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RESUMO

Introducdo: O desenvolvimento normal do coracdo compreende uma
magquinaria de eventos genéticos altamente regulada, que envolve importantes
fatores de transcricdo. Alteracbes cardiacas estruturais, que caracterizam a
cardiopatia congénita (CHD), sao fortemente associadas a alteracdes
cromossOmicas e a CNVs, que sao fatores de risco para o desenvolvimento da
CHD. Obijetivo: Investigar, através da técnica de MLPA, a presenca de CNVs
em genes de referéncia para o desenvolvimento cardiaco normal em
portadores de CHD. Material e Métodos: Os genes GATA4, NKX2-5, TBX5,
BMP4 e CRELD1 e a regido cromossémica 22q11.2 foram analisadas em 207
pacientes portadores de CHD (idade 1 dia + 13 anos), admitidos pela primeira
vez na Unidade de Terapia Intensiva (UTI) de um hospital pediatrico, utilizando
0 kit SALSA P311-B1 CHD. Resultados: Foram detectadas CNVs em 7
pacientes (3,4%); 4 casos de delecdo da regidao 22911.2 (1,9%), 2 casos de
delecdo do GATA4 (1%) e 1 caso de duplicacdo da regido 22q11.2 (0,5%). Nao
foram identificadas alteracdes nos genes NKX2-5, TBX5, BMP4 e CRELDL1.
Conclusao: DelGATA4 parece estar presente em um numero significativo de
pacientes com CHD, especialmente os com defeitos septais, PLSVC,
alterac6es da artéria pulmonar e achados extracardiacos. A triagem de GATA4
parece ser mais efetiva quando direcionada a estes achados. A investigacéo de
mutacdes em GATA4 e de 229g11.2DS em portadores de CHD sé&o importantes

na antecipacgéo do diagnostico, contribuindo para o planejamento familiar.

Palavras-chave: defeito cardiaco congénito; MLPA; variagdo do numero de

copias do DNA, fator de transcricdo GATA4; sindrome de delecdo 22q11.2.



ABSTRACT

Introduction: The normal development of the heart comprises a highly
regulated machinery of genetic events, involving important transcriptional
factors. Structural changes in the heart, which characterize congenital heart
disease (CHD), have been strongly associated with chromosomal abnormalities
and copy number variants (CNVs) which are risk factors for the development of
CHD. Aim: To investigate, through the MLPA technique, the presence of CNVs
in reference genes for normal cardiac development in patients with CHD.
Materials and methods: GATA4, NKX2-5, TBX5, BMP4 and CRELD1 genes
and 22g11.2 chromosome region were analyzed in 207 patients with CHD (age
1 day + 13 years), admitted for the first time in a cardiac intensive care unit from
a pediatric hospital, using MLPA SALSA P311-B1 CHD kit. Results: CNVs
were detected in 7 patients (3.4%); 4 cases of 22ql11.2 deletion syndrome
(1.9%), 2 cases of GATA4 deletion (1%) and 1 case of 22g11.2 duplication
syndrome (0.5%). No patients with alterations in the NKX2-5, TBX5, BMP4 and
CRELD1 genes were identified. Conclusion: DelGATA4 appears to be present
in a significant number of CHD patients, especially those with septal defects,
PLSVC, pulmonary artery abnormalities and extracardiac findings. GATA4
screening seems to be more effective when directed at these findings. The
investigation of mutations in GATA4 and 22g11.2DS in CHD patients is

important in anticipating the diagnosis, contributing to family planning.

Keywords: congenital heart defects; MLPA; DNA copy number variation;

GATAA4 transcription factor; 22q11.2 deletion syndrome.



Lista de abreviaturas

AC: do inglés, aortic coarctation

AS: do inglés, aortic stenosis

ASD: do inglés, atrial septal defect

AVSD: do inglés, atrioventricular septal defect.
BAV: do inglés, bicuspid aortic valve

CGH: do inglés, comparative genomic hybridization
CHD: do inglés, congenital heart disease

CNV: do inglés, copy number variation

DNA: do inglés, deoxyribonucleic acid

DORV: do inglés, double outlet right ventricle
EDTA: do inglés, ethylenediaminetetraacetic acid
FISH: do inglés, fluorescence in situ hybridization
HCSA: Hospital da Crianca Santo Antonio

HLHS: do inglés, hypoplastic left heart syndrome
HRHS: do inglés, hypoplastic right heart syndrome
IAA: do inglés, interrupted aortic arch

MA: do inglés, mitral atresia

MS: do inglés, mitral stenosis

MLPA: do inglés, multiplex ligation-dependent probe amplification
PA: do inglés, pulmonary atresia

PCR: do inglés, polymerase chain reaction

PDA: do inglés, patent ductus arteriosus

PS: do inglés, pulmonary stenosis

PTA: do inglés, persistent truncus arteriosus



PLSVC: do inglés, persistent left superior vein cava

QF-PCR: do inglés, quantitative fluorescent polymerase chain reaction
SNP: do inglés, single nucleotide polymorphism

TA: do inglés, tricuspid atresia

TAPVR: do inglés, total anomalous pulmonary venous return

TGA: do inglés, transposition of the great arteries

TOF: tetralogia de Fallot

UTI: Unidade de Terapia Intensiva

VSD: do inglés, ventricular septal defect
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1. REFERENCIAL TEORICO

A cardiopatia congénita ou congenital heart disease (CHD) se refere a
um conjunto de alteracfes estruturais/funcionais do coracdo e grandes vasos
gue surgem na embriogénese cardiacal. A CHD é uma das principais causas
de morbidade e mortalidade infantil, afetando cerca de 1% dos nativivos, com
incidéncia de 19 a 75 casos a cada 1.000 recém-nascidos?3.

A etiologia da CHD é complexa, onde apenas 20% dos casos podem ser
atribuidos a alteragcbes cromossdmicas, sindromes mendelianas, defeitos de
gene Unico ndo sindrdomicos ou teratdgenos*. Alteracdes cromossdmicas estdo
frequentemente associadas a ocorréncia de lesbes cardiacas complexas,
gerando uma alta incidéncia de perdas fetais®. A combinagcdo de fatores
genéticos, epigenéticos e ambientais ocorre na maioria dos casos. Dentre os
fatores externos destacam-se infec¢cdes maternas, deficiéncia nutricional e uso
de alcool/drogas durante a gestacdo (Figura 1)*.

O conhecimento relacionado a CHD avangou muito desde sua descrigao
e classificacao, facilitando o diagnéstico preciso e possibilitando interferéncias
durante o periodo pré-natal. Estratégias corretivas contribuiram para o aumento
da expectativa de vida de criancas e adultos com CHDS®. A sobrevivéncia dos
pacientes varia de acordo com a gravidade da doenca, sendo de 98% para
CHD leve, 96% para CHD moderada e 56% para CHD grave. Os pacientes
submetidos a procedimentos corretivos necessitam de monitoramento continuo
devido ao alto risco de complicacdes tardias que podem resultar em cirurgias

adicionais’.
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Figura 1 Etiologia da cardiopatia congénita. Adaptado de Blue et al., (2012)*
Em casos ndo sindrémicos, mutacdes em mais de 50 genes ja foram
descritas como diretamente implicadas com o aparecimento da CHD. Porém,
estudos com camundongos hipotetizaram que alteragbes em mais de 500
genes podem causar defeitos cardiacos?, fornecendo um indicativo para a
investigacdo destes fatores e seu papel como causadores da doenca em
humanos.

Mutacbes em genes reguladores transcricionais essenciais, como
GATA4 e NKX2-5, sdo amplamente estudadas como fatores causais da CHD.
Estas mutacbes impactam a expressdo dos genes que coordenam o
desenvolvimento cardiaco normal®°. Além disso, mutacdes em genes distintos
podem causar malformacdes idénticas, demonstrando a interdependéncia dos
fatores responsaveis pelo desenvolvimento cardiaco?.

Apesar da quantidade significativa de estudos que tentam estabelecer os
fatores causais da CHD, delineando as vias moleculares principais da
cardiogénese, ainda restam duavidas do real papel destes genes e seus

padrdes de expressao na patologia das malformacdes cardiacas, bem como
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sua correspondéncia com o fendtipo clinico do paciente. Assim, enfatiza-se a
necessidade de testes genéticos em individuos afetados, objetivando o
desenvolvimento de novas medidas profilaticas, estratégias de tratamento e até

mesmo novos tratamentos.

1.1. Manifestac¢@es clinicas da CHD

As malformacdes cardiacas estdo entre os defeitos mais frequentemente
observados no periodo neonatal e sdo responsaveis por 3 a 5% das mortes
nesse periodo. Cerca de 20 a 30% das criancas morrem no primeiro més de
vida, principalmente por insuficiéncia cardiaca®?.

A CHD pode ser classificada em cianodtica ou nao-cianotica devido a
mistura, ou ndo, de sangue venoso e arterial. Criancas ciandticas apresentam
tonalidade azulada nos labios e pele e diminuicdo do fluxo pulmonar. As
principais cardiopatias ciandticas incluem transposicdo das grandes artérias
(TGA), tetralogia de Fallot (TOF), anomalia de Ebstein, atresia tricuspide (TA),
atresia pulmonar (PA) e truncus arteriosus persistente (PTA). Na categoria de
CHD néo-ciandtica, destacam-se as lesfes obstrutivas do lado esquerdo como
hipoplasia de ventriculo esquerdo (HLHS), estenose mitral (MS), adrtica (AS),
coarctacéo da aorta (AC) e interrupcéo do arco aortico (IAA); e ainda a CHD de
defeitos de septacao ventricular (VSD), atrial (ASD) ou atrioventricular (AVSD).
Defeitos de valvula adrtica bicuspide (BAV) e de septacdo estdo entre as

cardiopatias mais comuns®?*? (Figura 2).
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Figura 2 Malformacdes cardiacas usualmente identificadas na infancia.

Adaptado de Bruneau, 2008.

*Incidéncia por 1.000 nascidos vivos indicado entre parénteses. (AC) coarctacédo da aorta; (AS) estenose aortica; (ASD)
defeito do septo atrial; (AVSD) defeito do septo atrioventricular; (BAV) defeitos de véalvula adrtica bicuspide; (DORV)
dupla via de saida do ventriculo direito; (Ebstein’s) anomalia de Ebstein; (HLHS) hipoplasia do ventriculo esquerdo;
(HRHS) hipoplasia do ventriculo direito; (IAA) interrupgdo do arco aértico; (MA) atresia mitral; (MS) estenose mitral;
(PDA) persisténcia do canal arterial; (PS) estenose pulmonar; (PTA) truncus arteriosus persistente; (TA) atresia
trictspide; (TAPVR) anomalia total do retorno venoso pulmonar; (TGA) transposi¢do das grandes artérias; (TOF)
tetralogia de Fallot; (VSD) defeito do septo ventricular.

Os diferentes tipos de malformacgéo também séo classificados de acordo
com sua complexidade, sendo eles, grave, moderada e leve. Pacientes com
CHD grave possuem pior prognostico e mais frequentemente desenvolvem
complicacbes. Apesar da baixa frequéncia populacional (4%), as alteracdes
menores também devem ser investigadas pois atuam como marcadores
externos de lesdes complexas, facilitando o diagnostico correto do
paciente!®'4, Na Europa e na América Latina, a incidéncia de CHD grave é de

~1,5 casos por 1.000 nascidos vivos'®16, Estes dados podem ter sido

estimados erroneamente, pois 0S casos registrados correspondem a
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malformacdes diagnosticadas apenas ao nascimento, excluindo qualquer outro
defeito congénito que possa ser identificado durante a primeira infancia®®.
Segundo Miller et al., (2007)'7, recém-nascidos com CHD também
podem apresentar disturbios neuroldgicos generalizados, semelhantes a
neonatos prematuros, refletindo o desenvolvimento cerebral anormal em

virtude do comprometimento do suprimento de oxigénio intrauterino.

1.2. Aspectos genético e molecular da CHD

A CHD tem sua etiologia determinada por alteragbes cromossémicas,
desordens ndo sindrdmicas envolvendo genes Unicos (20%) ou por associacao
de genes e fatores ambientais na grande maioria dos casos (80%). A biologia
molecular e as novas técnicas disponiveis tém possibilitado a descoberta de
genes que podem interagir entre si ou com fatores externos gerando uma pré-
disposicédo ao desenvolvimento da doenca?418,

Mudancas no namero de copia de segmentos especificos do DNA séo
frequentemente associados a etiologia ou pré-disposicao para doencas. Tais
alteracbes podem incluir desde a presenca de uma cOpia extra de um
cromossomo inteiro, a delecdes e duplicacdes de inUmeros pares de bases ou
pequenos fragmentos cromossdmicos envolvendo apenas um Unico éxon®®.
Esta perda ou ganho de material genético desencadeia um efeito direto sobre a
dosagem génica, aumentando ou diminuindo o padréo de expresséo dos genes
afetados?.

A ocorréncia de CHD juntamente a outras malforma¢des ou como parte
de uma sindrome ocorre em 25 a 40% dos casos. Dentre os individuos que

possuem alteragBes cromossdmicas estruturais ou numéricas, 30% também
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apresentam CHD?'82021 S3o encontradas propor¢ées significativas de CHD
associada a aneuploidias, sendo que, 50% dos individuos com trissomia do 21
(sindrome de Down), 80% com trissomia do 13 (sindrome de Patau) e 90-100%
com trissomia do 18 (sindrome de Edwards) apresentam algum defeito
cardiaco. As sindromes de Turner e Klinefelter sdo acompanhadas de alguma
alteracdo em 35% e 50% dos casos, respectivamente??2, Sindromes de
microdelecdo e microduplicacdo, como a sindrome Velocardiofacial ou
DiGeorge (22g11.2DS), sindrome de Williams (del7p11.23) e a sindrome de
microduplicacdo 22ql11.2 (22q11.2DupS), que incluem CHD como fendtipo
também sdo frequentemente estudadas®?3.

O desenvolvimento cardiaco normal é regulado estritamente pela
interacdo de fatores de transcricdo e seus reguladores em vias de sinalizagéo
especificas. Diante disso, muitos estudos descrevem conjuntos de genes
candidatos e vias moleculares que, quando afetadas, provocam erros na
magquinaria molecular e se manifestam através de alteracdes cardiacas. As
CNVs (copy number variation), mutacbes somaticas, alteracbes nas taxas
transcricionais e microRNA estdo entre 0s mecanismos que podem explicar a
base molecular da CHD?.

As CNVs, presentes em 12% do genoma humano, incluem duplicacdes
e delecbes cromossdmicas com tamanho variado de 1 Kb a varios Mb e sao
utilizadas para identificar genes candidatos. As CNVs detectadas em pacientes
com CHD séo investigadas, buscando a sua associacdo com a doenca. Outras
abordagens genéticas, como SNPs (single nucleotide polymorphism), também
sédo utilizadas focando na deteccdo de polimorfismos em genes candidatos

para a CHD®?1,
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A maioria dos portadores de CHD ndo apresentam defeitos de gene
anico, direcionando a investigacéo para possiveis combinacdes entre mutacdes
em genes multiplos ou para a combinacdo de mutacéo e fatores externos que
resultam no amplo espectro fenotipico?l. Estudos sugerem que um fator
familiar, como casamento consanguineo pode participar da etiologia
multifatorial da doenca?*2°.

Apesar dos grandes avancos no diagndstico e tratamento o
conhecimento sobre a etiologia e herdabilidade da CHD ainda € limitado.
Estudos sobre o mecanismo molecular associado ao desenvolvimento cardiaco
normal tém ajudado na identificacdo de fatores causais da CHD, fornecendo
evidéncias da participacdo crucial de genes na morfogénese cardiaca. Os
principais genes envolvidos s&o reguladores transcricionais, moléculas

sinalizadoras e genes estruturais?®2*,

1.3 Genes associados a CHD sindromica e ndo-sindrémica

A CHD esta associada a causas genéticas e ambientais e muitas das
comorbidades apresentadas por portadores desta doenca, como insuficiéncia
cardiaca, arritmia e alteragcbes neurocognitivas, podem ser atribuidas a
mutacdes genéticas. Em 35% dos casos € identificado alguma causa genética
significativa. Os genes responsaveis pelo desenvolvimento cardiaco sdo os
mais afetados por estas mutacOes, atualmente, mais de 50 genes sao
potenciais candidatos a serem estudados®?®. As mutacbes podem ser
herdadas ou ocorrer de forma esporadica ou de novo?®.

A CHD ocorre associada a uma sindrome ou de forma isolada.

Disturbios na dosagem génica, defeitos de gene unico, grandes
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delecdes/duplicacdes ou microdele¢bes/microduplicacdes estéo relacionados a
CHD sindrébmica. A forma isolada € a mais prevalente e mutacdes em fatores
de transcricdo sdo 0s mais comuns, outros genes afetados participam das vias
de sinalizacdo ou sdo componentes estruturais do coracdo. As mutacdes em
genes causadores da doenca sao classificadas como de alta penetrancia, de
baixa penetrancia para genes de susceptibilidade e variagbes comuns em
genes de risco para a CHD?4.

Indmeras CNVs ja foram caracterizadas e associadas a sindromes
clinicas que incluem CHD, uma das primeiras a ser descrita foi a delecao de 3
Mb do braco longo do cromossomo 22 (del22gl11). A sindrome 22q11.2DS ¢é a
microdelecdo humana mais comum e apresenta um fendtipo variavel que inclui
a cardiopatia congénita, hipocalcemia, imunodeficiéncia, caracteristicas faciais
classicas e desordens de neurodesenvolvimento?’. A regido deletada do
cromossomo 22 abrange o fator de transcricdo TBX1, afetando seus niveis de
expressdo. A haploinsuficiéncia deste gene esta relacionado ao
desenvolvimento anormal da faringe, corroborando com a clinica apresentada
por portadores da sindrome. Outros estudos ainda mostram que TBX1 esta
fortemente associado a remodelacdo da cromatina, sugerindo a utilizacdo de
drogas epigenéticas no resgate de fenétipos que incluem este tipo de alteracao
genética®2°,

A delecdo do braco curto do cromossomo 8 (del8p23), também
associada a CHD juntamente com atraso de desenvolvimento, abrange o fator
de transcricdo GATA4, que € um dos principais genes reguladores da fungéo e
do desenvolvimento cardiaco. Zhou e colaboradores (2017)3° destacaram o

papel essencial de GATA4 no que eles chamaram de ‘second heart field’,
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envolvendo um subgrupo de células progenitoras responsaveis pela septacdo
cardiaca. Foram identificadas também duas vias de sinalizacdo, a Pten e a de
Hedgehog, que parecem agir de forma independente de GATA4, sugerindo
uma possivel forma de restauracédo do defeito cardiaco. A haploinsuficiéncia de
GATA4 resulta em tipos comuns de CHD mostrando seu papel essencial na
separacdao funcional das quatro camaras cardiacas®.

Além do GATA4 e TBX1, destacam-se por seu papel funcional na
cardiogénese, 0s genes fatores de transcricdo NKX2-5 e TBX5. O NKX2-5
(5935) é um marcador conhecido de células progenitoras do miocéardio, sendo
critico para o desenvolvimento cardiaco em mamiferos. Mutagfes envolvendo
este gene foram uma das primeiras a ser descrita por ter uma associacao
direta com a CHD?®. A mutagdo em NKX2-5 altera a regulacédo da formacéo do
septo durante a morfogénese cardiaca, podendo apresentar diferentes quadros
de malformagGes??3t,

Defeitos de gene Unico que levam a sindromes associadas com a CHD
sdo frequentemente investigados. Mutacbes no gene TBX5 (12g24) causam
duas condi¢cBes marcadas por defeitos septais, a rara sindrome de Holt-Oram e
Tetralogia de Fallot. Este fator de transcricdo tem papel bem definido no
desenvolvimento do coracdo e dos membros superiores®>33. TBX5 é um
regulador do desenvolvimento cardiaco, que contribui para a septacdo do
coracao atraves da interagcdo com o complexo de desacetilase e remodelacao
do nucleossomo (NuRD). Quando mutado, este gene altera esta interacao
TBX5-NuRD, reprimindo a expressdo de alguns genes importantes,

provocando a CHD®*,
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Garg e colaboradores (2003)°, indicam que a formagdo de um complexo
entre GATA4 e TBX5 sao causadores das malformacdes do septo. Estes genes
interagem durante a formacdo da mesoderme cardiaca e essa relacdo é
interrompida em portadores de CHD. Acredita-se que GATA4, TBX5 e NKX2-5
atuem em conjunto regulando outros genes necessarios para a formacéao do
septo. Qualguer rompimento dessa interacdo, causada por mutacdes nestes
genes, pode acarretar em defeitos congénitos especificos.

CRELD1 (3p25) é um fator de crescimento epidérmico que participa da
adesao celular, juntamente com o BMP4 (14922) atuam na regulacdo do
desenvolvimento do coxim endocardico, estrutura que serve de sustentacdo
para o septo cardiaco. AlteracBes nestes genes estao fortemente associadas a
AVSD. Variacdes deletérias foram encontradas em CRELD1 em portadores e
ndo portadores de Sindrome de Down onde o0s autores conseguiram
demonstrar a associacdo especifica de CRELD1 e AVSD35-38,

A investigacdo de genes candidatos em pacientes com CHD pode ajudar
no diagnoéstico precoce e no manejo dos sintomas extracardiacos. A
compreensao do desenvolvimento da CHD podera auxiliar na incorporacédo de
intervencdes terapéuticas e preventivas que utilizem abordagens moleculares
como meétodo de triagem, ampliando o papel da genética no atendimento
clinico, além de promover aconselhamento genético individualizado para os

pacientes e seus familiares.

1.4 Estratégias de andlise genética e suas aplicacdes no estudo da cardiopatia

As metodologias de citogenética molecular melhoraram a capacidade de

deteccdo de CNVs das sequéncias cromossémicas, possibilitando a obtencao
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rapida de resultados para pacientes com CHD. Os testes citogenéticos atuais,
gue incluem hibridizac&o in situ fluorescente (FISH), arrays genémicos como
SNP/CGH-array (hibridizacdo genbmica comparativa e polimorfismos de genes
unicos baseado em microarranjos) e MLPA (Multiplex Ligation-dependent
Probe Amplification), podem auxiliar no diagndstico clinico destes
pacientes?9-3,

O exame de cariétipo com bandeamento G € o padrdo-ouro para o
diagndstico de alteragcdes cromossOmicas, especialmente aneuploidias e
grandes rearranjos estruturais (>5-10 Mb). Possui baixo custo e alto
rendimento diagndéstico, apesar de ndo detectar alteracdes muito pequenas, € a
técnica de primeira linha na investigacdo de pacientes sindrémicos?%:40,

Por conta disso, na década de 1980, foi criada a FISH, que através da
hibridizacdo do DNA alvo com sondas fluorescentes* aumentou o poder de
resolucdo dos testes citogenéticos, melhorando a analise de cromossomos
inteiros e sendo capaz de detectar alteragcbes genéticas pequenas
(microdelecdes/microduplicacdes) e rearranjos cromossOmicos complexos (>40
kb)#?. Sua principal limitacdo se da pela deteccdo restrita de alteracdes, em
virtude do conjunto de sondas disponiveis no mercado. Por ser uma
investigagéo pontual, o teste diagnodstico deve ser direcionado de acordo com a
suspeita clinica do paciente®3.

Ja4 o array-CGH, possibilitou a analise do genoma inteiro e em alta
resolucéo, detectando variagbes até entdo desconhecidas [39]. Esta técnica
permite detectar rearranjos cromossdmicos desbalanceados muito pequenos
em todo o genoma, porém o alto custo ainda limita a utilizacdo deste método

pelas instituicGes de saude*.
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Entre as diferentes abordagens utilizadas para a andlise de alteracdes
cromossOmicas, uma em particular vem se destacando. A técnica de MLPA é
indicada para caracterizar desordens congénitas e hereditarias, onde é
possivel detectar CNVs em genes especificos e pequenos rearranjos
intragénicos'®3%45  Este método tornou-se muito utilizado na investigacédo
molecular de doencas genéticas, tendo ampla aplicacdo e iniUmeras vantagens
em relacdo a outras técnicas, como alto rendimento, baixo custo, ndo necessita
de cultivo celular, possibilidade de anéalise de até 96 amostras simultaneamente
e resultados em 24h. Permite o estudo de varias regides do genoma em uma
Unica reacao (mais de 40 sequéncias) e com sequéncias alvo curtas (60-80nt)
pode identificar delecbes e duplicacbes de genes unicos extremamente
pequenas (<40 kb) que ndo sdo detectadas por FISH, por exemplo. Mais de
300 conjuntos de sondas (probes) estdo sendo comercializadas, direcionadas a
investigacéo e diagndstico de varias doencas genéticas®4. A limitacdo desta
técnica se da na incapacidade de detectar rearranjos balanceados e
mosaicismos baixos, além de ser muito sensivel em relacdo a qualidade do
DNA utilizado?.

A identificacdo de alteragbes cromossbmicas € importante no
acompanhamento pré-natal e na antecipacdo de diagndsticos, contribuindo
para o planejamento familiar por meio de aconselhamento genético adequado.
A MLPA é uma boa candidata na deteccdo de desordens comuns, devido a
ampla gama de doencas que sua analise € capaz de detectar. Esta técnica,
utilizada como método de triagem genética, atua como uma ferramenta de

confirmacédo diagndstica. A MLPA na investigacdo de CHD podera auxiliar na



melhor compreenséo acerca da génese das cardiopatias, podendo auxiliar

também no melhor manejo terapéutico.
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3. OBJETIVOS

3.1 Objetivo geral

Investigar, através da técnica de MLPA, a presenca de CNVs em genes

de referéncia para o desenvolvimento cardiaco normal em portadores de CHD.

3.2 Objetivos especificos

l. Detectar CNVs em genes de referéncia para CHD com kit especifico

de MLPA (P311-B1).

Il. Associar as alteracdes encontradas ao fenétipo clinico dos pacientes;

II. Avaliar a contribuicdo da técnica de MLPA na triagem molecular de

alteracbes genéticas dentro de uma amostra de pacientes com CHD.
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Abstract

Background: The normal development of the heart comprises a highly regulated
machinery of genetic events, involving important transcriptional factors. Structural
changes in the heart, which characterize congenital heart disease (CHD), have been
strongly associated with chromosomal abnormalities and copy number variants (CNVs)
which are risk factors for the development of CHD. Our goal was to investigate through
the Multiplex ligation-dependent probe amplification (MLPA) technique, the presence
of CNVs in reference genes for normal cardiac development in patients with CHD.
Methods: GATA4, NKX2-5, TBX5, BMP4 and CRELDI genes and 22q1l1.2
chromosome region were analyzed in 207 patients with CHD (age 1 day+13 years)
admitted for the first time in a cardiac intensive care unit from a pediatric hospital, using
MLPA SALSA P311-B1 CHD Kkit. Results: CNVs were detected in 7 patients (3.4%); 4
cases of 22q11.2 deletion syndrome (1.9%), 2 cases of GATA4 deletion (1%) and 1 case
of 22g11.2 duplication syndrome (0.5%). No patients with alterations in the NKX2-5,
TBX5, BMP4 and CRELDI genes were identified. Conclusion: DelGATA4 appears to
be present in a significant number of CHD patients, especially those with septal defects,
PLSVC, pulmonary artery abnormalities and extracardiac findings. GATA4 screening
seems to be more effective when directed at these findings. The investigation of
mutations in GATA4 and 22¢q11.2DS in CHD patients is important in anticipating the

diagnosis, contributing to family planning.

Keywords: congenital heart defects; MLPA; copy number variation; GATA4

transcription factor; 22911.2 deletion syndrome.
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Background

Congenital heart disease (CHD) consists of structural changes in the heart and
large vessels and is recognized as the leading cause of neonatal mortality, affecting
about 1% of newborns [1,2]. Regarding of CHDs etiology, 20% are attributed to
chromosomal and/or to single-gene alterations; the remaining is a combination of
genetic, epigenetic and environmental factors. Chromosomal abnormalities and copy
number variants (CNVs) contribute to the risk of CHD [3].

The CNVs identification in GATA4, NKX2-5 and TBX5 are among mechanisms
that may explain the CHD molecular basis since these transcription factors (TFs) are
strongly involved in cardiogenesis. The altered expression of GATA4 (OMIM: 600576)
results in common CHDs, such as atrial (ASD) and ventricular septal defects (VSD) and
pulmonary stenosis (PS). Facial dysmorphisms and mental retardation may also be
present [4-6]. It is believed that all TFs acts together by regulating the cardiac septum
formation, whereas its haploinsufficiency results in developmental heart disorders [7].
Several clinical syndromes associated with CHDs have already been related to several
CNVs. The first to be described was the 22gll deletion syndrome (22911DS)
(OMIM:188400) that is among the most common human microdeletion syndromes [8].

Multiplex ligation-dependent probe amplification (MLPA) is a quantitative
genomic scanning method used to identify changes in the DNA number copies from
deletions and duplications [9]. The investigation of CNVs in patients with CHD through
this technique can help in the early diagnosis and identification of the specific cause of
the disease.

Thus, we used the MLPA technique to investigate the presence of 22q11DS and
CNVs in reference genes for normal cardiac development, in CHD patients at a referral

hospital in Southern Brazil.
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Methods

All participants were recruited from cardiac intensive care unit (ICU) of the
Hospital da Crianca Santo Anténio (HCSA), Porto Alegre, RS, Brazil, during the period
of 1 year. This hospital belongs to the Santa Casa of Misericordia of Porto Alegre
(SCMPA) and is a reference center for the evaluation and treatment of patients with
CHD.

Peripheral blood was collected from all participants for genomic DNA extraction
from lymphocytes by standard protocol. The MLPA assay was performed by SALSA
P311-B1 CHD kit for CNVs screening in GATA4, NKX2-5, TBX5, BMP4 and CRELDI
genes and 22q11.2 chromosome region following the manufacturer's recommendations
(MRC-Holland, Amsterdam, The Netherlands). The fragments obtained by ABI3130
sequencer were analyzed with the use of the Coffalyser software (MRC-Holland), which
normalizes the signals from all probes and compare them with reference samples. For
each comparative analysis, three normal controls were used.

These patients belong to the study developed by Rosa et al. [10], in which high
resolution GTG-Banding karyotype and fluorescence in situ hybridization (FISH)
technique for 22q11 microdeletion were performed, using the DiGeorge/VCFS Region
Probe (TUPLE1) (Vysis, Abbott Laboratories, AbbottPark, IL), following a standard
codenaturation protocol.

All patients also underwent a physical examination performed by only one
clinical geneticist (RFMR) that classified the patients based on their dysmorphisms in
syndromic or non-syndromic. The CHDs were described based on the results of the
echocardiography, cardiac catheterization and surgical description, following the
classification suggested by Botto et al. [11]. Family history of CHD was noted when

present. The study was approved by the institutional Ethics Committee.
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Results

A total of 210 patients were hospitalized in the cardiac ICU of the HCSA during
the period of the study. From them, 3 individuals were excluded due to lack of DNA
sample for the MLPA analysis. Thus, our final sample consisted of 207 patients, 110
males (52.4%), with ages ranging from 1 day to 13 years (median of 220 days, ranging
from 1 day to 13.5 years). Most of them were of Caucasian origin (79%) and were
hospitalized for performance of cardiac surgery (74.8%), cardiologic evaluation (14.1%)
and cardiac catheterization (9.2%). The main CHDs observed consisted of ventricular
septal defects (VSDs) (17.4%), atrial septal defects (ASDs) (15.9%), tetralogy of Fallot
(11.1%), coarctation of the aorta (10.6%) and atrioventricular septal defects (9.7%).
Sixty-four patients (30.9%) were classified as syndromic. Familial recurrence of CHD
was observed in 15.7% of the sample individuals.

Chromosomal anomalies detected through karyotype were detected in 29
patients (14%) and consisted of trisomy 21 (n=24), trisomy 18 (n=2), triple X (n=1),
17p duplication (n=1) and additional chromosome material next to 18p (n=1). The
220911 microdeletion was identified through FISH in 4 patients (1.9%).

MLPA assay detected alterations in 7 patients (3.4%) (Table 1). We identified a
heterozygous deletion of the seven exons of GATA4 (delGATAA4) in 2 patients (0.96%)
(Figure 1A). The clinical findings presented by the patients can be seen in Table 1. Both
were male patients. One child had a VSD and the other a pulmonary stenosis (PS). It is
noteworthy that both presented an associated persistence of left superior vena cava
(PLSVC) and an ostium secundum-type ASD. Moreover, they also had a membranous-
type VSD and an abnormality of the pulmonary artery (a bicuspid pulmonary valve and
a PS, respectively). Only one was considered syndromic through the evaluation by

physical exam. It is noteworthy that this patient had a previous suspicion of Williams-
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Beuren syndrome (WBS) (patient 2) (Figure 1A). However, the additional analysis
through MLPA for abnormalities in 7q11.23 (the region of WBS) did not confirm this
associated diagnosis. Complementary evaluations disclosed the presence of an
asymptomatic ectopic kidney in the patient 1. Thus, both presented associated
extracardiac findings, however, their phenotypes seem to be different. Perhaps, this
could be explained by different sizes of the deletions involving the GATA4 presented by
the patients, since the MLPA only evaluated the involvement of this gene. None of them
had a family history of CHD (Table 1). The frequency of delGATA4 among patients
with VSDs (n=36) was 2.8% and among those with pulmonary stenosis/atresia (n=9)
was 11.1%. From 14 patients with PLSVC of the total sample (6.8%), 2 (14.3%) had
delGATAA4. It is noteworthy that from 4 patients with PLSVC associated to an
abnormality of the pulmonary artery, 2 (50%) presented delGATAA4.

In addition, the most prevalent CNV was the heterozygous deletion in the
22q11.2 (22q11DS) identified in 4 patients (1.9%) (Figure 1B). These results confirm
those previously found by Rosa et al. [10] through fluorescence in situ hybridization
(FISH) technique. However, 1 patient had a heterozygous duplication in the 22q11.2
region (22q11DupS) (0.5%) (Figure 1C), which was not detected by FISH in the
previous study. Duplication occurred in a region close to FISH probes hybridization

site. No alterations were identified in the NKX2-5, TBX5, BMP4 and CRELDI genes.
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Table 1. Copy number variations (CNVs) detected by multiplex ligation dependent
probe amplification (MLPA) and clinical phenotype of congenital heart disease (CHD)

patients.

PATIENT

CLINICAL AND GENETIC FEATURES 1 2 7
CNV delGATA4 delGATA4 dup22q11
Syndromic N Y N
Age ly im 17d 1y 10m 17d 3y 3m 13d
Growth retardation +
Microcephaly +
Craniofacial features

High forehead +

Broad foreahead +

Telecanthus

Upslanting palpebral fissures

Epicantic folds + +

Hypoplastic nares +

Long philtrum + +

Thin upper lip

High arched palate

Micrognathia +

Overfold helix

Preauricular pits +
Congenital Heart Defects

ASD +

VSD +

PLSVC +

PVS

Subvalvular aortic ring +
Renal anomalies

Ectopic Kidney +
Mental retardation +

+ + + +

CNV: copy number variation; N: No; Y: Yes; y: years; m: month; d: days;
ASD: atrial septal defect; VSD: ventricular septal defect; PLSVC: persistent

left superior vena cava; PVS: pulmonary valve stenosis.
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Figure 1. Multiplex ligation dependent probe amplification P311-B1 CHD analysis.
MLPA analysis (A) positive for deletion of the GATA4 (patients 1 and 2); (B) positive

for 22911.2DS (patients 3,4,5 and 6) and (C) positive for 22911DupS (patient 7).
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Legends: Reference values: DQ (dosage quotient); Normal (between red and blue lines)
0.80 < DQ < 1.2; heterozygous deletion (red dots) 0.40 < DQ < 0.65; heterozygous

duplication (blue dots) 1.30 < DQ < 1.65.

Discussion

The emergence of molecular cytogenetic techniques, as MLPA, improved the
detection of CNVs. Panels of nucleotide variants and CNVs when combined have
demonstrated efficiency as first line diagnostic tests in constitutional imbalances with a
detection potential of 15-30% of CHD-causing variants [12-13]. Here, genomic
scanning detected CNVs in 3.4% of the patients tested, a similar result found by
Sorensen et al. [14] (3.2%) and below the frequencies described by Monteiro et al. [15]
(23.4%) and Campos et al. [16] (17.9%). The authors believe that these variations

probably were caused by the criteria for patient selection.
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It is known that CNVs involving GATA4, located at 8p23.1, are associated with
CHDs, where the mechanism of pathogenicity leads to gene haploinsufficiency. The
most frequent defects are VSDs and ASDs. Our study identified delGATA4 (~151kb) in
2 patients (0.96%) (Figure 1A). Pulmonary stenosis, a CHD also associated to
delGATA4, was observed in one of our patients. Other complex defects, as Tetralogy of
Fallot and double-outlet right ventricle, have been also described in individuals with
delGATAA4. Facial dysmorphisms and mental retardation may be present, especially in
patients with larger 8p deletions involving GATA4 [5,6] (our 2 patients had facial
dysmorphisms, in special the patient 2). Our data agree with the report made by El Malti
et al. [13] who detected 1 case among 154 patients (0.7%). Moreover, recent studies
have not detected patients with GATA4 alterations, despite the similarity of the clinical
phenotype of the patients [17-19].

DelGATA4 are described in CHD familial cases with overlapping of phenotypes
and cardiac septum defects. In these cases, the interaction of GATA4, TBX5 and NKX2-5
is interrupted [4,5], which lead to proliferation defects of cardiomyocytes during
embryogenesis [20]. In our sample, however, none of our patients with delGATA4 had a
family history of CHD.

Among the 207 patients evaluated, 4 cases presented 22q11DS (~630kb)
[22911:17,847,478-18,477,850 (hgl8)], covering CDC45, GPIBB and DGCR8 genes
(Figure 1B). In addition, 1 case presented 22911DupS (Figure 1C and Table 1). The
22q11DS has a very heterogeneous phenotype that includes CHD, hypocalcemia,
immunodeficiency, facial dysmorphic and neurodevelopment disorders [8],
corroborating with the clinical findings of this study. Rosa et al. [10] previously
described the clinical features of our 22q11DS patients. The 22q11DS is among the

main causes of CHD [10], and it was the most frequent alteration found in our study
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(1.9%). This finding agrees with the literature, where the detection rate described has
ranged from 0.4% to 8.5% [11,13-15,18]. The detection of 22q11DupS is reported as
less common, ranging from 0.7% to 2.5% [13,14,16], a similar frequency to us (0.5%).
The identification of 22q11DupS has increased due to the screening techniques

currently used. However, its prevalence and definitive phenotype remain unknown [21].

Conclusions

Thus, delGATA4 seems to be present in a significant number of patients with
CHD, especially those with septal defects, PLSVC, an abnormality of the pulmonary
artery and extracardiac findings (perhaps, features that recalling patients with WBS, and
renal abnormalities). Maybe, the testing for delGATA4 should be directed to patients
with these findings. The frequency of abnormalities involving GATA4 can be even
higher and depends on the technique used for its detection. Based on all this, we believe
that the inclusion of mutations research involving GATA4 gene should be considered in
the screening of patients with CHD.

Investigation of GATA4 mutations and of 22q11.2 deletion syndrome in CHD
patients are important in prenatal care and in anticipation of diagnoses, contributing to
family planning through appropriate genetic counseling. The identification of them is
important, because it may assist in the early diagnosis and management of extracardiac
symptoms, reducing the consequences of the disease. Understanding the etiology of
CHD will aid in the incorporation of therapeutic and preventive interventions that use
molecular approaches as a screening method, increasing the role of genetics in clinical

care.
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List of abbreviations

22q11DS 22011 deletion syndrome

22q11DupS 2211 duplication syndrome

ASD Atrial septal defect

CHD Congenital heart disease

CNV Copy number variation

FISH Fluorescence in situ hybridization

MLPA Multiplex ligation-dependent probe amplification
PCR Polymerase chain reaction

PLSVC Persistent left superior vena cava

PS Pulmonary stenosis

VSD Ventricular septal defect
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5. CONCLUSOES

Este estudo demonstrou que a investigacdo de mutacfes em GATA4 e
de 22g11.2DS em pacientes com CHD s&o importantes no cuidado pré-natal e
na antecipacdo do diagnostico, contribuindo para o planejamento familiar
através de um aconselhamento genético apropriado.

Assim, a delGATA4 parece estar presente em um numero significativo
de pacientes com CHD, especialmente aqueles com defeitos septais, veia cava
superior esquerda persistente (PLSCV), alteracdes da artéria pulmonar e
achados extracardiacos (talvez, caracteristicas que lembrem pacientes com
SWB e alteragbes renais). Ainda, o teste para delGATA4 parece ser mais
efetivo quando direcionado para pacientes com estes achados. A frequéncia de
alteracbes envolvendo GATA4 pode ser ainda maior e depende da técnica
utilizada para sua deteccdo. Com base nisso, acredita-se que a inclusao de
mutacOes envolvendo o gene GATA4 deve ser considerada na triagem de
pacientes com CHD. Essa identificacdo € importante, pois pode auxiliar no
diagndstico precoce e no manejo dos sintomas extracardiacos, reduzindo as
consequéncias da doenca.

A CHD ainda representa um problema de saude publica, pois muitas
malformacdes complexas necessitam de servicos especializados. Por isso,
compreender a etiologia da CHD fornecera novos conhecimentos para o
tratamento individualizado de cada paciente e ajudara na incorporacao de
intervencdes terapéuticas e preventivas que usam abordagens moleculares
como meétodo de triagem, aumentando o papel da genética no atendimento

clinico.
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CASE REPORT JBras Patol Med Lab. v, 53, 10 1 65-67, February 2017

Applications of electron microscopy in health:
the example of epidermolysis bullosa

Aplicacoes da microscopia eletronica em saiide: o exemplo da epidermolise bolhosa

Maiara A, Floriani'; Ana Elisa K. Bau' ™ Raquel P Silva’; Carla Graziadio™, Luiza Fmy Dorfman',
Tatiana D, Zen'; Rafael Fabiano M. Rosa?; Paulo Ricardo G. Zen'?
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A rmandade Santa Casa de Misericordia de Porto Alegre (ISCMPA), Rio Grande do Sul, Brazil.

ABSTRACT

We report the case of a patient with dystrophic epidermolysis bullosa (DEB) diagnosed by transmission electron microscopy (TEM),
emphasizing the applications and importance of this technique in the health area. The patient was a male, the only child of vouny and

non-consanguineous parents without similar cases in the family, The patient underwent a cutaneous biopsy in which TEM revealed sub-
hasal membrane involvement, confirming the diagnosis of DEB. Despite technological advances, TEM continues to play an important
role in diagnosis and clinical research and is considered the best option for confirmation of diagnosis and subtypes of diseases such as
epidermolysis bullosa (EB).

Key words: epidermolysis bullosa; epidermolysis bullosa dystrophica; epidermis; basement membrane; electron microscopy.

INTRODUCTION (Figure 2). An increased number of lesions appeared with the
patient growth, especially after puberty. At age 13, epidermal cysts

, , . . (milia) and dystrophic nails were also present. Dysphagia for solid
Our aim was to report the case of a patient with dystrophic : ‘

‘ . - . . foods and bleeding of the oral mucosa were also reported. Endoscopy
epidermolysis bullosa  (DEB), whose diagnosis was  reached “ ! . . P!
. < , o and colonoscopy were normal. He presented abdominal pain at age
through transmission electron microscopy (TEM), highliuhting the R . _
17 vears, being diagnosed with secondarv duodenal stenosis due
to an aorto-mesenteric impingement. The patient underwent a

duodenal-jejunal anastomosis suraery that progressed well, without
[ D el

applications and importance of this technique in health. The patient
was an 18-vear-old Caucasian man, the only child of voung and
non-consanguineots parents without similar cases in the family. . e
According to his mother, the bullous lesions appeared after 15 days of the occurrence of stenosis or constipation.

life, affecting the skin of hands, shoulders, elbows, back, knees, ankles

and feet, besides oral and nasal mucosa. Some of the lesions had
blood inside and the developed scars were atrophic (erythematous
in the region of the knees and feet). The lesions frequently get
infected, causing itching when dry (Figure 1), When the patient
wats S vears old he underwent a skin hiopsy, whose histopathological
analysis showed findings indicative of a subepithelial blister, with

only one intrapapillary projection in the central area. The adjacent

dermis showed mild edema and minimal lymphocytic infiltrate, A m
FIGURE 1 — Images of the patient’s hands and. feet showing blistering and scarring skin

Tt ek R PRSP HRE i ot i i el e, s 1

TEM performed from the biopsy of a bullous lesion caused by skin
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CASE REPORT

Description of clinical aspects and microscopy of the
hair shaft of a carrier of familial monilethrix

Descricdo dos aspectos clinicos e da microscopia da haste capilar
de um portador de monilétrix familiar

Maria Angélica T. Ferreira'; Jodo Francisco 0. Gonzales'; Bruna L. Diniz'; Maiara A. Floriani'; Ana Elisa K. Bau
Rosana C. M. Rosa'; Rafael Fahiano M. Rosa"%; Paulo Ricardo G. Zen"

1. Universidade Ferderal de Cicneias da Savide de Porto Alegre (UFCSPAY, Rio Grande du Sul, Brazil. 2. Hospital da Grianga Santo Amtdnio (HESA), Rio Grande do Sul, Brazil.
2 Irmandade Santa Casa de Misericordia de Porto Alegre (1ISCVPA), Rio Grande do Sul, Brazil.

ABSTRACT

Monilethrix is 4 genetic condition that affects the hair shaft. We describe a family with this disease, focusing on its clinical aspects and
microscopic hair characteristics. The patient was a 10-vear-old female with history of hypotrichosis. In addition to diffuse alopecia, there

was brittle hair, with ruptures in the hair shaft at ditferent levels. The hair had a nodular appearance at naked eve, Other family members
had the same symptoms, what indicates an autosomal dominant pattern of inheritance. Microscopic analysis revealed capillary fibers with

areas of elliptical nodular appearance interspersed with regions of dystrophic constriction.

Key words: monilethrix; hair; hypotrichosis; inheritance patterns; microscopy.

INTRODUCTION

Hair ahnormalities happen in childhood with some frequency
due to acquired and congenital conditions. When the problem is

in the hair shaft, these dystunctions can be ditferentiated by the
presence or not of increased fragility and breakage. Monilethrix
is an abnormality characterized by increased fragility of the hair
shaft', Its name originates from the combination of two words:

the Latin word “monile” (necklace), and the Greek “thrix™ (hair),
referring to the beaded aspect of the hair, which can be observed

under light microscopy'.
Monilethrix is a rare and non-syndromic genetic condition
which can present two different patterns of inheritance: an

autosomal dominant (OMIM 158000) and an autosomal recessive
pattern (OMIM 252200)%". 1t is clinically characterized by short
and fragile hair that breaks spontaneously or by friction ">, Hair
is normal at birth. However, the stem gains beaded or moniliform
appearance during the first months of life' > leading to periodic

phrtes it iyt nodUac anling RIS reh el

constrictions. These internodal regions are prone to breakdown,
which weakens the hair and may lead to alopecia™.

Our aim was to report the rare case of a family with monilethrix,
highlighting their clinical findings and, mainly, the microscopic

characteristics of the hair A 10-vear-old patient was referred for
eviluation due to spase hair. She was daughter of a 35-vearold
father and a 33-vear-old mother. The father had a similar hair

disorder. In addition, the paternal grandfather, an aunt, and two
paternal uncles were also affected (Figure 1), The child was born
by vaginal delivery, at term, weighing 3,530 grams and measuring
5 She wis anotic reauiring hanical ventilat

PRt B 4 e s b o

for her age. On physical examination, at the age of 10 vears, she

presented adequate anthropometric measurements (weight, height
and head circumference), as well as diffuse and irregular alopecia
with hair rupture at ditferent levels, which gave an appearance of
hvpotrichosis. Her hair had a nodular appearance and was brittle
(Figure 2). Her eyebrows and eyelashes were normal, as well as

HF& pajls {ﬁt@%ﬁlﬁi@]ﬁ'[%géc[%mqt;%%]i{sis of the hair showed stenosis
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EDITORIAL

The tip of the iceberg: what is hidden under the fragile X

Maria de Lourdes Chauffaille

Universidade Federal de Sao Paulo (Unifesp), Sao Panlo, Brazil; Flenry Medicing e Saide, Sao Panlo, Brazil.

The case report published in this issue by Floriani ef 2. (2017)", describing a tragile X syndrome (FXS) unexpectedly detected by
G-banding karyotvpe (G-bands after trypsin and Giemsa), seems like the view of the tip of the icebery,

The karvotype was the only available diagnostic test until 1990, when the FMRZ gene located at Xq27.3 was described. The
deoxyribonucleic acid (DNA) test replaced the karyotvpe and became the gold standard as it detects more the 997 of cases.

Fragile X is a constriction, gap or break detected on metaphase chromosome obtained from cultures with acid folic depleted medium.
Probably the methotrexate, an anti-folate drug, used to obtain high-resolution chromosomes explains the fragile site fortuitous detection
in this case. The aberration was then confirmed with appropriate medium culture, allowing the diagnosis.

Diagnosis with a preliminary test like karyotype means a shortcut and the reduction of costs with additional tests besides the early
reference of the family to genetic counselling. However, the molecular test must still be performed in the mother.

In fact, FXS is the most common inherited genetic syndrome causing mental retardation and autism spectrum in hoys. Its prevalence

in males is around 1:4000 and in females up to 1:6000. The higher frequency in males is because all men with the FURT gene full
mutation will present the disease, while some females will not have the physical, behavioral and cognitive features.

The genetic cause is 2 mutation of the FUR 7 gene: a trinucleotide repeat expansion [cytosine-guanine-guanine (CGG), or triplets]
to maore than 200 repeats [detected by polymerase chain reaction (PCR) | and abnormal methvlation. The hypermethylation (detected by
Southern blot test) silences the fragile X mental retardation protein (FMRP) synthesis.

In normal individuals, the triplets are between 6 and 45. However, when an allele size from 55 to 200 is detected, it is named
premutation. Females with premutation are at risk of having children (male and female) with XS according to the size of the triplets:

the larger the number, the higher the risk of expansion to full mutation.

Premutation are unmethylated, so male with permutation do not present FXS, but suffer 2 neurodegenerative disorder: the fragile X
tremor ataxia svndrome (FXTAS), manifested later in lite. Around 25% of female with premutation present primary ovarian failure (POF)
{menopause before 40 years) and present infertility (FXPOI).

Besides that, around 2% of the individuals present an intermediate allele size or grey area with 45-54 repeats that do not cause disease,
Intermediate allele may rarely expand to premutation in future generation.

Therefore, the genetic counselling of the family is of fundamental importance in order to avoid new cases, to orjent the female
relatives about infertility or early menopause, to detect adult neurological symptoms of FXTAS and to detect male and female relatives

with developmental, cognitive and learning disabilities.
Moreover, 4 FXS child is eligible for special education including speech and language, behavior and cognition, among others,

Fortunately, the karvotype provided the view of tip of the icebery, now its size and move require to be monitored by additional medical
dttention.
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EDITORIAL

Standards for the diagnosis and treatment of chronic
myeloid leukemia

Paulo Campregher

Lahoratirio de Genética Molecular do Hospital Israelita Albert Finstein. Sao Paulo, Brazil.

Myeloproliferative disorders are a uroup of clonal mveloid neoplasms characterized by increased proliferation of myeloid cells with preserved
cell differentiation. The molecular features of myeloproliferative neoplasms have been efficiently mapped in the last decades™. Chronic myeloid
leukemia (CML) is a myeloproliferative neoplasm defined by the presence of t(9;22)(q34:q11), a BCR-ABL1 gene fusion, and characterized by
three distinct clinical-laboratorial phases: a chronic phase (CP) with leukocytosis, left shift, basophilia, eosinophilia, thrombocytosis, and no
increase in blast counts; an accelerated phase (AP) characterized by increasing in blast count and additional cytogenetic changes; and a blastic
phase (BP) characterized by more than 200 blasts in the bone marrow. The management of CML represents one of the major advances in the
history of medicine with the transformation of a highly lethal condition into a chronic disease managed, most of the times, with one pill 4 day.
Although rare, with an incidence of 1.6 per 100,000, the estimated S-year survival of CM1L in CP used to be 6% before 1975, After the discovery of
tyrosine kinase inhibitors for CML treatment the S-year survival became 877 since 20017, The correct diagnosis and monitoring of CML involve
distinct Taboratorial techniques such as complete blood counts, bone marrow morphological analysis, conventional eytogenetics, fluorescence
in sitie hybridization and real time polymerase chain reaction (PCR). In order to achieve this highly successtul treatment strategy, the correct
dizgnosis and laboratorial monitoring are crucial.

Inn this edition of the Jornal Brasileivo de Patologia e Medicina Laboratorial (JBPML), the paper of Dorfman ef al. (2018)"" presents 4
review of several aspects of CML. The paper covers diagnostic approaches, the importance of cytogenetic and molecular analysis, the three clinical
phases of the disease, a summary of the three generations of tyrosine kinase inhibitors approved for CML treatment and monitoring strategies,
including molecular criteria for determining treatment success and failure. The anthors also include the cvtogenetic and molecular anatomy of
1(9:22)(q34:q11) and BER-ABLT aene fusion with some of their variants. This information is essential for professionals working with diagnosis
and monitoring of these patients, since discrepancies between cytogenetic and molecular analysis often pose a challenge to clinical pathologists in
the diagnosis and also for treatment definition by hematologists'™, and a deep understanding of the possible molecular variations can be helpful
in this context.

[ summary, the review presented hy Dorfiman ef al. (2018)" is a helpful resource for hematologists and pathologists dealing with diagnosis,
monitoring and treatment of CML patients. It also serves as a useful source for students and professionals in need of a first contact with CML, since
it comprehensively describe the main clinical and laboratorial aspects of this disease,
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Evaluation of the fetal urine sample through
vesicocentesis: an approach to diagnostic and
therapeutic application

Avaliacdo da urina felal por meio da vesicocenlese: uma abordagem com
aplicacao diagndistica e terapéutica
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ABSTRACT
We report the case of 1 fetus with mega-bladder and suspected lower urinary tract obstruction (LUTO). The 20-week pregnancy ultrasound
scan showed absence of amniotic fluid (anhydramnios), enlarged bladder, and narrowing of the urethra in the proximal region. At 21 weeks
of gestutional age, vesicocentesis was performed for relief of obstruction and analysis of biochemical of the fetal urine and karyotyping
was carried out, which presented normal result (46,XY). This technique is indicated in cases of severe oligohvdramnios or difficulty of
placental access and has diagnostic and therapeutic function.

Key words: karvotvpe; urethral diseases; nephropathy; urological diagnostic techniques.

CASE REPORT was normal. The 25-week ultrasound also showed severe ascites,

pericardial effusion, fetal bladder walls thickening, and the right
kidney with diminished dimensions (Figure 2). The infant was

VoG, was @ 21-vear-old pregnant woman for the first time ) ) . ) L
horn throush vaginal delivery, at 27 weeks of pregnancy, weighing

referred for the high-risk prenatal care due to an alteration in~ _ . AT ‘
1,960 grams and Apgar scores of 1 at first and fifth minutes. The

obstetrical ultrasound. There was an image suggestive of mega- i )
infant had a significant abdominal distention and upper and lower

bladder. The 20-week ultrasonography (USG) examination showed e ‘ ‘ .
ot s mmint i i) st ORI ARGRR S5l e rtors e and

suugestive of lower urinary tract obstruction (LUTO). At 21 weeks

of gestation the fetal bladder was punctured for relief of obstruction,
and biochemical and karvotype analysis of the material was
performed. The volume of fetal urine removed was 282 ml. There
were no complications during or after the procedure. The karvotvpe
was normal (46.XY). The biochemical analysis showed the
following results: potassium: 3 mEg/1 (reference value: < 3 mEq/1);
sodium: 109 mEg/1 (reference value: < 100 mEq/1), and chlorides:
93 mEq/! (reference value: < 90 mEq/1), indicative of renal damage.

second-trimester ultrasound showed absence of amniotic fluid;  FicurRr 1 — 222000k wltrasownd scan showing distended bladder (4) and the keybole
increased echowenicity of the renal parenchyma, and distended — sign (15, suggestive of the LUTO (see white arrows)
bladder with “kevhole siunal” (Figare 1). Fetal echocardiography 2070 fower wrineny iracd obstruction
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Increased levels of chitotriosidase in a patient with
Alagille syndrome: association or coincidence?

Aumento dos niveis de quilotriosidase em um paciente com sindrome de Alagille:
associacdao ou coincidéncia?

Bruna L. Diniz; Maiara A. Floriani; Maria Angélica T. Ferreira; Jodo Francisco 0. Gonzales; Nathan H. Lishoa; André Ricardo Jakimiu
Janaina Yacy H. Ferreira; Rafael Fabiano M. Rosa; Paulo Ricardo G. Zen

Universidade Federal de Cidneias da Saide de Porto Mlegre (UFCSPA), Rio Grande do Sul, Brazil.

ABSTRACT

We describe o case of a kmemmt 1 Alagille syndrome (AS) presenting an increased level of the enzyme chitotriosidase (ChT), evaluating

factors that could justi

the uld[mnshnth\mn AS and ChT. He was a male patient with cholestatic jaundice, Tuml dysmorphia and

congenital heart disease who presented a brief septicemia. He underwent liver biopsy and analyses for inborn errors of metaholism 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 disease with variable clinical manifestations
that may involve different organs and systems' ?, Tts first
description occurred in 1969, hy Alagille ef al.™, and it was also
subsequently reported by Watson and Miller, in 1973, However,
the dialunmtic criteriat were only established by Alagille ¢/ «/. in

Y7570 e e rslade phha RO D e

111“01\-ement. this frequency increases to 1:30,000" . This disease

is mainly caused by mutations in JAGL (AS type 1) (about 90%
of cases) and NOTCH2 genes (AS type 2)
clinical feature in most patients is the presence of neonatal liver
distsaswiteenibieatsddumeshitinbjnestittitcholesksishsed 0!
of chitotriosidase (ChT), evaluating factors that could explain the

' The first prominent

relationship between AS and Ch'T.

The patient was a boy aged | month and 3 days, with a
history of cholestatic jaundice. He was the first child of 4 voung

and non-consanguineous couple, with no family history of
venetic diseases. The mother has a previous history of a stillbirth
and two gestational losses. The westation of the patient was
uneventful. His prenatal serologies were negative. The mother
reported smoking throughout pregnancy (mean of 10 cigarettes
Prindatrepcipagsiong ateoholjutake chrpaticeh o

fetal distress, weighing 1,460 grams, measuring 42 cm, with

head circumference of 24.5 em and Apgar scores of 5 and 7 &

first and fifth minutes, respectively. At birth, septicemia dl]d
respiratory failure were verified. Cholestasis was also diagnosed
o, Tep gernia priase tedLedhoritioagiibiovs: Sateun dwisiitd
an increase in the levels of aspartate aminotransferase (AST or
GOT) (150 U/ = reference values: 14 to 42 U/D), slutamic pyruvic

First submissivm on 10724717, Tast submission on 120717 accepted for publication on 12/07/17; published v 02720018
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CASE REPORT 1 Bras Patal Med Lab, v 53,0, 2, i 108109, April 2017

Report of a patient with fragile X syndrome
unexpectedly identified by karyotype analysis

Relato de um paciente com a sindrome do X fragil identificada
de forma inesperada por meio do cariotipo

Maiara A, Floriani'; Marcelo R. Vilas Boas'; Rafael Fabiano M. Rosa*; Patricia Trevisan'; Luiza Emy Dorfman';
Rosana C. M. Rosa'; Tatiana D. Zen'; Paulo Ricardo G. Zen'

1. Universidade Federal de Cieneias Jda Savide de Porto Alegre (CFCSPA), Rio Grande do Sul, Brazil.
2. Compleso Hospitalar Santa Gasa de Porto Alegre (CHSCPA), Rio Grande do Sul, Brazil.

ABSTRACT

Fragile X syndrome is considered the main known cause of inherited learning disabilities and it is characterized by mutations in the

FMRT gene. Our aim was to report an unexpected detection of d][duem with fragile X syndrome by GTG-Banding karyotvpe ana ]\\1\
(G-hands after trypsin and Giemsa). The kllmm pe analysis identified Xq27.3 lumlm in 17% of the metaphases lm(ll\ad and in 34%

when using TC 199, consistent with the eytogenetic diagnosis of the syndrome, This case was the sole one Lo present the [ra(X) tests in the
hiuh-resolution karyotype analysis in our care service, contributing to future diagnoses of patients with history of developmental delay.

Key words: karvotype; fragile X syndrome; intellectual disability; chromosomal fragile sites.

INTRODUCTION the same fragile site in 54% of the metaphases analyzed, which
confirmed the diagnosis (Figure) ™.

Fragile X syndrome is considered the main known cause of

inherited learning disability and it is characterized by mutations

in the FMRT gene'”. Our aim was to report an unexpected E 4( ' l' ' L p
detection of a patient with fragile X syndrome by GTG-Banding b o i 'l‘ : wl W e -
karyotype analysis (G-bands after trypsin and Giemsa). The ! " ‘ q
patient was @ 2-year-old boy with history of wumps\dlomoml > 4 : ' - e
developmental delay. He was the second child of voung parents, V.
with no similar family historv. His pregnancy was uneventful, b rumfm i Tra{X}q27.3)

The child was born by normal delivery at term, weighing 3,200 ¢

and measuring 49 cm. He evolved with developmental and speech  FIGURE — 72 artial GIG-Banding karyobypes (= 550 bands) showing a normal X and
o o ) Jragile X {frarXpig27 3] chiomosomes
delay. Physical examination showed broad forehead, triangular

Ceitlte: G-baiicds after ipsin aad Glemse: p: short ain; q: long ari.
{lCe epicanthal folds, and )1()muhcilt tl}l\ HlUP resolution ?T(,
e Kiryorpe anansis (> 550 bands) made from peripherdl
blood by the modified method of Yunis (1981)*', using culture

medium Roswell Park Memorial Institute medium (RPMI) 1640

Lubs (1969) was the first to identify this chromosomal

abnormality in individuals with fragile X syndrome, which he
(Invitrogen), identified spontaneous fragility of the region q27.3  Called "X chromosome marker™. This alteration was more

of X chromosome in 17% of the 53 metaphases analyzed, which — frequently verified when using the TC 199 medium®. Currently,

Sirsonsists e disgnasingl sl e preoms)- bisther e diaanosis of fructle X ssndyas s more drequentl peyformed

Virstsubrmissionron 19/09/16; [ast subiission on 13/12/16; accepted for publication on 28/12/16; published v 20,0417

108

10.3935/1676-2444.200 70017



REVIEW ARTICLE

The role of cytogenetics and molecular biology in the
diagnosis, treatment and monitoring of patients
with chronic myeloid leukemia

0 papel da citogenélica e da biologia molecular no diagnaostico, no tratamento e no
moniloramento de pacientes com leucemia mieloide cronica

Luiza Emy Dorfman'; Maiara A. Florfani'; Tyana Mara R, D. R, Oliveira'; Bibiana Cunegatto’; Rafael Fabiano M. Rosa'; Paulo Ricardo G, Zen"*

1. Universidade Federal de Ciéncias da Sadde de Porto Alegre (CFCSPA), Rio Grande do Sul, Brazil.
2. Complexo Hospitalar Santa Casa de Parto Alegre (CHSCPA), Rio Grande do Sul, Brazil.

ABSTRACT

Chronic myeloid leukemia (CML) is the most common myeloproliferative disorder among chronic neoplasms, The history of this disease joins
with the development of cytogenetic analysis techniques in human. CMLwas the first cancer to be associated with a recurrent chromosomal

alteration, i reciprocal translocation between the lony arms of chromosomes 9 and 22 — Philadelphia chromosome. This work is an updated
review on CML, which highlights the importance of cytogenetics analysis in the continuous monitoring and therapeutic orientation of this
disease. The search for scientific articles was carried out in the PubMed electronic database, using the descriptors “leukemia”, “chronic
myeloid leukemia”, “treatment”, “diagnosis”, “karvotype” and “cytogenetics”, Specialized books and websites were also included. Detailed
cytogenetic and molecular monitoring can assist in choosing the most effective drug for each patient, optimizing the treatment. Cytogenetics
plays a key role in the detection of chromosomal abnormalities associated with malignancies, as well as the characterization of new
alterations that allow more research and increase knowledge about the genetic aspects of these diseases. The development of new drugs,
through the understanding of the molecular mechanisms involved, will allow 4 possible improvement in the survival of these patients.

Key words: BCR-ABL positive chronic myeloid leukemia; leukemiy; cvtogenetics; karyotype; Philadelphia chromosome; therapeutics.

CML is characterized by clonal expansion of hematopoietic
progenitor cells, resulting in increased circulating cells of

INTRODUCTION

— . o . , granulocytic lineage. The characteristic symptoms of this diseuse
Chronic myeloid leukemia (CML) is a rare type of neoplasia, : :

. are chronic fatigue, weight loss, bleeding and fever; whereas
with incidence of 1-2 cases per 100,000 individuals annually. o e . 7
s . v signals are anemia, granulocytosis, and immature granulocytes,
CML is the most common chronic myeloproliferative neoplasms, ) . )
‘ o e ) o e presence of basophils, thrombocytosts and splenomegaly™.
representing 0.5% of all new cancer cases in the United States',

This represents 15% of all leukemia in adults and is more commaon The first treatments for CML provided a significant

in men than women (1.3-1.7 compared to 1.0)". The National — improvement in the quality of life at the chronic phase disease.

] Bras Patol Med Lab, 2018 Apr; 54(2): 83-91.

Institutes of Health (NTH) estimates that, in 2017, there will
be 8,950 new cases of CML and approximately 1,080 people
st i i s disenos-on SO THION WIRILE diawpsss]
vears and only 10% of patients are diagnosed with less than 20 vears

of age'™",

For several vears, the only treatment available for patients was
hematopoietic stem cells transplantation®™. The development of

Abeeneticasssanehdnlbivg e BhiAdstebir dempepecud

for the CML treatment, making it more accurate and effective, The
aim of this article is an updated review about CML, highlighting

First subrmissioaron 0829717, Last subnission on 02/16/18; accepted for publication on 02/19/18; published v 04/20/18
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CASE REPORT
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Use of the fluid obtained by puncture of cystic
hygroma: an alternative method for fetal karyotyping

Uso do fluido obtido por puncdo do higroma cistico:
meélodo alternativo para cariotipagem fetal

Maiara A. Floriani'; Luiza E. Dorfman’; Dayane B. Koshiyama'; Tatiana 1. Zen'; Jorue Alberto B. Telles’;
André C. Cunha; Pavlo Ricardo G. Zen'; Rafael Fabiano M. Rosa"

1 Universidade Federal de Ciéneias da Sadde de Porto Alegre (LFCSPAL, Rio Grande do Sul, Brazil, 2, Hospital Materno-Infantil Presidente Vargas (HMIPV), Rio Grande do Su

Brazil. 3. Complexo Hospitalar Santa Casa de Porte Alewre (CHSCPA), Rio Grande do Sul, Brazil.

ABSTRACT

The uim of our study wim was to report the case of i fetus with Turner syndrome (TS) diagnosed by karyotvpe [rom cystic hygroma (CH)
tluid. highlighting the applications and importance of this procedure. First-trimester screening revealed an increased nuchal translucency

measurement, cervical cystic hygroma and head and trunk subcutaneous edema. The presence of oligohydramnios prevented the

performance of amniocentesis. We performed puncture of the CH for fetal karvotyping, which revealed X-chromosome monosomy (45,X),
compatible with TS, Therefore, the use of CH fluid as an alternative sample for fetal karyotyping may be considered when conventional

invasive procedures can not be pertormed.

Key words: karyotvpe; cystic lymphangioma; Turner syndrome; chromosome abnormalities; genetic counseling.

CASE REPORT

The aim of our study was to report a fetus with Turner
syndrome (TS) diagnosed by karvotype from cystic hygroma
(CH) fluid, emphasizing the applications and importance of this
procedure. A 38-vear-old healthy pregnant woman was in her third
pregnancy and had a history of two previous miscarriages (all
occurred during the first trimester). There was no family history
of birth defects or genetic disorders. First-trimester screening
revealed an increased nuchal translucency measurement (7 mm),
cervical cystic hygroma and head and trunk subcutaneous edema.

ocilesmsrila ot dnlden e tisioinalnbamaios; whigh

of pregnancy, a puncture of the CH was held for fetal karyotyping,
following a long-term culture. Chromosomal analysis showed a
X-chiromosome monosomy - 45 X[21], consistent with 5. At 21
weeks, there was no fetal heartbeat and spontaneous elimination
of the fetus occurred two days later.

TS is a multisystemic disorder characterized by partial
or total X-chromosome monosomy, seen in 1:2,500-3,000

horn alive females. Tt can be diagnosed at different life stages,

including the intrauterine period. Ultrasound findings, such
as CH and hydrops, may assist in its detection'. Prenatal
diagnosis is usually performed by karvotvpe analysis from
amniotic fluid samples. However, as found in the present
report, this type of sumple or even fetal blood by cordocentesis
hecomes unable to obtain due to obstructions hy large cvsts or
oligohydramnios'".

The use of CH fluid, obtained through direct hyeroma
puncture, can he used as an alternative procedure’”. Fetal CH is
characterized by single or multiple lvmphatic congenital cvsts

i orten fund gsosiatebw Bomblichiiempeedue dieiglag

multiloculated, it is possible to puncture and analyze different
regions (especially due to the possibility of mosaicism). The
karvotype is performed through lvmphocyte culture from cystic
cells that has a mitotic index and metaphases quality compatible
with a blood lvmphocyte culture. The karyotype test results using
CH puncture are obtained in four days, while by amniocentesis

they range from 14-24 days™ (Figures 1 and 2).
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