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Resumo

A sindrome de Turner (ST) é caracterizada primariamente pelo cariotipo 45,X, mas
podem ocorrer linhagens celulares incluindo o cromossomo Y. A precisa
identificacdo do cromossomo Y nessas pacientes é de grande importancia clinica
devido a um aumento no risco de tumores gonadais. A alta frequéncia de
mosaicismo na ST faz dessa sindrome um importante modelo para investigagcdo do
efeito dos polimorfismos dos genes da rota do folato como fatores de risco a n&o
disjuncdo cromossdmica somatica. Alteragcbes no metabolismo do folato podem
promover aneuploidias por um efeito indireto sobre os padrbes de metilacdo do
DNA. Neste trabalho reportamos a frequéncia de mosaicismo criptico do
cromossomo Y e sua associagédo clinica, como também a descrigdo de uma
alteracdo cromossOmica rara. Adicionalmente, foi investigada uma possivel
associagao entre os polimorfismos de genes da rota do folato e o risco de né&o
disjuncdo cromossémica somatica na ST. A presenga de mosaicismo oculto do
cromossomo Y foi detectada em 2,7% dos casos, os quais mostraram genitalia
feminina normal sem sinais de virilizagdo ou desenvolvimento tumoral. Assim, a
busca de sequéncias do Y deve ser realizada na ST independente do cariétipo e/ou
sinais clinicos. Nao foi possivel estabelecer uma associagcao entre os polimorfismos
dos genes MTHFR, MTR, RFC1 e TYMS, independentes ou combinados,
modulando o risco de n&o disjuncdo somatica na ST, demostrando que
polimorfismos nesses genes, envolvidos na rota do folato, podem n&o representar
uma importante contribuicdo para os mecanismos de geragao das aneuploidias.

Palavras-chave: Aneuploidia; gonadoblastoma, hipometilagdo do DNA;
Monossomia do cromossomo X.



Abstract

Turner syndrome (TS) is primarily characterized by the 45,X karyotype, but can occur
cell lines including the Y-chromosome. The precise identification of Y-chromosome in
TS patients is of great clinical importance due to an increased risk of gonadal tumors.
The high frequency of mosaicism in TS makes this syndrome an important model to
investigate the effect of genetic polymorphisms in folate pathway as risk factors to
somatic non-disjunction. Changes in folate metabolism can promote aneuploidies by
an indirect effect on the DNA methylation patterns. In this work was reported the
frequency of Y-chromosome hidden mosaicism and its clinical association, and also
described a rare chromosomal alteration. Additionally, a possible association
between gene polymorphisms in folate pathway and the risk of somatic chromosome
non-disjunction in TS was investigated. The presence of hidden Y chromosome
mosaicism was detected in 2.7% of cases, which showed normal female genitalia
without signs virilization or tumor development. Thus, the search for Y sequences
should be held at TS regardless of the karyotypes and/or clinical signs. We could not
establish an association between polymorphisms of MTHFR, MTR, RFC1 and TYMS
genes, independent or combined, modulating the risk of somatic non-disjunction in
TS, showing that polymorphisms in these genes, involved in folate metabolism, may
not represent an important contribution to the generation mechanisms of

aneuploidies.

Keywords: Aneuploidy; gonadoblastoma, DNA hypomethylation; X-chromosome

monosomy.
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1. Introducao

A Sindrome de Turner (ST) € a unica monossomia compativel com a vida,
caracterizada clinicamente pela baixa estatura, disgenesia gonadal, atraso puberal,
além de diversos estigmas clinicos. Citogeneticamente, a sindrome é determinada
pelo caridtipo 45,X em 50% a 60% dos casos, o restante apresenta outras alteracdes
estruturais do cromossomo X ou Y e / ou mosaicismo. Contudo, devido a alta
frequéncia de abortos espontaneos 45,X, tem se postulado que a presenca de um
segundo cromossomo sexual & essencial para a sobrevivéncia do feto e, por
conseguinte, virtualmente todas as pacientes com ST s&o mosaicos e devem
apresentar mais de uma linhagem celular.

Estudos tém demonstrado que 5 a 12% das portadoras da ST apresentam
um cromossomo Y normal ou estruturalmente alterado. Além disso, tem sido
postulado que devido as limitagbes inerentes a algumas técnicas citogenéticas
classicas, o mosaicismo criptico para o cromossomo Y pode ser mais frequente
que o reportado na literatura. Diversas abordagens vém sendo utilizadas para
detectar mosaicismo criptico para o cromossomo Y, porém os resultados sao
extremamente variaveis levando a uma controvérsia em relacido a real incidéncia
de material derivado do cromossomo Y e seu significado clinico. A detecgao de
sequéncias do Y nessas pacientes é de crucial importancia clinica, pois resulta em um
maior risco para o desenvolvimento de virilizagdo e tumores gonadais, sendo
recomendada a realizagdo da gonadectomia bilateral profilatica quando material
derivado do cromossomo Y € detectado no genoma das pacientes com ST e disgenesia
gonadal.

A ST é considerada uma das aneuploidias mais comuns em seres

humanos, ocorrendo em 1:2500 nascimentos femininos. De modo geral, as
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aneuploidias cromossémicas formam uma importante categoria de doengas
genéticas que respondem por 35% dos insucessos reprodutivos, malformagdes
congénitas e uma proporc¢ao significativa dos casos de retardo mental. Embora o
avango da idade materna seja o principal fator etiologico associado a ocorréncia
de conceptos aneuploides, estudos sobre a segregagdo meiotica tém mostrado
que a hipometilacdo do DNA, causada por alteragdes no metabolismo do folato,
pode estar associada a ndo disjungao cromossomica.

Folatos sdo nutrientes essenciais requeridos na sintese de nucleotideos e
nas reagdes de metilacdo do DNA. Deficiéncias de folato celular resultam em
quebras cromossdmicas, padrao aberrante de metilacgdo do DNA e aneuploidia.
As alteragbes no metabolismo do folato, ocasionada por polimorfismos genéticos,
podem promover falhas na segregagdo cromossémica por um efeito indireto na
metilacdo do DNA, afetando a estrutura da cromatina. Diversos estudos tém
investigado a possivel associagdo do folato e o risco de aneuploidia, contudo,
apesar de consideraveis esforcos nesta area, os resultados sao frequentemente
conflitantes ou inconclusivos, mantendo a questao nao resolvida.

A alta frequéncia de mosaicismo nas portadoras da ST faz dessa sindrome
um importante modelo para investigar o efeito dos polimorfismos de genes da
rota do folato como fatores de risco a ndo disjungdo cromossGmica somatica. A
analise de polimorfismos funcionais que afetam o padrao de metilacdo do DNA na
ST podera contribuir para o entendimento do papel que estes marcadores possam
desempenhar na correta segregacdo cromossémica, além de representar uma
importante evidéncia de um componente genético associado a origem das

aneuploidias.
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2. Revisao da Literatura

2.1 Sindrome de Turner

A sindrome de Turner (ST) foi descrita em 1930 por Otto Ullrich e posteriormente
por Henry Turner, que em 1938 publicou a descricdo da triade: infantilismo sexual,
pescogo alado e cubito valgo em pacientes do sexo feminino com baixa estatura. No
ano de 1959, Ford et al. demonstraram que a sindrome estava vinculada a monossomia
do cromossomo X (Apud Lipay et al., 2005).

A ST consiste em um dos mais prevalentes disturbios cromossdmicos
humanos, sendo caracterizada pela auséncia total ou parcial de um cromossomo
sexual. Esta sindrome afeta aproximadamente 1:2500 nascimentos femininos
(Stochholm et al., 2006), entretanto o numero de recém-nascidas corresponde a
uma pequena fracdo dos conceptos com ST, uma vez que, embora 1,5% de todas
as concepgoes femininas na espécie humana tenham a constituicio
cromossOmica 45,X, aproximadamente 99% destas s&o espontaneamente
abortadas. Esse fato tem levantado a hipotese de que para ser viavel, o concepto
45,X deve possuir outra linhagem celular ao menos em alguns 6rgaos ou periodos
embriogénicos criticos (Oliveira et al., 2009).

Recentemente, apoiado em estudo prévio que demonstrou a necessidade
obrigatéria do gene PSF2RA, localizado na regido pseudoautossémica dos
cromossomos X e Y, para a viabilidade da placenta (Urbach e Benvenitsy, 2009),
Hook e Warburton (2014) reforcaram que todos os individuos com ST sdo na
verdade mosaicos cripticos. Dessa forma a monossomia do cromossomo X em
embrides viaveis € causada pela ndo disjungdo mitética, ou seja, erros pos-

zigoticos.
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Citogeneticamente, a ST € primariamente determinada pela monossomia do
cromossomo X com o cariétipo 45,X ocorrendo em 50% a 60% dos casos (Figura 1).
Alteragbes estruturais do cromossomo X, como isocromossomo do brago longo,
delegcdes, cromossomo em anel estdo presentes em aproximadamente 30% dos
casos, com cariétipos homogéneos ou mosaicos que incluem uma linhagem
celular 45,X (Oliveira et al., 2009; Bispo et al., 2013; Freriks et al., 2013). Poucos
casos apresentam cariotipos complexos que incluem a formagdo de
cromossomos X derivativos (Burégio-Frota et al., 2010). Recentemente, Denes et
al. (2015) reportaram que contario a populagdo normal em que o surgimento de
linhagem celulares aneupldides esta presente no processo de envelhecimento
celular, o percentual de linhagens celulares diploides (46,XX ou 46,XY) aumentou
em um grupo de pacientes ST analisadas apés um periodo de 10 anos,
demostrando que a constituigdo cromossémica pode alterar ao longo do tempo e

por conseguinte, aumentar a expectativa de vida dessas pacientes.
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Figura 1. Cari6tipo mais comum na ST - 45,X. (Fonte: Caso analisado no presente estudo)
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As portadoras da ST frequentemente apresentam uma segunda linhagem
celular, que pode incluir o cromossomo Y normal ou estruturalmente alterado em
5 a 12% dos casos (Liehr et al., 2007; Bispo et al., 2013; Freriks et al., 2013).
Entretanto, analises citogenéticas classicas podem ndo detectar cromossomos
estruturalmente anormais se os mesmos sao muito pequenos ou raros. Assim,
tem sido proposto que mosaicismo oculto, para pelo menos parte do cromossomo
Y, pode estar presente mais frequentemente.

Varios estudos tém demonstrado uma frequéncia de material derivado do
cromossomo Y em pacientes com ST variando de 0 a 61%, dependendo da
abordagem metodologica (Bianco et al., 2006; Araujo et al., 2008; Salai et al.,
2010; Knauer-Fischer et al., 2015). A identificacdo precoce de sequéncias derivadas
do cromossomo Y em pacientes com ST € de grande importancia clinica, devido a
um aumento no risco de tumores gonadais, como gonadoblastoma e virilizagao,
quando o cromossomo Y (ou parte dele) esta presente no genoma dessas
pacientes (Bianco et al., 2006; Brant et al., 20006).

O quadro clinico da ST consiste de baixa estatura e disgenesia gonadal,
levando a atraso no desenvolvimento puberal, amenorreia primaria e esterilidade
em pacientes com genitalia claramente feminina. Também podem ocorrer anomalias
cardiovasculares (principalmente coarctacdo da aorta e defeitos no septo
ventricular) e renais (como rins em ferradura e agenesia renal), deficiéncia
auditiva, hipertensdo, osteoporose e obesidade, além de dismorfias como
pescogo curto e / ou alado, linfedema de méaos e pés, térax largo e em escudo,
cubito valgo, implantagao posterior dos cabelos baixa, orelhas proeminentes e de
implantacao baixa, palato arqueado, encurtamento do quarto e quinto metacarpos

e metatarsos, ptose palpebral e nevos pigmentados (Figura 2) (Oliveira et al.,
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2009; Gonzalez e Witchel, 2012; Bispo et al., 2013). Além disso, um aumento na
incidéncia de autoanticorpos tem sido observado nestas pacientes, bem como
uma elevada frequéncia de doencgas autoimunes, particularmente tireoidite de
Hashimoto, doenga celiaca e diabetes mellitus (Mortensen et al., 2012; Goldacre e

Seminog, 2014).
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Figura 2. Quadro clinico da sindrome de Turner. A. Diagrama com os principais estigmas
clinicos da ST. B. Paciente com ST. (Fonte: Adaptado de Vogel e Motulsky, 1996; Sybert
and McCauley, 2004).

Diferente de outras sindromes cromossOmicas, com exce¢ao da baixa
estatura que parece ser uma caracteristica geral, as portadoras da ST
apresentam caracteristicas clinicas extremamente variaveis. As consequéncias
fenotipicas da ST podem ser explicadas pela haploinsuficiéncia de genes do
cromossomo X que escapam da inativagdo, assim uma unica cépia do material
genético seria incapaz de efetuar as fungbes normalmente desempenhadas em

diploidia, prejudicando o desenvolvimento humano normal, e / ou pelo imprinting
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geneético, definido como um fendmeno epigenético, em que certos genes se
expressam exclusivamente em um dos cromossomos parentais. Neste caso, a
perda do cromossomo X nao ‘“imprintado” resultaria na auséncia total de
expressao de genes especificos em algumas células (Ubach e Benvenisty, 2009;
Lepage et al., 2012).

A ST é geralmente uma condi¢do esporadica e nio relacionada a idade materna,
de fato em 70% a 80% dos casos a ST € causada pela ndo disjungéo do par XY na
meiose paterna. Geralmente o erro ocorre na meiose | da espermatogénese,
possivelmente refletindo a auséncia de pareamento ao longo do bivalente X-Y com
maior vulnerabilidade ao processo de ndo disjungéo. Estudos das aneuploidias sexuais
resultantes de erros na espermatogénese evidenciam que os pais das portadoras de ST
S80 mais propensos a produzirem espermatozdides com perdas cromossémicas
(Uematsu et al., 2002; Zhong e Layman, 2012).

Alguns estudos demonstraram que a origem parental do cromossomo X na ST
pode influenciar o fenétipo de acordo com o cromossomo X conservado. Diferengas
fisicas e comportamentais entre pacientes com 45,X" materno e 45,X" paterno indicam
a existéncia de imprinting genético na expressdo de alguns genes envolvidos nas
anomalias cardiovasculares e renais (Chu et al., 1994), fungbes sociocognitivas e
volume cerebral (Cutter et al., 2006; Ergur et al., 2008), perfil lipidico aterogénico (Sagi et
al., 2007) resposta ao horménio do crescimento e perda de audicdo (Hamelin et al.,
2006). Além disso, fetos abortados apresentam maior incidéncia de 45,X", evidenciando
que o imprinting genético pode exercer uma importante fungdo na eliminagao de fetos
com ST (Martinez-Pasarell et al.,1999). Entretanto, o verdadeiro impacto do imprinting
parental do cromossomo X na ST permanece controverso, uma vez que recentes

estudos ndo conseguiram replicar essas associagdes (Denernay ef al., 2012; Lepage et
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al., 2012; Lee et al., 2014).

Os mecanismos precisos da etiologia genética da ST ainda nao foram
completamente elucidados. Padrbes alterados de expressao transcricional dos
genes localizados nas regides pseudoautossdmica dos cromossomos sexuais (PAR1
e PAR 2) (Figura 3) sao fortes candidatos responsaveis pelo fenttipo da ST. A maioria
dos genes das PARs que escapam do processo de inativagéo estao localizados em Xp,
onde 24 genes foram identificados comparados com apenas cinco em Xg, assim &
esperado que alteragbes estruturais envolvendo Xp resultem em fendtipos mais

severos (Mortensen et al., 2012).
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Figura 3. Principais regides dos cromossomos sexuais X e Y. Regibes pseudoautossémicas
(PAR1 e PAR2); SHOX, gene homeobox da baixa estatura (cromossomo X); SHOXY,
gene homeobox da baixa estatura (cromossomo Y); SRY, locus de determinacao
sexual (Fonte: adaptado de Gardner e Sutherland, 2004).
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Em um estudo com células tronco embrionarias pluripotentes oriundas de
fetos ST foi observado que os genes pseudoautossdmicos ASMTL (relacionado a
atividade das metiltransferases) e PPP2R3B (envolvido no controle do ciclo
celular) sdo expressos em niveis significativamente mais baixos quando

comparados com células normais (Li et al., 2012). Rajpathak et al. (2014)
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compararam o perfil global de transcriptoma em fibroblastos humanos com
cariotipos 45,X e 46,XX e identificaram diferentes padrées de expressdo em 116
genes associados a diferenciagdo Ossea, metabolismo da (glicose e
desenvolvimento gonadal. Adicionalmente, foi reportado diferengas na expressao
de RNAs longos ndo codificantes, potencialmente envolvidos na supressao
tumoral, nas linhagens monossémicas, demonstrando que a regulagdo da
expressdo génica pode ser um mecanismo importante para a definigdo do
fendtipo Turner. De modo geral, o consenso atual é que a base genética da ST é
bem mais complexa que antes postulado e provavelmente envolve a interagdo de
diferentes processos como haploinsuficiéncia, inativagdo do X, imprinting e
diferengas nos padrboes de expressdo e metilagdo génica (Li et al., 2012,
Rajpathak et al., 2014).

A baixa estatura € um dos principais estigmas clinicos associados a ST e afeta
95% a 99% das portadoras, sendo caracterizada pelo retardo do crescimento que
comega na vida intrauterina, persiste através da infancia e se agrava durante a
puberdade. A altura final da mulher adulta com ST varia de 133 a 157 cm,
aproximadamente 20 cm abaixo da populagdo com a mesma origem étnica (Gravaholt,
2004). Esta falha no crescimento, bem como outras altera¢des esqueléticas (palato alto,
quarto metacarpo curto, cubito valgo, pescogo curto e deformidade de Madelung) é
atribuida a haploinsuficiéncia do gene SHOX (Short stature Homeobox gene), localizado
na regido pseudoautossdmica dos cromossomos sexuais X (Xp22.3) e Y (Yp11.3)
(Figura 3) (Bondy, 2009; Davenport, 2010). Ogata et al. (2002) sugeriram que o0 gene
SHOX tenha uma funcao repressora da maturagdo éssea, pois sua haploinsuficiéncia
esta relacionada a uma maior susceptibilidade a agcao estrogénica nos tecidos 6sseos,

gue leva a fusado prematura das placas de crescimento.
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A faléncia gonadal esta presente em mais de 90% das pacientes, sendo
responsavel pelo infantilismo sexual, auséncia de menstruagao (amenorreia primaria) e
esterilidade (Bondy, 2009). As gbnadas disgenéticas (ou em fita) das pacientes com ST
sao constituidas somente por tecido fibroso, ndo tém funcéo hormonal nem capacidade
de produgdo de gametas, existindo apenas tecido conjuntivo e estroma ovariano. A
faléncia ovariana na ST resulta da aceleragdo no processo natural de degeneragéo dos
ovocitos, concomitante a um aumento de fibrose no estroma, possivelmente devido a
haploinsuficiéncia dos genes requeridos no segundo cromossomo X, que sao reativados
durante a ovogénese (Modi et al., 2003; Bondy, 2009; Davenport, 2010). Gestacdes
espontaneas podem ocorrer em 1,8 - 7,6% das portadoras com ST, entretanto
aconselhamento genético € necessario antes da concepgdo, uma vez que apenas 30 -
40% dessas gestagdes levam a termo uma crianga saudavel, havendo um alto risco de
abortos espontaneos, anomalias congénitas e aneuploidias (Zhong e Layman, 2012;
Chakhtoura e Touraine, 2013).

A regido de maior importancia para a fungédo ovariana é considerada a Xq13-q26
(Figura 3) e translocagbes neste segmento resultam em apoptose ovocitaria com
faléncia ovariana. Delegbes do brago curto do cromossomo X (Xp11) levam a perda do
pareamento entre os homdlogos e atresia dos ovocitos em aproximadamente metade
das pacientes, por outro lado, dele¢des distais em Xp21 levam a um fendtipo menos
severo (Zhong e Layman, 2012). Dois segmentos contém loci relacionados a faléncia
ovariana: FOP1 (faléncia ovariana prematura 1) localizado em Xqg26-qter e FOP2
(faléncia ovariana prematura 2) em Xq13.3-g22. Delegbes distais que afetem o
segmento cromossémico FOP1T resultam em faléncia ovariana entre 24 e 29 anos e
mutagdes em FOPZ2 levam a disfung&o ovariana mais precocemente, entre 16 e 21 anos

(Davison et al., 2000; Badalotti et al., 2006). Alguns genes especificos no cromossomo X
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que afetam a fungdo ovariana tém sido identificados, incluindo os genes FMR1 e
BMP15, uma vez que mutacdes em ambos resultam em hipogonadismo
hipergonadotrdéfico (Layman, 2002; Zhong e Layman, 2012)

O diagndstico da ST pode ser realizado através da avaliagao pré-natal, com sinais
sugestivos ao ultrassom fetal de rotina que incluem: higroma cistico, hidropsia fetal,
edema subcutdneo, fémur curto, aumento da translucéncia nucal, retardo do
crescimento, anormalidades cardiacas e renais. Em adi¢do, pode-se encontrar na
triagem materna triplice outros indicativos da ST como a reducdo nas dosagens de o-
fetoproteina, estriol ndo conjugado e aumento das dosagens de gonadotrofina coridnica
(hCG) (Bronshtein et al., 2003; Gonzalez e Witchel, 2012). Apesar de estabelecer o
diagnostico no periodo pré-natal, existe a necessidade obrigatoria de confirmagéo pos-
natal através do caridtipo, uma vez que os sinais nestas avaliagbes nado sao
patognoménicos (Ranke e Saenger, 2001).

Aproximadamente 15 - 30% das pacientes com ST sdo diagnosticadas durante o
periodo neonatal, a suspeita clinica nesta fase surge pela presenga de edema congénito
nas maos e pés, pescogo alado, baixa implantagdo do cabelo e / ou orelhas, prega nucal
evidente e anomalias cardiacas. Na infancia, a baixa estatura e velocidade de
crescimento reduzida incluem os sinais indicativos da ST. Cerca de 26% dos casos sao
diagnosticados durante a adolescéncia, quando se investiga a baixa estatura, retardo
puberal, elevadas concentra¢cdes de FSH (Horménio foliculo estimulante) e amenorreia
primaria ou secundaria. Em média 38% dos casos ndo sao diagnosticados até a fase
adulta, onde anovulacdo e infertilidade sdo as principais manifesta¢des clinicas que
conduzem ao diagndstico da ST (Gravaholt, 2005; Hjerrild et al., 2008; Gonzalez e

Witchel, 2012).
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O padrao de inteligéncia é considerado normal em pacientes com ST, porém
algumas dificuldades especificas de aprendizagem sao relatadas, como disturbios de
memodria visual, atengéo e raciocinio matematico, em consequéncia de problemas na
percepcao espacial e temporal, além de dificuldades psicossociais, déficits psicomotores
e neurofisiologicos (Rovet, 2004; Ross et al., 2006). Entretanto, em alguns casos pode
ocorrer deficiéncia mental acentuada associada a um quadro dismérfico distinto do
habitual da ST, incluindo severas malformagdes congénitas em pacientes portadoras do
cromossomo X em anel com tamanho pequeno. Esta deficiéncia esta relacionada a
auséncia de inativacao do cromossomo em anel devido a perda do centro de inativagao
do cromossomo X, levando a dissomia de varios genes que alteram o mecanismo de
compensacao de dose e o balanceamento da expressao génica (Suzigan et al., 2005;
Mazzaschi et al., 2014).

Apenas 10 a 20% das meninas com ST secretam estrogenos suficientes para que
ocorra o desenvolvimento sexual espontaneo. Portanto, a deficiéncia estrogénica
crbnica atinge a maioria das pacientes que necessitam de reposicdo hormonal para
desenvolver as caracteristicas sexuais secundarias, além do ganho e manutengéo da
massa ossea. No aspecto geral, o tratamento da ST tem como objetivos principais
promover o crescimento, repor esteroides sexuais, corrigir sempre que possivel as
anomalias congénitas ou adquiridas, oferecer suporte psicossocial e consequentemente

melhorar a qualidade de vida dessas pacientes (Suzigan et al., 2005; Morgan, 2007).

2.2 Cromossomo Y e Gonadoblastoma
Anormalidades na organogénese das gbnadas podem levar ao desenvolvimento
de tumores oriundos das células germinativas, especialmente em pacientes que

possuem gbnadas disgenéticas como as portadoras da ST. Diversos estudos tém
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demonstrado que a presenca do cromossomo Y ou fragmentos deste em pacientes com
ST esta relacionada ao aumento de até 35% no risco em desenvolver o
gonadoblastoma (GB) (Mazzanti et al., 2005; Bianco et al., 2009; Zelaya et al., 2014). O
GB é uma neoplasia in situ composta de células germinativas intimamente
misturadas a corddes de células sexuais em ninhos circunscritos, geralmente com
uma membrana basal hialina, e com calcificagdes difusas ou focais (Pefa-Alonso
et al., 2005).

Embora seja considerado um tumor benigno, o GB frequentemente progride
para disgerminomas invasivas (50%) e outros elementos malignos de células
germinativas (10%), incluindo carcinoma embrionario, teratoma e tumor do saco
vitelinico (Looijenga et al., 2003). Dados epidemiolégicos demonstram que o GB
origina-se quase exclusivamente em gbénadas disgenéticas de individuos
fenotipicamente femininos com disgenesia gonadal e aproximadamente 95%
deles possuem material do cromossomo Y em seu genoma (Su et al., 2006; Kido
et al., 2014). A incidéncia do GB é maior que 35% em pacientes com disgenesia
gonadal XY, 12-35% em pacientes com ST, 15-20% em pacientes X/XY e 2-10%
em hermafroditas verdadeiros. Este tumor também tem sido encontrado em
pacientes com mutagdes nos genes WT171 e SOX9, delegbes 9p, sexo reverso e
mais raramente em individuos com auséncia de deteccdo do cromossomo Y
(45,X/46,XX) (Mazzanti et al., 2005; Kanagal et al., 2013).

A maior incidéncia de tumores em pacientes com disgenesia gonadal e
presenga do cromossomo Y pode estar relacionada a dois fatores: o tecido
gonadal indiferenciado seria mais propenso a transformagdes neoplasicas e o
gene que produz a disgenesia gonadal conferiria propriedades malignas ao tumor;

a prevaléncia aumentada de neoplasias nessas pacientes pode ser resultado da
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presenca de tecido gonadal indiferenciado em um ambiente anormal (intra-
abdominal), uma vez que as células germinativas XY s&o programadas
originalmente para um local com temperatura mais amena (no escroto) e sob uma
taxa metabdlica mais baixa. Assim, essa posi¢ao anormal ocasiona um aumento
na taxa metabodlica e consequentemente, propensdo ao processo oncogénico
(Lipay et al., 2005).

Em 1987, Page levantou a hipétese da existéncia do l6cus GBY (l6cus do
gonadoblastoma no cromossomo Y) localizado na regido pericentromérica Yp, o
qual predispde as gbnadas disgenéticas ao desenvolvimento do gonadoblastoma.
O principal candidato para o processo oncogénico do GB é o gene TSPY (Testi-
Specific Protein, Y-linked), localizado na regido critica do GBY, visto que alguns
estudos detectaram a expresséo deste gene em tecidos do tumor. O TSPY esta
presente em multiplas copias e sua expressdo restrita as células germinativas
masculinas sugerem uma func&o na proliferacdo espermatogonial (Lau et al.,
2003; Kido et al., 2014). Por outro lado, o TSPY € expresso ectopicamente em
estagios precoces e tardios de gonadoblastomas, carcinoma testicular in situ e
seminomas. Além disso, a expressao aberrante deste gene estimula a atividade
de proteinas sintéticas, acelera a proliferacao celular e promove tumorigenicidade
em camundongos atimicos (Lau et al., 2009).

Uma vez que ndo existem marcadores soroldgicos para detec¢do precoce do
tumor, a gonadectomia bilateral profilatica em pacientes com ST e material do
cromossomo Y é geralmente recomendada para evitar o GB e uma possivel
evolugdo maligna (Mazzzanti et al., 2005). Baseadas neste fato, diversas
abordagens metodolégicas vem sendo utilizadas para detectar mosaicismo

criptico para o cromossomo Y, incluindo PCR, RT-PCR, FISH e Southern Blot, a
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fim de estimar o risco associado ao GB. Porém os resultados sdo extremamente
variaveis levando a uma controvérsia em relacdo a real incidéncia de material
derivado do cromossomo Y e seu significado clinico (Binder et al. 1995; Modi e

Bhartiya 2007; Barros et al. 2011).

2.3 Aneuploidias e Metabolismo do folato — Modelo da ST
As aneuploidias cromossémicas sdo os tipos mais comuns e significativos de
disturbios genéticos em humanos, ocorrendo em aproximadamente 5% de todas as
gestagbes clinicamente reconhecidas e ~35% dos abortos esponténeos. Entre os
conceptos que sobrevivem a termo, as aneuploidias constituem a principal causa
genética de malformagdes congénitas e retardo mental. Apesar de sua importancia
clinica, os mecanismos celulares e moleculares subjacentes ao processo de nao
disjungéo que resultam nas aneuploidias ainda ndo foram completamente elucidados
(Hassold et al., 2007; Hassold e Hunt, 2009; Templado et al., 2013). A idade materna é
0 Uunico fator de risco bem estabelecido para ndo disjungdo meidtica.
Adicionalmente, alteracbes no padrdo de recombinacdo sao outro importante
mecanismo relacionado a sua etiologia. No entanto, alguns estudos sugerem que
a hipometilagdo de DNA gendmico, causada por disfungdes no metabolismo do
folato, podem ser associados com um padrdo alterado de segregacgao
cromossOmica e instabilidade meiodtica devido a um efeito indireto na estrutura da
cromatina centomérica (Hobbs et al., 2000; Castro et al., 2004; Chango et al.,
2005; Scala et al., 20006).
Folatos sdo nutrientes essenciais para processos biossintéticos de um carbono e
epigenéticos, sendo requeridos na sintese de nucleotideos e nas reagdes de metilagao

do DNA. Deficiéncias de folato celular resultam em mutagdes de ponto, quebras
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cromossdmicas, padrao aberrante de metilacgdo do DNA, erros de segregacao
cromossémica e aneuploidia (Hobbs et al., 2000; Coppedé et al., 2010). Com base
nessas evidéncias, James et al. (1999) postularam que alteragbes na via do
folato, devido a polimorfismos genéticos de enzimas metabdlicas, podem resultar
em hipometilagdo do DNA nas regides centroméricas, aumentando o risco de nao
disjuncdo cromossdmica e sindrome de Down (SD). Desde ent&o, varios estudos
tém sido realizados em diferentes paises para investigar esta associagdo, no
entanto, os resultados s&do muitas vezes contraditérios ou inconsistentes (Hobbs
et al., 2000; Bosco et al., 2003; Kokotas et al., 2009; Brandalize et al., 2010;
Jaiswal et al., 2015).

A sindrome de Turner € um importante modelo para investigar o efeito de
polimorfismos da rota do folato como possiveis fatores de risco para nao
disjuncdo cromossOmica somatica, porque essas pacientes apresentam uma alta
frequéncia de mosaicismo cromossémico (Santos et al., 2006; Bispo et al., 2013).
Devido a necessidade de um segundo cromossomo sexual para a sobrevivéncia
embrionaria, estima-se que virtualmente todos os individuos recém-nascidos vivos
com ST devem apresentar mais de uma linhagem celular, constituindo assim um
mosaicismo (Oliveira et al., 2009; Hook e Warburton, 2014). Até a presente data,
apenas dois estudos avaliaram a influéncia de dois polimorfismos comuns do
gene MTHFR (C677T e A1298C) e a nao disjuncdo na ST com resultados
conflitantes (Santos et al., 2006; Oliveira et al., 2008).

Diversos estudos tém avaliado a fungéo dos polimorfismos dos genes MTHFR,
MTR, TYMS e RFC-1, envolvidos na rota do folato, como fatores de risco para as
aneuploidias cromossdmicas, especialmente na sindrome de Down. O polimorfismo

MTHFR 677C>T se mostrou um fator de risco independente para SD nas populacdes
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dos Estados Unidos, Canada, China e Turquia (Hobbs et al., 2000; Wang et al., 2008;
Izci et al., 2015). Por outro lado, estudos realizados na Europa (O’Leary et al., 2002;
Stuppia et al., 2002; Coppedé et al., 2009) Japao (Takamura et al., 2004) e india (Rai et
al., 2014) nédo relacionaram este polimorfismo como fator de risco independente. Da
Silva et al. (2005) sugeriram que as maes de criangas com SD tendem a ter um
maior numero de alelos raros do que os controles quando os genes MTR, MTRR,
MTHFR e CBS foram avaliados em conjunto.

Em um estudo de meta-andlise, Coppedé et al. (2013) indicaram que o
polimorfismo MTR 2756A>G constitui um fator de risco para a SD em mulheres
caucasianas. No Brasil, os resultados obtidos em diferentes estudos com SD e ST se
mostraram  contraditorios. Alguns trabalhos evidenciaram associagdo entre
polimorfismos da via do folato e o risco de nao disjuncao (Grillo et al., 2002; da Silva et
al., 2005; Santos et al., 2006; Brandalize et al., 2009; Zampiere et al., 2012; Costa-Lima
et al., 2013), enquanto outros n&o conseguiram demonstrar esta relagao (Oliveira et al.,
2008; Fintelman-Rodrigues et al., 2009; Amorim et al., 2013; Victorino et al., 2014).

Os resultados de varios estudos que avaliaram as interacdes gene-gene
sugerem um elevado risco de ndo disjungdo na SD para portadores de combinag¢des
com ambos os alelos 677T e 1298C do gene MTHFR, e / ou outros polimorfismos
genéticos de diferentes genes participantes da rota metabdlica do folato, incluindo o
MTR, TYMS, MTRR e RFC1 (Coppedé et al., 2006; Rai et al., 2006; Scala et al., 2006;
Wang et al., 2008; Coppedé et al., 2009). Além disso, interacdes entre trés ou mais
polimorfismos, incluindo o alelo MTHFR 677T, tém sido associadas a um aumento
significativo do risco para SD (da Silva et al., 2005; Coppedeé et al., 2007; Biselli et al.,

2008). De maneira geral, estes resultados indicam que interagdes complexas entre
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diferentes polimorfismos dos genes envolvidos no metabolismo do &cido fdlico, e ndo a

presenca de uma unica variante, podem modular o risco das aneuploidias.

2.4 Metabolismo do folato

O folato ou acido pteroilglutdmico faz parte do complexo vitaminico B (vitamina
B9), considerado um nutriente essencial para o homem, esta presente em altas
concentragdes no levedo de cerveja, vegetais folhosos, carnes, graos e visceras. O
acido félico é a forma totalmente oxidada (monoglutamil) desta vitamina que € utilizada
comercialmente, enquanto o folato é o termo genérico que representa todas as formas
da vitamina B9, incluindo seus muitos derivados encontrados nos sistemas biologicos.
Naturalmente o acido pteroilglutamico € composto por trés componentes estruturais, o
anel de pteridina, o acido p-aminobenzdico e o residuo glutamato (Assaraf, 2007). Os
mamiferos n&o s&o capazes de sintetizar acido folico “de novo” por isso devem obté-lo
através da dieta alimentar ou pela flora bacteriana do intestino, uma vez que a ingestéao
adequada de folato € vital para a divisao e homeostase celular, e sua deficiéncia
determina sérias desordens funcionais (Stover, 2011).

O metabolismo do folato é regulado por uma via complexa que envolve até 30
diferentes enzimas. As enzimas do folato atuam como cofatores em inUmeras reacgdes
bioquimicas devido a sua capacidade de doar ou receber unidades monocarbonadas na
biossintese dos precursores de nucleotideos (purinas e timidilato), catabolismo de
histidina e acido formico, sintese de aminoacidos (serina, metionina e glicina), assim
como na metilacdo de ilhas CpG no DNA (Koppen et al., 2010; Nazki et al., 2014).

Diversos sistemas sdo necessarios para permitir a entrada do folato na célula,
mas a absorgéo celular de sua forma predominante no plasma (5-metil THF) € mediada

principalmente pelo transportador de folato reduzido (RFC1). Apds sua absorgao, o
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folato é rapidamente reduzido e metilado para formar 5,10-metilenotetrahidrofolato (5,10-

metilenoTHF) substrato chave para esse metabolismo.
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Figura 4. Metabolismo do folato e vias relacionadas. Figura simplificada ilustrando o metabolismo
interconectado do folato com suas principais enzimas, inseridas nas elipses, e 0s
substratos, nos retdngulos. RFC, carreador de folato reduzido; hFR, receptor de folato
humano; MTHFR, metilenotetrahidrofolato redutase; SHMT, serinahidroximetil
transferase; DHFR, dihidrofolato redutase; THF, tetrahidrofolato; dUMP, deoxiuridina
monofosfato; dTMP deoxitimidina monofosfato; DHF, dihidrofolato; GAR, glicinamida
ribonucleotideo; AICAR, aminoimidazol carboxamida ribonucleotideo; SAM, S-
adenosilmetionina; SAH, S-adenosilhomocisteina; X, varios substratos para metilagao
(Fonte: adaptado de Ulrich et al., 2003).

Subsequentemente, a enzima metilenotetrahidrofolato redutase (MTHFR) reduz
irreversivelmente o 5,10-metilenoTHF a 5-metilTHF (Zhao et al, 2009). Na etapa
seguinte deste metabolismo, a enzima metionina sintase (MTR) catalisa a remetilagao

da homocisteina a metionina, utilizando o 5-metiITHF como doador do radical metil e a
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vitamina B12 (ou cobalamina) como cofator para esta reagao (Figura 4). A metionina é
entdo adenilada para formar S-adenosilmetionina (SAM), o maior doador intracelular de
grupos metil, utilizado em mais de 100 reagdes de transmetilagdo, incluindo a metilagao
do DNA, RNA, proteinas, neurotransmissores e lipideos (Niclot et al., 2006; Coppedé et
al., 2010; Nazki et al., 2014).

Outra importante funcdo dos derivados metabdlicos do folato € a sintese dos
precursores de acidos nucléicos. A timidilato sintase (TYMS) é uma enzima critica na
biossintese de nucleotideos (pirimidinas), convertendo dUMP (deoxiuridina monofosfato)
a dTMP (deoxitimidina monofosfato), com a conversdo simultdnea de 5,10-
metilenotetrahidrofolato em dihidrofolato (Figura 4). Esta enzima desempenha um papel
crucial na biossintese de DNA por ser a unica fonte de novo de timidilato. Desta forma, a
TYMS é importante para a conservagao da integridade génica e altera¢des ligadas a
esta enzima tém sido associadas com danos cromossdmicos (Ulrich et al., 2005;
Zhuang et al., 2009).

O acido fdlico é, portanto, essencial para os processos epigenéticos e
manutencdo da estabilidade genémica. A deficiéncia de folato celular resulta em
padrdes alterados de metilacdo do DNA, mutac¢des de ponto, quebras cromossdmicas e
aumento na frequéncia de micronucleos (Coppedé, 2009). Além disso, altera¢gdes no
metabolismo do folato, resultantes de polimorfismos funcionais dos genes que codificam
as principais enzimas metabdlicas, tém sido associadas com diversas doengas
humanas incluindo varios tipos de cancer, doengas cardiovasculares,

neurodegenerativas, defeitos no tubo neural e aneuploidias (Liew e Gupta, 2015).
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2.4 Genes codificantes das enzimas envolvidas no metabolismo do folato

2.4.1 Metilenotetrahidrofolato redutase (MTHFR)

O gene MTHFR esta localizado no cromossomo 1 (1p36.3) e apresenta 11 éxons
(Goyette et al., 1998). Existe mais de 40 polimorfismos descritos para o gene MTHFR,
entretanto, dois polimorfismos tém sido amplamente estudados por reduzirem a
atividade da enzima. O polimorfismo 677C>T (rs1801133) provoca a substituicdo de
uma alanina por uma valina no aminoacido 222 do dominio catalitico da enzima. Os
portadores do gendtipo 677TT tém uma redugéo de 70% na atividade enzimatica da
MTHFR, enquanto os individuos heterozigotos 677CT mantém cerca 35% de sua
funcdo in vitro (Izmirli, 2013). Na posicdo 1298A>C (rs1801131), o polimorfismo
determina a substituicdo de um glutamato por uma alanina no aminoacido 429 no
dominio regulatério da enzima. Esta substituicdo também gera uma enzima com
atividade reduzida, sendo mais pronunciada nos homozigotos (CC) comparado ao
estado heterozigoto (AC). A enzima MTHFR desempenha um papel crucial no
metabolismo do folato e a presenca desses polimorfismos confere uma desregulagéo no
adequado fornecimento de radicais metil para as reagdes celulares (Mandaviya et al.,
2014).

A frequéncia populacional do alelo T para o polimorfismo 677 mostrou grande
variagao regional e étnica em individuos saudaveis. A prevaléncia do gendtipo 677TT
varia de 1% na populacdo negra dos EUA e da Africa até 25% em caucasianos
europeus e americanos (Botto e Yang, 2000). Na populagdo brasileira a frequéncia do
genotipo 677TT é maior em pessoas com ascendéncia europeia (10%), e
consideravelmente baixa entre negros (1,45%) e indios (1,2%) (Arruda et al., 1998). Por
outro lado, quanto a distribuicdo do alelo C do polimorfismo 1298, a frequéncia do

genotipo 1298CC varia entre 4-12% em homozigose e 38-42% em heterozigose
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1298AC nos estudos com populagdo predominantemente branca (Peng et al., 2001; Shi

et al., 2003).

2.4.2 Metionina sintase (MTR)

A metionina sintase, também conhecida como 5-metiltetrahidrofolato-
homocisteina metiltransferase (MTR), é outra enzima importante no metabolismo do
folato, a qual mantém os niveis adequados de folato intracelular e previne o acumulo de
homocisteina. O aumento dos niveis sanguineos de homocisteina tem sido associado a
maior probabilidade de desenvolver doengas cardiovasculares, defeitos congénitos e
sindrome de Down (Watkins et al., 2002; Niclot et al., 2006).

O gene MTR esta localizado na regido terminal do cromossomo 1 (1g34) e
apresenta 12 éxons (Gos e Szpecht-Potocka, 2002). O polimorfismo descrito mais
comum 2756A>G (rs1805087) acarreta a substituicido de um acido aspartico por uma
glicina na proteina. Tem sido postulado que essa troca por um aminoacido n&o polar, a
glicina, leva a perturbagdes na estrutura tridimensional e na fungéo da proteina (Chen et
al, 1997). Dessa forma, este polimorfismo tem sido associado a indugdo da
hipometilagdo do DNA, um importante fator na carcinogénese (Skibola et al., 2002).

A distribuigdo do polimorfismo 2756A>G varia de acordo com as populagdes
estudadas. Sharp e Little (2004) observaram a frequéncia do gendtipo 2756GG em 2-
3% japoneses, chineses e europeus, em 6% dos negros americanos e 10-11% entre
canadenses. No Brasil foi descrita uma frequéncia de 1-3,7% do gendtipo 2756GG em

controles saudaveis (Lima et al., 2008).

2.4.3 Timidilato sintase (TYMS)
A enzima timidilato sintase (TYMS) exerce uma fungé&o crucial na manutengéo do
fornecimento equilibrado de desoxinucleotideos necessaria para a sintese e reparo do

DNA, através da sintese de novo de pirimidinas (Candelaria et al., 2005). Esta enzima
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catalisa a metilagdo redutiva de 2-deoxiuridina 5-monofosfato (dUMP) em 2'-
deoxitimidina 5-monofosfato (dTMP) utilizando o 5,10-MTHFR como doador de radicais
metil (Kanaan ef al., 2009). Desta forma, a TYMS compete com a enzima MTHFR pelo
mesmo substrato (5,10-metilenoTHF) para realizar esta conversdo (Skibola et al., 2002).

O gene TYMS esta localizado no brago curto do cromossomo 18 (18p11.32) e
seu produto apresenta 313 aminoacidos (Hishida et al., 2003). O gene possui um
polimorfismo na regido promotora acentuadora (TSER, thymidylate synthase inenhancer
region), mais especificamente, na regido 5 nao traduzida (5-UTR), imediatamente
anterior ao codon de iniciagdo ATG. Esta sequéncia polimdrfica consiste em 28pb
repetidos em tandem duas (2R) ou trés (3R) vezes. A presenca de 3R versus 2R,
mostrou aumentar a transcrigdo do mRNA e a expressao da proteina in vitro e in vivo,
consequentemente, uma expressdao aumentada deste gene, pode aumentar a
conversdo de dUMP para dTMP, reduzindo a chance de ma incorporagéo de uracil no
DNA (Kawakami, 1999; Hishida et al., 2003). No estudo conduzido por Sharp e Little
(2004), a frequéncia do genodtipo 2R/2R variou de 19-23% na populagdo branca,
enquanto na populagéo negra 14-20% dos individuos eram portadores homozigotos da
variante (3R3R).

A enzima TYMS atua na manutencao da estrutura e no mecanismo de reparo do
DNA, sendo responsavel pela unica fonte de timidilato no interior da célula (Kanaan et
al., 2009, Zhuang et al., 2009). A inibicdo dessa enzima resulta na diminuicdo da
quantidade de deoxitimidina trifosfato (dTTP), indugdo de quebras cromossOmicas,

formacéao de sitios frageis e morte celular (Marsh, 2005).

2.4.4 Carreador de folato reduzido (RFC)
Diversos sistemas permitem a entrada do acido folico nas células, entretanto a

absorcéo da forma plasmatica de folato ocorre predominantemente via carreador de
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folato reduzido (RFC), ou carreador de folato reduzido humano (RFCh). O RFCh é uma
proteina transmembrana expressa principalmente na mucosa intestinal, contudo existem
evidéncias da atuagcdo do RFCh em tecidos especializados, incluindo transporte de
folato transplacentario, através da barreira hemato-cerebral e na membrana basolateral
dos tubulos renais (Zhao et al., 2009).

O Carreador de folato reduzido é codificado pelo gene SLC719A1, amplamente
conhecido como gene RFC-1, o qual esta localizado no brago longo do cromossomo 21
(21922.2). Em 2000, Chango et al. identificaram um polimorfismo relativamente
frequente 80G>A (rs1051266) do gene RFC-1, o qual resulta na substituicdo do
aminoacido histidina por arginina na estrutura da molécula. Este polimorfismo tem sido
associado a uma diminuicdo da afinidade do receptor e alteragbes no transporte
transmembrana do folato, e consequente aumento nos niveis de homocisteina
plasmatica (Chango et al., 2000; Zhao et al., 2009). Em relacdo a frequéncia das
variantes do polimorfismo 80G>A, O'Leary et al. (2005) identificaram o gendtipo 80GG
em 30% dos euro-descendentes e em 20% dos negros africanos.

Dada a importancia do RFCh para a homeostase de folato na célula, alteragbes
em sua funcdo transportadora, mediadas principalmente pela presenca de
polimorfismos, podem contribuir para condigdes fisiopatoldgicas associadas com a
deficiéncia de folato, incluindo hipometilagdo do DNA e o risco de ndo disjuncdo, que
ainda podem ser agravados por adicionais mudangas na atividade catalitica de outras

enzimas chaves no metabolismo do folato (Coppedeé et al., 2013).

2.5 Metilagao do DNA e nao disjungao
A metilacdo do DNA é uma marca epigenética herdavel que regula a estrutura da

cromatina e a expressao génica em processos como a inativagdo do cromossomo X,
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imprinting, gametogénese, embriogénese e silenciamento de elementos de DNA
repetitivo, estando geralmente associada a represséo transcricional (Gopalakrishnan et
al., 2009). O processo de metilacdo envolve a adi¢do covalente de um grupo metil
(CHg3), doado por SAM, na posicdo 5 da base citosina em dinucleotideos citosina-
guanina (CpG). Em humanos os padrdes de metilagdo sdo estabelecidos e mantidos
pelas DNA metil-transferases (DNMTs) DNMT1, DNMT3a e DNMT3b, as quais, s&o
essenciais para regulagdo da cromatina, expressao génica e estabilidade gendmica
(Barra et al., 2012). Em experimentos com animais, a remogao dos genes que codificam
as enzimas DNMTs ¢ letal, enquanto em humanos a desregulagéo dessas enzimas tem
sido associada a hipometilagao global do DNA, aneuploidia, poliploidia, fusdes, quebras
cromossOmicas e o desenvolvimento de varios tipos de cancer (Rodenhiser e Mann,
2006; Herrera et al., 2008).

A metilacdo do DNA combinada a desacetilagdo das histonas promovem a
hipercondensacdo caracteristica da cromatina centromérica e  pericentromérica,
essencial para estabilizacdo e correta segregacdo dos cromossomos (Stimpson e
Sullivan, 2010). Desregulagbes induzidas no gene DNMT1 em culturas de células de
fibroblastos humanos resultam em descondensacdo da cromatina e consequente
aneuploidia (Barra et al., 2012). Gopalakrishnan et al. (2009) identificaram uma interagao
entre DNMT3b e CENP-C (proteina constitutiva do centrébmero — C), essencial para a
divisdo celular. Esses autores demonstraram que a perda da fungdo de ambas proteinas
promovem significante decréscimo da metilagdo do DNA na regido do centrbmero,
causando erros na segregacao cromossémica durante a mitose em células humanas.

Estudos clinicos e experimentais tém reforgado a importancia da metilagdo
pericentromérica para correta disjungdo cromossdmica (Hobbs et al., 2000). Por

exemplo, uma desordem autossOmica recessiva rara, a sindrome ICF (Imunodeficiéncia,
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instabilidade Centromérica e anomalias Faciais), exibe profunda instabilidade
cromossbémica associada a hipometilagdo centromérica do DNA a-satélite,
descondensacdo da heterocromatina e rearranjos complexos dos cromossomos em
estruturas multirradiadas. Defeitos na funcdo de linfécitos B, tais como reduzida
producdo de imunoglobulinas, retardo mental, atraso no desenvolvimento e anomalias
faciais constituem alteragbes fenotipicas comuns em pacientes com ICF. A origem
genética desta sindrome ¢é atribuida a uma mutag&o no gene que codifica a DNA metil-
transferase 3B (DNMT3B) e da suporte a relagado causal entre hipometilagdo do DNA,
descondensacao pericentromérica e segregacao anormal dos cromossomos (Valinluck
et al., 2004; Gisselsson et al., 2005; Gopalakrishnan et al., 2009).

Estudos realizados com 5-azacitidina (5-aza-C), um potente agente desmetilador,
proporcionaram evidéncias adicionais da associacdo entre hipometilagdo do DNA e
instabilidade cromossdmica. Culturas de células tratadas com 5-aza-C apresentaram
hipometilagdo pericentromeérica, erros de segregacdo cromossdmica e aneuploidias
(Leyton et al., 1995; Mosiolek et al., 2005). Além disso, tem sido evidenciado que as
aneuploidias e a instabilidade cromossGmica, presentes na maioria dos canceres
humanos, estao diretamente relacionadas a hipometilacdo do DNA, confirmando que o
padrédo de metilagdo do DNA também contribui para a carcinogénese. Juntos, esses
dados demonstram que a metilacdo adequada do DNA pericentromérico € essencial
para a organizagdo e segregacao cromossOmica normal (Herrera et al., 2008;

Gopalakrishnan et al., 2009).
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3. Objetivos

3.1 Objetivo geral

Inferir o potencial desenvolvimento do gonadoblastoma associado a
presenga do cromossomo Y, bem como investigar o efeito de polimorfismos
genéticos na rota do folato modulando o risco de n&o disjungdo cromossdmica

somatica em pacientes com sindrome de Turner.

3.2 Objetivos especificos

1. Selecionar as portadoras da ST a partir da realizagdo do exame citogenético
nas pacientes com a suspeita clinica;

2. Inferir o potencial desenvolvimento de malignidade, identificando sequéncias
especificas do cromossomo Y no genoma nas pacientes com ST,

3. Estabelecer uma possivel preferéncia de rearranjos entre cromossomos
especificos nos casos Y-positivos, determinando a localizagao fisica destes
segmentos no caridtipo através da técnica de FISH;

4. Verificar a possivel associagao e / ou uma interacdo entre os polimorfismos
MTHFR C677T e A1298C, MTR A2756G, RFC GB80A e as repeticoes 2R/3R
do TYMS, de genes envolvidos no metabolismo do folato, e a ndo disjungao

cromossOmica somatica nas pacientes com ST.
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Abstract. Turner syndrome (TS) is a common genetic disorder in females associated with the absence of complete or
parts of a second sex chromosome. In 5—12% of patients, mosaicism for a cell line with a normal or structurally abnormal
Y chromosome is identified. The presence of Y-chromosome material is of medical importance because it results in an
increased risk of developing gonadal tumours and virilisation. Molecular study and fluorescence in sifu hybridisation
approaches were used to study 74 Brazilian TS patients in order to determine the frequency of hidden Y-chromosome
mosaicism, and to infer the potential risk of developing malignancies. Additionally, we describe one TS girl with a very
uncommon karyotype 46,X,der(X)t(X;Y)(p22.3?72;q11.23) comprising a partial monosomy of Xp22.3?2 together with a
partial monosomy of Yq11.23. The presence of cryptic Y-chromosome-specific sequences was detected in 2.7% of the
cases. All patients with Y-chromosome-positive sequences showed normal female genitalia with no signs of virilisation.
Indeed, the clinical data from Y-chromosome-positive patients was very similar to those with Y-negative results.
Therefore, we recommend that the search for hidden Y-chromosome mosaicism should be carried out in all TS cases and
not be limited to virilised patients or carriers of a specific karyotype.
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Introduction

Tuner syndrome (TS) is a relatively common chromosomal
abnormality affecting ~1/2500 of live-born girls (Stochholm
et al. 2006). The most consistent clinical manifestations are
short stature and gonadal dysgenesis, leading to delayed
pubertal development, primary amenorrhea and sterility; a

Journal compilation © CSIRO 2013

variety of dysmorphic stigmata is facultative. A karyotype 45,X
accounts for 50-60% of the cases, while the remaining patients
have a structurally abnormal X chromosome, including Xp or
Xq deletion, isochromosome formation of the long arm and ring
chromosomes. Karyotypes can, but must not, be mosaics with
a second cell line containing a normal or abnormal sex
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chromosome. Few cases present complex karyotypes including
reciprocal translocations between autosomes and derivative X
chromosomes (Burégio-Frota et al. 2010; Elleuch et al. 2010;
Paramayuda et al. 2012; Zhong and Layman 2012).

Cytogenetic analysis detects a Y chromosome in 5-9% of TS
patients, mostly as an isodicentric derivative, and a further 3% of
the cases have an unidentifiable marker chromosome, which is
Y-derived in ~1/3 of the cases (Liehr ef al. 2007), and is most
often, but not always derived from an X or a Y chromosome
(Sheth et al. 2009). Banding cytogenetic analysis may not
detect structurally abnormal chromosomes if they are small
or rare. Thus, it has been proposed that a hidden mosaicism,
for at least part of the Y chromosome, may be present more
frequently. Several studies have demonstrated a frequency of
Y-chromosome-derived material in TS patients ranging from
0 to 61%, depending on the methodological approach (Patsalis
etal. 1998; Gravholt et al. 2000; Bianco et al. 2006; Aratjo et al.
2008; Sallai et al. 2010). Early identification of Y-chromosome-
derived sequences in TS patients is of great clinical importance
due to an increased risk of gonadal tumours, such as gonado-
blastoma, and virilisation, when the Y chromosome (or part of
it) is present in the genome of patients with dysgenetic gonads
(Tsuchiya et al. 1995; Bianco et al. 2006; Brant et al. 2006).

Gonadoblastoma (GB) is a neoplasm composed of germ cells
and sex-cord elements resembling immature Sertoli or granu-
losa cells that has the potential for malignant transformation
(Pena-Alonso et al. 2005). This tumour is mainly found in
females with gonadal dysgenesis and almost 95% of them have
Y-chromosome material in their genome (Horn ef al. 2005).
Since there are no serum markers for screening and early tumour
detection, prophylactic gonadectomy is generally recommended
before developing GB (Magtibay 2004; Mazzanti et al. 2005).
Therefore, using diverse molecular approaches, such as poly-
merase chain reaction (PCR), reverse transcription PCR
(RT-PCR), fluorescence in situ hybridisation (FISH) and South-
ern blot analysis, several studies have evaluated the occurrence
of cryptic Y-chromosome mosaicism in TS patients in order to
estimate the associated risk of GB. However, the results have
been extremely variable leading to a controversy regarding the
incidence of Y-chromosome-derived material in the genome of
such patients (Binder ez al. 1995; Mancilla ez al. 2003; Modi and
Bhartiya 2007; Barros et al. 2011).

In the present study, the frequency of hidden Y-chromosome
mosaicism was investigated in 74 Brazilian TS patients to infer
the potential risk of developing malignancies. PCR-based
molecular study and FISH approaches were used to screen these
patients for Y-chromosome-specific sequences and the presence
of its material was correlated with individual clinical data.
Additionally, we describe a girl with TS and an uncommon X;
Y translocation.

Materials and methods
Patients

From May 2006 to March 2013 banding cytogenetic analyses
performed in 74 patients with clinical indication of TS con-
firmed this diagnosis. All patients attended the Service of
Medical Genetics at the Institute of Integral Medicine Professor
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Fernandes Figueira and the Service of Paediatric Endocrinology
at Clinics Hospital of the Federal University of Pernambuco.
Detailed clinical data for patients were obtained by physical
examination, ultrasound evaluation and review of the medical
records. The age at the time of diagnosis ranged from newborn to
35 years of age.

This study was designed according to the guidelines and
regulating norms of the National Health Council for researches
involving human subjects and its resolution No. 196 of October
10, 1996. Informed consent was obtained from all patients or
their parents. The project has been approved by the Ethical
Committee (Record: CEP/IMIP N° 802/06).

Cytogenetic and FISH analyses

Cytogenetic studies were based on peripheral lymphocytes
using standard procedures for their preparation and banding of
the chromosomes. Twenty to fifty GTG-banded metaphases
were analysed for each patient.

FISH analysis was performed according to standard proce-
dures. Besides commercially available centromere specific
probes cep X and Y-specific probes (Abbott Laboratorios do
Brasil Ltda, Sao Paulo, SP, Brazil) in the studied cases, in Case 5
also the subtelomeric probe (subtel) for Xpter/Ypter, and the
probes for Yql12 and AZFc, and the Kalmann syndrome region
in Xp22.3 (LSTKAL; Abbott) were applied. Home-made probes
consisting of a subcenM-FISH Mix for the X chromosome as
described in Starke et al. (2003) and the probe RP11-631P15 in
Yq11.23 were also used in Case 5.

Molecular analysis

Genomic DNA was isolated from 200 pL of peripheral blood
using a commercial DNA isolation kit (DNA Illustra Blood
GenomicPrep Mini Spin; GE Healthcare Life Sciences, Sao
Paulo, SP, Brazil). To avoid contamination with male DNA, a
female operator performed all DNA extractions.

DNA was amplified using four primer sets encompassing
genomic regions of the Y chromosome — SRY, TSPY, AMGY,
DAZ. The co-amplification of the 8-globin gene was performed
as a quality control for all experiments. Primer sequences,
annealing temperatures and size of the amplified fragments
are described in Table 1. Multiplex PCR was performed in a
final reaction volume of 25 pL. containing 100-200 ng of geno-
mic DNA, 1.5 mM MgCl,, 0.02 mM of each dNTP, 10 pmol of
each Y-chromosome primer, 8 pmol 3-globin primers and 2.5 U
Taq DNA polymerase (Invitrogen/Life Technologies, Sao
Paulo, SP, Brazil). The amplification reaction was carried out
in a thermal cycler and consisted of a 5-min denaturing step at
95°C, followed by 35 cycles of I min at 94°C, 1.5min at
annealing temperatures varying from 58 to 64°C according to
the primers and 1 min at 72°C. After a final extension cycle of
10 min at 72°C, the PCR reaction was electrophoresed on a 2%
agarose gel, stained with ethidium bromide and recorded.

Several precautions were taken to avoid false-positive
results, including the processing of all samples by the same
female operator and the use of a positive control of the reaction
(B-globin gene). Healthy male and female DNA and blank
reactions were used as controls for all runs. In addition, the
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Table 1. Primer sequence, annealing temperature and product size

Gene Primer sequence Annealing temperature ~ Fragment (bp)

SRY F: 5 GGA ATT CCC TAA CTC TAA GTA TCA GTG T 3’ 58°C 314
R: 5 GGA ATT CCG CAA ACT GCA ATT CTT CGG C 3’

AMGY F: 5 AGC TTG GTT CTA TCC CAT CC 3’ 64°C 367
R: 5 ACATTT GTC AGC AGC TTG TG 3’

DAZ F: 5 TAA ATC TGT TGG ATC CTC TCA GC 3’ 64°C 210
R: 5" CAC AGA ACC AGG TTC TAA ATA AAC A 3’

TSPY F: 5 GGC TTC TCA TTC CAC TCC AA 3’ 60°C 312
R: 5CCT CTT CAG GTG GCT TCA TC 3’

B-Globin  F: 5 CCT GAG AGC TTG CTA GTG ATT 3’ 58-64°C 610

R: 5 TAG TCC CAC TGT GGA CTA CTT 3’

samples of each patient were tested by PCR three times to
confirm the results.

Results

All 74 patients studied disclosed diverse classical TS stigmata,
such as short and webbed neck, lymphedema of hands and feet,
low posterior hairline, widely spaced nipples, epicanthal folds,
shortening of the metacarpal bones and high arched palate. The
most common features were short stature (present in 90% of
the cases) and gonadal dysgenesis with delayed pubertal and
primary amenorrhea (in 85% of the patients). None of the cases
presented signs of virilisation. Table 2 shows a summary of
the detected karyotypes for all 74 patients. The most frequent
karyotype was 45,X, present in 63.5% of the cases, followed by
mosaicism involving structural anomalies of the X chromo-
some. There were three patients with mosaic karyotypes
including the Y chromosome, three cases with mosaicism for a
ring derived from the X chromosome and one case with a 45,
X/46,X,+mar karyotype.

The PCR approach specified in the Materials and Methods
section was performed in all TS patients regardless of their
karyotype, and showed the presence of Y-chromosome-specific
sequences in five of the patients (6.8%). Two of those had a
karyotype that did not suggest the presence of Y-chromosome
material, indicating a 2.7% frequency of hidden Y-chromosome
mosaicism in the TS patients analysed. The molecular
and clinical data of the Y-chromosome-positive patients is
summarised in Table 3. Prophylactic laparoscopic gonadectomy
was offered for all patients with Y-chromosome material to
prevent gonadal lesions or tumours; however, they have opted
for periodic and meticulous gonadal monitoring via ultrasound
or tomography.

Patients 1, 2, 4 and the male control were positive for all
investigated regions by PCR. On the other hand, in Patients 3
and 5 the DAZ and TSPY sequences were detected, but not the
SRY and AMGY segments. The results of PCR amplification for
Y-chromosome sequences are shown in Fig. 1. All Y-chromo-
some-positive patients showed normal female genitalia with no
signs of virilisation. Additionally, the clinical data from these
TS patients was very similar to those with Y-chromosome-
negative results.

Table 2. Distribution of Turner syndrome karyotypes
Karyotype Number of patients Frequency (%)
45X 47 63.5%
45,X/46,XX 1 1.4%
45,X/47,XXX 1 1.4%
46,X,1(Xq)/45,X 12 16.2%
46,X,1(X)/45,X 3 4.1%
46,X,del(Xp)/45,X 1 1.4%
46,X,inv dup(Xq)/45,X 1 1.4%
45,X/46,X,+mar 1 1.4%
45,X/46,XY 3 4.1%
46,X,1(Xq) 4 5.4%
Total 74 100%

FISH analysis was carried out in order to confirm the PCR
results and precisely determine the physical location of the
hidden Y-chromosome material in the patient’s karyotypes.
FISH results confirmed Y-chromosome positivity in the cases
that were shown by PCR to have cryptic Y-chromosome
material. In Case 4, none of the 100 metaphases analysed
showed a Y-chromosome-specific signal. However, 10/500
interphase nuclei presented a Y-chromosome signal. In five of
the ten nuclei two Y-chromosome-specific signals were visible.
This could be indicative for an isodicentric Y chromosome,
which could have been instable during mitosis. G-banding
chromosome analysis showed a karyotype of 46,X,i(Xq) in Case
5 and molecular PCR approaches detected Y sequences (DAZ
and 7SPY). The SRY and AMGY loci were lost. Further clarifi-
cation by molecular cytogenetics revealed the chromosomal
constitution of the patient as 46,X,der(X)t(X;Y)(p22.372;
ql11.23). The rearrangement was unbalanced, comprising a
partial monosomy of Xp22.3?2 including deletion of the sub-
telomere region in Xpter but not including the KAL-gene region,
together with a partial monosomy of Yq11.23 to Yqter (Fig. 2).

Discussion

Molecular detection of Y-chromosome mosaicism is of funda-
mental clinical value due to its association with gonadal
malignancy. In the present study, hidden Y-chromosome
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Genetic constitution and clinical reports of Turner patients with Y-chromosome positivity

Patient Karyotype Age (years) Y sequences

Clinical features

SRY AMGY TSPY DAZ

1 45,X[151/46,XY[5] 15 + + +

2 45 X[11]/46,XY[9] 17 + + +

3 45,X[31146,XY[4] 9 - - +

4 45,X[50] 23 + + +

5 46,X,i(Xq)[25] 18 - - +

-+  Short stature, nail hypoplasia, reduced uterus and ovaries not visualised
at ultrasound, no signal of virilisation and normal female genitalia.

+  Short stature, primary amenorrhea, delayed puberty, absence of sexual
features, reduced uterus and ovaries not visualised at ultrasound, no
signal of virilisation and normal female genitalia, nail hypoplasia, low
posterior hairline, cubitus valgus, bone age below chronologic age.
FSH =282.8.

+  Primary amenorrhea, delayed puberty, absence of sexual development,
absence of breast development, magnetic resonance of the pelvis with
paramagnetic contrast showed reduced uterus, ovaries not visualised,
no masses or collections on its topography and absence of pelvis
lymphadenopathy, no signal of virilisation and normal female genitalia.
FSH >100, LH=31.8, TSH=1.77, prolactin=11.1, testosterone =
0.418, free T4 =1.21.

+  Short stature, webbed neck, low posterior hairline, hypoplasia of the
fourth metacarpal bone, primary amenorrhea, delayed puberty,
hypergonadotrophic hypogonadism, uterus and ovaries normal at
ultrasound, bone age below chronologic age, osteopenia, no signal of
virilisation and normal female genitalia. FSH >100, LH =98.32,
testosterone = 0.02, TSH = 1.35, oestradiol = 4.

+  Short stature, low hairline, cubitus valgus, hypoplasia of the fourth
metacarpal bone, highly arched palate, the larche at 7 years old which
disappeared at age of 9, no signal of virilisation and normal female
genitalia. TSH=12.6, free T4=1.0.

mosaicism was observed at a relatively low frequency —i.e. in 5
out of 74 TS patients. This report described the first study on TS
patients from north-eastern Brazil and even though we present
the lowest frequency of Y-chromosome mosaicism (2.7%), the
results are consistent with other studies conducted in Brazilian
patients reporting cryptic Y-chromosome-material presence of
5.5%, 3%, 4.8% or 3.8% (Mendes et al. 1999; Nishi et al. 2002;
Araujo et al. 2008; Barros et al. 2011).

Using molecular methods, previous studies reported a highly
variable frequency of cryptic Y-chromosome mosaicism in TS,
depending mainly on the methodology applied and possibly the
population studied. Other factors that may have contributed to
this variability include differences in the selection of the patients,
the Y-chromosome sequences analysed and the number of
patients studied with marker or ring chromosomes (Mancilla
et al. 2003; Modi and Bhartiya 2007; Semerci et al. 2007). We
detected occult Y-chromosome sequences in two cases, one with
45,X and the other with a previous 46,X,i(Xq) karyotype. Similar
findings were reported previously in TS patients (Binder et al.
1995; Alvarez-Nava et al. 2003; Mancilla et al. 2003; Mazzanti
et al. 2005). Sallai et al. (2010) investigated four Y-chromosome
regions in 130 Hungarian patients by RT-PCR and found cryptic
mosaicism in six of them, having the following chromosome
constitution: 45,X (three cases), 45,X/46,X,+mar (two cases)
and 45,X/46,X,del(Xq) (one case). Taken together with our
findings, this supports a systematic search for Y-chromosome
sequences in TS patients regardless of their karyotypes.

Bianco et al. (2009) performed PCR analysis applying three
Y-chromosome-specific sequences (SRY, T7SPY and DYZ3) in

87 TS cases and found 16 patients (18.5%) with hidden
Y-chromosome mosaicism for the SRY sequence, while
the other markers were present in only four (4.6%) of them.
Up to now, there has been no consensus on which of the
Y-chromosome sequences are relevant in studies with this
purpose. Based on its localisation and importance in the
signalling cascade of sex-determining events, the SRY gene
has been the most investigated sequence. Additionally, the
detection of this marker is almost unanimous in studies with TS
patients and Y mosaicism (Mendes et al. 1999; Mancilla et al.
2003; Semerci et al. 2007; Bianco et al. 2009). Nevertheless,
despite its high occurrence in previous reports, we were unable
to detect the SRY sequence in two of our patients, showing that
the Y-chromosome, when present, is not always intact and may
even lack the Ypter region. Therefore, we suggest the use of at
least the four markers used in the present study (SRY, AGMY,
TSPY and DAZ) that encompass genomic regions of the
Y chromosome to screen TS patients.

Another important point that deserves further consideration
is which TS patients should be assessed at the DNA level. Some
authors have recommended the search for Y-chromosome
sequences only in patients with evidence of virilisation, clitor-
omegaly or when a chromosome marker cannot be characterised
by banding cytogenetics (Page 1994; Chu 1999; Frias and
Davenport 2003). According to Bianco et al. (2006), this
recommendation should be extended to all patients who have
a 45,X karyotype in peripheral blood. Contrary to these propo-
sals, we identified carriers of cryptic Y-chromosome material
in one case with a previous 46,X,i(Xq) karyotype without
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Fig. 1. Electrophoretic analysis of PCR products using Y-chromosome
primers. (@) Identification of SRY; the 314-bp band (arrowhead with S)
indicates the gene’s presence. (b) Identification of 7SPY; the 312-bp band
(arrowhead with T) shows the gene’s presence. (c¢) Identification of the
AMGY and DAZ genes; the 367-bp band (arrowhead with A) and 210-bp
band (arrowhead with D), respectively, indicates the gene’s presence,
respectively. The 610-bp band (arrowhead with B) present in all PCR
products represents the B-globin gene, used as a positive control of the
reaction. L, 100-bp ladder (molecular weight marker); 1, male control;
2, female control; 3,4,5 and 6, patients with TS; 7, blank reaction.

mosaicism, and in patients who had neither signs of virilisation
nor marker chromosomes (Table 3). Indeed, there was no
association with Y-chromosome-material positivity and the
clinical signs of the patients. Additionally, in our series, three
patients presented a lineage with a marker or ring chromosome
and none of them disclosed the presence of Y material in their
genome.

We also described a girl with a karyotype 46,X,der(X)t(X;Y)
(p22.372;q11.23). Such X;Y unbalanced translocations are very
unusual structural chromosome rearrangements in females, with
only ~70 cases reported previously. Males with t(X;Y) may have
X-linked disorders, such as contiguous gene syndromes, depend-
ing on the extent of the Xp deletion, while most females are
phenotypically normal except for short statute (Frints ez al. 2001;
Bukvic et al. 2010; Palka-Bayard-de-Volo et al. 2012). However,
our patient presented a classical TS phenotype, as seen in only a
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Fig. 2. FISH results of the case with a karyotype 46,X,der(X)t(X;Y)
(p22.372;q11.23). (a) Whole chromosome paint (WCP) for chromosome
X, showing extra chromosome material not derived from the X chromosome.
(b) Subtelomeric probe (subtel) for Xpter/Ypter (green), and the probes for
Yq12 (blue) and AZFc (red), confirmed the X;Y translocation.

few patients (Kelly ez al. 1984; Kuznetzova et al. 1994). Recently,
Portnoi et al. (2012) described an unusual case of familial TS
with mosaicism for a novel X;Y translocation involving Xp and
Yp. TS patients with euchromatic Y-chromosome material have
an increased risk of developing gonadoblastoma or dysgermi-
noma. In fact, the TSPY gene, which maps in the pericentromeric
region of Yp chromosome, has recently been established to be the
putative gene involved in the development of gonadoblastoma,
acting as an oncogene in the dysgenetic gonads (Delbridge et al.
2004). In the case of our Patient 5, this Yp region was shown to
be present on the derivative t(X;Y) chromosome, allowing us to
include this case in the risk of developing gonadal malignancies.

In conclusion, based on our results and data from the
literature, we recommend that meticulous search of hidden
Y-chromosome mosaicism should be carried out by molecular
techniques in all TS cases and must not be limited to virilised
patients and carriers of a specific karyotype. Because of the
high risk of gonadal tumour development, prophylactic gonad-
ectomy should be offered to all TS patients with identified
Y-chromosome material in order to prevent malignancy with
absolute certainty.
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Folate metabolism dysfunction can lead to DNA hypomethyla-
tion and abnormal chromosomal segregation. Previous inves-
tigations of this association have produced controversial results.
Here we performed a case-control study in patients with Turner
syndrome (TS) to determine the effects of genetic polymor-
phisms of folate pathway genes as potential risk factors for
somatic chromosomal nondisjunction. TS is a useful model
for this investigation because patients with TS show a high
frequency of chromosome mosaicism. Here we investigated
the possible association of polymorphisms of the MTHFR
gene with TS risk, which has been previously investigated
with controversial results. We also examined the effects of
MTR, RFCI, and TYMS gene polymorphisms in TS for the first
time. The risk was evaluated according to allelic and genotype
(independent and combined) frequencies among 70 patients
with TS and 144 age-matched healthy control subjects. Polymor-
phism genotyping was performed by PCR, PCR-RFLP, and PCR-
ASA. The polymorphisms MTHFR 677C>T and 1298A>C, MTR
2756A>G, RFCI 80G>A, and TYMS 2R/3R—alone or in combi-
nations—were not associated with the risk of chromosomal
aneuploidy in TS. In conclusion, our present findings did not
support a link between impaired folate metabolism and abnor-
mal chromosome segregation leading to somatic nondisjunction
in TS patients. © 2015 Wiley Periodicals, Inc.

Key words: Aneuploidy; MTHFR; MTR; RFCL, TYMS; DNA
hypomethylation

INTRODUCTION

Chromosomal aneuploidy is the most common genetic abnormal-
ity in humans, occurring in at least 5% of all clinically recognized
pregnancies and in ~35% of spontaneous abortions. Among
conceptuses that survive to term, aneuploidy is the leading cause
of cognitive impairment and birth defects. Despite this clinical

© 2015 Wiley Periodicals, Inc.

How to Cite this Article:

Bispo AVS, dos Santos LO, de Barros JV,
Duarte AR, Aratjo J, Muniz MTC, Santos
N. 2015. Polymorphisms in folate pathway
genes are not associated with somatic
nondisjunction in turner syndrome.

Am ] Med Genet Part A 9999A:1-8.

importance, relatively little is known about the molecular and
cellular mechanisms underlying the nondisjunctional processes
that yield aneuploidy [Hassold et al., 2007; Hassold and Hunt,
2009; Templado et al., 2013]. Maternal age is the only well-estab-
lished risk factor for meiotic nondisjunction. Altered recombina-
tion patterns represent another important contributor to its
etiology. Furthermore, some findings suggest that genomic DNA
hypomethylation caused by impaired folate metabolism may be
associated with abnormal chromosomal segregation and meiotic
instability [Hobbs et al., 2000; Castro et al., 2004; Chango et al.,
2005; Scala et al., 2006].

Folates are essential micronutrients required for one-carbon
biosynthetic metabolism, DNA synthesis and repair, and methyla-
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tion processes. Disruption of cellular folate homeostasis results in
aberrant DNA methylation, chromosome breakage, increased
micronuclei frequency, point mutations, defective chromosome
recombination, and aneuploidy [Jeanpierre et al., 1993; Leyton
etal., 1995; Coppede et al., 2010]. A compromise in the one-carbon
reactions caused by genetic and/or dietary factors could promote
abnormal chromosome segregation by an indirect effect on oocyte
DNA methylation patterns and higher-order chromatin structure.
In 1999, James and colleagues postulated that folate pathway
impairments caused by genetic polymorphism of metabolic
enzymes may result in DNA hypomethylation of centromeric
regions, increasing the risks of chromosomal nondisjunction and
Down syndrome (DS). This potential association has been since
investigated in several studies; however, the results are often
contradictory or inconsistent [Hobbs et al., 2000; Bosco et al.,
2003; Kokotas et al., 2009; Brandalize et al., 2010; Costa-Lima et al.,
2013].

Post-fertilization aneuploid mosaics can reportedly arise due to
mitotic non-disjunction. Anaphase lagging may be another factor
responsible for chromosomal aneuploidy. Several studies using in
vitro fertilization have demonstrated that anaphase lag is the major
mechanism through which human embryos acquire a mosaic
chromosome pattern during preimplantation development to
the blastocyst stage [Coonen et al., 2004; Daphnis et al., 2005].
DNA methylation status could also contribute to chromosomal
instability during anaphase lag. Gopalakrishnan et al. [2009]
showed that loss of the DNA methyltransferase DNMT3B or of
the constitutive centromere protein CENP-C, leads to significantly
decreased DNA methylation in the centromeric and pericentro-
meric regions, causing anaphase lagging with elevated chromosome
misalignment and segregation defects during mitosis in human
cells. Together, these findings reinforce the idea that epigenetic
determinants play a dominant role in establishing centromere
function and position. Therefore, DNA methylation status is
critical for proper chromosome segregation in oocyte meiosis as
well as in post-zygotic mitosis.

Several systems are required to allow folate to enter the cell, but
cellular uptake of the predominant plasma folate is primarily
mediated by the reduced folate carrier (RFC1). The enzyme meth-
ylenetetrahydrofolate reductase (MTHFR) plays a pivotal role in
regulating DNA methylation by catalyzing the reduction of 5,10-
methylentetrahydrofolate to 5-methylentetrahydrofolate. This
product then acts as the methyl donor for the remethylation of
homocysteine (Hcy) to methionine, which is mediated by methio-
nine synthase (MTR). This reaction is important for synthesis of S-
adenosylmethionine (SAM), the major intracellular methyl donor
for methylation reactions of DNA, proteins, and lipids [Bailey and
Gregory, 1999; Coppede, 2009; Nazki et al., 2014]. Tetrahydrofolate
isalso important in maintaining a balanced supply of the precursors
required for DNA synthesis. Thymidylate synthase (TYMS) con-
verts deoxyuridine monophosphate (dUMP) and 5,10-MTHF to
deoxythymine monophosphate (dTMP) and dihydrofolate (DHF)
in de novo pyrimidine synthesis [Skibola et al., 2002]. Genetic
polymorphisms in genes of this folate enzymatic pathway could
alter normal metabolism, inducing increased Hcy levels, decreased
SAM synthesis, and abnormal DNA methylation [Coppede et al.,
2010; Nazki et al., 2014].
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Patients with Turner syndrome (TS) show a high frequency of
chromosome mosaicism [Santos et al., 2006], and thus represent an
interesting model in which to investigate the effects of folate
pathway polymorphisms as possible risk factors for somatic chro-
mosomal nondisjunction. TS is characterized by the absence or
abnormality of one sex chromosome in either all or some cells. The
presence of a second sex chromosome is essential for fetus survival,
with an estimated ~99% of embryos with the pure 45,X karyotype
perishing in utero. Therefore, virtually every live-born TS individ-
ual must comprise more than one cell line, thus constituting a
mosaic [Oliveira et al., 2009; Hook and Warburton, 2014]. To date,
two studies have evaluated the influence of two common MTHFR
polymorphisms (677C>T and 1298A>C) and nondisjunction in
Turner syndrome, and have reported conflicting results [Santos
et al., 2006; Oliveira et al., 2008].

Here we performed a case-control study in patients with Turner
syndrome. We investigated the effects of genetic polymorphisms of
the MTHFR, MTR, RFC1,and TYMS genes as potential risk factors
for aneuploidy, and performed genetic interaction analyses.

This was an analytical cross-sectional study with a control group and
70 patients with Turner syndrome diagnosed by clinical evaluation
and karyotyping. All patients were seen in the Service of Medical
Genetics at the Institute of Integral Medicine Professor Fernandes
Figueira and in the Service of Pediatric Endocrinology at Clinics
Hospital of the Federal University of Pernambuco. The control
group consisted of 144 healthy women from unselected individuals
from the same Brazilian regions as those of the cases. Controls were
age-matched to the cases. The age of the studied group ranged from
eight months to 33 years; the mean age was 15 years.

The present study was designed according to the guidelines and
regulating norms of the National Health Council for research
involving human subjects and its resolution N° 466 of December 12,
1996. Informed consent was obtained from all patients or their
parents. The project has been approved by the Ethical Committee
(Record: CEP/IMIP N* 802/06).

Cytogenetic studies were based on peripheral lymphocytes using
standard procedures for their preparation and banding of the
chromosomes. Twenty to fifty GTG-banded metaphases were
analyzed for each patient.

Genomic DNA was isolated from 200 .l of peripheral blood using a
commercial DNA isolation kit (DNA Illustra™ Blood Genomic-
Prep Mini Spin - GE Healthcare).

Polymorphisms were genotyped by the polymerase chain reac-
tion (PCR) with upstream and downstream primers flanking the
target sequence, followed by enzymatic digestion, except for TYMS
and MTHFR 1298A>C. PCR amplification was performed in a
volume of 25 ml containing: 20-50 ng of genomic DNA, 1x PCR
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buffer with 1.5mM MgCI2, 200 mM each dNTP, 1U Taq DNA
polymerase (Invitrogen Life Technologies, Carlsbad, CA), and
5 pmol of each primer.

The genotyping protocol of MTHFR 677C>T polymorphism was
adapted from the study by Frosst et al. [1995]. The following primer
sequences were used: forward primer: 5°- TGA AGG AGA AGG
TGT CTG CGG GA -3, reverse primer: 5- AGG ACG GTG CGG
TGA GAG TG-3’. The amplified and digested products were
visualized in a 3% agarose gel with ethidium bromide. Wild types
(677CC) produced a single band at 198 base pairs (bp) after Hinfl
enzyme digestions (1.5 units). Heterozygotes (677CT) produced
198-, 175-, and 23-bp bands, while the homozygous mutants
(677TT) produced 175- and 23-bp bands.

The detection of MTHFR 1298A> C polymorphism was determined
by allele-specific polymerase chain reaction (PCR) according to the
protocol described by Biselli et al. [2008]. The primers set were used to
separately amplify wild-type and mutated alleles as follows: forward:
5’- GGA GCT GAC CAG TGA AGA -3, and reverse: 5°- TGT GAC
CAT TCC GGT TTG -3, to amplify a 77-base pair (bp) fragment
corresponding to allele A (wild type); forward: 5’- CTT TGG GGA
GCT GAA GGA -3, andreverse: 5- AAGACT TCAAAGACACTTG
-3, to amplify a 120-bp fragment corresponding to allele C (mutated).
A pair of primers was used to amplify the CYP-46 gene (forward: 5’-
5-TGA AAA CGA GTT TCC CGT CC-3’ and reverse: 5-GTG TGA
CCA GGT AAC AGT CA-3’) as an internal control of the reaction.

The presence of tandem repeat sequences in the 5-terminal of the
regulatory region of the TYMS gene was detected using a protocol
adapted from the study by Hishida et al. [2003]. The amplified PCR
products were visualized on a 3% agarose gel with ethidium
bromide. Homozygotes for the double repeat (2R2R) produced
a single 220-bp band, while the heterozygotes (2R3R) produced
220-bp and 250-bp bands. Furthermore, homozygotes for the triple
repeat (3R3R) produced a 250-bp band.

The RFCI1 80G> A genotyping was carried out using a PCR restric-
tion fragment length polymorphism method adapted from a pre-
vious publication by Chango et al. [2005]. Fragments obtained after
Hhal enzyme digestion (2.0 units) were 125, 62, and 37 pb for allele
G, and 162 and 62 pb for allele A. Heterozygotes produced bands for
each allele. The amplified and digested fragments were analyzed ina
3% agarose gel.

The genotyping protocol of MTR 2756 A>G polymorphism was
performed according to the study of Matsuo et al. [2001]. PCR
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products were digested with HaelII (1.5 units), resultingina 211 bp
band for the A allele and 131- and 80-bp bands for the G allele, after
4% agarose gel electrophoresis. Heterozygotes produced bands for
each allele.

The statistical analyses were carried out using the Biostat program
(Version 5.0). Hardy—Weinberg equilibrium was tested for each
polymorphism by comparing observed with expected frequencies
using the x> test. The differences in alleles and genotypes from each
polymorphic position between cases and controls were assessed by
Xz or Fisher’s exact. For each SNP, we did unconditional logistic
regression to compute Odds Ratio (OR) and 95% confidence
interval (95% CI). To explore the possible interactions between
mutant genotypes, we used the “two-by-four” approach as de-
scribed by Botto and Khoury [2001]. Additionally, to test the risk
associated with the presence of more than two variants alleles we
used Logistic Regression to compare the number of mutations
observed per individual in cases and controls. These statistical
analyses were performed with the use of the R statistical package
(www.r-project.org).

After Bonferroni correction, a P value less than <0.00125 was
considered to represent a statistically significant difference.

In both the case and control groups, the allelic and genotypic
distributions of MTHFR 677C>T and 1298A>C, MTR 2756A> G,
RFC1 80G>A, and TYMS variants were found to be in Hardy-
Weinberg equilibrium. Table I presents the allelic frequencies of the
studied polymorphisms. Allelic frequencies of MTHFR 1298 C,
MTR 2756 G, RFCI 80G, and TYMS 2R did not significantly
differ between TS cases and controls. On the other hand, the allelic
and genotype frequencies of MTHFR 677 T were borderline or
significantly different between cases and controls (Tables I and II),
which is attributed to a higher frequency of non-mutated alleles in
the patient group.

With regard to genotype frequency, after Bonferroni correction,
we found no significant association between folate polymorphism
and occurrence of Turner syndrome (Table II). Analysis of the
RFC1 gene showed a higher frequency of homozygous RFCI 80AA
among cases compared to controls. This higher frequency was
associated with a 2.45-fold increase in the risk of nondisjunction
(95% confidence interval (CI), 1.01-5.96), although this associa-
tion did not reach statistical significance.

To determine the potential effects of combined genotypes, we
further analyzed all possible combinations between mutant geno-
types at one or two loci of the MTHFR, MTR, RFCI, and TYMS
genes (versus the wild-type genotypes). This approach enabled
evaluation of the associated risk in the presence of two distinct
mutant genotypes. Although some P-values were significant
(Tables II and III), no significant differences were associated
with the risk of aneuploidy in TS, as indicated by the low odds
ratio values. We also performed regression analysis to determine the
risk associated with the simultaneous presence of more than two
variants (Table IV). The number of uncommon alleles for the five
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Polymorphism allele
MTHFR 677
C
T
MTHFR 1298
A
C
MTR 2756
A
G
RFC1 80
G
A
TYMS
3R
2R

TS cases N (%)

107 (76.43)
33 (23.57)

111 (79.29)
29 (20.71)

114 (81.43)
26 (18.57)

57 (40.71)
83 (59.29)

80 (57.14)
60 (42.86)

P-values were obtained by X° test after Yates correction.

Genotype
MTHFR 677

cc

cT

T

CTHTT
MTHFR 1298

AA

AC

cc

AC+CC
MTR 2756

AA

AG

GG

AG+GG
RFC1 80

GG

GA

AA

GA 4 AA
TYMS

3R/3R

3R/2R

2R/2R

3R/2R+-2R/2R

TS cases N (%)

42 (60.00)
23 (32.86)

5 (7.14)
28 (40.00)

44 (62.86)
23 (32.86)

3 (4.29)
26 (37.14)

47 (67.14)
20 (28.57)

3 (4.29)
23 (32.86)

10 (14.29)
37 (52.86)
23 (32.86)
60 (85.71)

25 (35.71)
30 (42.86)
15 (21.43)
45 (64.29)

Control N (%)

192 (66.67)
96 (33.33)

223 (77.43)
65 (22.57)

238 (82.64)
50 (17.36)

146 (50.69)
142 (49.31)

160 (55.56)
128 (44.44)

Controls N (%)

59 (40.97)
74 (51.39)

11 (7.64)
85 (59.03)

85 (59.03)
53 (36.81)

6 (4.17)
59 (40.97)

100 (69.44)
38 (26.39)

6 (4.17)
44 (30.56)

33 (22.92)
80 (55.56)
31 (21.53)
111 (77.08)

47 (32.64)
66 (45.83)
31 (21.53)
97 (67.36)

P-values were obtained by x° test and Odds ratio (OR), confidence interval (Cl).

P-value

0.0509"

0.6636"

0.8630"

0.0662"

0.8363"

P-value

0.0274

0.8509

0.9414

0.1222

0.8933
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Frequency
Allele TS cases Control
677°T 0.2357 0.3333
1298C 0.2071 0.2257
27566 0.1857 0.1736
80A 0.5929 0.4931
2R 0.4286 0.4444
OR (95%Cl) P-value (OR)
Reference
0.44 (0.24-0.81) 0.0115
0.64 (0.21-1.97) 0.6108
0.46 (0.26-0.83) 0.0135
Reference
0.84 (0.46-1.54) 0.6798
0.97 (0.23-4.05) 0.7518
0.85 (0.47-1.53) 0.6979
Reference
1.12 (0.59-2.13) 0.8573
1.06 (0.25-4.44) 0.7¢772
1.11 (0.60-2.05) 0.8544
Reference
1.53 (0.68-3.42) 0.4040
2.45 (1.01-5.96) 0.0749
1.78 (0.82-3.87) 0.1948
Reference
0.85 (0.45-1.64) 0.7577
0.91 (0.41-1.99) 0.9703
0.87 (0.48-1.59) 0.7699
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Genotype
MTHFR C67°7T

cc

cc

CT+TT

CT+TT
MTHFR C677T

cc

cc

CT4TT

CT+TT
MTHFR C677T

cc

cc

CT+TT

CT+T1T
MTHFR C67°7T

cc

cc

CT+TT

CT+TT
MTHFR A1298C

AA

AA

AC+CC

AC +CC
MTHFR A1298C

AA

AA

AC+CC

AC+CC
MTHFR A1298C

AA

AA

AC+CC

AC +CC
MTR A27566

AA

AA

AG + GG

AG + GG
MTR A27566

AA

AA

AG + GG

AG + GG
RFC1 G8OA

GG

GG

GA+AA

GA+AA

Pvalues were obtained by Odds ratio (OR), confidence interval (ClI).

MTHFR A1298C
AA

AC+CC

AA

AC+-CC

MTR A27566
AA

AG+GG

AA

AG+GG

RFC1 GBOA

GG

GA+AA

GG

GA-FAA

TYMS Repetitions
3R/3R
3R/2R+2R/2R
3R/3R
3R/2R+2R/2R
MTR A27566
AA

AG+GG

AA

AG+GG

RFC1 GBOA

GG

GA+AA

GG

GA-FAA

TYMS Repetitions
3R/3R
3R/2R+2R/2R
3R/3R
3R/2R+2R/2R
RFC1 G8OA

GG

GA+AA

GG

GA+AA

TYMS Repetitions
3R/3R
3R/2R+2R/2R
3R/3R
3R/2R+2R/2R
TYMS Repetitions
3R/3R
3R/2R+2R/2R
3R/3R
3R/2R+2R/2R

TS cases N (%)

21 (30.00)
21 (30.00)
23 (32.86)
6 (8.57)

26 (37.14)
14 (20.00)
19 (27.14)
9 (12.86)

5 (7.14)
20 (28.57)
3 (4.29)
25 (35.71)

13 (18.57)
29 (41.43)
12 (17.14)
16 (22.86)

31 (44.29)
13 (18.57)
16 (22.86)
10 (14.29)

6 (8.57)
38 (54.29)
4 (5.71)
22 (31.43)

14 (20.00)
30 (42.86)
11 (15.71)
15 (21.43)

7 (10.00)
32 (45.71)
3 (4.29)
20 (28.57)

14 (20.00)
33 (47.14)
11 (15.71)
12 (17.14)

5 (7.14)
5 (7.14)
20 (28.57)
40 (57.14)

Controls N (%)

20 (13.89)
39 (27.08)
65 (45.14)
20 (13.89)

38 (26.39)
21 (14.58)
62 (43.06)
23 (15.97)

11 (7.64)
48 (33.33)
22 (15.28)
63 (43.75)

17 (11.81)
42 (29.17)
30 (20.83)
55 (38.19)

64 (44.44)
21 (14.58)
38 (26.39)
23 (15.97)

17 (11.81)
68 (47.22)
16 (11.11)
42 (29.17)

30 (20.83)
55 (38.19)
17 (11.81)
42 (29.17)

21 (14.58)
79 (54.86)
12 (8.33)
32 (22.22)

33 (22.92)
67 (46.53)
14 (9.72)
30 (20.83)

13 (9.03)
20 (13.89)
25 (17.36)
77 (53.47)

OR (95%CI)

Reference
0.52 (0.23-1.15)
0.34 (0.15-0.73)
0.28 (0.09-0.86)

Reference
0.97 (0.42-2.26)
0.45 (0.22-0.92)
0.57 (0.23-1.43)

Reference
0.92 (0.28-2.98)
0.3 (0.06-1.49)
0.87 (0.27-2.77)

Reference
0.9 (0.38-2.14)
0.52 (0.19-1.40)
0.38 (0.15-0.95)

Reference

1.28 (0.57-2.88)
0.87 (0.42-1.80)
0.90 (0.38-2.11)

Reference
1.58 (0.57—4.35)
0.71 (0.17-2.98)
1.48 (0.51-4.30)

Reference
1.17 (0.54-2.54)
1.39 (0.51-3.73)
0.76 (0.32-1.82)

Reference
1.21 (0.47-3.14)
0.75 (0.16-3.45)
1.87 (0.67-5.21)

Reference
1.16 (0.55-2.46)
1.85 (0.68-5.07)
0.94 (0.38-2.36)

Reference
0.65 (0.16-2.70)
2.08 (0.63-6.82)
1.35 (0.45-4.06)

55

P-value (OR)

0.1560
0.0094
0.0420

0.8779
0.0415
0.3297

0.8735
0.2656
0.9448

0.9913
0.2955
0.0614

0.7034
0.8449
0.9757

0.5140
0.9129
0.6387

0.8423
0.6929
0.7008

0.8669
0.9930
0.3337

0.8415
0.3441
0.9144

0.8183
0.3490
0.7883
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TS cases N (%)
9 (12.86)
27 (38.57)
23 (32.86)
8 (11.43)
3 (4.29)

Number of mutated alleles per individual

u b wmMn e

tested loci ranged from one to five per case or control individual.
These results confirmed that no risk was associated with a higher
number of mutated alleles.

In the present study, we investigated the potential roles of the
MTHFR 677C>T, MTHFR 1298A>C, RFC-1 80G>A, MTR
2756A>G, and TYMS 3R>2R genetic polymorphisms in modu-
lating the risk of somatic chromosome nondisjunction in Turner
syndrome. In contrast with previously reported results, here we did
not observe a significantly increased frequency of mutant alleles in
the TS group compared to the controls. In fact, the statistically
significant differences that we found indicated a higher frequency of
non-mutated alleles among the TS patients. These results reinforce
that polymorphisms of genes involved in folate metabolism are not
associated with genetic risk of TS. We hypothesized that these
interesting results could be explained by a possible association
between polymorphisms and fetal viability. Genetic variants of
enzymes in the folate pathway may place TS embryos at a survival
disadvantage, reflected by a low frequency of these variants in the
live-born TS patients. Hobbs et al. [2002] previously reported
preferential transmission of the MTHFR 677T allele and its impli-
cations for a survival advantage in infants with Down syndrome.

To date, only two Brazilian research groups have studied the
MTHER gene in TS patients with the same proposed objectives as
the present study. Santos et al. [2006] evaluated the frequencies of
the MTHFR 677T and 1298 C polymorphic mutations in 49 TS
patients and 200 controls, and reported that the 677TT genotype
was found significantly more frequently among Turner patients.
Subsequently, Oliveira et al. [2008] studied the same MTHEFR
polymorphisms in 140 Turner patients, but detected no association
between the MTHFR 677T allele and chromosomal aneuploidy.
However, they reported that the genotype 1298CC occurred sig-
nificantly more frequently in TS cases than controls. Overall, both
studies suggested that different MTHFR gene mutations could be
related to chromosome imbalances. In contrast, our present results
did not support such an association.

Recently, Oliveira et al. [2012] determined the frequencies of the
MTHER gene polymorphisms 677 C>T and 1298 A>C, and inves-
tigated their correlations with serum homocysteine levels in 78
Brazilian patients with TS. They hypothesized that a high plasma
homocysteine level could be related to the genesis of cardiovascular
disease, which is the leading cause of death among Turner patients
[Kimetal., 2011]. In contrast to the results of the present study, they
identified a differential distribution of the mutate allele 1298 C in
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Control N (%) OR (95%Cl) P-value (OR)
27 (18.75) Reference

53 (36.81) 1.53 (—0.44-1.35) 0.3477
42 (29.17) 1.07 (—0.62-0.76) 0.8368
17 (11.81) 0.86 (—1.17-0.81) 0.7623

5 (3.47) 1.27 (—1.52-1.89) 0.7742

the patient group. However, this difference was not related to
homocysteine levels, and they concluded that further studies are
needed to investigate the possible genetic interaction with homo-
cysteine levels in TS. Unfortunately, we were unable to measure this
marker in our present patients.

Over the last decade, despite some conflicting results, most study
findings have supported a role for polymorphisms of the MTR,
TYMSand RFCI genes, alone or in combinations, as risk factors for
Down syndrome [Bosco et al., 2003; Scala et al., 2006; Coppede
etal., 2009]. To the best of our knowledge, the potential influences
of these genetic variants have never previously been investigated in
patients with Turner syndrome. Our present findings showed no
independent contribution of these genes acting as risk factors for
somatic nondisjunction.

The RFCI gene encodes an enzyme that participates in folate
absorption, and the polymorphic allele 80 G is associated with
reduced protein affinity for substrates and reduced transport
efficiency [Zhao et al., 2009]. The present results concerning the
RFC1 80G>A polymorphism are in accordance with those of
previous studies of Down syndrome conducted among Brazilian
populations [Biselli et al., 2008; Fintelman-Rodrigues et al., 2009;
Brandalize et al., 2010; Zampiere et al., 2012]. In contrast, a
recent meta-analysis of nine independent case-control studies
concluded that the maternal RFCI 80G>A polymorphism might
be associated with increased risk of giving birth to a child with
DS, especially among carriers of the GG genotype [Coppede et al.,
2013].

TYMS activity is essential to maintain an adequate supply of
nucleotides, and TYMS competes with MTHFR for the same
substrate. The TYMS gene reportedly has a polymorphic 28-bp
tandem repeat in its promoter region, which includes a double
repeat allele (2R) that is associated with lower gene expression and
enzyme activity when compared with the 3 R allele [Hishida et al.,
2003]. Coppede [2009] reported that when cells have a high precur-
sor demand due to high division rates, interactions between MTHFR
and TYMS enzyme activities could potentially impair DNA meth-
ylation, having consequences on chromosome segregation. Further-
more, due to the linkage between cell division and DNA replication,
itis plausible that any DNA damage or inadequate nucleotide supply
caused by folate deficiency could also result in chromosome delay
and aneuploidy [Wang et al., 2004]. An Italian study investigated
both the TYMS 28-bp repeat and 1494del6 polymorphisms as
possible risk factors for having a child with DS, and neither was
found to be associated with aneuploidy risk [Coppede et al., 2009].
Here we only evaluated the TYMS 28-bp repeat, and our results were
in accordance with the previous finding.
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In 2003, Bosco et al. studied mothers of children with DS from
Sicily, and provided the first evidence of a possible contribution of
the MTR 2756A>G polymorphism to aneuploidy etiology. How-
ever, subsequent studies performed in different countries—includ-
ing France [Chango et al., 2005], Italy [Scala et al., 2006], and Brazil
[da Silva et al., 2005; Biselli et al., 2008; Fintelman-Rodrigues et al.,
2009; Brandalize et al., 2010]—have failed to confirm this associa-
tion of the MTR 2756A>G polymorphism with chromosome
nondisjunction. The present findings also showed no such associa-
tion. In 2005, da Silva et al. evaluated the genes MTR, MTRR,
MTHFR, and CBS together, and suggested that mothers of children
with DS tend to have a higher number of uncommon alleles
compared to controls. However, in our present study, we per-
formed logistic regression to determine whether multiple uncom-
mon alleles interact to influence folate metabolism and, contrary to
da Silva’s [2005] findings, we found no significant associations.

Several studies in mothers of children with DS have aimed to
evaluate the possible contribution of impaired folate metabolism to
chromosomal aneuploidy risk, and most of them concluded that
the combined presence of two or more mutant alleles in the genome
might affect chromosome segregation [Hobbs et al., 2000; Rai et al.,
2006; Biselli et al., 2008; Brandalize et al., 2009]. The present work is
the first genetic association study in TS to evaluate whether
interactions between folate gene polymorphisms appear to modify
the risk of somatic chromosome nondisjunction, and our results do
not reveal any significant associations. Brandalize et al. [2010]
conducted a case-control study in Southern Brazil among 239
mothers of children with DS, with the aim of investigating the
role of maternal polymorphism, and the risks of DS associated with
the genotype combinations of MTR 2756A>G, MTRR 66A>G,
CBS 844ins68, and RFC 80A>G. Their results showed that
individual polymorphisms were not associated with DS, while
the combined risk genotypes among genes involved in folate path-
ways resulted in maternal risk for DS offspring.

The literature includes many studies of different genes related to
folate metabolism that have reported contrasting results, including
some performed in patients with Turner syndrome. The discrepancies
may be explained by interactions between genetic and environmental
factors (e.g., the use of folic acid, which may be crucial for the
maintenance of the polymorphism effects), differences in study design
and sample sizes, and variable allele frequency due to ethnic and
geographic population origin [James, 2004; Coppede et al., 2009].

Our study had some limitations. The major limitation—which is
shared by most hospital-based studies to date—is the small sample
size of the case group that reduces the statistical power of testing for
genetic associations and for gene—gene interactions. Given the dis-
cordant conclusions reported by studies of genetic risk factors in
different geographic regions, it is possible that our present findings
may not be generalizable to other populations. This study could not
analyze specific metabolic biomarkers, such as conceptional folic acid
status, plasma homocysteine, or By, levels. Finally, different chromo-
some abnormalities are present in TS karyotypes; therefore, it may be
possible that this syndrome arises due to multiple mechanisms.

In conclusion, our present results do not support a link between
impaired folate metabolism and abnormal chromosome segrega-
tion leading to somatic nondisjunction in TS patients. However,
these findings warrant additional discussion and confirmation in
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subsequent well-designed studies The mechanisms responsible for
aneuploidy seem to be influenced by multiple factors—including
genetic, environmental, epigenetic, and stochastic factors—which
would make it difficult to measure the results of an individual effect.

The authors thank the patients, parents, and clinicians for partici-
pating in our study. This research was supported by Fundagao de
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6. Discussao geral

No presente estudo foi observado uma frequéncia relativamente baixa
(2,7%) de mosaicismo criptico para o cromossomo Y na ST. Este trabalho
descreve o primeiro estudo em pacientes com ST do estado de Pernambuco e,
mesmo apresentando a menor incidéncia, os resultados sdo consistentes com
outros estudos brasileiros, os quais reportaram a presenca de material criptico do
cromossomo Y em 5,5%, 3%, 4,8% e 3,8% das pacientes ST (Nishi et al., 2002;
Araujo et al., 2008; Barros et al., 2011).

Estudos anteriores relataram uma incidéncia amplamente variavel de
mosaicismo criptico para o cromossomo Y na ST, dependendo principalmente da
metodologia aplicada (FISH, PCR, RT-PCR, Southern blot) (Modi e Bhartiya,
2007; Freriks et al., 2013; Knauer-Fischer et al., 2015). Detectamos sequéncias
ocultas do cromossomo Y em dois casos, um 45,X e outro com cariétipo prévio
46,X,i(Xq). Resultados semelhantes foram relatados anteriormente em pacientes
com ST (Alvarez-Nara et al., 2003; Mazzanti et al., 2005).

Sallai et al. (2010) investigaram quatro regiées do cromossomo Y em 130
pacientes hungaras por RT-PCR e encontraram mosaicismo criptico em seis
delas, com a seguinte constituicdo cromossémica: 45,X (3 casos), 45,X/46,X,+mar
(2 casos) e 45,X/46,X,del(Xq) (1 caso). A meta-analise de 541 pacientes com
caridtipos 45,X aparentemente homogéneos, revelou que 5% dos casos
apresentavam mosaicismo oculto para o cromossomo Y quando O ensaio por
PCR foi realizado (Colls et al., 2006). Em conjunto com os nossos achados,
esses resultados suportam uma busca sistematica de sequéncias do cromossomo

Y em pacientes com ST, independente de suas constitui¢des cariotipicas.
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Em 2013, Freriks et al. combinaram as analises de PCR e FISH em DNA de
linfécitos do sangue periférico e em células da mucosa bucal para determinar a
importancia da inclusdo de técnicas moleculares adicionais na busca do cromossomo Y
oculto em 63 pacientes com ST. Esses autores identificaram 30,2% de mosaicismo para
o cromossomo investigado, e enfatizaram a relevancia do uso de técnicas mais
sensiveis para este fim. Em outro estudo mais recente, Zelaya et al. (2014) utilizaram
diferentes abordagens moleculares para investigar 217 pacientes com ST e
encontraram material derivado do cromossomo Y em 9,2% dos casos. Entre os casos
Y-positivos, 17 foram submetidos a gonadectomia e apresentaram uma incidéncia de
35,3% do GB. Adicionalmente, foi encontrado disgerminoma puro e disgerminoma mixto
com carcinoma embrionario em duas pacientes. Esses dados reforgam a importancia da
investigacao de material do Y em cariétipos aparentemente ndo mosaicos bem como a
indicagéo da gonadectomia preventiva para eliminar o alto risco de malignidades.

Apesar de muitos trabalhos na literatura, ainda € controverso exatamente
quais pacientes com ST devem ser avaliadas ao nivel do DNA. Um guia clinico
da ST recomenda o uso de técnicas moleculares apenas em pacientes com
evidéncias de virilizagdo, clitoromegalia ou quando um cromossomo marcador
nao pode ser caracterizado pela citogenética classica (Bondy, 2007). Outro guia
posterior (Wolff et al., 2010) indica que esta recomendagéo deve ser estendida a
todas as pacientes que apresentem o caridtipo 45X no sangue periférico.
Contrario a estas propostas, identificamos material criptico do cromossomo Y em
um caso com cariotipo prévio 46,X,i(Xg) sem mosaicismo e em pacientes ST que
nao tinham nem sinal de virilizagdo nem cromossomos marcadores. De fato, ndo
houve associagéo entre positividade do cromossomo Y com os sinais clinicos das

pacientes. Adicionalmente, em nossa série trés pacientes apresentaram uma
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linhagem com um marcador ou um cromossomo em anel e nenhuma delas
revelou a presenca de material do Y em seu genoma.

As anadlises obtidas a partir da citogenética molecular permitiram a
descricdio de wuma alteragdo incomum na ST com o cariétipo
46,X,der(X)t(X;Y)(p22.372;911.23). Tais transloca¢des desbalanceadas X;Y sé&o
rearranjos cromossémicos estruturais raros em mulheres, com cerca de apenas
70 casos relatados previamente. Homens portadores de t(X;Y) podem ter
disturbios ligados ao X como sindromes de genes contiguos, dependendo da
extensdao da delecdo Xp, enquanto a maioria das fémeas é fenotipicamente
normal, exceto por baixa estatura (Bukvic et al., 2010; de Volo et al., 2012). No
entanto, nossa paciente apresentou um fenétipo classico da ST, como observado
somente em alguns casos relatados (Kelly et al., 1984; Kuznetzova et al., 1994).

Potnoi et al. (2012) descreveram um caso incomum de ST familiar com
mosaicismo para uma nova translocacao X;Y envolvendo Xp e Yp. Pacientes ST
com material eucromatico do cromossomo Y tém um risco aumentado de
desenvolvimento de gonadoblastoma e / ou disgerminoma. De facto, o gene
TSPY, mapeado na regido pericentromérica do cromossomo Yp, foi estabelecido
como o gene putativo envolvido no desenvolvimento de gonadoblastoma, agindo
como um oncogene nas gbnadas disgenéticas (Delbridge et al., 2004). No caso
da nossa paciente, esta regidao Yp mostrou estar presente no cromossomo
derivativo t(X;Y), o que nos permite incluir este caso em risco de desenvolvimento
de doencgas gonadais malignas.

Neste trabalho também investigamos o papel dos polimorfismos dos genes
MTHFR 677C>T, MTHFR 1298A>C, RFC-1 80G>A, MTR 2756A>G e TYMS

3R>2R modulando o risco de n&o disjungdo cromossémica somatica na sindrome
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de Turner. At¢é o momento, apenas dois estudos brasileiros avaliaram o gene
MTHFR em pacientes com ST com os mesmos objetivos propostos. Contrario aos
resultados anteriormente reportados, nao foi observado no presente estudo um
aumento significativo na frequéncia de alelos polimorficos no grupo com ST em
relagcao aos controles.

Santos et al. (2006) avaliaram as frequéncias dos polimorfismos MTHFR
(677T e 1298C) em 49 pacientes com ST e 200 controles e encontraram uma
maior frequéncia estatisticamente significativa do gendtipo 677TT entre os
individuos ST. Em um trabalho posterior, Oliveira et al. (2008) estudaram os
mesmos polimorfismos do gene MTHFR em 140 pacientes com ST e nao
mostraram associagao entre o alelo MTHFR 677T e aneuploidia cromossdmica.
No entanto, o gendtipo 1298CC foi significativamente mais frequente nos casos
com ST quando comparados com os controles. De maneira geral, ambos estudos
sugeriram que diferentes polimorfismos no gene MTHFR podem estar
relacionadas com desequilibrios cromossémicos. Entretanto, o0s nossos
resultados n&o suportam esta associagao.

Apesar de muitos resultados conflitantes, a maioria dos estudos tém
apoiado um papel para polimorfismos dos genes MTR, TYMS e RFC1, isolados
ou combinados, como fatores de risco para a sindrome de Down (Bosco et al.,
2003; Scala et al., 2006; Coppede et al., 2009; Rai et al., 2014; Jaiswal et al.,
2015). Por outro lado, a influéncia destas variantes genéticas nunca foi
investigada na sindrome de Turner e nenhuma contribuicdo independente desses
genes atuando como fatores de risco para n&o disjungdo somatica foi observado
no presente trabalho.

Em relacdo a auséncia de associacdo do polimorfismo RFC1 80G>A, o
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presente trabalho esta de acordo com estudos anteriores realizados na populagao
brasileira para SD (Biselli et al., 2008; Fintelman-Rodrigues et al., 2009;
Brandalize et al., 2010; Zampiere et al., 2012). No entanto, estudando uma
populacdo chinesa, Wang et al. (2013) concluiram que polimorfismos nos genes
RFC-1 e CBS estao relacionados com a SD. Adicionalmente, uma meta-analise
incluindo nove estudos de caso-controle independentes sugeriu que o
polimorfismo maternal RFC1 80G>A pode estar associado a um risco aumentado
de ter um filho com SD, especialmente entre as portadoras do gendtipo GG
(Coppedé et al., 2013a).

Corroborando com a pesquisa atual, estudos realizados em diferentes
paises, incluindo a Franga (Chango et al., 2005), Italia (Scala et al., 2006;
Coppede et al., 2013b) e Brasil (da Silva et al., 2005; Biselli et al., 2008;
Fintelman-Rodrigues et al., 2009; Brandalize et al., 2010; Victorino et al., 2014)
nao conseguiram demonstrar associagao do polimorfismo MTR 2756A>G com a
nao disjungdo cromossémica. Coppedeé et al. (2013b) investigaram a fungdo de
MTR 2756A>G como fator de risco em 286 maes de portadores da SD em adicao
a dados prévios de oito estudos anteriores, totalizando 1171 maes, e postularam
que o peso do referido polimorfismo seria menor que o MTHFR 677C>T e o
MTRR 66A>G. Assim, seria bastante improvavel que o polimorfismo no gene
MTR atuaria como fator de risco independente para ndo disjun¢gdo cromossémica.

A atividade da TYMS é essencial para um suprimento adequado de
nucleotideos, assim, quando as células tém uma alta demanda de precursores
devido a altas taxas de divisdes € possivel que as interagdes entre as atividades
enzimaticas de MTHFR e TYMS possam prejudicar a metilagdo do DNA, com

consequéncias sobre a segregagdo cromossémica (Coppede, 2009). Além disso,
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uma vez que a divisado celular e a replicagdo do DNA estdo ligadas entre si, é
plausivel que qualquer dano no DNA ou fornecimento inadequado de
nucleotideos causados por deficiéncia de folato podem resultar em atraso
cromossOmico e aneuploidia (Wang et al., 2004). Um estudo italiano investigou os
polimorfismos 1494del6 e repeticao 28 bp de TYMS como possiveis fatores de
risco para ter um filnho com SD e nenhum deles resultou estar associado com este
risco (Coppedé et al., 2009). Apesar do presente estudo ter avaliado apenas as
repeticoes TYMS 2R/3R, nossos resultados estdo de acordo com os dados
anteriormente relatados.

A opinido geral da maioria dos estudos € que a presenga combinada de
dois ou mais alelos mutantes do metabolismo do folato no genoma pode afetar a
segregacao cromossémica (Hobbs et al., 2000; Rai et al., 2006; Biseli et al.,
2008; Brandalize et al., 2009; Coppdé et al., 2013; Rai et al., 2014). O presente
trabalho é o primeiro estudo de associacdo genética na ST que avalia se
possiveis interagdes entre polimorfismos dos genes do folato podem modificar o
risco de n&o disjuncdo cromossdmica somatica, contudo ndo foi encontrada
nenhuma associagao significativa. Brandalize et al. (2010) conduziram um estudo
caso-controle em 239 mé&es de SD para investigar o papel dos polimorfismos
maternos, bem como as combinagdes genotipicas de risco entre MTR A2756G,
MTRR A66G, CBS 844ins68 e RFC A80G no Sul do Brasil. Os resultados
mostraram que os polimorfismos individuais ndo foram associados com a SD, no
entanto, os efeitos combinados dos gendtipos de risco foram considerados fatores
de risco nessa populagao.

A literatura relata varios trabalhos sobre diferentes genes relacionados ao

metabolismo do folato com resultados contrastantes, incluindo aqueles realizados
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em pacientes com sindrome de Turner. Estas discrepancias podem ser
explicadas por interagbes entre fatores genéticos e ambientais, tais como o uso
de acido fdlico, que pode ser crucial para a manutencdo dos efeitos dos
polimorfismos, diferencas no desenho do estudo, tamanho das amostras e
frequéncias variaveis dos alelos devido a origem étnica e geografica.

Em conclusao, nosso estudo n&o suporta uma ligagao entre alteragbes no
metabolismo do folato e segregagdo cromossémica anormal provocando nao
disjuncdo somatica em pacientes com ST. Os mecanismos responsaveis pelas
aneuploidias cromossdmicas parecem ser influenciados por fatores multivariados,
incluindo genéticos, ambientais, epigenéticos e estocasticos. Dessa forma, pode
ser dificil de mensurar o resultado de um efeito individual.

Adicionalmente, com base em nossos resultados e nos dados da literatura,
recomendamos que a busca meticulosa de mosaicismo oculto para o
cromossomo Y deve ser realizada por meio de técnicas moleculares em todos os
casos ST, ndo sendo portanto limitado a pacientes virilizadas e / ou portadoras de
um caridtipo especifico. Devido ao alto risco de desenvolvimento de tumores
gonadais, a gonadectomia profilatica deve ser oferecida a todas as pacientes com
ST e material de cromossomo Y identificado, a fim de evitar o desenvolvimento de

malignidades com absoluta certeza.



66

7. Conclusoes

1. O exame citogenético permitiu a confirmagéo dignostica da ST, bem como
a identificacdo das alteracbes cromossOmicas especificas da sindrome, as
quais se assemelham com a frequéncia descrita na literatura;

2. A presenga de mosaicismo oculto para o cromossomo Y (2,7%) ocorreu em
uma frequéncia baixa neste estudo;

3. A presenga de sequéncias do Y em caridtipos ndo sugestivos bem como a
falta de associagao clinica indicam que a busca de mosaicismo oculto para
o cromossomo Y deve ser realizada por meio de técnicas moleculares em
todos os casos ST e né&o limitado a pacientes virilizadas e / ou portadoras
de um cariotipo especifico;

4. O uso da técnica de FISH permitiu uma descrigdo cariotipica detalhada
bem como a identificacdo de uma alteracdo cromossémica rara;

5. Através da combinagdo da analise citogenética e molecular foi possivel
oferecer um diagnodstico complementar para as pacientes com ST com a
identificacdo de potenciais fatores de risco a malignidade, e por
conseguinte direcionar a conduta terapéutica como a indicagdo de
gonadectomia profilatica;

6. Nao foi possivel estabelecer uma associacdo entre os polimorfismos
MTHFR 677C>T, MTHFR 1298A>C, RFC-1 80G>A, MTR 2756A>G e
TYMS 3R>2R independentes ou combinados e o risco na nao disjungéo

somatica na ST.
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ABSTRACT. Turner syndrome (TS) is a chronic disease related to
haploinsufficiency of genes that are normally expressed in both X
chromosomes in patients with female phenotype that is associated with
a wide range of somatic malformations. We made detailed cytogenetic
and clinical analysis of 65 patients with TS from the region of Recife,
Brazil, to determine the effects of different chromosome constitutions
on expression of the TS phenotype. Overall, patients with X-monosomy
exhibited a tendency to have more severe phenotypes with higher
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morbidity, showing its importance in TS prognosis. Additionally,
we found rare genetic and phenotypic abnormalities associated with
this syndrome. To the best of our knowledge, this is the first case of
45,X,t(11;12)(q22;922) described as a TS karyotype. Turner patients
usually have normal intelligence; however, moderate to severe mental
retardation were found in 5 TS cases, which is considerate a very
uncommon feature in this syndrome.

Key words: Mosaicism; Chromosomal abnormality; X-monosomy;
Balanced translocation

INTRODUCTION

Turner syndrome (TS) is one of the most common chromosomal disorders, characterized
by the absence or abnormality of one sex chromosome either in all or some cells. This genetic
disorder is caused by haploinsufficiency of genes normally expressed in both X chromosomes,
which are involved in the physical development and maintenance of ovarian function in patients
with female phenotype, affecting approximately 1/2500 live-born girls (Stochholm et al., 2006).

According to cytogenetic reports, chromosome monosomy (45,X) is found in 50-60%
of cases. Other karyotypes with structural changes in the X chromosome are present in approxi-
mately 30% of cases, including isochromosome of the long arm, deletion of the short arm or ring
chromosomes, either in homogeneous karyotypes or in mosaics with a 45,X cell line (Oliveira et
al., 2009; Djordjevi¢ et al., 2010; Elleuch et al., 2010). Patients with TS may also have a second
cell line with a normal or abnormal Y chromosome in 5 to 6% of cases (Gravholt, 2005). On the
other hand, few cases exhibit complex karyotypes, which may include the formation of deriva-
tives of the X chromosome (Binkert et al., 2010; Burégio-Frota et al., 2010).

The clinical profile of TS is evidenced by short stature and gonadal dysgenesis, lead-
ing to delayed pubertal development, primary amenorrhea and sterility. Furthermore, a variety
of dysmorphic features may be present, such as lymphedema of hands and feet, short and/or
webbed neck, cubitus valgus, low posterior hairline, low-set ears, widely spaced nipples, ogi-
val palate, ptosis, epicanthal folds, and hypoplasia of the fourth or fifth metacarpal and meta-
tarsal bones (Sybert and McCauley, 2004; Hjerrild et al., 2008). In addition, this syndrome
may involve various malformations, especially in the heart (most commonly coarctation of the
aorta) and the kidneys, besides hearing impairment, hypertension, thyroid disease, and obesity
(Bondy, 2009; Davenport, 2010).

In view of the importance of establishing genotypic and phenotypic correlations for
appropriate management of TS patients, this study reports a detailed cytogenetic and clinical
analysis of patients with Turner syndrome to provide new information on the developmental
effects of different chromosome constitutions and their role in the expression of TS phenotype.
Additionally, this study reports on the rare genetic and phenotypic abnormalities associated
with this syndrome.

MATERIAL AND METHODS

From May 2006 to December 2011, cytogenetic analyses were performed in 65 pa-
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tients with clinical indication of TS, who were seen in the Service of Medical Genetics at the
Institute of Integral Medicine Professor Fernandes Figueira and in the Service of Pediatric
Endocrinology at Hospital das Clinicas of the Federal University of Pernambuco. The cyto-
genetic study was based on cell culture from phytohemagglutinin-stimulated peripheral lym-
phocytes using standard procedures. Detailed clinical data for patients were obtained by either
physical examination of review of medical records. Once the syndrome was confirmed, most
patients underwent ultrasound and cardiologic evaluation. Statistical analyses were performed
by the Fisher test, comparing the patients with 45,X and those with other non-normal karyo-
types. P < 0.05 was considered statistically significant.

This study was designed according to the guidelines and regulatory norms of Brazil’s
National Health Council for research involving human subjects and Resolution No. 196 of Oc-
tober 10, 1996. Informed consent was obtained from all patients or their parents. The project
was approved by the Ethics Committee (Record: CEP/IMIP No. 802/06).

RESULTS

The karyotype distribution of 65 TS patients is shown in Table 1. The most common
was the monosomic karyotype (61.5%). Structural changes in the X chromosome together
with mosaicism were observed in 24.5% and mosaic karyotypes without structural anomalies,
which also included the Y chromosome, were found in 7.5% of the patients. Isochromosome
Xq was the most frequent structural change observed in 23.1% in either mosaics (45,X cell
line) or in homogeneous karyotypes.

Table 1. Distribution of karyotypes associated with Turner syndrome.

Karyotype No. of patients Frequency (%)
45X 40 61.5
Mosaics without structural changes

45,X/46,XX 1 1.5

45 X/47,XXX 1 1.5

Mosaics with structural changes
46,X,1(Xq)/45,X 1
46,X,r(X)/45,X 2 3.1
1
1
1

46,X,del(Xp)/45.X

46,X,inv dup(Xq)/45,X
45,X/46,X,+mar

Mosaics with Y chromosome

45,X/46,XY 3 4.6
Structural change without mosaicism

46,X,i(Xq) 4 6.2
Total 65 100

The age of TS patients at the moment of diagnosis ranged from newborn to 35 years
old, but in most cases TS was diagnosed at the age of puberty or beyond (9-18 years old).
In general, TS was confirmed early in patients with X-monosomy, where in almost 40% of
these cases, the karyotype was established before the age of two (Table 2). However, in most
patients with mosaicism and/or X structural changes (77.3%), cytogenetic analyses were not
done until the age of puberty.
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Table 2. Frequency distribution of age at the moment of chromosome analysis.

Age 45,X Other karyotypes Al TS cases
0-2 years 39.5% - 25%
3-8 years 2.7% 22.7% 10%
9-13 years 21% 18.2% 20%
14-17 years 21% 31.8% 25%
>18 years 15.8% 27.3% 20%

TS = Turner syndrome.

Webbed neck (92.31%), lymphedema of hands and feet (84.62%), congenital heart
disease (61.53%) and nail hypoplasia (53.85%) were the main clinical features that led to
cytogenetic analyses before the age of two in 45,X patients. Our results demonstrated that at
birth these were the predominant phenotypic determinants of this syndrome.

In 89.3% of all cases, short stature was the most frequent phenotypic characteristic.
This growth failure was more frequent among patients with monosomy as compared to those
who showed mosaicism (Figure 1), but this difference was not statistically significant (P =
0.486). Another important clinical feature was gonadal dysgenesis with delayed pubertal and
primary amenorrhea, which was observed in 84.8% of TS patients at pubertal age. This clini-
cal disorder was observed in all patients with mosaicism in contrast to carriers of X-monoso-
my (Figure 1), with the difference being statistically significant (P < 0.001).

100%
100%

90.9%

87%
° B
0,
80% 73.7% .
Mosaics
60% 57.6%
42.4%
40% 34.8%
30.4%
2499 26.1%
- 21.2%

20% 17.4%

- 12.1%

] l

0%
Short stature Delayed puberty ~ Heart disease Webbed neck Nail hypoplasia ~ Cubitus valgus Low hair

Figure 1. Distribution of the most prevalent clinical features according to karyotype constitution.

Congenital heart disease, another important TS-related clinical factor, was found in
17.9% of cases, where it was significantly more frequent in monosomic karyotypes (Figure 1)
(P=0.007). Autoimmune diseases such as Hashimoto’s thyroiditis (12.5%) and renal malfor-
mations (8.93%) were also observed in the subjects.

Although TS patients may have nonverbal learning disabilities, average intellectual per-
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formance is usually normal. Nevertheless, we found moderate and severe mental retardation in
2 and 3 of 65 TS patients (7.7%), respectively. The karyotypes associated with this rare stigma
included 45,X (three cases), 45,X,t(11;12)(q22;q22) (one case) and 46,X,1(Xq)/45,X (one case).

Several dysmorphic features were observed, such as widely spaced nipples, epicanthal
folds, shortening of the metacarpal bones and high arched palate. The most common phenotype
of all TS patients was short and webbed neck (44.6%), hypoplastic nails (37.5%), low posterior
hairline (19.6%), and cubitus valgus (21.4%), with the latter being more common in patients with
mosaicism (Figure 1). However, only short and webbed neck (P < 0.001) and cubitus valgus (P =
0.0002) showed statistically significant differences between mosaics and 45,X cases.

We also found one TS patient with unusual cytogenetic constitution displaying the fol-
lowing karyotype: 45,X,t(11;12)(q22;q22)[20]. Clinical examination at the age of 33 showed
short stature, short and webbed neck, low posterior hairline, primary amenorrhea and mental
retardation; she neither knew her age nor recognized colors. Karyotype analysis of the parents
was not possible.

DISCUSSION

Turner syndrome is a chronic disease associated with a wide range of malformations
with varying frequencies, which are mainly related to the type of X chromosome rearrange-
ment. Our cytogenetic analyses of 65 TS patients corroborated, in general, previously reported
data (Held et al., 1992; Schoemaker et al., 2008; Djordjevi¢ et al., 2010; Elleuch et al., 2010).
However, our patient sample had only one case (1.5%) of mosaicism with a normal cell line
(46,XX), which is significantly lower than frequencies described in the literature (8 to 17%).
Although reports of TS patients with X duplications and balanced translocation are very rare,
we found two of these karyotypes displaying these uncommon chromosomal rearrangements.

The case of X-duplication (Table 1) previously reported by our research group (Bu-
régio-Frota et al., 2010) showed classical TS stigmata associated with the karyotype 46,X,inv
dup(X)(pter—q22::q22—pter)/45,X. Partial X-chromosome duplications are relatively infre-
quent and occur predominantly in men, where they are associated with multiple congenital
abnormalities (Cheng et al., 2005). Few cases of dup(Xq) have been described in females, and
the abnormal phenotype usually includes short stature, developmental delay, hypogonadism
and other dysmorphic anomalies. As a consequence of selection against cells with abnormal
X in carrier females, most dup(Xq) are inactivated, and females appear phenotypically normal
(Armstrong et al., 2003; Stankiewicz et al., 2005). In our dup(Xq) case, we believe that the
clinical data observed in this patient were probably due to the 45,X cell line.

Balanced translocations are rare chromosome rearrangements and seldom found in
TS. To the best of our knowledge, this is the first case of TS describing a balanced translo-
cation involving chromosomes 11 and 12, karyotype 45,X,t(11;12)(q22;q22). To date, only
seven cases of balanced translocations in 45,X cell line have been reported. Using high resolu-
tion banding, Ozkul et al. (2002) found a TS infant with the karyotype 45X,t(1;2)(q41;p16),
and one case of TS with familial balanced translocation t(1;2)(q32;q21)mat was described by
Kondo et al. (1979). Four other studies reported an association of X-monosomy with balanced
Robertsonian translocation t(13;14) (Laszlo et al., 1984; Salamanca et al., 1985; Krajinovic et
al., 1994; Silva et al., 2006). Recently, Djordjevi¢ et al. (2010) showed a case of 45,X,t(1;9)
(cen;cen) in combination with a r(X) mosaic karyotype.
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Usually, balanced chromosomal translocations do not exhibit any phenotypic abnormali-
ties. However, their carriers may have increased reproductive risk, with spontaneous abortions. In
our case, the patient had a typical 45,X lineage TS phenotype. Since the X-monosomy is related to
normal intelligence, we suggest that the t(11;12) could be responsible for the mental disability in
this patient. Mutations in several genes have been associated with mental retardation (Kalscheuer
et al., 2009; Vandeweyer and Kooy, 2009), but in our case it may have been the loss of genetic
information by the translocation process that may have caused mental disability.

Short stature is considered the most common feature, which affects over 90% of rec-
ognized patients (Bondy, 2009; Oliveira et al., 2009; Davenport, 2010). This growth fail-
ure was indeed the most consistent phenotypic characteristic in our study, regardless of their
karyotype. In two patients, only this phenotype led us to test for TS, pointing to the importance
of correlating age with anomalous height and confirming TS in girls with growth failure. Short
stature and other skeletal abnormalities seen in TS occur due to haploinsufficiency of the
SHOX gene, which is located at Xp22 and Yp11.3, in the pseudoautosomal region of the sex
chromosomes (Ogata et al., 2002).

Gonadal dysgenesis was the second most important TS stigma found in this study.
This occurs in most TS individuals and is mainly caused by the haploinsufficiency of genes
located on the long arm of the X chromosome, Xq26 (POF1) and Xq13-21 (POF2), which are
involved in the maintenance of the ovaries. In contrast, a deletion of the distal short arm is usu-
ally compatible with normal ovarian function (Davison et al., 2000; Pienkowski et al., 2008).
Even though most genes of ovarian function remain active in the i(Xq), all patients with this
chromosome rearrangement exhibited gonadal disorders, which might have been attributed to
hidden or gonad-confined mosaicism.

Congenital cardiovascular defects are the most life-threatening medical problem faced
by TS patients and are found in 25 to 50% of them (Morgan, 2007; Bondy, 2009). Adults with
TS have a 4- to 5-fold increased rate of premature mortality, which is attributed mainly to
complications of congenital heart disease (Stochholm et al., 2006; Schoemaker et al., 2008).
There was a significantly higher incidence of congenital heart disease in monosomic karyo-
types (24.2%) compared with mosaics (8.7%), showing the association of the more severe
phenotype with a 45,X cell line. In contrast, Tan and Yeo (2009) examined the frequency of
congenital cardiac defects in TS patients from Singapore and found no statistical difference
between monosomic and different structural mosaics.

Turner patients usually have normal intelligence, but may have difficulty with nonver-
bal, social, and psychomotor skills (Morgan, 2007). However, in few cases there may be men-
tal retardation with severe congenital malformations associated with tiny ring X chromosome.
This unusual clinical presentation is related to the deficiency in inactivating this tiny r(X) due
to the absence of the X-inactivation center, causing the disomy of several genes, which alters
the dosage compensation mechanism. The preferably inactivated r(X) is therefore associated
with normal intelligence (El Abd et al., 1999; Suzigan et al., 2005). Thus, the mental retarda-
tion observed in 5 TS cases in our study was a very uncommon feature, since their karyotype
did not show the tiny r(X). Mental retardation could be related to this additional rearrangement
only in one of the 5 patients who had an additional chromosomal change t(11q;12q). The other
4 cases remain unexplained.

The genetic and phenotypic correlation of dysmorphic features, autoimmune diseases
and renal malformations proved to be inconsistent, since most of these clinical data did not
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show statistical differences between monosomic and mosaic TS patients. The TS phenotype
is attributed to haploinsufficiency of genes that are normally expressed in both the active and
inactive X-chromosomes. However, some reports indicate that other factors, not yet fully elu-
cidated, may influence phenotypic expression, including hidden mosaicism, genomic imprint-
ing or anomalous X inactivation, leading to difficulties in diagnosis and genetic counseling
(Aratjo and Ramos, 2008; Oliveira et al., 2009).

In conclusion, the patients with 45,X karyotype exhibited a tendency to have more se-
vere phenotypes than those with mosaicism. Thus, our study confirms the association of higher
morbidity with X-monosomy, showing that this karyotype plays an important role in the prog-
nosis of Turner syndrome. Additionally, the presence of mental retardation in five of our patients
associated with classical TS phenotype indicates that this mental disability could be an additional
rare feature associated with TS and should be considered more carefully by physicians.
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Of. N°. 253/2012 - CEP/CCS Recife, 26 de abril de 2012

A
Profa. Neide Santos
Departamento de Genética — CCB/UFPE

Registro do SISNEP FR - 476794

CAAE -0485.0.172.000-11

Registro CEP/CCS/UFPE N° 493/11

Titulo: Polimorfismos genéticos como fatores de risco a doengas autoimunse e a nao-disjuncdo
cromossdmica na sindrome de Tumer

Pesquisador Responsavel: Neide Santos

Senhor (a) Pesquisador (a):

Informamos que o Comité de Etica em Pesquisa Envolvendo Seres Humanos do Centro de Ciéncias da
Saude da Universidade Federal de Pernambuco (CEP/CCS/UFPE) registrou e analisou de acordo com a
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Dessa forma, o oficio de aprovagao somente sera entregue apds a analise do relatério final.
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Universidade Federal de Pernambuco, UFPE, Recife, Brasil
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Titulo: Andlise Cariotipica e Molecular em Pacientes com Sindrome de Turner
Orientador: Neide Santos
Bolsista do(a): Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico

Formagao complementar

2011 - 2011

2009 - 2009

2008 - 2008

2007 - 2007

Extensao universitaria em Curso Basico de Imunologia.
Faculdade Pernambucana de Saude, FPS, Recife, Brasil

Curso de curta duragdo em Organizagao Molecular e Diferenciagdo Longitudinal.
Sociedade Brasileira de Genética, SBG, Ribeirao Preto, Brasil

Curso de curta duragdo em Utilizagdo de SNPs em genética forense.
Sociedade Brasileira de Genética, SBG, Ribeirao Preto, Brasil

Extensao universitaria em Genética Humana Basica.
Universidade de Pernambuco, UPE, Recife, Brasil

Atuacao profissional

1. Instituto Federal do Sertdao Pernambucano - IFSertao-PE

2012 - Atual

Vinculo institucional

Vinculo: Servidor publico , Enquadramento funcional: Professor Ensino

Basico Técnico e Tecnolodgico , Carga horaria: 40, Regime: Integral

2. Universidade Federal de Pernambuco - UFPE

Vinculo institucional

2011 - 2011

Vinculo: BFT-Bolsista de fixagdo técnico , Enquadramento funcional:

Técnico geneticista , Carga horaria: 40, Regime: Dedicagéo exclusiva

2011 - Atual

Vinculo: Estudante Doutorado , Enquadramento funcional: Estudante

Doutorado , Carga horaria: 40, Regime: Dedicagdo exclusiva

2009 - 2011

Vinculo: Mestrando , Enquadramento funcional: Mestrado , Carga

horaria: 40, Regime: Integral

2007 - 2009

Vinculo: Estagio Bolsista , Enquadramento funcional: Estagiério , Carga

horaria: 20, Regime: Parcial

Atividades

01/2007 - Atual

Pesquisa e Desenvolvimento, Centro de Ciéncias Bioldgicas,

Departamento de Genética

3. Escola Quitéria Rosa da Silva - Curso Técnico de Enfermagem - EQRS

Vinculo institucional

2011 - 2011

Vinculo: Professor , Enquadramento funcional: Professor , Carga horaria:

20, Regime: Parcial
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Linhas de pesquisa

1. Citogenética e Genética Humana
Objetivos:Andlise Citogenética e Biologia Molecular. Identificar e caracterizar as
alteracdes cromossdmicas em com alteragbes constitucionais através da Citogenética

convencional e molecular (FISH). Além da detecgdo de polimorfismos genético e
marcadores moleculares.

Areas de atuacdo

1. Genética

2. Zoologia

3. Biologia Geral

4, Microbiologia

Projetos

Projetos de pesquisaProjetos de pesquisa2007 - 2009 Analise Caritipica e Molecular em Pacientes

com Sindrome de Turner

Descrigéo: A sindrome de Turner (ST) é relativamente comum, ocorrendo em uma proporgao de
1/2500 nascimentos, esta geralmente associada a baixa estatura, infantilismo genital, disgenesia gonadal,
pescoco curto, implantagdo baixa dos cabelos na parte posterior, térax largo com mamilos amplamente
afastados e hipoplasicos, linfedema, malformacgdes cardiacas congénitas e estigmas diversos. Estudos
citogenéticos tém mostrado que aproximadamente 40-60% das pacientes com ST possuem cariotipo 45,X
e o restante possuem anormalidades estruturais do X ou mosaicismo. Pacientes com mosaicismo ou com
uma linhagem do cromossomo Y, ou quando fragmentos deste estejam presentes, exibem um risco de 7-
10% de desenvolver gonadoblastoma. Dessa forma, esse projeto visa realizar uma andlise citogenética
convencional, de biologia molecular (PCR) e citogenética molecular (FISH) nas pacientes diagnosticadas
clinicamente com a sindrome de Turner atendidos no Servigo de Genética Médica do Instituto Materno
Infantil Professor Fernando Figueira. Inicialmente todas as pacientes serdo cariotipadas e aquelas
exclusivamente 45,X, serdo analisadas por PCR, utilizando primers de seqliéncias do cromossomo Y, que
podera identificar segmentos desse cromossomo no genoma, sendo muito importante clinicamente, pelo
fato da presenca de seqliéncias do Y em células das pacientes ser um fator de risco para o
desenvolvimento de gonadoblastoma e outros tumores. A aplicagdo da FISH com sonda especifica para o
cromossomo Y permitird o mapeamento fisico deste no cariétipo das pacientes. Os achados de biologia
molecular e citogenética molecular permitirdo um diagndstico complementar para as pacientes com
sindrome de Turner, permitindo uma ampla avaliagao clinica.
Situagao: Concluido Natureza: Projetos de pesquisa
Alunos envolvidos: Graduagao (1); Mestrado académico (1);
Integrantes: Adriana Valéria Sales Bispo; Neide Santos (Responsavel); Pollyanna Burégio de Siqueira
Cavalcanti

Projetos de desenvolvimento tecnoldgicoProjetos de desenvolvimento tecnol6gico2009 - 2015  Andlise de
polimorfismos genéticos como fatores de risco para doengas autoimunes e n&o-
disjungéo na sindrome de Turner

Descrigdo: O objetivo geral deste projeto € avaliar polimorfismos de genes da imunidade como
possiveis fatores de predisposi¢édo ao risco de doengas autoimunes na ST, bem como investigar a possivel
associagdo de polimorfismos do metabolismo do folato como fatores de risco na nao-disjungéo
cromossOmica. A determinagéo dos polimorfismos sera realizada pelos métodos de PCR-RFLP, PCR-ASA,
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PCR em tempo real baseada em HP ou sondas Tagman alelo especificas e através de sequenciamento
direto. A analise das variagdes genéticas podera contribuir para o entendimento do papel que polimorfismos
funcionais possam desempenhar na susceptibilidade do organismo a doengas autoimunes. Por outro lado,
a associacao dos genes do metabolismo do folato como fator de risco na nao-disjungéo representara uma
importante evidéncia de um componente genético associado as aneuploidias cromossémicas.

Situagdo: Em andamento Natureza: Projetos de desenvolvimento tecnoldgico

Alunos envolvidos: Graduagao (0); Mestrado académico (0); Doutorado (1);

Integrantes: Adriana Valéria Sales Bispo; Neide Santos (Responsavel); Maria Tereza Cartaxo Muniz;
Gabriela Ferraz Leal; Andrea Rezende Duarte; Sergio Crovela

Financiador(es): Fundagéo de Amparo a Ciéncia e Tecnologia do Estado de Pernambuco-FACEPE

Idiomas

Inglés Compreende Bem , Fala Razoavelmente , Escreve Bem, L& Bem
Espanhol Compreende Bem , Fala Pouco , Escreve Razoavelmente,Lé Bem
Portugués Compreende Bem , Fala Bem, Escreve Bem,Lé Bem

Prémios e titulos

2008 PREMIACAO NO CONIC (Congresso de Iniciagéo Cientifica), UFPE

Producao

Produgao bibliografica
Artigos completos publicados em peridédicos

1. BISPO, A. V. S., SANTOS, L.O., BUREGIO-FROTA, P., GALDINO, M. B., DUARTE, A. R,, LEAL, G.F.,
ARAUJO, J., GOMES, B., SOARES-VENTURA,EM, CARTAXO-MUNIZ,MT, SANTOS, N.

Effect of chromosome constitution variations on the expression of Turner phenotype. Genetics and Molecular
Research. , v.12, p.ahead for print - , 2013.

2. BUREGIO-FROTA, P., VALENCALB, LEAL, G.F., DUARTEAR, BISPO, A. V. S., SOARES-
VENTURA,EM, MARQUES-SALLES,TJ, NOGUEIRA, M. T.M. C., CARTAXO-MUNIZ, M.T, SILVA, MLM,
HUNSTIG, F., LIEHR, T., SANTOS, N.

Case Report Identification of a de novo inv dup(X)(pter?g22) by multicolor banding in a girl with Turner
syndrome. Genetics and Molecular Research. , v.9, p.780 -, 2010.

3. BISPO, ADRIANA VALERIA SALES, DOS SANTOS, LUANA OLIVEIRA, DE BARROS, JULIANA
VIEIRA, DUARTE, ANDREA REZENDE, ARAUJO, JACQUELINE, MUNIZ, MARIA TEREZA CARTAXO,
SANTOS, NEIDE

Polymorphisms in folate pathway genes are not associated with somatic nondisjunction in Turner syndrome.
American Journal of Medical Genetics. Part A. , v.1, p.n/a - n/a, 2015.

4. BISPO, ADRIANA VAL'RIA SALES, BUR'GIO-FROTA, POLLYANNA, OLIVEIRA DOS SANTOS,
LUANA, LEAL, GABRIELA FERRAZ, DUARTE, ANDREA REZENDE, ARAJO, JACQUELINE,
CAVALCANTE DA SILVA, VANESSA, MUNIZ, MARIA TEREZA CARTAXO, LIEHR, THOMAS, SANTOS,
NEIDE
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Y chromosome in Turner syndrome: detection of hidden mosaicism and the report of a rare X;Y translocation
case. Reproduction, Fertility and Development. , v.01, p.01 - 03, 2013.

Trabalhos publicados em anais de eventos (resumo)

1. LARANJEIRA, R. S. M., PINTO, R. N., BARROS, J. V., ALENCAR-FILHO, A. V., SANTOS, L.O., BISPO,
A.V.S., SANTOS, N., CALIXTO, M. S.
Adicdo de heterocromatina constitutiva no cromossomo 16 em duas pacientes portadoras de fissura
labiopalatal, ndo sindrémicas. In: 4 Reuniéo Brasileira de Citogenética, 2015, Atibaia-SP.

4 Reuniao Brasileira de Citogenética. , 2015.

2.BISPO, A. V. S., SANTOS, L.O., BARROS, J. V., SILVA, I. K. L., ANGELIM-NETO, M. C., DUARTE, A.
R., ARAUJO, J., SANTOS, N.
Cromossomos Marcadores na syndrome de Turner: relato de trés casos In: 4 Reunido Brasileira de
Citogenética, 2015, Atibaia - SP.

4 Reuniao Brasileira de Citogenética. , 2015.

3. SANTOS, L.O,, BISPO, A. V. S., BARROS, J. V., LARANJEIRA, R. S. M,, LEAL, G.F., DUARTE, A. R,
ARA'JO, JACQUELINE, SANTOS, N.
Heteromorfismos do cromossomo 9 em pacientes com indicagdo clinica da sindrome de Turner: avaliagao
citogenética e clinica In: 4 Reunido Brasileira de Citogenética, 2015, Atibaia-SP.

4 Reuniao Brasileira de Citogenética. , 2015.

4, SANTOS, L.O,, LIBERAL, A. T. S., BARROS, J. V., BISPO, A. V. S., LEAL, G.F., DUARTE, A. R,
MUNIZ, M. T. C., SANTOS, N.
INVESTIGACAO DE DELECOES DO GENE SHOX EM PACIENTES COM BAIXA ESTATURA
ASSOCIADA OU NAO A MALFORMACOES ESQUELETICAS In: Encontro de Genética do Nordeste -
ENGENE, 2014, Campina Grande -PB.

Encontro de Genética do Nordeste - ENGENE. , 2014.

5. BARROS, J. V., SANTOS, L.O,, BISPO, A. V. S., SILVA, I. K. L., LARANJEIRAS, R. S. M., DUARTE, A.
R., ARAUJO, J., SANTOS, N.
POLIMORFISMO DE HETEROCROMATINA CONSTITUTIVA NO CROMOSSOMO 16: TRES RELATOS
DE CASOS In: Encontro de Genética do Nordeste - ENGENE, 2014, Campina Grande -PB.

Encontro de Genética do Nordeste - ENGENE. , 2014.

6. BISPO, A. V. S., SANTOS, L.O., DUARTE, A. R.,, ARAUJO, J., MUNIZ, M. T. C., SANTOS, N.
RFC1 80G>A genetic polymorphism and the risk of somatic non-disjunction in Turner syndrome In: Encontro
de Genética do Nordeste - ENGENE, 2014, Campina Grande -PB.

RFC1 80G>A genetic polymorphism and the risk of somatic non-disjunction in Turner syndrome. ,
2014.

7. OLIVEIRA DOS SANTOS, LUANA, BISPO, A. V. S., BARROS, J. V., MELO, J. M., SILVA, I. K. L,
BUREGIO-FROTA, P., LEAL,GF, DUARTE, A. R., ARAUJO, J., GOMES, B., MUNIZ, M. T. C., LIEHR, T,
SANTOS, NEIDE

Isochromosome Xq in patients with Turner syndrome: cytogenetic and molecular findings and clinical
features. In: 3 Reunido Brasileira de Citogenética e IV Simposio Latino Americano de Citogenética e
Evolugéo, 2013, Guaruja- SP.

3 Reuniao Brasileira de Citogenética e IV Simpdsio Latino Americano de Citogenética e Evolugao. ,
2013.

8. SANTOS, L.O., BISPO, A. V. S., DUARTE, A. R., ARAUJO, J., SANTOS, N.
Estudo citogenético em pacientes portadores de distirbios da diferenciacdo sexual In: XIX Encontro de
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Genética do Nordeste, 2012, Juazeiro - Ba.
XIX Encontro de Genética do Nordeste. SBG, 2012.

9.BISPO, A. V. S., SANTOS, L.O., ARAUJO, J., GOMES,B, SANTOS, N.
Inversao pericéntrica do cromossomo 9 associada ao disturbio do desenvolvimento sexual - relato de caso
In: XIX Encontro de Genética do Nordeste, 2012, Juazeiro - Ba.

XIX Encontro de Genética do Nordeste. SBG, 2012.

10. BISPO, A. V. S., Silva, HA.,, SANTOS, L.O., BUREGIO-FROTA, P., LEAL,GF, DUARTE, A. R,
ARAUJO, J., CARTAXO-MUNIZ, M.T, SANTOS;, N.
Genetic Polymorphisms in Folate Metabolism May not Represent An Important Risk Factor for Chromosome
Nondisjunction in Turner syndrome In: XL Congresso Argentino de Genética e Ill Simpdsio Latinoamericano
de Citogenética Y Evolucion, 2011, Corrientes.

XL Congresso Argentino de Genética e lll Simpoésio Latinoamericano de Citogenética Y Evoltcion.
, 2011.

11. BISPO, A. V. S., SANTOS, N.
Polimorfismos Genéticos como fatores de risco a doengas autoimunes e a nado disjun¢do na sindrome de
Turner In: | Jornada de Pés-Graduagdo em Genética da UFPE, 2011, Recife.

I Jornada de Pds-Graduagao em Genética da UFPE. , 2011.

12. Vasconcelos S, BISPO, A. V. S., Benko-Iseppon AM
Inferéncia filogenética in silico na tribo Cocoseae (Arecaceae) baseada nas sequéncias dos genes
plastidiais rbcL e matK In: Encontro de Genética do Nordeste, 2010, Jequié- Ba.

Inferéncia filogenética in silico na tribo Cocoseae (Arecaceae) baseada nas sequéncias dos genes
plastidiais rbcL e matK. , 2010.

13. BISPO, A. V. S,, Silva, HA., SANTOS, L.O., BUREGIO-FROTA, P., LOURENCO, S. F. G., LEAL,GF,
DUARTE,AR, CARTAXO-MUNIZ,MT, SANTOS, N.
Investigagéo do polimorfismo C677T do gene MTHFR em portadoras da Sindrome de Turner como fator de
risco a ndo-disjuncdo In: 56° Congresso Brasileiro de Genética, 2010, Guaruja.

56° Congresso Brasileiro de Genética. , 2010.

14, SANTOS, L.O., BISPO, A. V. S., BUREGIO-FROTA, P., LOURENCO, S. F. G, LEAL, GF,
DUARTE,AR, SOARES-VENTURA EM, CARTAXO-MUNIZ,MT, SANTOS, N.
Sequéncias do cromossomo Y na sindrome de Turner e o risco de gonadoblastoma In: 56° Congresso
Brasileiro de Genética, 2010, Guaruja.

56° Congresso Brasileiro de Genética. , 2010.

15. GALDINO, M. B., BISPO, A. V. S., SANTOS, L.O., LOURENCO, S. F. G., BUREGIO-FROTA, P., LEAL,
G.F., DUARTE, AR, ARAUJO, J., SOARES-VENTURA,EM, SANTOS, N.
INTERCORRENCIAS CLINICAS EM PACIENTES COM SINDROME DE TURNER NO ESTADO DE
PERNAMBUCO. In: 55 Congresso Brasileiro de Genética, 2009, Aguas de Lindéia.

55 Congresso Brasileiro de Genética. Ribeirao Preto: SBG, 2009.

16. BISPO, A. V. S., GALDINO, M. B., SANTOS, L.O., LOURENCO, S. F. G., BUREGIO-FROTA, P.,
LEAL,GF, DUARTE,AR, ARAUJO, J., BEZERRA, I. H., SOARES-VENTURA ,EM, CARTAXO-MUNIZ, M.T,
SANTOS, N.
INVERSAO DO CROMOSSOMO 9 ASSOCIADA AO ATRASO PUBERAL E ESTIGMAS DE SINDROME
DE TURNER In: 55 Congresso Brasileiro de Genética, 2009, Aguas de Linddia.

55 Congresso Brasileiro de Genética. Ribeirao Preto: SBG, 2009.

17. BUREGIO-FROTA, P., BISPO, A. V. S, LEALGF, DUARTEAR, SOARES-VENTURAEM,
CARTAXO-MUNIZMT, RAMOS, F. J. C., ARAUJO, J., GOMES, B., MENDES, A. C., CARMELIO,J,
SANTOS, N.
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Identificagdo de sequiéncias do cromossomo Y em pacientes com sindrome de Turner e disgenesia gonadal
In: 54 Congresso Brasileiro de Genética, 2008, Salvador.
54 Congresso Brasileiro de Genética. Ribeirao Preto: SBG, 2008.

18. BISPO, A. V. S. BUREGIO-FROTA, P., VALENCALB, LEAL,GF, DUARTEAR, SOARES-
VENTURA,EM, MARQUES-SALLES,TJ, NOGUEIRA, M. T.M. C., CARTAXO-MUNIZ, M.T, SANTOS, N.
Prevaléncia Cariotipica em Pacientes Com Sindrome de Turner no Estado de Pernambuco In: 54
Congresso Brasileiro de Genética, Salvador.

54 Congresso Brasileiro de Genética. Ribeirao preto: SBG, 2008.

Apresentacao de trabalho e palestra
1.BISPO, A. V. S.

CITOGENETICA CLINICA: AS ALTERAGOES NOS CROMOSSOMOS HUMANOS, 2010.
(Outra,Apresentacéo de Trabalho)

Eventos

Eventos
Participagao em eventos

1. Apresentagao de Poster / Painel no(a) XIX Encontro de Genética do Nordeste - ENGENE, 2012.
(Congresso)

Inversao pericéntrica do cromossomo 9 associada ao disturbio do desenvolvimento sexual - relato de caso.
2. Apresentacdo de Poster / Painel no(a) XL Congresso Argentino de Genética e Il Simpésio
Latinoamericano de Citogenética Y Evolucion, 2011. (Congresso)

Genetic Polymorphisms in Folate Metabolism May not Represent An Important Risk Factor for Chromosome
Nondisjunction in Turner syndrome.

3. Conferencista no(a) V Semana de Biologia do IF/AL, 2010. (Encontro)
Citogenética Clinica: As alteragbes dos cromossomos humanos.

4. Apresentacéo de Poster / Painel no(a) 55 Congresso Brasileiro de Genética, 2009. (Congresso)
Inversdao do Cromossomo 9 Associada ao Atraso Puberal e Estigmas de Sindrome de Turner.

5. Apresentagao de Poster / Painel no(a) 54 Congresso Brasileiro de Genética, 2008. (Congresso)
Prevaléncia Cariotipica em pacientes com Sindrome de Turner no Estado de Pernambuco.

6. | Workshop Internacional em Biotecnologia, 2008. (Outra)

Organizagao de evento

1. Balbino V, BISPO, A. V. S.
I Jornada da P6s-Graduagao em Genética da UFPE, 2011. (Congresso, Organizagéo de evento)

Totais de producgao

Produgdo bibliografica



Artigos completos publicados em PeriddiCO. « vt ittt ittt eaee e enaee s 4

Trabalhos publicados em anais de EVeNtOS. .« vttt ittt ittt ittt it ittt tneeneeneenranennenns 18
Apresentagdes de trabalhos (OULTA) v v vttt ittt tittit ittt eneeneneeneeneensensaneneeneens 1

Eventos

Participagdes em evVentoS (CONTIESSO0) vttt unennenneeneensontoneneeneeneensensoneneeneens 4

Participagdes em eventos (ENCONEIO) vttt ittt tittnteneeeteneeneneeneeneensensaneneeneens 1

Participagdes em eVentos (OULLa) ¢ vttt ittt it tieeneeneeneeneeneneeneeneensensoneneeneens 1

Organizagdo de eVENTO (CONGIESSO) v vttt ittt tneeneeneeneaneaetoeeneeneeneeneaesaneneenns 1

Participagdo em banca de trabalhos de conclusdo (gradua@Cao) « v v e e eeeeneeneeneenennennens 1

Outras informacgoes relevantes

1 Monitoria em citogenética na Universidade Federal de Pernambuco no periodo de novembro de
2006 e término em fevereiro de 2008.

Estagio a docéncia na disciplina Citogenética Humana oferecida ao curso de Biomedicina na Universidade
Federal de Pernambuco 2009.2

Aprovada em 2° lugar concurso da Fiocruz 2010 - Tecnologista em saude/ Citogenética Laboratorial
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