindromes malformativas, atendidos por médicos geneticistas em hospitais plblicos.

Avallacio dos Riscos e Beanaficios:

O risco fisico aos individuos estd relacionado com a coleta do sangue. Como as coletas serao realizadas
preferencialmente de modo associado com as coletas de rotina do hespital, ndo havera risco adicional. O
atendimento as possiveis complicagbes decorrentes da coleta de sangue se dard do mesmo modo
rotineiramente realizado no hospital no qual o paciente & atendido, sempre assistido pelo médico geneticista
colaborador.

O material coletado serd preservado confidencial, sendo que serd sempre assegurado o anonimato dos
pacientes envolvidos na pesquisa .

Enderegno: Av. Princesa lsabel, n® 370 - Centro Cullural Rubem Rodrigues - Ramal: 4136 & Av. Princesa ksabal, n® 385

Bairre: Santana CEP: 30.620-000
UF: RS Municipia: PORTO ALEGRE
Telefone: (51)3230-3600 Fax: (51)3223-2T48 E-mail: cep cluciBeardiologia.ong.br

Pigira 1 g 03



7.4Producéao Bibliografica

1. Pseudohypoparathyroidism with Ectopic Calcification and 22q11 Deletion
Syndrome: A Rare Case (2020).

2. Increased levels of chitotriosidase in a patient with Alagille syndrome:
association or coincidence? (2018).

3. Description of clinical aspects and microscopy of the hair shaft of a
carrier of familial monilethrix. (2018).

4. Autopsy findings of a child with left atrial isomerism associated with

pulmonary agenesis. (2018).



Case Report

Pseudohypoparathyroidism with Ectopic Calcification
and 22q11 Deletion Syndrome: A Rare Case
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Ectopic calcification in soft tissue is associated with several disorders including

pseudohypoparathyroidiszm (PHF), which is characterized by resistance or nonresponse
to parathyroid hormone (FTH) function. Association between PHP and 22q1105, also
known as DiGeorge syndrome, is rare, especially in children. We describe a newbom girl
diagnosed with 22q11D05, presenting ectopic calcifications in soft tissue and suspicion

Keywords

= ectopic calcification

= pseudo-
hypoparathyroidism

= DiGeorge syndrome  should be considered.

Introduction

Ectopic calcifications in soft tissue oocur sporadically or as a
rare genetic condition and may be associated with fibrodys-
plasia ossificans progressiva { FOF; OMIM 135100), progressive
osseous heteroplasia (POH; OMIM 166350), psewdohypopar-
athyroidism, type 1A/Albright hereditary osteodystrophy
(FHP1AJAHO: OMIM 103530), hyperphosphatemic familial
tumoral calcinosis [HFTC; OMIM 211900), normophosphate-
mi familial tumoral calcinosis (OMIM 610455), and pseudio-
hypoparathyroidism [FHP: OMIM 2023307

FHP is characterized by resistance to parathyroid hor-
mone [FTH). Due to differences in pathogenesis and pheno-
type, PHP can be classified into four types: la, Ib, Ic, and 1123
Peeudo-pseudohypoparathyroidism (psewdo-PHP) is a PHP
variant characterized by the dewelopment of isolated AHD
without hormonal resistance. Pseudo-FHP is caused by
mutations in the GNAS gene through paternal inheritance
and it is genetically related to PHP-la. Signs and symptoms of
both conditions are similar; however, individuals with pseu-
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of PHP. PTH function showed values close to the upper limit of the reference value.
Radiology showed bone callus in the right wrist. FHF can be a new clinical finding
associated with 22q1105. Parathyroid function investigation in individuals with
22q11D5%, presenting bone dysmorphisms and/or calcium metabolism alterations,

do-PHP do not show resistance to PTH while individuals with
PHP-la do.?

The diagnosis of FHP type la (FHP1a) is challenging since
clinical features such as osteodystrophy, brachydactyly,
round face, and symptomatic hypocalcemia, are generally
developed after childhood. Although ectopic calcification
may be an early sign of FHP1a, there is no well-established
evidence in the beginning of its development.**

2211 deletion syndrome (221105, OMIM 611867), also
known as DiGeorge syndrome, is caused by a microdeletion
{1.5-3Mb) on chromosome 22 and has an estimated preva-
lence of 1 per 4,500 live hirths.® Phenotypic presentation is
variable and endocrinopathies are commonly observed in
patients with this deletion. Generally, 22q11D% can be diag-
nosed when the individual presents congenital heart diseases
associated with other clinical manifestations. The spectrum of
clinical features that compose 22q11D5 has become well
characterized and some endocrine abnormalities such as
growth hormone deficiency and hypothyroidism have been
reported. However, the association between 22q1105 and FHP
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A Rare Case of Pseudohypoparathyroidism and 22q11 Deletion Syndrome

is rare.®” We report a girl, diagnosed with 22q11DS, with
ectopic calcifications in soft tissues and suspicion of PHP.

Case Description

We report a 2-month and 13day-old girl with a history of
congenital heart disease, presence of ectopic calcifications in
soft tissues (periosteal region), and facial dysmorphism. The
proband was the first child of young and nonconsanguineous
parents, with a healthy maternal half-sister. Pregnancy was
uneventful and the prenatal serologies were negative. The
mother denied smoking or alcohol intake during pregnancy.
The child was born by cesarean section at 39 weeks and 5 days
of gestation, weighing 2,630 g, with meconium-stained amni-
otic fluid and Apgar scores of 8 and 10. The patient evolved
with desaturation, requiring orotracheal intubation. She was
immediately transferred to the neonatal intensive care unit.
Her neonatal period was complicated with several episodes of
sepsis that were treated by antibiotic therapy. Echocardiogram
showed double outlet right ventricle with severe pulmonary
hypoplasia and minimal ductus arteriosus persistence { patent
ductus arteriosus [PDA]).

Neonatal screening revealed a subclinical hypothyroidism
(thyroid stimulating hormone [TSH| 14.8 uUl/mL [VR 0.85-
6.15uUl/mL] and T4 1.28 mg/dL [VR 0.94-1.44 mg/dL}), hypo-
calcemia that remained in the following dosages (total calcium
|CaT] 8.6 mg/dL; 6.6 mg/dL; 8.3 mg/dL |[VR 8.7-10.5mg/dL])
and calciuria (CaT 11 mg/L; 29mg/L; 177 mg/L). Creatinine
(<0.1 mg/dL) and urea (28 mg/dL) levels were normal. Renal
diseases and immunoglobulinopathies were excluded. Sodium
(140 mEq/L [VR 132-146 mEqg/L}), potassium (4.9 mEq/L |ref-
erence value (RV) 3.5-5.5 mEqg/L]), magnesium (2.1 mg/dL |RV
1.6-2.4 mg/dL]), ionic calcium (4.8 mg/dL [RV 4.0-4.8 mg/dL]),
serum inorganic phosphorus (5.6 mg/dL [VR 3.5-6.6 mg/dL]),
glucose {82 mg/dL [VR 70-99 mg/dL]), and 25-hydroxy vita-
min D (27ng/mL, [VR >20ng/mL|) dosages were normal.
Hormonal investigation of parathyroid function (PTH) initially
showed values close to the limit of the reference value (PTH 77
pg/mL; 85.2 pg/mL [VR 18-88 pg/mL]). After supplementation
with calcium phosphate, cholecalciferol, and calcitriol, PTH
levels were elevated (156.8 pg/mL).

Physical examination revealed bone callus in the right wnist.
Radiological examinations showed no morphological or struc
tural alterations in the skull and face, cervical spine, dorsal
spine, or sacral loin. However, a double cortical contour was
observed in the proximal third of both femurs, suggesting
cortical hyperostosis or periosteal calcification along the fem-
oral diaphysis. Dysplasia of the left acetabular nidge was also
observed, as well as signs of osteopenia in the long bones, upper
and lower limbs, and pelvis. Signs of osteopenia were noticed in
both hands and wrists. Ectopic calcifications in soft tissues
were observedin the distal end of the right forearm, in the wrist
bones and in the proximal end of the metacarpal {~Fig. 1).

High-resolution karyotype showed a normal female chro-
mosomal constitution {46,XX). Molecular cytogenetic testing
by fluorescent in situ hybridization using the commercial
Vysis LSI DiGeorge/TUPLE1 (Abbot Molecular) dual color
probe set showed a deletion of 22q11.2
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Fig. 1 Ectopic calcification in the right wrist evidenced on
radsography.

At 8 months of age, the patient was readmitted for
bronchiolitis. Dosages of PTH levels remained elevated
(123.7 pg/ml). Pathogenesis evaluation of hypocalcemia
revealed repeatedly high or normal levels of PTH, which
was consistent with the diagnosis of PHP. The proband was
submitted to a correction surgery for her congenital heart
disease. While being operated, the proband had an episode of
cardiac arrest and remained on mechanical ventilation by
tracheostomy, developing a severe neurological condition.
She passed away on the sameday. Thus, the patient was
diagnosed with 22q11DS and with presence of ectopic
calcifications that could be associated with PHP.

Discussion

This report aimed to show a newborn girl diagnosed with
22q11DS and suspicion of PHP. The suspicion was raised due
to hypocalcemia and increased levels of PTH along with
ectopic calcifications in soft tissues.

PHP is a rare condition characterized by resistance or
nonresponse to PTH that may have normal and/or increased
serum levels.” As for the PHP type, biochemical and hormon-
al values verified in our case corroborate with the results
found in other studies where the cases are diagnosed with
PHP1a. Also, presence of hyperphosphatemia was not always
evidenced ( ~Table 1). PHP1a is also known as AHO and has a
variety of clinical findings such as short stature, mental
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Table 1 Clinical findings for PHP a: ouwr case and literature case reports

Study Patient | Clinkcal findings for PHP12
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Abbreviations: T, highs 1, low; AHD, Albright hereditary osteodystrophy; N, normal; P, patient; PHP1a, pseudohypoparathyroidism, type l1a; PTH,

parathyroid hormone; TSH, thyroid stimulating hormone.

retardation, short metacarpals and obesity. During child-
hood, the cinical manifestations of PHF1a are normally
subtle and, therefore, tend to be easily ignored® Due to
patient’s death in the first month, it was not possible to
identify dysmorphologies compatible with AHO.

Some individuals diagnosed with PHP1a have resistance
to other hormones besides FTH, normally TSH and gonado-
tropins. Resistance to TSH, clinically indistinguishable from
primary hypothyroidism, may become apparent before hy-
pocalcemia and, occasionally, can be diagnosed through
neonatal metabolic screening. The resistance to PTH and
T5H is a possible explanation to justify the suspicion of
PHP1a in our case.’? Although ectopic calcification may be
an early sign of PHF1a, there is no clear description about
when it starts to develop. However, patients diagnosed with
PHPla and presence of subcutaneous calcification in the
neonatal period have been reported. 5

Association between 22q11D5 and PHP in children is rare,
mainly due to the variety of clinical features.>’ Abnormal
parathyroid function was the first hormonal disorder relared
in 2201105: from a severe neonatal hypocalcemia to sub-
clinical FTH failure. 22q11D5 has an estimated prevalence of
1 per 4,500 live births and it is the most common autosomal
deletion syndrome. In total, 30 to 50 genes are located in the
deleted region of chromosome 22q11.2, which includes
several transcription factors, that regulate thymus and para-
thyroid development®” The limited number of reports
associating PHP and 22q11D5 is mainly due to the location
of the Gs-a protein on chromosome 20. However, Craigen
raised the hypothesis that a more extensive deletion of
chromosome 22 may lead to PHP due to the haploinsuffi-
ciency of protein G. This haploinsufficiency would be a
consequence of a Gs-alpha protein locus adjacent to the
critical region of chromosome 22, Heterozygous mutations
in the GMAS gene are the main cause of Gsa protein-reduced
activity? Liu et al described a patient diagnosed with
221105 that had a wide phenotypic spectrum with multiple
dysmorphisms. The authors suggested, that when an indi-
vidual is diagnosed with FHF, 22q1 105 should be considered.
It is not impossible that 22q11D8 occurs simultaneously
with PHR®

Different age groups, diagnosed with PHP have been
reported [«Table 1). Therefore, it is important to note that
the investigation for PHP. which may or may not be associat-
ed with 22q11D5, should be considered in all patients with
hypocalcemia, independently of their age. PHF may be
underdiagnosed in patients with 22q11D5 since hormonal
(hyper/hypothyroidism) and mineral (hypocalcemia) disor-
ders are commeon in these individuals.® However, ectopic
calcifications are usually evidenced in PHP.* Considering that
the 22q11 region includes several transcription factors that
regulate thymus and parathyroid development, we suggest
that individuals diagnosed with 22q11D5 and with bone
dysmorphisms should be considered for parathyroid abnor-
mal function investigation. Therefore, PHP could be a new
clinical finding associated with 22q11 deletion.

Funding

This study was supported by Fundagio de Amparo a
Pesquisa do Estado do Rio Grande do Sul (FAFERGS,
17/2551-0001063-9), Programa de Extensdo Universita-
ria do Ministério da Educagdo e Cultura (PROEXT), and
Coordenagio de Aperfeicpamento de Pessoal de Nivel
Superior (CAPES, 001 )/Conselho Macional de Desenvolvi-
mento Cientifico e Tecnoldgico (CMPg, 301834/2016-4).

Conflict of Interest
None declared.

Acknowledgment
We thank the patient and her family for their participa-
tion in the study.

References

Sibengo M, Defilippi C, Belligni E, et al Progressive extrems hetero-

topic calcification. Am | Med Gerset A 2013, 161A[07 < 1706-1713

7 Bastepe M, Jippner H. Pseudohypoparathyroidism. Mew insights

into an old disease. Endocrinal Metsb Clin North Am 2000,29(03):

569-580

Linglart A, Levine MA, [ippner H. Pseudohypoparathyreddism.

Endocrinol Metab Clin North Am 2018,47(04):865-888

4 Long DN, McGuire 5, Levine MA, Weinstein LS, Germain-Leg
EL Body mass index differences in pseudohypoparathyroidism

Jeumal of Pedistnic Conetic



CASE REPORT

] Bires Patod Med Lab, v 54, . 1, p. 21-23, Februsary 2018

Increased levels of chitotriosidase in a patient with
Alagille syndrome: association or coincidence?

Aumento dos niveis de quitotriosidase em um paciente com sindrome de Alagille:
associacdo ou coincidéncia?
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ABSTRACT

We describe a case of a patient with Alagille syndrome (AS) presenting an increasad level of the enzyme chitotriosidase (ChT). evaluating
factors that could justify the relationship between AS and ChT. He was a male patient with cholestatic jaundice, facial dysmorphia and
congenital heart disease who presented 2 brief septicemia. He underwent liver bicpsy and analyses for inbom errors of metabolism that
respectively showed ductopenia and increased levels of ChT. This increase could be potentially explained by inflammatory and infectious

processes, or even by AS itself.

Key words: chitinase; cholestasis; inflammation; Alagille syndrome; sepsis.

INTRODUTION

CASE REPORT

Alagille syndrome (AS; OMIM 118450), also known as Alagille-
Watson syndrome or arteriohepatic dysplasia, is an autosomal
dominant genetic disezse with variable clinical manifestations
that may involve different organs and systems™ . Its first
description occurred in 1969, by Alagille of 2™, and it was also
subsequently reported by Watson and Miller, in 1973, However,
the diagnostic criteria were only established by Alagille &f al. in
1975, Originally, the prevalence of the syndrome was estimated
at 170,000 live births, but considering individuals without hepatic
involvernent, this frequency increases to 1:30,000 %, This disease
is mainly caused by mutations in JAGL (AS type 1) {about 90%
of cases) and NOTCHZ genes (AS type 2)'™. The first prominent
clinical feature in most patients is the presence of nesnatal liver
disease, with conjugated hyperbilirubinemia (cholestasis)™ . Our
aim was to describe a patient with AS presenting an increased level
of chitotriosidase (ChT), evaluating factors that could explain the
relationship between AS and ChT.

The patient was 2 boy aged | month and 3 days, with a
history of cholestatic jaundice. He was the fisst child of a young
and non-consanguinesus couple, with no family history of
genetic diseases. The mother has a previous history of a stillbirth
and two gestational losses. The gestation of the patient was
uneventful | His prenatal serologies were negative. The mather
reportad smoking throughout pregnancy (mean of 10 cigarettes
per day) and occasional alcohol intake. The patient was bom
premeaturely, at 33 weeks and 3 days. by cesarean section due to
fetal distress, weighing 1460 grams, measuring 42 cm, with
head circumference of 24.5 cm and Apgar scores of 5 and 7 at
first and fifth minutes. respectively. At birth, septicemia and
respiratory failure were verified. Cholestasis was also diagnosed
soon. Septicemia was treated with antibiotic therapy during 10
days. The patient presented alterations in liver function tests, with
an increase in the levels of aspartate aminotransferase (AST or
GOT) (15011 — reference values: 14 to 42 U7}, glutamic pyruvic
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Description of clinical aspects and microscopy of the
hair shaft of a carrier of familial monilethrix

Descricdo dos aspectos clinicos e da microscopia da baste capilar
de wum portador de monilétrix familiar
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ABSTRACT
Monilethrix is 4 penetic condition that affects the hair shaft. We describe 3 family with this disease, focusing on its dinical aspects and
microsoogic hair characteristics. The patient was @ 1i-year-old fernale with history of hypotrichosis. In addition to diffuse aloperia, there
was brittle hair, with ruptures in the hair shaft at different bevels. The hair had a nodular appearance at naked eve. Other Eamily members
had the same symptoms, what indicates an autosomal dominant pattem of inheritance. Microsoopac analysis reveabed capillary fibers with
arezs of elliptical nodular appearance interspersed with regions of dystrophic constriction.,

Key words: monilethriz: hair; lnpotrichosis; inheritance patierns; microsoapy:

INTRODUCTION

Hair abnormalities heappen in childbood with seme frequency
due o acquined and congenital conditions. When the prablem is
in the hair shaft, these dysfunctions can be differentiated by the
presence or not of increased fragility and breakage. Monilethrix
is an abnomality characterized by increased fragility of the hair
shaft™. Its name originates from the combination of bwo wonds:
the Latin word “monile” {necklace), and the Greek “thrix” {hair),
referring to the beaded aspect of the hair, which can be observed
unider light microsoopy.

Monilethrix is 2 rare and non-syndmmic genetic condition
which can present two different patterns of inheritance: an
autosomal dominant (OMIM 1350000 and an autosomal recessive
pattern (OMIM 252200)". 1t is clinically characterized by short
and fragile hair that breaks spontaneausky orby Friction'**. Hair
is nommal at birth, However, the stem gains beaded or moniliform
appearance during the first months of life 9, leading to perisdic
changes in its diameter, The hairline presents areas of normal
thickniss with elliptical nodes alternated with regions of dystraphic

comstrictions. These intermodal regions are prone (o breakdoam,
which weakens the hair and may lead 1o aboperia™.

O i wits o repont the rare case of a family with monikethrix,
highlighting their dinical fndings and, mainly, the microsoopic
characteristics of the haic A 10-vearold patent was nfferred for
evitheation due to sparse hair. She was daughier of 2 35-vearcld
father and a 33-vearold mother. The father had a similar hair
disonder. In addition, the paternal grandather, an aunt, and two
patermal uncles were also affected (Figure 1), The child was bom
by vaginal delivery, at term, weighing 3830 grams and messuring
50 cm. She was bom cranotic, requirng mechanical ventilation.
Her neurapsychomator and speech development was normal
for her age. On physical examination, 2t the age of 10 years, she
presented adequate anthropometric messurements (weight, height
anl head drumference), as well s diffuse and imegular alopecia
with hair rupture at different levels, which gave an appearance of
hypetrichuosis. Her hair had 2 nodular appearance and was britle
(Figure 2). Her evebrows and evelashes were normal, as well
heer nails and skin. Microscopic analysis af the hair showed stenesis
areas, many of them close o the roat
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Autopsy findings of a child with left atrial isomerism
associated with pulmonary agenesis

Achados de autdpsia de wma crianca com isomerismo atrial esquerdo
associgdo d agenesia pulmonar
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ABSIRACT

Isomerism is @ rare laterality defect. Our aim was to describe the autopsy findings of a child with left arrial somerism (LAL
and pulmonary agenesis (PA), an association still not described in the lierwre. Fetal ulrasound revealed right renal agenesis,
single umbilical artery and polvhyvdramnies. Echocardiography revealed a complex heart defect with LAL The child died
minutes after birth. Autopsy confirmed the prenatal findings and revealed the presence of unilateral PA, complex vascular
ahnormalities and polyspenia. Despite its mrity, health professionals should be aware for the possibility of such an asociation.

Key words: Bsomerism; heterntooy smdrome; lung; congenital heart defects; autops:

CASE REPORIT

Our aim was to describe for the first time the presence of
pubmonary agenesis (PA) in a child with Jeft atrial isomerism
(AT}, whose identification was only possible afier necopsy
anabysis. The patient’s mother was a 24-year-old woman presenting
fietal ubtrasound with right renal agenesis and a single umbilical
artery. Fetal ultrasound at 23 weeks of gestation also suspected af
a congenital heart defect. Fetal echocandiography nevealed LAL The
child was bom by cesarean section at 38 weeks, weighing L340
. and with Apgar scores of 2 and 0. She died shorthy after birth,
Autopsy revealed umbilical cond with bao vesels; left PA with total
absence of pulmomary tissue, bronchia and vascular supphy and
trachesesophageal fstula. In the topography of the fght hmg there
was 2 nodular mass with bubbles, messuring 27 x 25 = 14 cm,
with & shiny grayish appearance at shear and without apparent
[obuilation, compatible with pulmonary parenchyma. There were
twrsrmzt]| vesssels theat are originated from itand that were connected
to the heart. The main pimary bronchus was conected o the
pulmonary tisue locawd at right. There was LAL persistent left

superior vena cavi that drained into comnary sinus vein; ahsenoe
af the supra-hepatic ssgment of the vena cana; direct drainage
af hepatic veins and two right pulmonary weins draning @ the
left atrivm that was Jocated ar dght; ambiguous atrioventricutar
connection;  nvpoplastic  and  imperforate  pulmonary  vabe,
pulmanary trunk with no branches at left and svere hypoplasia of
rights branches which communicated with the hypoplastic lung;
absence of atrial septun and patent ducts aneriosus. There was
alsn podysplenia, right renal agenesis and beft ureropelvic dilation.
Thee liver was enfaryed and Jocated in the midline.

DISCUSSION

Bomerism is a rare defert in which a laeral symmetry
becomes the mirmor of the other. 1t is a kind of sits ambiguus
(irmversus) or heterotay™. Pulmonary anomalies are comman
in LAL in particular pulmanary sepmentation aboommalities™.
However, there is no description in the literawre of patients
presenting PA. PA i considered an extremely rare malformation.
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