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RESUMO

Introdugao: A Homocistinuria Classica ou Deficiéncia de Cistationina (3-
sintase € uma doenga genética, autossdmica recessiva, multissistémica de curso
lento e progressivo que ocorre pela alteragdo no metabolismo dos aminoacidos
sulfurados, com aumento dos niveis de homocisteina, metionina, S adenosil
homocisteina e reducédo de cistationina e cisteina. A Homocistinuria Classica pode
ser classificada em trés formas: responsiva a piridoxina (vitamina B6), nao-
responsiva a piridoxina e com resposta intermediaria a piridoxina. Sem o
diagnostico e tratamento precoces, os pacientes apresentam um quadro clinico
caracterizado por anormalidades oftalmolégicas, ésseas, vasculares e no sistema
nervoso central. Todos os pacientes devem receber tratamento com
suplementagao de acido folico e vitamina B12 se houver deficiéncia. O tratamento
recomendado para pacientes responsivos € o uso de piridoxina 10 mg/Kg/dia
evitando doses acima de 500 mg/dia por risco de neuropatia periférica. O uso do
tratamento dietético e betaina deve ser considerado para os pacientes que nao
atingiram niveis ideais de homocisteina total apenas com a suplementagdo de
piridoxina. Objetivos: avaliar a qualidade de vida, detectar prevaléncia de
deficiéncia intelectual, descrever quadro psiquiatrico e caracterizar alteragdes em
Sistema Nervoso Central através de volumetria cerebral em pacientes com
Homocistinuria Classica acompanhados no ambulatério de Genética do Hospital de
Clinicas de Porto Alegre. Métodos: o estudo foi realizado em trés etapas. Os
pacientes incluidos sdao acompanhados em um ambulatério especializado no
Hospital de Clinicas de Porto Alegre. A amostra foi por conveniéncia e os pacientes
tinham que ter diagnoéstico confirmado de Homocistinuria Classica. Na primeira
etapa, realizou-se um estudo retrospectivo avaliando qualidade de vida através da
aplicagao do questionario WHOQOL-BREF em 11 pacientes. Além disso, foi
avaliado o QI através do questionario WASI de 8 pacientes. Na segunda etapa,
para avaliar quadro psiquiatrico, foi realizado um estudo transversal, prospectivo
através da aplicagao das escalas Brief Psychiatric Rating Scale (BPRS), Escala de
Ansiedade de Beck, Hamilton e Escala de Depresséo de Beck (BD) em 8 pacientes.
Apds, um estudo transversal de volumetria cerebral foi realizado nestes 8

pacientes. Na terceira etapa, foi realizada uma analise retrospectiva de 14



pacientes para avaliar alteragbes cardiologicas através da analise de
eletrocardiogramas e ecocardiogramas. Resultados: na primeira etapa foi
verificado que os pacientes em tratamento para Homocistinuria Classica
apresentaram escores mais elevados no dominio psicolégico quando comparados
aos pacientes nao tratados. A segunda etapa mostrou que o volume total do talamo
controlado pelo volume craniano e idade teve correlagdes negativas com a Escala
de Depressao de Beck, Escala de Hamilton, BPRS e com dois subitens do BPRS,
preocupagdes somaticas e maneirismos. Pacientes com Homocistinuria Classica,
quando comparados a individuos saudaveis, pareados por idade e sexo,
apresentaram mais locais de hipointensidade de substancia branca. Na terceira
etapa foi verificada uma alta prevaléncia de valvulopatias. Conclusdao: Nossos
dados sugerem que o tratamento de pacientes com Homocistinuria Classica
associa-se a uma melhora na qualidade de vida no aspecto psicoloégico, que as
alteracbes no QI sao prevalentes e que os pacientes apresentam quadro
compativel com depressao, ansiedade e esquizofrenia. Ha uma tendéncia no
envolvimento do talamo como uma das estruturas relacionadas as condi¢des
psiquiatricas nos pacientes com Homocistinuria Classica e valvulopatias séo
frequentemente encontradas em pacientes com Homocistinuria Classica nao
responsivos a piridoxina. Apenas um paciente responsivo a piridoxina apresentou

ectasia de raiz da aorta.

Palavras - chave: Homocistinuria Classica, Deficiéncia de Cistationina [3-

sintase, qualidade de vida, volumetria cerebral, valvulopatia.
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ABSTRACT

Introduction: Classic Homocystinuria or Cystathionine B-synthase Deficiency, is a
genetic autosomal recessive and multisystemic disease. It is characterized by a
slow and progressive course and impaired metabolism of sulfur amino acids, leading
to increased levels of homocysteine, methionine, S adenosyl homocysteine and
reduced cystathionine and cysteine. Classical Homocystinuria can be classified into
three forms: responsive to pyridoxine (vitamin B6), unresponsive to pyridoxine and
intermediate response to pyridoxine. Ophthalmological, bone, vascular and central
nervous system abnormalities can occur if no early diagnosis or treatment are
provided. All patients should be treated with folic acid and vitamin B12
supplementation, if they are deficient. Recommended pyridoxine dose for
responsive patients is 10 mg/kg/day, up to 500 mg/day, due to the risk of peripheral
neuropathy caused by higher doses. Additionally, dietary treatment and betaine
should be considered on those who did not reach ideal levels of total homocysteine
with pyridoxine supplementation. There is little data about cardiac, neuropsychiatric
problems and quality of life in Classic Homocystinuria patients and, to this date,
there is no data about brain volume. Objectives: to assess quality of life, detect
prevalence of intellectual disability, describe psychiatric conditions and characterize
alterations in the Central Nervous System through cerebral volumetry in HCU
patients followed at Genetics Service of Hospital de Clinicas de Porto Alegre.
Method: the study was performed in three steps. Included patients are monitored
at a specialized clinic at the Hospital de Clinicas de Porto Alegre. The sample was
by convenience and the patients have a confirmed diagnosis of Classical
Homocystinuria. First, a retrospective study assessed quality of life in 11 patients,
through WHOQOL-BREF questionnaire. In addition to that, the 1Q was assessed
using the WASI questionnaire in eight patients. In the second step, psychiatric
conditions were evaluated in eight patients through a cross-sectional, prospective
study, using Brief Psychiatric Rating Scale (BPRS), Beck Anxiety Scale, Hamilton
and Beck Depression Scale (BD). Afterwards, a cross-sectional study of cerebral
volumetry was carried out in these eight patients. Finally, the third step was a
retrospective analysis of 14 patients, in order to assess cardiac alterations via

electrocardiogram and echocardiogram. Results: in the first stage, it was found that
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patients undergoing treatment had higher scores in the psychological domain when
compared to untreated patients. The second step showed that total thalamus
volume, adjusted by cranial volume and age, had negative correlations with the
Beck Depression Scale, Hamilton Scale, BPRS and with two BPRS sub-items:
somatic concerns and mannerisms. Patients with Classical Homocystinuria, when
compared to healthy individuals, matched for age and sex, had more sites of white
matter hypointensity. In the third step, a high prevalence of valvulopathies was
verified. Conclusion: Our data suggest that the treatment of patients with Classic
Homocystinuria is associated with an improvement in quality of life in the
psychological aspect, that changes in 1Q are prevalent and that patients present
depression, anxiety and schizophrenia. There is a trend towards involvement of the
thalamus as one of the structures related to psychiatric conditions in Classic
Homocystinuria patients and valvulopathies are frequently found in unresponsive
pyridoxine Classic Homocystinuria patients. Only one pyridoxine-responsive patient

had aortic root ectasia.

Keywords: Classic Homocystinuria, Cystathionine B-synthase Deficiency, quality of

life, cerebral volumetry, valvulopathy.
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Capitulo | — Introdugao

1.1.Homocistinuria Classica — Base Historica

O primeiro relato de Homocistinuria Classica (HCU) ou Deficiéncia de
Cistationina B-sintase (CBS) foi em 1962, na Irlanda do Norte, em um estudo sobre
anormalidades metabdlicas detectadas em urina de criangas com deficiéncia
intelectual. Nina Carson e Desmond Neill verificaram que duas irmas, uma de 5
anos e outra de 7 anos, eliminavam grande quantidade de homocistina na urina. As
irmas apresentavam deficiéncia intelectual, atraso do desenvolvimento
neuropsicomotor, alteragdes esqueléticas, alteragdes em pele, cabelos e
subluxacdo do cristalino (1). Em 1964, foi descoberto o defeito enzimatico
responsavel pela doenga (2) e em 1967 foi sugerida a primeira estratégia de
tratamento com restricao dietética de metionina e uso de piridoxina. (3,4,5). O gene

CBS foi mapeado somente em 1998 (6).

1.2 Epidemiologia

A prevaléncia de HCU varia entre 1:1800 a 1:900,000 com base na
incidéncia de nascimento de pacientes detectados por triagem neonatal e / ou
estimativas de pacientes clinicamente verificados. (7,8,9). No Catar, a prevaléncia
estimada é de 1:1800, sendo a mais alta no mundo (9). A incidéncia estimada no

sudeste do Brasil € de aproximadamente 9.7:100,000 individuos (10).

1.3 Fisiopatogenia

A HCU resulta na alteracdo no metabolismo dos aminoacidos sulfurados
(SAA), com elevacdo em fluidos corporais dos niveis de homocisteina (hcy),

metionina, S adenosil homocisteina e reducao de cistationina e cisteina (11).

A CBS é expressa predominantemente no figado, pancreas, rins e cérebro.
A metionina € convertida em hcy liberando um grupo metila que € usado em
diversas reacdes de metilagcao e pode ser convertida novamente em metionina. O

doador de grupo metila pode ser 5-metiltetra-hidrofolato, catalisado pela metionina
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sintase com metilcobalamina como cofactor, ou betaina, especialmente em
pacientes tratados com este medicamento. Alternativamente, a hcy é
irreversivelmente metabolizada em cisteina pela via de transulfuragao, através da
condensacgao de hcy e serina para formar cistationina, catalisada pela enzima CBS.
Apos, a cistationina é clivada pela cistationina y-liase formando cisteina e 2-

oxobutirato (12).

AcidoFdlico Metionina 2\3( ATP
or
Serina THE
Dimetil-
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Ghcina % . ghl:ln.a Gllclna Subs“a]_.:
T
- 485
5.10 MeCbl Produto
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b
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11
2 - Oxobutirato o/ !
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Figura 1: Homocistinuria Classica e rota do metabolismo da metionina

e da homocisteina (adaptada de Morris et al., 2016).

Na Homocistinuria Classica, ocorre atividade deficiente da enzima
representada, na Figura, pelo numero “1”. SAM, S-adenosilmetionina; SAH, S-
adenosilhomocisteina; THF, Tetrahidrofolato; MeCbl, Metilcobalamina. 1,
Cistationina beta- sintase ou CBS; 2, metionina adenosiltransferase /lll; 3,
metionina adenosiltransferase IlI; 4, glicina N - metiltransferase; 5, numerosas
metiltransferases; 6, S - adenosilhomocisteina hidrolase; 7, metionina sintase; 8,
betaina homocisteina metilltransferase; 9, Serina hidroximetiltransferase; 10,

metilenetetrahidrofolato redutase; 11, cistationina gamma-liase.
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1.4 Base Genética e o Gene CBS

A HCU é uma doencga genética de heranca autossémica recessiva causada
por variantes patogénicas bialélicas no gene CBS, localizado no cromossomo
21922.3 (12). O gene tem 23 éxons e 25-30 kb. Até o momento, mais de 200
variantes patogénicas foram identificadas no gene CBS, sendo que a maioria delas
sdo raras e privadas (10). Entretanto, quatro variantes, p.lle278Thr, p.Thr191Met,
p.Gly307Ser e p.Arg336Cys, sdo as mais prevalentes e responsaveis por mais da

metade de todos os alelos HCU em todo o mundo (13).

1.5 Manifestag¢oes Clinicas

A HCU se apresenta com um amplo espectro de gravidade, desde individuos
assintomaticos até individuos com grave acometimento multissistémico (12) e pode
ser classificada em trés formas baseadas na resposta a suplementacdo de
piridoxina (vitamina B6) (14).

A forma responsiva a piridoxina é caracterizada pela resposta dos pacientes
ao uso desta vitamina que tém seus niveis plasmaticos de tHcy reduzidos abaixo
de 50 umol/L. Na triagem neonatal, representa cerca de 12,7% dos casos
identificados e 47% dos casos diagnosticados tardiamente (15).

Na forma nao-responsiva a piridoxina, os individuos apresentam niveis
plasmaticos de tHcy acima de 80% dos niveis baseline apos teste de
responsividade a piridoxina. Em triagem neonatal, representa cerca de 78,2% dos
casos identificados (15).

A terceira forma é a resposta parcial a piridoxina na qual os pacientes que
estdo em uso de piridoxina tém seus niveis plasmaticos de tHcy reduzidos, mas
nao de forma substancial, ndo atingindo o alvo-terapéutico. Os niveis plasmaticos
de tHcy se mantém abaixo de 80% dos niveis baseline apds teste de
responsividade a vitamina B6. Em triagem neonatal, representa cerca de 7% dos
casos identificados e 12,7% dos casos diagnosticados tardiamente (15).

Deve-se realizar o teste de suplementacdo com piridoxina para
determinacao do grau de responsividade a piridoxina ao diagndstico (12). Estéao

descritas diferentes maneiras para a realizacao desse teste na literatura, com
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variagbes em relagdo a dose utilizada de piridoxina, a posologia e ao intervalo de
tempo para verificagdo da responsividade (reducdo de tHcy pds-teste).

Os pacientes com HCU apresentam um quadro clinico classico caracterizado
por anormalidades graves em pelo menos quatro sistemas sem a instituicdo de
diagnostico e tratamento precoces (12):

1. Sistema oftalmolégico: miopia, deslocamento de cristalino, glaucoma e
descolamento de retina.

2. Sistema 6sseo: habitus marfanoide, osteoporose, vértebras biconcavas,
escoliose, pés cavos, palato arqueado, espiculas metafisarias e aracnodactilia.

3. Sistema vascular: tromboembolismo, livedo reticularis e flush malar.

4. Sistema nervoso central: acidente vascular cerebral, manifestagbes
psiquiatricas, deficiéncia intelectual, sinais extrapiramidais e crise convulsiva.

A HCU é uma doenga multissistémica de curso lento e progressivo, cujas
primeiras manifestacbées podem surgir nos lactentes com sintomas inespecificos,

como déficit de crescimento e atraso do desenvolvimento neuropsicomotor (16).

1.5.1 Quadro psiquiatrico

Sabe-se que mais de 50% dos pacientes com HCU apresentam pelo menos
um sintoma psiquiatrico, incluindo transtorno de comportamento (17%), depressao
(10%), transtorno obsessivo-compulsivo (7,6%) e / ou transtornos de personalidade
(19%). Ha relatos de casos descrevendo pacientes HCU com episddios psicoticos
(17,18,19).

A experiéncia em Manchester no Reino Unido com 30 anos no atendimento
de 31 pacientes com HCU mostrou que destes 31 pacientes, 23 foram classificados
como nao responsivos a piridoxina, sendo 12 destes diagnosticados por métodos
de triagem neonatal. O paciente mais velho desse grupo tinha 25 anos no momento
da publicagdo. Nos 23 pacientes tratados com restricdo de proteina e
suplementacdo com férmula, a mediana de consumo de metionina foi de 230
mg/dia (variando entre 160-900 mg/dia), sendo particularmente mais dificil a
adesao em criangas mais velhas e adolescentes. Nenhum dos 11 pacientes com
diagnostico precoce (triagem neonatal), e inicio do tratamento com restricao

dietética e suplementacdo com féormula isenta de metionina, desenvolveu sintomas
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caracteristicos de HCU como habito marfandide, aracnodactilia e ectopia lentis. A
mediana do QI nesses individuos foi de 100 (variando entre 84-117),
significativamente superior aos dos individuos com tratamento tardio (pacientes
nao-responsivos a piridoxina com tratamento tardio, mediana de QI 58, variando
20-86, p<0,0001; pacientes responsivos a piridoxina com tratamento tardio,
mediana de QI 82, variando 57-101, p=0,02) (20).

Almugpbil et al.,2019 avaliou 25 pacientes (20 n&o responsivos a piridoxina e
5 responsivos a piridoxina). Destes, a triagem neonatal diagnosticou 14 casos.
Vinte e quatro pacientes estavam em tratamento combinado. Dezesseis pacientes
(64%) apresentavam algum sintoma psiquiatrico como apresentado na tabela 1
(21).

Adicionalmente, foi realizado teste de QI com a escala Full Scale IQ Test (FS
IQ) e em 60% dos casos, o FS 1Q foi um desvio padrdo ou mais abaixo da média
populacional e em 26% dos casos apresentaram > 2 desvios padrao abaixo da
média (FS 1Q <70) considerado deficiéncia intelectual (21). A presenga de sintomas
psiquiatricos foi associada ao diagnodstico tardio (r = 9,07, p =0,065) e as
pontuagdes mais baixas em medidas de memoaria (r = -0,650, p = 0,058). Entre os
pacientes com déficit cognitivo, 91% foram relatados como tendo sintomas
psiquiatricos, enquanto 38% dos pacientes com QI dentro ou acima de 1 desvio
padrao da média normativa (QI> 85) tinham algum sintoma psiquiatrico (21).

A literatura mostra um aumento na prevaléncia de sintomas como depresséo
e ansiedade nos pacientes HCU. Segundo o Centro para Controle e Prevencgao de
Doengas (CDC) dos Estados Unidos, a prevaléncia de depressao na populagao
geral acima de 18 anos é 4.7% e de ansiedade na populagédo geral acima de 18
anos é 11.2% (22). Isso suporta a hipotese que as elevagbdes de metionina e tHcy
podem estar envolvidas com o fendtipo psiquiatrico. (23) A presenca de sintomas
psiquiatricos em pacientes com aumento de metionina ja foi associada a déficits
cognitivos e diagnostico tardio. A tHcy age no receptor N-metil-D-aspartato

(NMDA), que esta implicado em déficits cognitivos e esquizofrenia (21).
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Tabela 1 - Sintomas psiquiatricos associados a Homocistinuria Classica

Sintoma Diagnéstico Diagnéstico Individuos
precoce tardio afetados (%)
N=14 (56%) N=11 (44%)
(8-40 anos)
Ansiedade 4 4 8 (33%)
Depresséao 3 5 8 (33%)
TDAH 2 1 3 (12%)
Agressividade 1 1 2 (8%)
Suicidio 2 0 2 (8%)
Abuso de drogas 1 1 2 (8%)
Isolamento social 0 1 2 (8%)
Comportamento 0 1 1(4%)
Alucinagdes 1 0 1(4%)
Alteracoes de 1 0 1(4%)
humor
TOD 0 1 1 (4%)
Paranoia 0 1 1(33%)
Transtorno 1 0 1 (33%)
invasivo do

desenvolvimento

Traduzida e adaptada de Almuqgbil et al., 2019
TDAH: Transtorno do Déficit de Atencao com Hiperatividade; TOD: Transtorno

Opositivo Desafiador.

1.5.2 Qualidade de vida

Ha poucos dados sobre qualidade de vida nos pacientes com HCU.
Pesquisado no Pubmed “quality of life” and “CBS deficiency” e “Classic
Homocystinuria” e nao foi encontrado nenhum dado especifico sobre qualidade de
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vida nestes pacientes. Nao ha dados sobre a relagéo entre niveis de tHcy, género,

fendtipo e qualidade de vida (12).

Cazzorla et al., 2012 publicou um estudo sobre qualidade de vida em
pacientes adultos com doengas metabdlicas usando a escala WHOQOL - 100.
Nesta amostra de 82 pacientes, apenas 8 tinham diagnéstico de HCU (6 pacientes
com a forma nao responsiva a piridoxina). Os resultados obtidos mostraram uma
diferenga estatistica entre os pacientes com tratamento dietético e aqueles com
tratamento farmacologico. Todo o grupo de pacientes com doengas tratadas com
dieta especial tiveram melhor qualidade de vida geral. Os pacientes com HCU néao

foram avaliados separadamente devido ao numero reduzido da amostra (24).

1.5.3 Alteragcoes em exames de imagem do Sistema Nervoso Central

Mudd et al.,1985 publicou uma coorte de 629 pacientes com diagndstico de
HCU e relatou eventos tromboembdlicos em 25% dos pacientes. De 253 eventos
isquémicos, 51% foram trombose venosa periférica (com um quarto resultando em
embolia pulmonar), 32% foram acidentes vasculares cerebrais, 11% eram oclusées
arteriais periféricas, 4% eram infartos do miocardio e 2% eram eventos isquémicos
em outras areas. Nesta coorte, o risco de ter um evento vascular foi de 25% antes
dos 16 anos e 50% aos 29 anos (15). O numero de eventos tromboembdlicos
observados durante a terapia com piridoxina em pacientes HCU que respondem a
piridoxina foi muito menor do que o niumero esperado se a terapia nao tivesse sido
iniciada.

O tromboembolismo é a causa mais comum de morte na homocistinuria
classica, e diferentes mecanismos tém sido propostos. Modelos animais e varias
investigacbes observacionais em humanos mostraram que um nivel elevado de
tHcy sérica € um fator de risco para aterosclerose precoce. (25). A hiper-
homocisteinemia causa disfuncdo endotelial devido a diminuicdo da
biodisponibilidade do enddgeno vasodilatador 6xido nitrico e através do estresse
oxidativo. Além disso, um estado hipercoagulavel subjacente foi sugerido com base
na trombose aumentada e na ativacao plaquetaria. Essas alteragdes podem alterar
a estabilidade da parede arterial e explicar a ocorréncia de trombose intra-arterial,
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disseccgao arterial e arteriopatia simulando displasia fibromuscular em jovens com
HCU (26).

Além de achados relacionados a eventos tromboembdlicos, os achados
descritos nas ressonancias de cranio dos pacientes com HCU incluem infartos
neurovasculares, restricdo na difusdo nas sequéncias T1 e T2 em globo palido
bilateral e talamo (27), edema cerebral e anormalidades na substéncia branca
foram reportadas em alguns pacientes que foram tratados com betaina, associados
com altas concentragdes plamaticas de metionina (12).

A betaina oral pode contribuir para o edema cerebral, pois age como um
osmolito intracelular (28). Embora a restricdo a difusdo seja mais comumente
causada por falha energética celular levando a diminui¢cao da atividade Na + / K +
ATPase e subsequente edema das células citotdoxicas, um osmoalito intracelular
também pode produzir mudangas semelhantes nas medigbes de difusdo (27).

Outro mecanismo que poderia explicar a restricdo a difusdo da substancia
branca € a mielinopatia vacuolante, caracterizada pelo acumulo de agua em
vacuolos intramielinicos extracelulares (29). Este mecanismo foi associado a HCU
apenas por meio de exame patologico, sem correlagéo radiolégica (30, 31).

A metionina, e ndo a tHcy, é geralmente aceita como o agente causador dos
achados de imagem observados. Em diversos relatos de caso, as anormalidades
da substancia branca coincidiram com niveis de metionina plasmatica
significativamente elevados entre 904 e 2823 pmol/L (27) e em alguns deles, se
resolveram apos a reducdo da metionina plasmatica, embora isso tenha sido
acompanhado pela reducéo ou interrupcédo da terapia com betaina, um fator de
confusao potencial (22, 32, 33).

Nao ha dados sobre volumetria em Sistema Nervoso Central nos pacientes
com HCU, nem sobre a relagéo entre niveis de tHcy, metionina, género, fenétipo e
quadro psiquiatrico.

Foram descritas algumas associagdes entre estruturas do sistema nervoso
central e disturbios psiquiatricos. A redugdo do volume hipocampal, nucleo
caudado, amigdala, cortex frontal, temporal, parietal, talamo e insula estiveram
relacionados com depressado (34, 35, 36, 37, 38). Redugédo dos volumes do

hipocampo, volume da substancia cinzenta na regido temporal superior posterior
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esquerda, insula, sub-regido do cortex cingulado anterior, hipocampo, talamo e
amigdala na esquizofrenia (39, 40, 41, 42, 43, 44, 45, 46, 47). O transtorno de
ansiedade social foi associado a anormalidades do cortex parietal e pré-motor (48).

Esses achados ainda nio foram descritos na HCU.

1.5.4 Alteragoes cardiolégicas

Existem poucas informagdes na literatura sobre danos cardiolégicos na
HCU. A fibrilina-1 desempenha um papel complexo e nao completamente
compreendido, interagindo com as células do musculo liso vascular e regulando a
atividade do fator de crescimento, particularmente do TGF-31 que pode levar a
expressdo de metaloproteinase da matriz e, portanto, degradacdo da matriz e
inflamacado. Embora ndo muito bem compreendida, a elevacédo crénica da tHys
poderia levar a danos no tecido conjuntivo através da reducado das ligagcdes
dissulfeto de fibrilina-1 e, portanto, ao aumento da atividade de TGF-31 levando a
mudangas na estrutura e fungdo cardiaca (49, 50)

A maior parte da literatura é baseada em relatos de casos, para situagdes
como taquicardia postural ortostatica (51), ou calcificacbes arteriais (52),
decorrente da disfungcédo endotelial j& documentada no HCU. Pacientes com HCU
também apresentam maior incidéncia de dilatacdo da raiz da aorta em sua
avaliacdo ecocardiografica (53). Lorenzini et al., avaliou 34 pacientes com HCU
(29% responsivo a piridoxina). Oito pacientes (24%) tinham histéria de hipertensao.
Sete pacientes (21%) apresentaram dilatagao da raiz aodrtica, leve em dois casos
(6%), moderada em quatro (12%) e grave em um (3%). Nenhum apresentou
dilatagdo da aorta ascendente. Regurgitacdo aortica significativa, secundaria a
dilatagdo moderada da raiz da aorta, foi documentada em dois pacientes. Um unico
paciente apresentou insuficiéncia mitral importante devido ao prolapso de ambos

os folhetos valvares, além de dilatagéo leve da raiz da aorta (53).

1.6. Diagnéstico

O diagnéstico definitivo da HCU exige a confirmagao laboratorial, que é
realizada através de trés formas distintas: dosagem de metabdlitos, dosagem da

atividade enzimatica e/ou analise de DNA.
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O teste do cianeto nitroprussiato pode detectar altos niveis de tHcy na urina,
mas tem baixa sensibilidade, principalmente quando a urina esta diluida (niveis
baixos de tHcy), nunca devendo ser usado isoladamente para exclusdao ou
confirmacéao do diagndstico (54). O teste mais comumente usado para o diagndstico
de HCU é a dosagem de tHcy que é realizada por métodos cromatograficos, como
a cromatografia liquida de alta performance, juntamente com a dosagem de
metionina presente na dosagem por HPLC (55). A dosagem de hcy livre somente
€ detectavel quando as concentragcbes de tHcy sao aproximadamente 50-60
pmol/L. Esta medida ndo € recomendada por ter baixa sensibilidade. Em pacientes
nao tratados, a tHcy esta geralmente acima de 100 ymol/L, mas pode ser mais
baixa. A metionina pode estar elevada ou borderline no plasma, a concentragao de
cistationina é baixa no plasma e ha um aumento da relagdo metionina/cistationina
(12). De forma geral, uma dosagem elevada de tHcy em plasma, associada a
elevagao plasmatica nos niveis de metionina e a exclusao de acidurias organicas,
confirma o diagnéstico de HCU.

A medida da atividade da enzima CBS pode ser realizada em fibroblastos
cultivados da pele ou em tecido hepatico, sendo seu resultado sensivel e
especifico. Contudo ndo é o exame de primeira linha para o diagnéstico de HCU,
pela necessidade de procedimento invasivo (bidpsia), alto custo e a pouca
disponibilidade de laboratérios para realizar este teste (56). A analise de DNA
também pode ser usada no diagnostico da doenca. Quando um paciente é
diagnosticado, deve ser oferecido triagem de outros membros da familia com
medida de tHcy e metionina e andlise molecular ou enzimatica (12).

A classificagao da HCU em responsiva a piridoxina, parcialmente responsiva
a piridoxina ou nao responsiva a piridoxina pode ser realizada conforme a figura 2
(12).

O modo de testagem mais utilizado consiste na dosagem dos niveis basais
de tHcy durante uma dieta normal (sem restricdes) suplementagao de acido félico
e de deficiéncia de vitamina B12 se necessario, e administragao de piridoxina
10mg/Kg/dia (minimo de 100 mg/dia e maximo de 500 mg/dia) e dosagem de tHcy

apos 1 semana (12).
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Caso a tHcy esteja abaixo de 50 umol/L, o ideal é repetir a tHcy em 2
semanas, se este valor se mantiver, considerar o individuo afetado como
responsivo a piridoxina. Se a tHcy estiver acima de 50 umol/L, repetir o teste em 6
semanas. O paciente é considerado parcialmente responsivo se a tHcy estiver
menor que 80% do valor inicial e ndo responsivo se a tHcy estiver maior que 80%
do valor inicial.

Se apds 1 semana estiver acima de 50 umol/L, deve-se repetir a tHcy em 2
semanas. Se a tHcy estiver abaixo de 50 umol/L considerar o individuo afetado
responsivo a piridoxina. Se a tHcy estiver acima de 50 umol/L repetir em 6 semanas.
Apoés, caso a tHcy esteja menor que 80% do valor inicial, é considerado
parcialmente responsivo e se a tHcy estiver maior que 80% do valor inicial, o

individuo é considerado nao responsivo a piridoxina. (12)

‘ Dosagem de tHey ‘

L

Piridoxina 10 mg/Kg/dia (100 - 500 mg/dia)

Repetir tHcy
em 1 semana
Repetir tHey
' em 2 semanas
tHey = 50
pmal/L
Repetir tHey
em 6 semanas

tHey > B0% do valor
basal

tHey < 50
pmolfL

Repetir tHoy
em 2 semanas

tHey < 50 tHey < 80% do
pmal/L valor basal

Responsivo & Parcialmente responsivo Naa rasponslivo &
piridoxina & piridoxina pirdoxina

Figura 2: Esquema para definicdo de responsividade a piridoxina
(adaptada de Morris et al., 2016).
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1.7 Diagnéstico Diferencial

O diagndstico diferencial da HCU compreende principalmente a Sindrome
de Marfan. Sindrome de Weil Marchesani, Ehlers Danlos e Deficiéncia de Sulfito
Oxidase também devem ser pesquisadas caso seja excluida HCU. No caso de um
paciente apresentar tromboembolismo, problemas psiquiatricos e deficiéncia
intelectual, HCU deve ser considerada no diagndstico diferencial, mesmo se o
paciente ndo apresentar outras caracteristicas de HCU (12). A
hiperhomocisteinemia esta presente em insuficiéncia renal, deficiéncia nutricional
de vitamina B12, defeito no metabolismo celular da cobalamina e folato, doencas
genéticas relacionadas com a absorgéo da vitamina B12 ou defeitos na remetilagédo
da hcy (12).

1.8 Associagao Genotipo-Fenétipo

Em algumas populagdes sdo encontradas variantes patogénicas especificas
como c.919G>A (p.Gly307Ser) em irlandeses, ¢.572C>T (p.Thr191Met) em
portugueses, espanhois e sul americanos, ¢.1006C>T (p.Arg336Cys) no Qatari
(todas nao responsivas a piridoxina). Uma variante comum detectada em
populag¢des europeias, ¢.833 T>C (p.lle278Thr), causa quando em homozigose,
HCU responsiva a piridoxina. (10,12).

Foram avaliadas 35 pacientes (30 familias) no Brasil com diagndéstico de
HCU e observou—se os seguintes genotipos: p.l1e278Thr (18.2%), p.Trp323Ter
(11.3%), p.Thr191Met (11.3%) e c.828+1G>A (11.3%). Oito novas variantes foram
encontradas [c.2T>C, c¢.209+1delG, ¢.284T>C, <c.329A>T, c.444delG,
c.864_868delGAG c.989 991delAGG, and ¢.1223+5G>T]. A variante p.lle278Thr
foi encontrada em homozigose em trés pacientes responsivos a piridoxina.
Pacientes homozigotos para variante p.Trp323Ter, eram nao responsivos a
piridoxina. Pacientes portadores da variante p.Thr191Met geralmente nao
respondem a piridoxina, mas uma grande variabilidade de gravidade e sintomas
clinicos pode ser observada. A variante ¢.828 + 1G> A foi relacionada ao inicio
precoce dos sintomas (<5 anos) e todos os pacientes nao responderam a

piridoxina, mesmo ao composto heterozigoto (57).
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1.9 Tratamento

O tratamento recomendado inclui a suplementacgao de acido folico e vitamina
B12 caso os pacientes apresentem alguma deficiéncia. Pacientes responsivos a
piridoxina devem usar piridoxina 10 mg/Kg/dia evitando dose acima de 500 mg/dia
por risco de neuropatia.

O uso do tratamento dietético deve ser considerado para os individuos
afetados que nao atingiram niveis ideais de tHcy com a suplementagdo de
piridoxina. A dieta, juntamente com a féormula metabdlica, pode ser usada como
unico tratamento ou como terapia adjuvante juntamente com a piridoxina e/ou
betaina. A maioria dos pacientes ndo responsivos a piridoxina necessitam de uma
dieta com restricao de proteinas naturais e de uma férmula metabdlica isenta de
metionina (12).

A Betaina deve ser considerada nos casos que ndo conseguem alcangar os
niveis alvo de tHcy com os outros tratamentos. A dose inicial para criangas é 50
mg/kg duas vezes ao dia e para adultos 3 gramas duas vezes ao dia e deve ser
ajustada de acordo com a resposta (12).

Além das terapias tradicionais, novas terapias estdo em estudo como a
terapia de reposicdo enzimatica e suplementacdo de N-acetilcisteina. A descricao

das terapias esta na tabela 2 (58, 59).
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Tabela 2 - Terapias atuais e em estudo para Homocistinuria Classica

Terapia Estagio

Mecanismo de agao

Piridoxina Em uso atualmente

Formula Metabdlica livre  Em uso atualmente
de metionina

Dieta restrita em Em uso atualmente
metionina

Betaina Em uso atualmente
OT-58 (terapia de Fase I/l

reposicao enzimatica)

AEB4104 (terapia de Fase pré —clinica
reposicao enzimatica)

Erymethionase (terapia Fase pré —clinica
de reposigédo enzimatica)

RTX-CBS (terapia de Fase pré —clinica
reposi¢cao enzimatica)

Co-fator da CBS reduzindo os
niveis de tHcy.

Reduz o acumulo de tHcy,
limitando o consumo da
metionina.

Reduz o acumulo de tHcy,
limitando o consumo da
metionina.

Atua na transformacéo da
tHcy em metionina.

Converte Hcy livre em
cistationina resultando na
diminui¢ao da tHcy no plasma
e tecidos.

Atua tanto no dissulfeto de
Hcy livre quanto no dissulfeto
de Hcy-Hcy no plasma.

Degrada metionina e Hcy livre
que entra em hemacias.

Atua na Hcy livre que entra
nas hemacias.

Traduzida e adaptada de Bublil et al., 2019
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1.10 Monitorizagao do Tratamento

O objetivo do tratamento é reduzir as concentragdes plasmaticas de tHcy
para um nivel seguro, mantendo nutricdo adequada e concentragdes normais de
metionina e outros aminoacidos essenciais. A dosagem de tHcy, nos pacientes
responsivos a piridoxina, deve ser mantida abaixo de <50 umol/L. Os pacientes que
nao respondem a piridoxina, a tHcy deve ser mantida abaixo de 100 ymol/L. O
diagndstico precoce, e consequentemente, tratamento precoce, previne as
complicagbes da HCU, ja no caso do diagndstico tardio, o objetivo é prevenir futuras
complicagbes, como por exemplo, o tromboembolismo. (12).

No Servigo de Genética do Hospital de Clinicas de Porto Alegre, a avaliagéo
clinica, bioquimica (tHcy e metionina) e avaliagao nutricional com nutricionista
especializada ocorre a cada 4 meses. Os exames gerais, para acompanhamento
nutricional, sdo realizados anualmente, incluindo hemograma com plaquetas,
vitamina B12, calcio, magnésio, fosfatase alcalina, paratorménio e vitamina D. A
Densitometria Ossea é realizada a cada dois anos. Se houver mudanga no exame
neurolégico ou se necessario por alguma queixa especifica, € realizada

ressonancia magnética de cranio.

1.11 Triagem Neonatal

No Brasil, ndo é realizada a triagem neonatal para HCU. A triagem neonatal
para HCU em geral é realizada pela presenca de metionina em papel filtro, ja que
a dosagem de tHcy é mais dificil. Entretanto, em até 50% dos casos, pode-se
encontrar falso-negativos, pois as formas mais leves de HCU, que sdo as
responsivas a piridoxina, podem nao apresentar aumento da metionina nos
primeiros dias de vida (60, 61, 62). Além disso, outras doengas também podem
ocasionar hipermetioninemia.

A triagem neonatal também pode ser realizada pesquisando a tHcy em papel
filtro ou pesquisando variantes comuns em populagdes de alto risco. Ambos os

métodos tém custo mais elevado e exigem maior capacidade técnica. (62, 63).
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Capitulo Il - Objetivos

2.1 Objetivos Gerais

Caracterizar uma coorte de pacientes com Homocistinuria Classica do Sul
do Brasil em relacdo aos aspectos neuropsiquiatricos, qualidade de vida e

cardioldgicos.

2.2 Objetivos Especificos

a) Avaliar a qualidade de vida em pacientes com HCU acompanhados no
ambulatorio de genética do Hospital de Clinicas de Porto Alegre através da
aplicagéo do questionario WHOQOL-BREF.

b) Detectar a prevaléncia de deficiéncia intelectual nos pacientes HCU por meio da
Escala Wechsler Abreviada de Inteligéncia (WASI).

c) Descrever quadro psiquiatrico neste grupo de pacientes e verificar prevaléncia
de sintomas como depresséao, ansiedade e esquizofrenia.

d) Caracterizar alteracbes em Sistema Nervoso Central através de volumetria
cerebral.

e) Caracterizar as alteragdes cardiologicas através de eletrocardiogramas e

ecocardiogramas.
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Abstract

Introduction: Classic Homocystinuria (HCU; OMIM 236200) is an autosomal
recessive inborn error of metabolism characterized by increased total plasmatic
homocysteine (tHcy) and methionine, which may present with a wide spectrum of
severity and age of onset of symptoms. Aims: To evaluate the QoL of late-
diagnosed individuals with HCU through the WHOQOL - BREF Questionnaire.
Methods: retrospective study, sampled by convenience. Eleven Brazilian patients
were included (male= 6; mean age at diagnosis= 11.2 + 8.9 years; mean age at
inclusion= 25.2 7.9 years; non-responsive to pyridoxine= 9). All patients answered
the WHOQOL-BREF questionnaire (pre-treatment= 2/11; on treatment= 9/11) and
the Wechsler Abbreviated Scale of Intelligence (WASI) test was applied to 8/11
patients. Results: We did not find a difference in QoL between pyridoxine-
unresponsive and pyridoxine-responsive patients on treatment. Treated patients
had a higher psychological domain score than untreated patients. Conclusions:

Treatment of HCU appears to be associated with a better quality of life.

Keywords: Classic Homocystinuria, Cystathionine B-Synthase Deficiency,
Quality of Life, WHOQOL-BREF.

Introduction

Cystathionine B-synthase deficiency (CBS deficiency) or Classic
Homocystinuria (HCU; OMIM 236200) is an autosomal recessive inborn error of
metabolism, characterized by increased total plasmatic homocysteine (tHcy) and
methionine. Patients with HCU may present with a wide spectrum of severity and
age of onset of symptoms. Major clinical features include optic lens dislocation,
osteoporosis, ‘marfanoid’ habitus, learning difficulties and predisposition to
thromboembolism. HCU is typically classified into three forms based on
responsiveness to pyridoxine (vitamin B6) supplementation. Individuals who are
pyridoxine-responsive usually present with attenuated symptoms and may be
treated with pyridoxine and folic acid. Pyridoxine-unresponsive patients may be

treated with higher doses of pyridoxine and folic acid, a protein-restricted diet with
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methionine-free metabolic formula supplementation and betaine. A third patient
classification is the partial pyridoxine-responsive form, which is treated with
methionine-free metabolic formula supplementation and a protein-restricted diet.
(Morris et al, 2017 and Sacharow et al, 2004).

In individuals with HCU, intelligence quotient (IQ) ranges from 10 to 138.
Pyridoxine responsive patients, when compared to pyridoxine-unresponsive, are
more likely to be cognitively intact or only mildly affected. For instance, the mean 1Q
of untreated individuals is 79 for the former group versus 57 for the latter (Yap et al.,
2001b).

Considerable progress in the diagnosis and therapeutics for patients with
inborn errors of metabolism and, consequently, HCU, has resulted in long- term
survival; however, it is necessary to take into account their quality of life (QoL) and
their well-being (Lee, 2002 and Zeltneret al., 2014).

According to the World Health Organization (WHO), QoL accounts for
individuals' perception of their position in life based on culture, values, goals,
expectations and concerns. QoL is a complex concept influenced by the person's
physical health, psychological state, personal beliefs, social relationships and their
relationship to salient features of their environment. There are many instruments to
assess QoL as WHOQOL-100 and WHOQOL-BREF, which enable comparison
between responses to items in both versions. WHOQOL-100 has six broad domains
of QoL, summing up 100 assessment items. However, this instrument is very
comprehensive and time-consuming, so WHO Quiality of Life Group developed an
abbreviated version: WHOQOL-BREF, which contains two items from Overall
Quality of Life and General Health, and one item from each of the 24 facets included
in the complete version, spreading out four domains: physical, psychological, social
relationships, and environment. (Fleck et al., 2000)

HCU is a multisystemic disease that requires lifelong follow-up and treatment,
which greatly interferes in the QoL. However, as HCU is an ultra-rare disease,
scarce data on the QoL of these patients is available. (Morris et al., 2017). Anyhow,
there are QoL reports in adult patients with inherited metabolic diseases. They
measured 6 patients with B6-non-responsive HCU, but they weren’t analyzed
separately (Cazzorla et al., 2012). Herein, we used the WHOQOL-BREF
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Questionnaire to evaluate the QoL of patients with CBS deficiency, who have been

followed up in a Brazilian reference center for diagnosis and treatment of IEM.

Methods

It was a retrospective study, based on review of medical records of eleven affected
individuals with HCU, seen at the Medical Genetics Service of the Hospital de
Clinicas de Porto Alegre, Brazil. We used WHOQOL-BREF questionnaire during
patients’ routine follow-up visits from August 2012 to December 2017.
Questionnaires were read by researchers, due to decreased visual acuity presented
by affected individuals. We compared our patients QoL, measured by WHOQOL -
BREF, to the best available data in the literature: six adults, all pyridoxine-
unresponsive HCU patients, described by Cazzorla et al. (2012), who were
evaluated with WHOQOL - 100 Questionnaire. Above mentioned patients had a late
diagnosis, no intellectual deficiency (IQ>70), mean age of 32.2 yo and were on
protein-free diet at time of questionnaire application. To compare with a Italian
cohort, we used a method for converting raw scores to transformed scores
(minimum 4 and maximum 20). Patients with partial pyridoxine-responsive form
were analyzed in the same group as pyridoxine-unresponsive patients. Additional
data included: CBS deficiency form, current age, age at diagnosis, type of treatment
and plasmatic tHcy. The effect size was calculated using the Cohen D Test to
compare the resuts about our pyridoxine-unresponsive and pyridoxine-resonsive
patients. Mann — Whitney Test and p<0.05 U were used to compared our patients
QoL with italian patients QoL.

Eight patients agreed upon having their cognitive ability, for this the IQ was
evaluated, using the Wechsler Abbreviated Scale of Intelligence 1l (WASI). This test
is a tool that comprises two domains: Verbal IQ, that reflects semantic knowledge,
memory, formation of verbal concepts, verbal and abstract logical reasoning; and
Execution 1Q, reflecting visuospatial information processing, attention to details and
visual-motor coordination. The test score was classified as superior (=130), very
high (120-129), bright normal (110 - 119), average (90-109), low average (80-89),
borderline (70-79) and extremely low (<69).
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Aims of this study were:1) to apply the WHOQOL - BREF Questionnaire in
adults patients with HCU; 2) compare the domains between treated and non-treated
patients, pyridoxine-unresponsive and pyridoxine-responsive patients; 3) compared
WHOQOL - BREF Questionnaire data with 6 adult pyridoxine-unresponsive patient
from literature and 4) discuss the impact of treatment with pyridoxine, folic acid,

metabolic formula, diet or betaine in QoL.

Results

Eleven patients, who answered 35 questionnaires, were evaluated; it
included pyridoxine-responsive and pyridoxine-unresponsive, as well as in
treatment (9 patients) or without treatment (2 patients). Two patients were
pyridoxine-responsive, receiving pyridoxine and folic acid. In pyridoxine-
unresponsive patients, all of them were taking pyridoxine and folic acid at the time
of questionnaire application. In addition to that, one patient was on a restricted
protein diet, six patients on metabolic formula, plus protein-restricted diet and six
individuals were taking betaine.

Patients’ characteristics are summarized in Table 1. Two patients answered
the WHOQOL-BREF before and nine patients after starting HCU-specific treatment.
Eight patients performed IQ tests, and their results were compared based on
schooling and Pyridoxine responsiveness (table 1). Some patients had specific
considerations about 1Q test application. Patient 1 desired to cooperate with the IQ
test, however she tended to relate the items to personal reports, leading to long
answers, who were often disconnected from the task required. This way, her scores
were below average in both verbal and execution tasks. Patient 2 presented
average score results for verbal skills, however her execution score was well below
average. Although she had an understanding of test instructions, motivation,
cooperation and was committed to perform each item of the execution tasks, her
performance pointed out difficulties in this skill; this way, her total 1Q score was
below average. Patient 3 missed the appointment follow up and 1Q test couldn't be
performed. Patient 4 understood the questions, was motivated, cooperative,
concentrated and committed to issue his best response, taking a long time in each

subtest item. In addition to that, he could recognize when his answer was not
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adequate. Regarding Patient 4 results, there was a considerable difference between
verbal and execution skills; his scores were average for the former and below
average for the latter, pushing his total 1Q score towards "Extremely low" range.
Unfortunately, patient 6 and patient 8 weren’t cooperative and had significant visual
impairment, making it implausible to apply the test.

A comparison among patient’s groups is shown in Table 2. Patients’ mean
age (xSD) at inclusion was 25.2 (£7.9) years; nine patients were classified as
pyridoxine-unresponsive, including one with partial responsiveness, (mean age 24.8
* 6.3 years) and two were pyridoxine-responsive (ages 18.8 and 35.1 years). At
diagnosis patients were (mean £SD) 11.2 + 8.9 years old. Nine patients were on
HCU-specific treatment, i.e, pyridoxine, folic acid, methionine-free metabolic
formula, specific diet or betaine; two patients did not start the treatment.

Two sisters (Patients 1 and 2), both pyridoxine-unresponsive subjects,
answered two questionnaires each: one before treatment, when they were 32.5 and
20 years old, respectively and another, after one year on treatment. Treatment
prescribed was pyridoxine, folic acid and protein-free diet, however, they did not
follow the diet as recommended. The comparison between their QoL (WHOQOL -
BREF) on diagnosis and one year after, is shown in Figure 1.

When compared our patients QoL with italian patients QoL were no
statistically significant differences in most domains, except for “Environment’was
statistically different between both groups, Brazilians had higher median

punctuation than Italians (p<0.05 U de Mann — Whitney Test).

Discussion

QoL involves a complex process of mediation and determination that makes
several variables possible to be associated with the patient’s perception. QoL has
two relevant aspects: subjectivity and multidimensionality, the last one explores the
individual's perception of how their personal situation can be affected when many
dimensions are considered. In addition to that, QoL can only be evaluated by the
individual perspective and not by the view of scientists or health professionals
(Gomes et al., 2014).
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To our knowledge, this is the first study to evaluate QoL exclusively in HCU
patients. Literature-wise, there are some studies assessing QoL in phenylketonuria,
galactosemia and other metabolic diseases requiring dietary treatment in adulthood
(Simon et al., 2008 and Morris et al., 2017).

HCU is a multisystemic disease with a wide symptom presentation. Besides
that, it requires adherence to complex treatment that can impact on daily life. Since
there is no specific questionnaire that addresses QoL in HCU patients, we used the
WHOQOL - BREF because it is not time consuming, easy to be applied and
evaluates main domains necessary to comprehend QoL.

Although both Pyridoxine-responsive and Pyridoxine-unresponsive patients
are treated with oral pyridoxine and folinic acid supplementation, there are
significant differences on their therapeutics. In the first group, there is no dietary
restriction, but it also involves betaine, methionine-free metabolic formula. On the
other hand, the second group requires a protein-restricted diet, free methionine
metabolic formula and, in certain cases, betaine. Despite differences in treatment,
interestingly overall QoL was similar, as expressed by WHOQOL score and its
domains.

Two patients have had their questionnaires answered before and after

treatment. They present a higher score in most domains after starting treatment,
being followed-up and receiving support for their medical condition.
When comparing untreated patients (n= 9) with treated patients (n= 2), those
receiving some kind of treatment had higher scores in the psychological domain,
which means a better QoL in this aspect. Based on our clinical experience, we
believe that starting a therapy which in patients’ perception leads to an improvement
in their QoL, allows an improvement in their self-esteem and positive feelings,
reflected both on psychological domain. We did not perform statistical analyses due
to small sample size (n=2).

Regarding the Environment domain, the perception of Italian and Brazilian
patients is different. This domain assesses safety and physical environment, home
environment, financial resources, health and social care, opportunities for acquiring

new information and skills, leisure and transportation. Interestingly, it was higher in

35



Brazilian patients compared to the Italians, meaning that, at the time of the interview
and questionnaire application, patients were satisfied with their environment.

A common reported problem, addressed by most patients, was the difficulty
of buying adequate food for their diet, either because they could not find it in regular
shops or because variety was not available. Moreover, three patients, employed by
national companies, reported problems concerning meals offered at work; they
didn’t have access to food meeting their dietary requirements. Another challenge,
faced by Brazilian patients, is the acquisition of methionine-free metabolic formula,
because is very expensive. So, these situations can lead to poor adherence to the
prescribed diet, affecting overall QoL.

Because HCU is an ultra-rare disease and our sample was by convenience,
we did not exclude individuals with 1Q<70. Eight patients had their 1Q tested, but
only two patients presented Q> 70. As public-funded universal newborn screening
in Brazil does not include HCU, most patients are diagnosed later in their life, already
presenting symptoms and some intellectual deficiency. The individuals pyridoxine-
unresponsive were identified on newborn screening, received early treatment and
had good compliance, their mean 1Q was 105 (Yap, et al., 2001B). Another study
evaluated 63 HCU patients with psychiatric disturbances, concluding that 1Q<70
was two-thirds more common among pyridoxine-unresponsive patients compared

to those pyridoxine-responsive (Abbott et al., 1987).

Conclusion

The QoL has a close relation with various human life facets, needing to be
contextualized in each environment, culture, expectations and concerns. We did not
find a difference in QoL between pyridoxine-unresponsive and pyridoxine-
responsive patients, but treated patients had a higher psychological score than
untreated ones. Patients in Brazil and Italy present similar scores in almost all
domains, except “environmental”, probably due to existing cultural differences.

In chronic metabolic diseases with lifelong treatment, such as HCU, it is
necessary to develop strategies to improve QoL and to understand the impact of
these diseases on the patient’s life. One way to evaluate these items would be to

develop a specific instrument for QoL evaluation in patients with HCU.
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Figure 1 - Pre vs post-treatment WHOQOL - BREF in two Brazilian patients with

Classic Homocystinuria
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Table -1 Clinical summary of Classical Homocystinuria patients included in the study (n=11)

Patien Age at First Gender Pyridoxine tHcy at tHcey at Genotype Visual Age at 1Q test Education (years) Verbal Execution Total
t Questionnaire responsiveness  diagnosis  inclusion Acuity** (years) [Q*** [Q*** [Q***
(years) (umol/L)*  (umol/L)
1 32.5 F 189.4 228.7 c.[828+1G>A]; ¢.[828+1G>A] NA 33 11 49 49 43
2 20.0 F N 228 152.8 c.[828+1G>A]; ¢.[828+1G>A] NA 21 12 83 60 69
3 18.0 F N 89.4 1582 ¢.[572C>T]; ¢.[572C>T] oD 1.0 20 NA NA NA NA
p.[Thr191Met]; p.[Thr191Met] OS 1.0
4 22.2 M N =¥ 247.1 c.[444delG]; c.[444delG] 0D 0.8 27 11 82 47 62
p-[Asn149fs]; p.[Asn149fs] 0S0.8
5 23.7 F N =¥ 205.8 c.[828+1G>A]; ¢.[1126G>A] 0D 0.1 28 8 56 60 54
p.? p.[Asp376Asn] OS 1.0
6 30.5 F N =¥ 159.6 c.[253G>A]; ¢.[253G>A] OD 0.1 32 Zero NA NA NA
p.[Gly85Arg]; p.[Gly85Arg] 0S 0.1
7 18.0 M P =¥ 52.3 ¢.[284T>C]; c.[284T>C] OD 0.1 23 8 55 62 55
p.[11e95Thr]; p.[1le95Thr] 0S 0.1
8 39.0 M N - 176. ¢.[253G>A]; c.[253G>A] OD blind 41 Zero NA NA NA
p.[Gly85Arg]; p.[Gly85Arg] 0S 0.02
9 16.2 M N 348 131.5 ¢.[572C>T]; ¢.[209+1delG] OD 1.0 20 11 93 97 94
p.[Thr191Met]; p.? OS 1.0
10 18.8 M Y =¥ 67.6 ¢.[46C>T]; c.[1058C>T] 0D 0.2 25 12 67 55 58
p.[Pro49Leu]; p.[Thr353Met] 0S0.2
11 35.1 M Y 431.2 244 ¢.[833T>C]; ¢.[833T>C] OD 1.0 39 11 80 86 80
p.[11e278Thr]; p.[1e278 Thr] OS 1.0

*positive nitroprusside cyanide test; **visual acuity with best correction provided; ***WASI Score: superior: >130 points, very high: 120-129, bright normal: 110-119, average: 90-109, low average: 80-89, borderline:

70-79, extremely low: <69; F= female; M= male; N=no; NA= not available; OD=right eye, OS=left eye; P = partial; tHcy, tHcy: total plasmatic homocysteine, reference range: 5-15 pmol/L; Y= yes.
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Table 2 - WHOQOL - BREF findings: Pyridoxine-responsive vs Pyridoxine-unresponsive patients and Pre vs post-treatment

Variables Pyridoxine-responsive (n=2) Pyridoxine-unresponsive (n=9) Variables No treatment (n=2) Any treatment (n=9)
Mean age (SD) years 26.9 (£11.5) 24.8 (£7.8) Mean age (SD) 26.3 (£8.9) 25.0 (£8.3)
Gender (F:M) 0:2 5:4 Gender (F:M) 2:0 3:6

Treatment

Domains (median; 1Q 25-75)

-physical health

-psychological

-social relationships

-environmental

-Total

13.0(11.0 - 13.5)

14.0 (132 - 14.7)

14.0 (13.0 - 14.2)

13.0 (13.2 - 13.7)

14.0 (13.0 - 15.0)

13.0 (10.5 - 15.0)

13.0 (12.0 - 15.0)

12.0 (12.0 - 17.0)

14.0 (12.0 - 14.0)

13.0 (12.0 - 14.0)

Responsiveness to Pyridoxine

Domains (median; 1Q 25-75)

-physical health

-psychological

-social relationships

-environmental

-Total

12.0 (11.0 - 12.5)

12.0 (12.0 - 12.0)

14.0 (13.2 - 15.7)

13.0 (12.5 - 13.5)

13.0 (13.0 - 13.0)

13.0 (10.5 - 16.0)

15.0 (13.0 — 15.0)

13.0 (12.0 - 17.0)

14.0 (13.0 - 14.0)

14.0 (12.0 - 15.0)

F: female; M: male; 1Q: intelligence quociente; SD: standard deviation.
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Abstract: Classic Homocystinuria (HCU; OMIM 236200) is an autosomal recessive
inborn error of metabolism that presents as multisystem disease, including psychiatric
conditions and structural brain changes. This study aims to characterize the brain MRI
findings and the association between brain volumetry and psychiatric symptoms, such
as depression, anxiety, and psychosis in HCU patients. Methodology: This was a
cross-sectional study. The sampling was by convenience. Patients followed at the
Medical Genetics Service at Hospital de Clinicas de Porto Alegre, Brazil could be
recruited if they had the genetic diagnosis of HCU. Brief Psychiatric Rating Scale
(BPRS) scale, Beck 's Anxiety Scale, Hamilton's Depression Scale, Beck Depression
Inventory (BDI) scale and WASI test were applied. Volumetric findings on brain MRI
were evaluated using high-resolution volumetric T1-weighted data on a 1.5T
simultaneously with the scales to evaluate psychiatric symptoms. Results: We
included eight late diagnosed and unresponsive to pyridoxine HCU patients (four
male) with a mean age of 26.8 years (SD+6.5). All were late diagnosed (partial
responsive to B6= 1; non-responsive= 7). Five patients were classified as having a
minimum, two as mild, and one as severe depression. Minimum anxiety symptoms
were found in five patients, mild symptoms in one, and moderate in two. Moreover,
psychotic symptoms were noticed in five patients. Cerebral white matter changes were
found in 4 patients’ MRI. Correlation was inverse between thalamus volume and
Beck's Depression Scale (R=-0.813; p=0.049), Hamilton's Depression Scale (R=-
0.819; p=0.046), BPRS (R=-0.834; p=0.039) and two BPRS sub-items: somatic
concerns (R=-0.838; p=0.037) and mannerisms (R=-0.838; p=0.037). When
comparing HCU patients with 15 healthy individuals showed a significant difference in
white matter hypodensities (p=0.003). Conclusion: This study showed a high
prevalence of depression, anxiety and schizophrenia symptoms in pyridoxine-
unresponsive HCU patients. Also, it was seen a tendency towards thalamus
involvement, as one of the structures related to the psychiatric condition in HCU
pyridoxine-unresponsive subjects. When compared to controls, a statistical significant

difference in white matter was observed.
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Introduction

Classic Homocystinuria (HCU; OMIM 236200) is a rare autosomal recessive
inborn error of metabolism due to Cystathionine B-Synthase deficiency (CBS) that
results in alteration of sulfur amino acids metabolism (SAA), increased levels of
homocysteine (Hcy), methionine, S adenosyl homocysteine, and reduction of
cystathionine and cysteine (1). HCU can be classified into three forms according to
response to pyridoxine treatment: responsive, non-responsive, or intermediate (1,2).
It is a slow-progressive multisystem disease. Patients with a late diagnosis who are
on treatment have a clinical condition characterized by ophthalmological, skeletal,
vascular, and central nervous system abnormalities (1,2). However, there are few
studies published in the literature regarding psychiatric conditions in HCU patients,
and - to our knowledge - there is no data available about structural changes in brain
volume.

Developmental delay is often the first sign in children with HCU. It is also
observed an Intelligence Quotient (IQ) ranging from 10 to 138 in HCU patients.
Pyridoxine-responsive patients are more likely than pyridoxine-unresponsive to be
cognitively intact or only mildly affected; the mean IQ of untreated responsive
individuals is 79 versus 57 for those not responsive (3). Moreover, affected individuals
with HCU may present several psychiatric abnormalities such as personality disorders,
schizophrenia, anxiety, depression, obsessive-compulsive behavior, and psychotic
episodes. Psychiatric symptoms can be the first sign of the disease in some individuals
(4,5,6). A recent study showed that psychiatric symptoms were found in 64% of
patients, including anxiety in 33% and depression in 33% (7).

Brain MRI findings in HCU patients include arterial and venous neurovascular
infarctions (8), cerebral edema, and cerebral white matter abnormalities, which have
been reported in few patients treated with betaine, associated with high plasmatic
methionine (9). Besides that, one case had basal ganglia nuclei involvement: this
patient presented bilateral and symmetrical T2 prolongation and water diffusion
restriction in bilateral globe pallidus and thalamus (8). Interestingly, plasmatic
methionine and not tHcy is usually accepted as a causative agent of image findings.
In several case reports, white matter abnormalities coincided with elevated plasma
methionine levels, between 904 and 2823 umol/L (8). Another theory is that abnormal

homocysteine, methionine, and S-adenosylmethionine storage in the CSF, seen due
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to secondary decreased CBS activity, can be the cause of cerebral white matter
abnormalities (10).

It has been described an association of changes in central nervous system
structures and psychiatric disorders, such as depression and volumetric reduction of
hippocampus, left and right caudate nucleus, amygdala, thalamus, insula, frontal,
temporal, and parietal cortex (11-15). Moreover, it has been described, reduction of
hippocampal volume, grey matter volume in left postero-superior temporal region,
insula, anterior cingulate cortex, thalamus, and amygdala in schizophrenia (16-24).
Social anxiety disorder was associated with parietal and premotor cortex abnormalities
(25). Curiously, these findings were not described yet in HCU.

Therefore, this study aims to characterize structural brain MRI findings and the
associations between brain volume and psychiatric conditions such as depression,

anxiety, and psychosis in HCU patients.

Methods

This study was approved by the local independent ethics committee, and all data
collection and procedures were in accordance with the ethical standards.

This was a cross-sectional study. The sampling was by convenience. Patients
with genetic diagnosis of HCU followed at the Medical Genetics Service at Hospital de
Clinicas de Porto Alegre, Brazil were recruited. Brief Psychiatric Rating Scale (BPRS)
scale, Beck 's Anxiety Scale, Hamilton's Depression Scale, and Beck Depression
Inventory (BDI) scale were applied to evaluate depression, anxiety, and psychotic
symptoms by trained research. The Wechsler Abbreviated Scale of Intelligence
(WASI) test was also applied by specialized psychologists to assess cognition (via
Intelligence Quotient, 1Q) in these patients. We analysed tHcy and methionine values
when the patients did the scales.

Volumetric findings on brain MRI were evaluated using high-resolution volumetric
T1-weighted data on a 1.5T simultaneously with the scales to evaluate psychiatric
symptoms. All scans were inspected for motion artifacts, and an experienced
physician confirmed the presence or absence of pathological findings. Volumetric
segmentation was performed using Free Surfer image analysis suite software v.5.1.0
(http://surfer.nmr.mgh.harvard.edu/). All images were processed and verified by the

same researcher.
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It was first described the psychiatric symptoms and after it was made correlations
(rho) between these symptoms and MRI. The structures analyzed were total thalamus,
total accumbens area, total hippocampus, white matter, cortex volume, subcortical
volume, corpus callosum, total caudate, total putamen, total pallidum and total
amygdala. Results were compared with 15 healthy individuals paired by gender and
age, though Mann Whitney test.

Statistical analysis was performed using the Statistical Package for Social
Sciences Program (version 18.0 SPSS Inc., Chicago, IL), and the level of significance

was 5%.

Results

Eight HCU patients were evaluated, seven pyridoxine-unresponsive and one
partial-responsive. Among them, four were male (mean age= 26.8 years +6.5), and
four patients were adherent to prescribed treatment (defined as plasmatic tHcy <100
pMmol/L at the time of the evaluation). The summary of characteristics of the patients
and main findings of the study are summarized in Table 1.

Regarding depressive symptoms, five pacientes had minimum, two patients had
mild, and one had severe symptoms, as classified by Hamilton's Depression Scale
and Beck Depression Inventory. Anxiety symptoms were minimum in five, mild in one,
and moderate in two patients, as assessed by Beck 's Anxiety Scale. Moreover, BPRS
scale suggested presence of psychotic symptoms in five patients.

Structural changes in white matter were seen in four patients (Figure 1). Patient
1b and 2a presented high plasmatic methionine levels three months prior to MRI brain
evaluated by this study (734.1 and 930.4 pmol/L, respectively. Reference range: 13-
37). Patient 2a had a Superior sagittal and transverse sinus thrombosis and patient 3
had a stroke.

When compared to healthy individuals paired by age and gender, HCU patients
had more sites of white matter hypointensities (p =0.003). No significant differences
were seen in grey matter volume, total subcortical volume or total ventricular volume,
between cases and controls.

In HCU patients, the analyses of volumetria showed that the total thalamus,
controlled by intracranial volume and age, had negative correlations with Beck's
Depression Scale (R=-0.813; p=0.049), Hamilton's Scale (R=-0.819; p=0.046), BPRS

46



(R=-0.834; p=0.039) and with two BPRS sub-items, somatic concerns (R=-0.838;
p=0.037) and mannerisms (R=-0.838; p=0.037). There was no statistically significant

correlation between thcy and methionine levels and brain structures.

Discussion

This is the first study to correlate brain volume variation with depression, anxiety
and schizophrenia in HCU patients. This study is in accordance with published
literature, as we also identified the presence of psychiatric symptoms such as
depression, anxiety and psychosis in HCU patients (7). Besides characterizing
psychiatric alterations, we compared them with brain volumetry. Our findings showed
a negative correlation between thalamus volume and the presence of psychiatric
diseases in individuals with HCU. It is known that reductions in thalamic volume when
compared with healthy controls are related to psychiatric disorders, mainly
schizophrenia (27). In HCU, there are many factors involved in the pathophysiology of
psychiatric iliness. Some theories associate the psychiatric condition with the action
of tHcy as an antagonist of NMDA receptors, central to the glutamatergic role in
psychiatric illness (26).

Brain Volumetry is assessed using the T1 volumetric sequence. For better global
and white matter assessment, we performed brain MRI: T2 WI, Flair Wl and DTI. White
matter changes were detected in 50% of the patients' sample. Most accepted theory,
for explaining white matter lesions, is an increase in methionine levels; as expected,
only one of those 4 patients with white matter changes had methionine <700 umol/L
in the three months before. However, other theories speculate that abnormal
accumulation of homocysteine, methionine, and S-adenosylmethionine in the CSF
secondary to decreased CBS activity causes white matter diffusion restriction via
inhibition of Na + / K + ATPase and resultant cytotoxic edema (8). Therefore, more
than one mechanism could explain the presence of lesions in white matter.

As in many rare diseases studies, the main limitation of our study is the small
sample size. Besides that, only pyridoxine-unresponsive patients were evaluated,
hence it is not possible to compare HCU patients regarding pyridoxine response. As
an exploratory study, we could infer some relations, however, we suggest further
studies to validate our findings. A strength of our study is the confirmation of said

psychiatric findings, through the application of well-known instruments.
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Conclusion

This study demonstrated high prevalence of psychiatric symptoms in pyridoxine-
unresponsive HCU patients, a tendency of thalamus involvement, as one of the
structures related to the psychiatric condition in patients with HCU. Except for changes
in white matter, there were no other differences in brain volumetry between HCU

patients and controls.
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periventricular hyperintensities. 1A- Patient 2a, 32 years old and 1B- Patient 2b, 41
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Table 1: Patient’s characteristics and main findings of this study.

Patient Gender Age Pyridoxine- tHcy at tHcy at Methionine Genotype # BPRS* Beck's Hamilton's BDI* Brain MR findings| HCU treatment Total 1Q*
(y) Age at responsive diagnosis evaluation at Anxiety Scale Depression (verbal,
diagnosis (umol/L) evaluation ** Scale *** execution)
(y) (umoliL)
(Ref 13-37)
1a F 33 32 No 189.4 199.6 473.2 33 12 8 6 Slight prominence of the subarachnoid Pyridoxine, folic acid, 43 (49,49)
sulcus irregular restrict protein
c.[828+1G>A]; c.[828+1G>A] diet
p.[828ins104,737del92]
1b F 20 20 No 228 261.2 448.0 c.[828+1G>A]; c.[828+1G>A] 18 4 2 2 . . I - s 69 (83,60)
p.[828ins104,737del92] Subcortical WM Hyperintensities in T2 ) Pyridoxine, f_ollc aC|d_,
irregular restrict protein
diet
2a F 32 5 No - 329.0 691.0 48 21 19 23 Deep, subcortical and periventricular Pyridoxine, folic acid, -
WM hyperintensities (T2), seen in irregular protein-
. cerebral hemispheres, likely previous restricted diet, betaine
C[([_>,2|5§56A>rA% C%slaé;f;é] ) microangiopathic changes. Slight
P-I5ly! 9l p-L5ly 9 reduction in encephalic volume.
Transverse and sigmoid sinuses
thrombosis.
2b M 41 14 No - 254.9 744.9 24 4 0 0 Deep, subcortical and periventricular Pyridoxine, folic acid, -
WM hyperintensities (T2) in cerebral irregular protein-
c.[253G>A]; c.[253G>A] hemispheres compatible with previous restricted diet, irregular
p.[Gly85Arg]; p.[Gly85Arg] microangiopathic changes methionine-free
Slight reduction in diffuse encephalic metabolic formula,
volume. betaine
3 M 22 2 Partial - 36.2 43.5 ¢.[284T>C]; c.[284T>C] 18 2 1 0 Periventricular WM hyperintensity in Pyridoxine, folic acid, 55 (55,62)
p.[1le95Thr]; p.[lle95Thr] T2 protein-restricted diet,
methionine-free
metabolic formula,
betaine
4 M 27 6 No - 70.0 336.0 c.[444delG]; c.[444delG] 18 0 0 0 Prominence of telencephalic cortical Pyridoxine, folic acid, 62 (82,47)
p.[Asn149fs]; p.[Asn149fs] sulcus protein-restricted diet,
betaine
5 F 28 8 No - 60.2 60.5 c.[828+1G>A]; c.[1126G>A] 37 27 11 11 Slight reduction in posterior parietal Pyridoxine, folic acid, 54 (56,60)
p.[828ins104,737del92]; volume. irregular protein-
p.[Asp376Asn] restricted diet
6 M 20 13 No 348.0 92.1 453.6 c.[828+1G>A; c.[209+1delG 23 0 6 3 Normal Pyridoxine, folic acid, 94 (93,97)

p.[828ins104,737del92]; p?

irregular protein-
restricted diet,
methionine-free
metabolic formula,
betaine
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tHcy, total plasmatic homocysteine - reference range: 5-15 ymol/L; y, years; WM, White Matter; *Abnormal BPRS > 18 points; ** Beck 's Anxiety Scale, minimum: 0—10, mild: 11-19, moderate:
20-30, severe: 31-63; *** Hamilton' s Depression Scale: minimum: 0-7, mild: 8-13, moderate: 14-18, severe: 19-22, very severe: >23; #BDI: minimum: 0-13; mild: 14-19; moderate: 20-28;

severe: 29-63; & 1Q, measured by WASI scale, superior: 2130, very high: 120-129, bight normal; 110-119, average: 90-109, low average: 80-89, borderline: 70-79, extremely low: <69 #See
reference 28 to genotype of patients 1-6
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1. Introduction fi la, vitamin B12, E and folate is wsed in pyridoxine mos-

respossive individuals [1].

Classic Homecystinuria (HOU) or Cystathionine p-Synthase Defi-
ciemcy (CBS) i & rare suiosomal recessive inborn ermor of metabolism
(ORI 2362000, chamscterized by markedly incressed concentrations of
plasma totnl bomocysteine (tHey) and methicnine [1). The incidence of
HOU is estimated to be af least O.38:100,000, varying from
=721 00,000 in non-Finndsh Europeans, —0.45:100,000 to the lower
mates reported among  Africams  (—0.200100,000) amd Asisns
{— 0,021 00,0007 [2). HCU can be classified according to responsiveness
o pyridoxime (vitamin B6&), as respossive and non-responsive, but it is
also known that some patients will have an intermediate metabolism
[1]. Treatment with pyridoxine i prescribed for all patients; & combé-
mation of methioninerestricted diet, methiomine-free  metabalic

Clinical manifestations chserved in responsive patients usually are
milder and develop later in life [4]. Thromboembolic svents are com-
mhmhuﬂhmmmmmﬂmh—

lnd duminal venous i . iom [4]. Besid

Events, ¢ manifestations are also sesn, such as

ectopia lentis, marfanoid habitus, osteoporosis, intellectual disabiliny
and peyehintric illness [1,5].

There is a paucity of information reganding heart disease in HCU
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p-[ahaSang]; p. {30y resricimed protein
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cose reports, like orthostatic postural tachycandia [4] or caleified atrial
mass [5], the laber o result from endothelinl dysfmction - alresdy
documented in HCU. In addition to that, patients with classic phenotype:
also have higher incidence of aortic root ectnsia, ssen by echocardiog:
raphy [10].

2. Materials and methods

We performed a retrospective, exploratory study in a reference
center for metabolic diseases ot Hospital de Clinicas de Forto Alegre,
Brazil All procedures snd dsta collaction were in accordance with the
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ethical standards of the local research committes and Helsinki Decla-
mafion. A convenience sample of 14 patients were ncloded, whose in-
formation (ebec dicgram, echocardiogram and clinical data), from
Jl.-i.jt'jlg?hhlrm“mudflmnndﬂrm

¥T i was defined as tHey reduction in pl
hlmhlmpmdgllﬁu'mmhpjﬂdnﬂm,pnﬂﬂm
siveness was considered when more than 20% decrease in tHoy bevels
happened, but remained above 50 pmol/L. and moo-respossive when
tHcy fell less than 20% after pyridoaine [1]. Arterial hypertension was
defined acconding to AHAACC guidelines [11]. Acrtic root measare-
ment in the achorardicgram, was om leading sdge to leading sdge amd
o stamdardized = score was determined wsing the method of Deversanx
for adults (> 18 years old) and the method of Gawtier for children and
adalescents [12,15]. A z score < 2.0 was considersd mormal. The min:
imal regurgitntion was not idered in the anatysis, becamse iy it
represents a physiclogical finding [14].

Sentistical anatyses were carried out in [BA SPSS Smtictics, Version
21.0 (SPES Ine., Chicago, IL) and the level of significance was comsidered
E%. Bimary regression mode was used to verify the effect of tHey and
mm:-mmmm
mild mitral g mild tricuspid regurgitati aoctic valve

3. Eesults

Fourtern patients from 11 families, 4.3 to 55,42 years old (median
age = 273 1) = 22533 4) were incdluded. Other main charncteristics
are summarized im Tablz 1. Patients 1a, 1b and 1c are siblings, same as
3a and 3h. Thirteen patients were receiving specific HOU treatment at
the time of the stady. Arterial hypertension was disgnosed in four pa-
tients, all of them tnking at lesst one antibypertensive medication amd
all, except one, pyridoxine-respomsive. Episodes of thrombosis were
reported in six patients two suffered ischaemic stroke, three had deep
wein thrombosis in lower limbs amd one patient presented cerebral
wvenous sinas thrombosis.

hmﬂnﬁaldudrmﬂbgrmr:-]hmnﬂlhleﬁrﬂpl-
tients and 46 bete: eck i for all pati Eight patients

presented ot lesst one abnormality on echorardiogmm (= &) or dec-
trocardicgram (= 51 Detailsd dectrocardiogram results and the age
they were performed, are shown in Table 2; most patients had at lest
one, to o madmum of siv different exams, however only incomplet=
repaorts were availahle for patients A, & and 7. Begarding echocardio-
exception patient 1a's second test, that was transesophageal. All patients
left ventricular sjection fraction were grenter than 5%, n = 4/14 pa-
tiemts (28.65) had at lesst a vabvar change at some point, all of them
mild and mot related to clinical manifestations. The most frequent
fimding on echorardiogram was mild tricnspid regurgitation (r = 3],
followsd by mitral vahve prolapse, left atrial enlar ent, sortic valve
sclerosis and mild mitral regurgitation, described in two patients each

{Table ). Aortic root ectasia was found in ope patient. Mo correlation
wass found 1 tHicy amd hy left wemtricular owerlomsd,
mild mitral regurgitation, mild tricuspid regurgitati aortic valve

mmnﬂmmmﬂwmmmm

pyridoxine responsiveness.

4. Discussion

There is a lack of lmowledge reganding heart disease in HCU patients,
only some caxe series deseribe findings on alectro and schocardiogram
exams. Vahre changes in HCU patients such as mitral prolapse, mitral
and tricuspid regurgitntion are rarely described [15,16]. Among the
study subjscts, we found o high prevalencs of thoss, mach as mitral
Theese results might be seen s exploratory, since sach findings were not
extensively deseribed in HCU and our cobort was mot matched with
healthy subjects. We hypott that this cor can be valid, as
commective tissue - the main heart valve component - can be impaired in
I-]Ji‘.!.'lpl.liﬂ:[:."] Thepmwlﬂnend’ﬁndmnmhlllrlmplﬂ

r:q)nnh\cplnun:[rl-'}].{hlh:uﬂtrh-d. lnrtlr.vllmllnnrmll-

Fiies were more m pyridoxE T F possibily
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Mfolsoalor Cenetics ond Mtnhokem Eeports 25 (3000 100G

Heganding electrocardiogram fextures, the main alteration was left
ventricular overload, lkely doe to mitral regurgitstion and mitral pro-
lapse present in these patients. Cme female, 32 years old, normal blood
pressure, had an incomplete rght bandle bramch block (REBE], & com-
mon encounter at all ages, more prevalent in male and sssociated with
bypertension, but not to other cardiovascular risk factors [17]). More-
over, partial RBBE is not associated with cardiovascular mortality, but
soame patients can Emlutld:ﬂ'u‘lﬂ:mpldzﬂﬂl[h"] Anciher male

Tahle 3
— Echwprdiograss Findings in 14 HCU patens.
Paient  Echo 1 Echo 2 Edio 3 Bcho 4 Echo & Echo# Echo ¥ Bt
Root
la Normal Hiarmal Hormal NP L1d Lo wr Normal
(320 ) (220 yu} {Z4 ) L=t
1k il el il Dimeriibe il pmiteal and Mild mitrad andd  Normal Hearmul Hiormal Mormal
dhaificis tricuapid Exicmmpid| (it mitel  {Minimal wmitral {Minirol mitral [ L8]
BT L ey g wnl tricapid  and i and tricomyil
(307 ya) (324 il Tt Ty
(327 yoi) (33,3 yo) (34,0 y=)
ic Mormal Hermal il izl Mormal Tl ecdraldl izl valer lkiral vaden Mormal
(300 yoi {31.2 yob PEEE—— {40.3 yoi TR T X Qe —— @ 3
(383 ) 0.9 yo) epEpteio Ml mild
e g
et (420 i)
{41.8 yo)
2 Normal Hiarmal Hormal Mormal L1d Lo wr Normal
(175 y) (%0 yu} {200 yu) (320 yo3 ]
3 Mormal HFP W NP Hp Hr Hr Mormal
(TS yol) [r L8]
b Sorrmal Hermal i NP NP Hr HF Sormal
(L8 ye) (34.0 yu) @2
4 Nl tricrrpid HP W NP NP Hr Hr Mormal
T, e
Wl |t miriadl
enlergamen
[=_F.§ ]
8 Normal Hr W NP L1d i wr Normal
(173 o) (=81
& Mecxsic valve bl mortic Sl mortic Acwiic vahe L1d Normal
r— o pptak ook e — [
— 9.0 yui (40,8 yu) il
repargitation rogurgitation
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T Hermal i NP NP Hr HF Sormal
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L] Srzadl Sl Srraadl Mitral vahe itral valve ieal valve liiral valen Mormal
P " ek " e g feclig poclig e
- P P (178 yed ] {24 ya) 18 o)
8.9 ya) (LS {114 ya)
L] Normal Hiarmal Hormal Normal
{100 ya) (26,1 yu) {271 yu) e 2
1w Normal Hiarmal Hormal NP L1d i wr Normal
4.3 ya) (5.3 yu) L ] &2
11 Seoxsic valve Hr W NP L1d Lo wr A
acderosis ]
Aartic ruct actans. actasia
Wil dinstolic [r 53]
dhrefomction. 56 ght
enlergremers of left
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(L]
NF = Nt pesformed.
becanse this group was older. [1E). ltis le that these bined findings are comelated.

We found a prevalence of 30% of arterial lypertension, similar to
deseribed im the literahare: for HEU [10]. Aortic root ecinsia was present
in onee patient of our cohort, also described previously amoag HCU in-
dividmals [10]. He was kmown: to saffer from arterial hypertension, but
I:kl:ln-ncl_ was | 'I:]-" logical thernpy. The

b ial hyp amd aortic root ectasin is
mmhhgembuufmﬁlmnmﬂhh
corrdation [10]. Furth =, no

from. cur cohort, 25 years old, mor e, pr d & l=ft baunadl
branch hlock (LBES) in one electrocardiogram, bt his echocardiograms
mﬂmﬁmmlﬁuﬂmhﬁuﬁﬁym:lm
ated with arterial hy age, ary artery d lefit vem-
tricular I:I]'p-ﬂ'll'qi:l]' ST-T abnormalities and an  inoressed
enrdiothormcic ratio, nome of them present in this subject [19]. Eardy
ventricular repolarization was detected in one patient, who also had left
ventricular overlosd. The former can be found in up to 13% of healtiny
imdividuals, althongh it is identified 2= & potential conse of sudden death

{moute or previoas), whtkdmﬁmﬂpﬂdmce,
described in the literatore [1]. Ulimately, no familial pattem was
ohserved for sither echocardiograms or dectrocandicgrams findings.

5. Conclusion
This study described 10-year cardiclogical follow-up in o cohort of

fourteen patients with HCU, showing high prevalence of mild valvulo-
pathies_ (ur main Emitations weres the lack of 8 control groap and its
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retrospective and explomtory design. Acconding to our remlts, we sugs
gest considering an echocardiogram and dectrocardiogram for each
patient, at beast in their first visit and monitor periodically their arterial
mmmumwmmummm
an  risk of isch ic heart di in HCU patients. Addition-
ally, we believe that our report is not the definitive answer reganding

‘hocardiogram and el diogram im this population, but the
opening for more disrussion and new questions.
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Abstract

Cystathionine beta-synthase (CBS) deficiency or Classic Homocystinuria (HCU) is
an autosomal recessive disorder characterized by increased plasmatic
homocysteine and methionine with variable expressivity and wide range of clinical
manifestations. Affected individuals are typically classified as pyridoxine-
responsive, partial pyridoxine-responsive, and pyridoxine-unresponsive. We report
on an adult with ectopia lentis, idiopathic rheumatoid arthritis and deafness who was
ultimately diagnosed with pyridoxine-responsive HCU after genetics evaluation.
Because he presented symptoms not usually associated with HCU, exome
sequencing was performed, confirming the diagnosis of three monogenic diseases:
HCU, Camptodactyly-Arthropathy-Coxa Vara-Pericarditis Syndrome (CACP), and
autosomal recessive nonsyndromic deafness, allowing improvement of patient’s

treatment.

Introduction

Cystathionine beta-synthase (CBS) deficiency or classic homocystinuria
(HCU; OMIM 236200) is a rare autosomal recessive inborn error of metabolism, due
to impaired conversion of homocysteine (Hcy) to cystathionine leading to
accumulation of the former. There is a wide range of clinical manifestations, varying
from severe childhood-onset multisystem disease to asymptomatic individuals until
adulthood. The main findings are dislocation of the optic lenses, osteoporosis,
‘marfanoid’ habitus, learning difficulties, and predisposition to thromboembolism .

HCU is typically classified into three phenotypes: pyridoxine-responsive,
partial pyridoxine-responsive, and pyridoxine-unresponsive. Individuals with the
responsive form usually have milder phenotypes and are treated with pyridoxine
(vitamin B6) and folic acid. On the other hand, unresponsive patients may require,
in addition to pyridoxine and folic acid, restricted diet with methionine-free metabolic
formula supplementation and betaine. Most of the individuals with atypical or
attenuated phenotypes remain undiagnosed for several years .

Here we report on an unprecedented case of an adult patient with ectopia

lentis, idiopathic rheumatoid arthritis, deafness, and psychiatric disorder who was
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referred to Genetic evaluation and ultimately was diagnosed with three monogenic

diseases.

Case report

A 33-year-old male patient was sent to genetic evaluation due to multi-system
symptoms. He was the first-born to a consanguineous couple, with no family history
of genetic diseases (Figure 1).

At three months of age, he presented with hand contractures and underwent
surgical correction when he was one year old. At age of two years, he had edema
on the knees and at six years of age, he was evaluated by a rheumatologist and
was diagnosed with juvenile idiopathic arthritis (JIA). At that time, inflammatory
markers were normal and treatment with methotrexate and corticosteroids was
initiated. His psychomotor development was normal and he developed bilateral
hearing loss at age of 9. He had bilateral total hip arthroplasty at age of 13, surgery
for ectopia lentis at 23 years of age and a single seizure at 26 years of age. After a
few years, he started having auditory hallucinations but no definitive psychiatric
diagnosis was made at that time. Lesions suggesting osteonecrosis of the femur
head were seen on a hip X-ray performed at age 33, likely due to long-term use of
corticosteroids. No acetabular cyst was detected (Figure 2). Hand X-ray was done
at 37 years of age and showed periarticular osteopenia, deformity with subluxation
of proximal interphalangeal joints bilaterally, bone proliferations along the ulnar radio
articulations bilaterally, pseudocysts in the styloid processes, and tenuous images
with calcic attenuation projected in the region of the cartilage fibrous triangular
laterally (Figure 3).

A comprehensive biochemical investigation was done and showed tHcy 431
umol/L (Reference range: 5-15) and methionine: 42 umol/L (Ref: 13-37). Due to a
presumable HCU diagnosis, treatment with pyridoxine 500 mg/day was initiated and
the homocysteine level decreased to 31 umol/L.

Targeted genetic analysis confirmed a homozygous pathogenic variant in
CBS [NM_000071.2] ¢.833T>C (p.lle278Thr), which has been associated with
pyridoxine responsiveness (Figure 4). However, HCU alone did not explain the JIA

diagnosis; hand and elbow contractures; and hearing loss. Hence, exome
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sequencing was performed and, in addition to the pathogenic variant in CBS, it
revealed a homozygous pathogenic variant in TMPRSS3 [NM_001256317.1]
c.413C>A (p.Ala138Glu) which has been associated with autosomal recessive
nonsyndromic deafness, as well as a homozygous likely pathogenic variant in PRG4
[NM_ 001127708.3] ¢.3755_3756insA (p.(Lys1253*) related to Camptodactyly-
Arthropathy-Coxa Vara-Pericarditis (CACP) Syndrome (Figure 5a, 5b, 5c). At the
time all diagnoses were achieved, his medication regimen was: pyridoxine 500
mg/day, folic acid 5 mg/day, valproic acid 750 mg 3 times/day, olanzapine 15
mg/day, phenobarbital 100 mg/day, escitalopram 10 mg/day, and methotrexate 5
mg twice a month. Once the JIA diagnosis was dismissed, methotrexate was
stopped.

All his siblings were evaluated and were found to have normal levels of tHcy

and methionine, normal hearing, and normal musculoskeletal exam.

g 5
e

92 yo T8 yo

b AT

Acute myeloid leukemia

39 yo 36 yo 29 yo
Vv

P

Vi

Figure 1: Family History.
* Died at 5-month-old (skin lesions/meningitis/hospitalized for 3 months)
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Figure 2: Bilateral hip and knee X- ray showing osteonecrosis of the femur head and

right prosthesis (A) and osteopenia (B).

Figure 3- Bilateral hand X- ray. Pseudocysts are seen in the styloid
processes (arrows) and bilateral deformity with subluxation of proximal

interphalangeal joints (arrowheads)
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Figure 5: Homozygous pathogenic variants identified through exome sequencing in
CBS (A), PRG4 (B), and TMPRSS3 (C).

Discussion

The exome sequencing may be used if, despite the consistent phenotypic
features, a single genetic locus did can not explain the full phenotypic spectrum of
a condition 2. Since this patient had multi-system symptoms that were not usually
seen in individuals with HCU, exome sequencing was performed and was able to
unreavel three monogenic diseases. Data suggests exome sequencing results in
diagnoses of 30-50% of patients tested and around 4.6-7% of patients are

diagnosed with two independent monogenic conditions 3.
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First clinical hypothesis and diagnosis in this patient was HCU, with a
pyridoxine-responsive phenotype 4 however, he presented some atypical findings
such as hearing loss and JIA, that could not be explained by HCU. After performing
exome sequencing to clarify the phenotype, he was diagnosed with CACP
syndrome and a recessive nonsyndromic deafness. Furthermore, the variant in the
TMPRSS3 gene is just 675 Kb of that variant present in CBS gene, in chromosome
21, so both are segregated in conjunction.

Pathogenic variants in TMPRSS3 have been implicated in prelingual and
postlingual hearing impairment. There is a genotype-phenotype correlation where
loss-of-function variants cause the most severe phenotype whereas missense
variants are associated with a milder form of hearing impairment. °. Our patient’s
variant has been reported as associated with postlingual hearing impairment such
as what our patient presented ©.

Proteoglycan 4 (PRG4) is expressed in chondrocytes of the superficial zone
and is involved in lubricating and protecting cells in the surfaces of joints and
tendons as well as in non-skeletal tissue including liver and pericardium’.
Pathogenic variants in PRG4 identified on chromosome 1925-q31 cause CACP
syndrome which is characterized by congenital or early-onset camptodactyly,
childhood-onset non-inflammatory arthropathy of large joints - such as elbows, hips,
knees, and ankles - synovial hyperplasia, progressive coxa vara deformity and non-
inflammatory pericardial or pleural effusion 2. Due to overlap of symptoms, CACP
may be misdiagnosed as JIA which is treated with immunomodulators. Importantly,
the specific musculoskeletal features of CACP syndrome do not respond to this type
of medication so the affected individuals should be treated with pain medications
and with physical therapy 7. Some clinical features that may help to differentiate
CACP from JIA is the presence of coxa vara, positive family history, normal
inflammatory markers, absence of inflammation in synovial aspirates or synovial
biopsies and typical imaging findings including the presence of hip effusion with
acetabular cysts®°.

Providing the correct diagnosis to our patient allowed us to withdraw the
methotrexate which is known to cause long-term and severe adverse effects such

as predisposition to infections, lung and skin problems, dizziness, and
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gastrointestinal issues as well as tailor the physical therapy and other medications

to treat his diseases.

Conclusion

Here we report on the success of exome sequencing in diagnosing an
individual with three autosomal recessive disorders. This case highlights the
importance of additional investigations when patient's symptoms are not explained
by a single disease. An accurate diagnosis of coexistence of multiple conditions,

may allow for the cessation of ineffective and potentially harmful treatments.

Acknowledgment: We thank FIPE-HCPA for supporting this study; and to Andre
Anjos, Carolina Fishinger Moura de Souza, Clarissa Gama and Taciane Alegra for

helping us with the management of the patient.

References

1. Morris AAM, Kozich V, Santra S, et al. Guidelines for the diagnosis and
management of cystathionine beta-synthase deficiency. Journal of Inherited
Metabolic Disease. 2017;40(1):49-74. doi:10.1007/s10545-016-9979-0.

2. Karaca E, Posey JE, Coban Akdemir Z, et al. Phenotypic expansion illuminates
multilocus pathogenic variation. Genet Med. 2018;20(12):1528-1537.
doi:10.1038/gim.2018.33.

3. Ferrer A, Schultz-Rogers L, Kaiwar C, Kemppainen JL, Klee EW, Gavrilova RH.
Three rare disease diagnoses in one patient through exome sequencing. Cold
Spring Harb Mol Case Stud. 2019 Dec 13;5(6):a004390. doi:
10.1101/mcs.a004390. PMID: 31427378; PMCID: PMC6913146.

4. Shih, V. E., Fringer, J. M., Mandell, R., Kraus, J. P., Berry, G. T., Heidenreich, R.
A., Korson, M. S., Levy, H. L., Ramesh, V. A missense mutation (I1278T) in the
cystathionine  beta-synthase gene prevalent in  pyridoxine-responsive
homocystinuria and associated with mild clinical phenotype. Am. J. Hum. Genet. 57:
34-39, 1995.

67



5. Gao X, Huang SS, Yuan YY, et al. Identification of TMPRSS3 as a Significant
Contributor to Autosomal Recessive Hearing Loss in the Chinese Population. Neural
Plast. 2017;2017:3192090. doi:10.1155/2017/3192090

6. Weegerink NJ, Schraders M, Oostrik J, et al. Genotype-phenotype correlation in
DFNB8/10 families with TMPRSS3 mutations. J Assoc Res Oftolaryngol.
2011;12(6):753-766. doi:10.1007/s10162-011-0282-3

7. Albuhairan, Intisar; Al-Mayouf, Sulaiman M. Camptodactyly-arthropathy-
coxavara-pericarditis syndrome in Saudi Arabia: Clinical and molecular genetic
findings in 22 patients. Seminars in Arthritis and Rheumatism. Volume 43, Issue 2,
October 2013, Pages 292-296. https://doi.org/10.1016/j.semarthrit.2012.11.004

8. Ravindranath Vutukuru and Kotha Krishna Mohan Reddy. Pathognomonic
acetabular cysts in camptodactyly-arthropathy-coxa vara-pericarditis (CACP)
syndrome. Indian J Med Res. 2016 Jun; 143(6): 834-835. doi: 10.4103/0971-
5916.192082

9. J. Marcelino, J. Carpten, W. Suwairi, O. Gutierrez, S. Schwartz, C. Robbins, et
al. CACP, encoding a secreted proteoglycan, is mutated in camptodactyly-
arthropathy-coxavara pericarditis syndrome. Nat Genet, 23 (1999), pp. 319-322
10. Madhusudan S, Gupta A, Prakash M, Matta D, Suri D, Singh S. Camptodactyly-
arthropathy-coxa vara-pericarditis (CACP) syndrome: a mimicker of juvenile
idiopathic arthritis. Scand J Rheumatol. 2016;45(1):77-78.

68



Capitulo VIl — Discussao

Nesta secdo, serdo discutidos em maiores detalhes alguns tépicos nao
abordados extensivamente nos artigos.

Em relacdo aos aspectos de qualidade de vida, acrescentamos que o
questionario WHOQOL - BREF foi escolhido por ser um instrumento pratico e de
rapida avaliagdo, ja que anualmente os pacientes sdo monitorados em relagéo a
qualidade de vida na consulta assistencial. Como os pacientes com HCU podem
apresentar dificuldade visual e deficiéncia intelectual, o ideal € que o médico ou
uma pessoa treinada aplique o questionario para evitar erros de preenchimento.

A HCU é uma doenga multissistémica com um tratamento complexo. Estes
dois fatores podem interferir na qualidade de vida destes pacientes. E importante
entendermos quais sao os aspectos mais prejudicados para podermos melhorar o
manejo. Como a amostra foi por conveniéncia, tivemos poucos pacientes
responsivos a piridoxina e poucos pacientes nao tratados, mas observamos que
parece haver uma melhora da qualidade de vida no aspecto psicolégico apos o
diagndstico e inicio do manejo dos pacientes.

A avaliagao do QI dos pacientes foi realizada através do instrumento WASI
por duas psicologas treinadas para a aplicagdo da escala. A WASI é um
instrumento de avaliagao aplicavel a criangcas de 6 anos a idosos de 89 anos de
idade. Fornece informagdes sobre os Qls Total, de Execugao e Verbal a partir de
quatro subtestes (Vocabulario, Cubos, Semelhangas e Raciocinio Matricial). A
abrangéncia da idade e a facilidade na aplicagao foi decisiva na escolha da escala.
Apenas dois pacientes apresentam QI>70. Para avaliagdo de qualidade de vida,
nao excluimos os pacientes com QI<70, pois a HCU é uma doenca rara e a amostra
€ por conveniéncia. Como n&o temos triagem neonatal para HCU no Brasil, a
maioria dos casos apresentam diagndstico tardio e alguma deficiéncia intelectual.

Alteragdes psiquiatricas como transtorno de personalidade, esquizofrenia,
ansiedade, depressdo, comportamento obsessivo compulsivo e episédios
psicoticos sdo achados encontrados em pacientes com HCU. Neste estudo

verificamos a frequéncia dos sintomas relacionados a depressdo, ansiedade e
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esquizofrenia através de escalas especificas e observamos uma alta prevaléncia
de principalmente de sintomas de esquizofrenia. Apos caracterizar os sintomas
psiquiatricos neste grupo de pacientes, foi realizado exame de imagem para
realizagcao de volumetria das estruturas cerebrais e comparagao com os achados
psiquiatricos.

A volumetria encefalica foi realizada em apenas 8 pacientes também por
amostra de conveniéncia. A coorte foi comparada com um grupo de individuos
saudaveis ja avaliados pela equipe da psiquiatria. Como a maior parte dos
pacientes com HCU apresentam algum sintoma psiquiatrico, pensava-se que
apareceriam redugao de uma ou mais estruturas encefalicas que, como ja relatado,
estdo associadas com depressao, ansiedade e esquizofrenia. Nao foi encontrada
esta reducdo. Um dos motivos para este resultado pode ser o numero reduzido de
pacientes que participaram do estudo. Entretanto encontramos achados
interessantes em relagdo ao talamo, que € uma estrutura subcortical que integra
informacgdes sensoriais e corticais, 0 que € importante para coeréncia, cognigao e
percepcao. A disfuncdo taldamica € encontrada na esquizofrenia. Ha estudos
mostrando evidéncias de reducdo do volume do talamo em pessoas em risco e
também com diagndstico de esquizofrenia. O volume do talamo apresentou uma
correlagdo negativa com as escalas de depressado, ansiedade e esquizofrenia e
diferengca nas hipointensidades da substancia branca, achado que pode ser
encontrado no HCU.

Além da parte neuropsiquiatrica, foi estudado o sistema cardioldgico, mais
especificamente a parte estrutural cardiaca para entender a extensdo do
acometimento nos individuos afetados com HCU. Através de uma analise
retrospectiva de ecocardiogramas e eletrocardiogramas, encontramos apenas um
caso de ectasia de aorta e achados leves nestes exames.

Por ultimo, houve o relato de um caso de HCU piridoxina responsivo, filho
de pais consanguineos que apresentava sintomas que nao pareciam estar
relacionados ao quadro da HCU como deficiéncia auditiva e alteragdes em
articulagdes diagnosticada como Artrite Reumatoide Juvenil. Este caso foi um
desafio para o diagndstico e que demorou mais de 30 anos para ter seu quadro

completamente esclarecido. Realizado sequenciamento de exoma e detectado que
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aléem de HCU, paciente apresenta surdez ndo sindrémica autossGmica recessiva
relacionada ao gene TMPRSS3 e CACP (Camptodactyly-Arthropathy-Coxa-Vara-
Pericarditis) relacionada ao gene PRG4. Este diagnostico teve impacto no
tratamento do paciente que estava em uso de Metotrexato e apds o diagndstico
pode parar com a medicagdo que nao € indicada nesta situagdo. Também foi
realizado aconselhamento genético para a familia e testagem dos familiares em

risco.
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Capitulo VIl - Conclusao

a) Avaliar a qualidade de vida em pacientes com HCU acompanhados no
ambulatério de genética do Hospital de Clinicas de Porto Alegre através da
aplicacao do questionario WHOQOL BREF.

Nossos dados sugerem que o tratamento de pacientes com HCU associa-se
a uma melhora na qualidade de vida no aspecto psicolégico apos o diagnostico e

inicio do manejo dos pacientes com HCU.

b) Realizar teste WASI em pacientes com HCU para detectar prevaléncia de

deficiéncia intelectual neste grupo de pacientes.

A analise dos dados sugere que reducéo no Ql € um achado prevalente nos
pacientes com HCU com diagndtico tardio. Um QI Total extremamente baixo foi

encontrado em 75% dos pacientes.

c) Descrever quadro psiquiatrico neste grupo de pacientes e verificar

prevaléncia de sintomas como depressao, ansiedade e esquizofrenia.

O estudo sugere que pacientes com HCU em nossa populagao apresentam
quadro compativel com depressao, ansiedade e esquizofrenia. Assim devemos

pesquisar estas patologias na avaliacao clinica destes pacientes.

d) Caracterizar alteragcoes em Sistema Nervoso Central através de volumetria

cerebral.

Ha uma tendéncia no envolvimento do talamo como uma das estruturas
relacionadas as condicdes psiquiatricas nos pacientes com HCU. Além disso, nao
ha diferenca na volumetria cerebral quando comparamos pacientes HCU e

controles, entretanto ha diferenca nas altera¢des de substancia branca.
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e) Caracterizar as alteragoes cardiolégicas através de eletrocardiogramas e

ecocardiogramas.
Valvulopatias sado frequentemente encontradas em pacientes com HCU nao

responsivos a piridoxina. Apenas um paciente responsivo a piridoxina apresentou

ectasia de raiz da aorta.
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Capitulo IX — Perspectivas

Este trabalho abordou trés questdes centrais na HCU: quadro
neuropsiquiatrico, qualidade de vida e aspectos cardiologicos.

Este estudo traz como contribuicdo para os pacientes com HCU, para os
profissionais da saude vinculados ao tratamento destes pacientes e a comunidade
cientifica: (1) sugestédo de avaliagao neuropsiquiatrica objetiva através de aplicagéo
de escalas para verificar qualidade de vida, suspeita de depresséo, ansiedade e
esquizofrenia; (2) sugestdo de pelo menos uma aplicagéo de teste de QI para
melhor entendimento e acompanhamento destes pacientes; (3) sugestdo de
realizacdo de ressonancia magnética de cranio para detectar alteragcbes de
substancia branca e microvasculatura; e (4) avaliagao cardiolégica para prevengéo
de complicagdes relacionadas a HCU.

Nosso grupo de pesquisa tem como perspectiva aprimorar a avaliagao
neuropsiquiatrica nos pacientes com HCU aumentando o numero de pacientes
através da aplicagdo de instrumentos anuais e exames de imagem. Também
pretendemos desenvolver uma escala de qualidade de vida especifica para

pacientes com HCU.
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Capitulo XI — Anexos

11.1 Carta de Aprovacéao do Projeto (GPPG — n°® 2014-0596)

GRUPD DE FESQUIBA E POS-GRADUACAD

%& HCPA - HOSFITAL DE CLINICAS DE PORTO ALEGRE

COMISSAD CIENTIFICA

& Comissie Clentfea do Hospltal de Clinicas de Perte Alegre analinoy o prgjata:

Projats: 140556
Dete da Vemiéo do Projets:  23/10)2074

Pasduisadorss:
D4 VANESEA DOEDERLEIN SCHWARTZ

LIUA FATIRET MEFOBCD

KARILA GAB TR GROKSER

ANA PAULA VANE

TATELE MALIM

BORaLE PCLONI

CAHOLIMA FISGHINGER MOLIRA IDE SCRIZA
TACIANE 4l EGRY

THula: Rede & registro Eumpeu de homeacistind fias e defefos de metlagsc (E-HOD)

Este prejeto fol APROVADC em seus aspectos €ticoz, metodaldgiens, koginticns e financeiroa parg
e raalizade e Hasphel da Cllneas da Porta Alagrs. )
Esta aprovegdo esid bazeada nos pareceres dos respectives Comités de Etica e do Servige de Gesiao

el Pessiulsa.

- 08 pesquisadores wvinculados aa prajets nde participaram de qualquer etapa do procesgo de syalicao

da seus projatas.

- O pasyuisadar deverd aprasantar relaldelos semastrale do acompanhaments a relatno final ao Grupo
de Pesquiza @ Pée-Graduesho [GPPG]
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11.2 Carta de Aprovacéao do Projeto (GPPG — n°2020/0648 )

J@ Hixs 1 TAL 13E

$
UFRGS HE CLNICAS

NI Ty : y
0 NI EERIIE O WL ADATO ALEZRE RS

HOSFITAL DE CLINICAS DE FORTO ALEGRE

Grupo de Pesquisa e Pds Graduagao

Carta de Aprovagao

Projeto
2020/0648

Pesquisadores:
IDA VANESSA DOEDERLEIN SCHWARTZ

MFTED ANTONIO BAFTISTA SORAIA POLONI KARINA CARVALHO DONIS

CHARLES LUBIANGA KOHEM FABIANO DE OLIVEIRA POSWAR FILIPPO PINTO VAIRO

Mimero de Participantes: 1

Titule: Relato de caso: An adult with cystathionine beta-synthase deficiency, idiopathic rheumatoid arthritis, and deafness:
A case report

Este projeto foi APROVADO em seus aspectos eticos, metodolégicos, logisticos e financeiros para ser realizade no Hospital

de Clinicas de Porio Alegre. i

Esta aprovagio estd baseada nos pareceres dos respectivos Comités de Etica e do Servigo de Gestio em Pesquisa.

- Os pesquisadores vinculados ao projeto ndo participaram de qualguer etapa do processo de avaligio de seus projetos.

- O pesquisador deverd apresentar relatdrios semestrais de acompanhamento e relatdric final ac Grupo de Pesguisa e Pos-
Graduagdo (GFPG).

130172021

Impresso do sistema AGHUse-Pesquisa por ANDERSON ZANARDO MACHADO em 13/01/2021 08:30:21

84



11.3 Carta de Aprovagéao do Projeto (GPPG — n°100348 )

-
':-"’

HCPA - HOSPITAL DE CLINICAS DE PORTO &1LEGRE
GRUPD DE PESQUISA E PUS-GRADUAGCAC

COMISBAO CIENTIFICA E COMISSA0 DE PESGUISA E ETICA EM SADDE

A Coigsla Ciefifica e A Comissfo do Pusiuiss e B'na 2 Sadde, aue & reconheclda pela Comisasn
Nacaral da Biica mr Pesguiza (COKEPWAS coma Comae e Ehoa em Pesquisa do HEPA & pelo OFice §
Humer  Research  FProtacions (QHRM)CISGHES, comeo Institutional Rewvew  Bosid (IREONO0OE2 1)
mnaligaram o otojele

Frolele. 100348 Yemdo do Projets: 0401002015 Versao do TCLE: Q4000106

Fegqulsadores:

FIA30 KAPCZINGH

RARF AR [MASTUDA

PEULD E IS LRGN TR [ ABRLL:
ClARIESS SCWERINL HALA

Tiwle: ESTUDKD DA SOGMIGADS B MARCADORES DE 1OXICIDADE SISTEMICA EM
FOPLUILAGALD DE ALT™ HIS0D) PARA DESEMVOLVER E8CHILEOFREMIA

Tole projeto fol Apiovadc emo oRect aspettus  Sicos B medodoligicos de acordc tum as Efelrizes B
Marrax |ternaicngis & Maclonais espscalments as Kezaligoas 196:95 & somplementsnes do Congelhc
Magicnz! ce Salde. O marbrgs do GEFHICPA nda partcpzram dn processa 98 avalapda oos pragto:
wulg Conslam core pesglisdthwer  Todw e gualjuor slenogho g Phoel dessrd sel somurinada
Madigmmene g9 GEPMDEA,

Foe B Maawre DL 40 autiers g 210

e N b Tanuse
50 ST R L e CERHG T,
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11.4 BPRS - Brief Psychiatric Rating Scale

BFERS- ESCALA BREVE DE AVALIACAOQ PSIQI]LE.TE[EA DE ESQUIZOFRENLA

| Nome: |

| Tdade: Sexo: |

Freancher 4 e=cals quande da 1 solcisgdo o8 fralamentn & em cada regvalacic comprovango
araypanfarernile ik & pEguiain e,

{1 ] Busenta [ 3 ) Cvscreta [ %) Modersdamans= grave [ 7 1 Exiramamants grave
{ 2 | Muito discreto [ 4 ) Gravs [ 6] Grawve
Tarpn Apds Ratamenbs ... ... [MEZ88]
Tempo 0
e T BT ] e

1-Preocupacies somaticas

2 - Ansiedade

3 - Retraimento afetive

4 - Desorganizagéo concaitual

5. Zentimenta de culpa

- Temsdo

i - Mangirizma a Alituda

5 - Megalomania

o - Humer depressivo

10 = Hostilidade

1 - Desconfianca

12 - Comporameonto alucinatdrio

13 - Retardamanto molor

14 - N&o cooperagan

15 - Pensameantos néc habituais

15 - Embotamento afelivo

17 - Excitacio

15 - Desorientacia

Escora Tetal

Considerado melhara clinica gquando da redugio de pele menos 305% dos escores prévios da escala BPRE-A
(rrenor qua 30% podae sarconsoeraco falna teransutica).




11.5 Escala de Depressao de Beck

Nome:

/

/

Idade:.  ~~ Data:

Este questionario consiste em 21 grupos de afirmagdes. Depois de ler cuidadosamente cada grupo,
faca um circulo em torno do numero (0, 1, 2 ou 3) préximo a afirmagédo, em cada grupo, que descreve
melhor a maneira que vocé tem se sentido na ultima semana, incluindo hoje. Se varias afirmagdes
num grupo parecerem se aplicar igualmente bem, faga um circulo em cada uma. Tome cuidado de
ler todas as afirmagdes, em cada grupo, antes de fazer sua escolha.

1 0 N&o me sinto triste 7 0 Né&o me sinto decepcionado comigo mesmo
1 Eu me sinto triste 1 Estou decepcionado comigo mesmo
2 Estou sempre triste e ndo consigo sair disto 2 Estou enojado de mim
3 Estou tio triste ou infeliz que ndo consigo suportar 3 Eu me odeio
2 0 Nao estou especialmente desanimado quanto ao 8 0 Nao me sinto de qualquer modo pior que 0s
futuro outros
1 Eu me sinto desanimado quanto ao futuro 1 Sou critico em relag&o a mim por minhas
2 Acho que nada tenho a esperar fraquezas ou erros
3 Acho o futuro sem esperancas e tenho a impressao de 2 Eume culpo sempre por minhas falhas
que as coisas nao podem melhorar 3 Eu me culpo por tudo de mal que acontece
3 0 N&o me sinto um fracasso 9 0 Néo tenho quaisquer idéias de me matar
1 Acho que fracassei mais do que uma pessoa comum 1 Tenho idéias de me matar, mas néo as
2 Quando olho pra tras, na minha vida, tudo o que posso executaria
ver € um monte de fracassos 2 Gostaria de me matar
3 Acho que, como pessoa, sou um completo fracasso 3 Eu me mataria se tivesse oportunidade
4 0 Tenho tanto prazer em tudo como antes 10| 0 Nao choro mais que o habitual
X . , 1 Choro mais agora do que costumava
1 Né&o sinto mais prazer nas coisas como antes
x . 2 Agora, choro o tempo todo
2 Nao encontro um prazer real em mais nada
3 Estou insatisfeito ou aborrecido com tudo 3 C"?t“mav‘i‘ ser capaz de chorar, mas agora
nao consigo, mesmo que 0 queria
5 11 | 0 N&o sou mais irritado agora do que ja fui
0 Nao me sinto especiaimente culpado 1 Fico aborrecido ou irritado mais facilmente do
1 Eu me sinto culpado grande parte do tempo que costumava
2 Eu me sinto culpado na maior parte do tempo 2 Agora, eu me sinto irritado o0 tempo todo
3 Eu me sinto sempre culpado 3 N&o me irrito mais com coisas que costumavam
me irritar

87




6 12 | 0 Nao perdi o interesse pelas outras pessoas
0 Néo acho que esteja sendo punido 1 Estou menos interessado pelas outras pessoas
1 Acho que posso ser punido do que costumava estar
2 Creio que vou ser punido 2 Perdi a maior parte do meu interesse pelas
3 Acho que estou sendo punido outras pessoas
3 Perdi todo o interesse pelas outras pessoas
13 | 0 Tomo decisbes tdo bem quanto antes 18 | 0 O meu apetite ndo esta pior do que o habitual
1 Adio as tomadas de decisdes mais do que costumava 1 Meu apetite ndo é tdo bom como costumava
2 Tenho mais dificuldades de tomar decisdes do que Ser
antes 2 Meu apetite € muito pior agora
3 Absolutamente néo consigo mais tomar decisdes 3 Absolutamente néo tenho mais apetite
antes algum recentemente
1 Estou preocupado em estar parecendo velho ou sem 1 Perdi mais do que 2 quilos e meio
atrativo 2 Perdi mais do que 5 quilos
2 Acho que hd mudangas permanentes na minha 3 Perdi mais do que 7 quilos
aparéncia, que me fazem parecer sem atrativo o
. . Estou tentando perder peso de proposito,
15 20 | 0 N&o estou mais preocupado com a minha
saude do que o habitual
0 Posso trabalhar tio bem quanto antes 1 Estou preocupado com problemas fisicos, tais
] g como dores, indisposigao do estémago ou
1 E preciso algum esforgo extra para fazer alguma coisa constipagédo
2 Tenho que me esforgar muito para fazer alguma coisa 2 Estou muito preocupado com problemas fisicos
3 Né&o consigo mais fazer qualquer trabalho ¢ 6 dificil pensar em outra coisa
3 Estou tdo preocupado com meus problemas
fisicos que néo consigo pensar em qualquer
outra coisa
16 | 0 Consigo dormir tdo bem como o habitual 21 | 0 N&o notei qualquer mudanca recente no meu

1 N&o durmo tdo bem como costumava

2 Acordo 1 a 2 horas mais cedo do que habitualmente e
acho dificil voltar a dormir

3 Acordo varias horas mais cedo do que costumava e
nao consigo voltar a dormir

interesse por sexo

1 Estou menos interessado por sexo do que
costumava

2 Estou muito menos interessado por sexo agora

3 Perdi completamente o interesse por sexo
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17

0 Nao fico mais cansado do que o habitual
1 Fico cansado mais facilmente do que costumava
2 Fico cansado em fazer qualquer coisa

3 Estou cansado demais para fazer qualquer coisa
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11.6 Escala de Ansiedade de Beck

Nome:

Idade:

Data:

Abaixo estad uma lista de sintomas comuns de ansiedade. Por favor, leia cuidadosamente cada item
da lista. ldentifique o quanto vocé tem sido incomodado por cada sintoma durante a dltima semana,
incluindo hoje, colocando um “x” no espaco correspondente, na mesma linha de cada sintoma.

Absolutamente
nao

Levemente
Nao me
incomodou muito

Moderadamente
Foi muito
desagradavel mas
pude suportar

Gravemente
Dificilmente pude
suportar

B B Bl

N N = o a a =m =m =m oma eS -
- O W o000 ~N oo o1 A~ W DD -~ o

Dorméncia ou formigamento
Sensagao de calor

Tremores nas pernas

Incapaz de relaxar

Medo que acontega o pior
Atordoado ou tonto

Palpitagao ou aceleragao do coragao
Sem equilibrio

Aterrorizado

. Nervoso

. Sensagao de sufocacao

. Tremores nas maos

. Trémulo

. Medo de perder o controle
. Dificuldade de respirar

. Medo de morrer

. Assustado

. Indigestao ou desconforto no abdémen
. Sensacgao de desmaio

. Rosto afogueado

. Suor (ndo devido ao calor)
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11.7 Escala de Hamilton

ESCALA DE HAMILTON

AVALIAGAO DA DEPRESSAO (HAM-D 21 itens)

Wk =

&

1 | HUMOR DEPRIMIDO

Ausente

Sentimentos relatados apenas a0 ser perguntado

Sentimentos relatados espontaneamente, com palavras
Comunica os sentimentos com expressao facial, postura, voz e
tendéncia ao chon

Sentimentos deduridos da comunicagio verbal e ndo verbal do
paciente

ESCORE

Bwp o

2 | SENTIMENTOS DE CULPA

Ausentes

Auto-recriminagdo; sente que decepcionou os outros

Idéias de culpa ou ruminagio scbre emos passados cu mas Acdes
A doenca atual & um castige. Deliro de culpa

Ouve vozes de acusagao ou denincia efou tem alucinagies visuais

ameagadoras

3 | sul

B o

D10

0

Ausente

Sente que a vida ndo vale a pena

Desejaria estar morto; pensa na possibilidade de sua morte
Ideias ou gestos suicidas

Tentativa de suicidio (qualguer tentativa séria)

4 | INSONIA INICIAL

0. Sem dificuldade
1.
2. Queixa de dificuldade para conciliar todas as noites

Temn alguma dificuldade ocasional, isto &, mais de meia hora

5 | INSONIA INTERMEDIARIA
0. Sem dificuldade

1.
2. Acorda a noite; qualguer saida da cama (exceto para urinar)

CQueixa-se de inquietude e perturbagio durante a noite

6 | INSONIA TARDIA

0. Sem dificuldade
1.
2.

Acorda de madrugada, mas volta a dormir
Incapaz de woltar a conciliar o sono ao deixar a cama

7 | TRABALHOS E ATIVIDADES

0. Sem dificuldade

1. Pensamenio/sentimento de incapacidade, fadiga, fraqueza
relacionada as atividades; trabalho ou passatempos

2. Perda de interesse por atividades (passatempos, trabalho) — quer
diretamente relatada pelo paciente, ou indiretamente, por desatencio,
indecisio e vacilagio (sente que precisa se esforgar para o trabalho
ou atividades).

3. Diminuigio do tempo gasio em atividades ouw queda da produtividade.
Mo hospital, marcar 3 se o paciente passa menos de 3h em atividades
externas (passatempos ou trabalho hospitalar)

4. Parou de trabalhar devido 4 doenga atual. Mo hospital, marcar 4 se o
paciente ndo se ocupar de outras atividades além de pequenas tarefas
do leito, ou for incapaz de realiza-las sem auxilio

8 | RETARDO

0. Pensamenio e fala normais
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1. Lewve retardo duramte a entrevista
2. Retardo obvio a entrevista
3. Estupor completo

AGITACAO
0. Menhuma
1. Brinca com as m3os ou com os cabelos, efc
2. Troce as maos, réi as unhas, puxa os cabelos, morde os labios

10

ANSIEDADE PSIQUICA

Sem ansiedade

Tensdo e imitabilidade subjetivas
Preccupagao com trivialidades

Atitude apreensiva aparente mo rosto ou fala
Medos expressos sem serem inquirdos

Bwpao

11

ANSIEDADE SOMATICA (simtomnas fisicldgicos de ansiedade: boca
seca, flatuléncia, indigesto, diaméia, colicas, eructagbes; palpitaghes,
cefaléia, hiperventilagSo, suspiros, sudorese, freqliéncia urinaria)
Ausente

Leve

Moderada

Grawve

Incapacitante

B o

12

SINTOMAS SOMATICOS GASTROINTESTINAIS
0. Wenhum
1. Perda do apetite, mas alimenta-se voluntariaments; sensagies de

peso no abdome
2. Dificuldade de comer se ndo insistirem. Solicita ou exige laxatvos ou
medicagdies para os intestines ou para sintomas digestives

13

SIHTDMAS SOMATICOS EM GERAL
MNenhum
l. Peso nos membros, costas ou cabega. Dores nas costas, cefaléia,
mialgia. Perda de energia e cansago
2. Qualquer sintoma bem caracterizado e nitido, marcar 2

14

SINTOMAS GENITAIS {perda da libido, sintomas menstruais)
0. Ausentes
1. Leves distirbios menstruais
2. Intensos

15

HIPOCONDRIA

Ausente

Au‘ho—obsewagﬁc aumentada (com relagdo ao corpa)
Preccupagdo com a salde

Queixas freqientes, pedidos de ajuda, etc

Idéias delirantes hipocondriacas

Bwp o

16

PERDA DE PESO (Marcar A cu B; A — pela historia; B — pela avaliagio
semanal do psiquiatra responsavel)

A

Sem perda de peso

Provavel perda de peso da doencga atual
Perda de peso definida

R o

Menos de 0,5kg de perda por semana
Mais de 0,5kg de perda por semana
2. Mais de ikg de perda por semana

- e
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17

CONSCIENCIA DA DOENCA
0. Reconhece que esta deprimido e doente
1. Reconhece a doenga mas atribui-he a causa & ma alimentagio, ao
clima, ao excesso de trabalho, a virus, necessidade de repouso
2. Mega estar doenie

18

VARIACAO DIURNA (se ha variagSo dos sintomas pela manh3 ou 3
noite; caso ndo haja variagio, marcar 0}

0. Ausentes

1. Lewe

2. Grawve

19

DESPERSONALIZACAC E DESREALIZACAQD (1déias nillistas,

sensagies de imealidade)
0. Ausentes

Leves

Moderadas

Graves

Incapacitantes

hall Sl

20

SINTOMAS PARANOIDES
0. MWenhum
1. Desconfianga
2. Idéias de referéncia
3. Delirio de referéncia e perseguigio

21 | SINTOMAS OBSESSIVOS E COMPULSIVOS
0. MNenhum
1. Leves
2. Graves

ESCORE TOTAL = FONTOS
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11.8 WHOQOL - Abreviado

WHOQOL - ABREVIADO

Versdo em Porfugués

PROGRAMA DE SAUDE MENTAL
ORGANIZACAO MUNDIAL DA SAUDE
GENEBRA

Coordenacio do GRUPO WHOQOL no Brasi

Dr. Marcelo Pio de Almeida Fleck

Professor Adjunte

Departamento de Priquistria e Medicina Legal
TUniversdade Federal do Rio Grande do Sal
Porto Alegre — RS - Brasil
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Insirugoes

Este questionano € sobre como voce se semte a respeito de sua qualidade de vida, saide e
outras dreas de sua vida. Por favor, responda a todas as questdes . Se vocé nio tem
certera sobre que resposta dar em uma questo, por faver, escolha entre as altemativas a

Por favor, tenha em mente seus valores, aspiragfes, prazeres e preccupagbes. Nos
estamos permmtando o que vock acha de sua vida, fomando como referéncia as duas
iltimas semanas . Por exemplo, pensando nas dlimas duas semanas, uma questio

podena sex:

nada

completaments

Voce recebe dos outros o apoio de que 1
necessitaT

Voce deve cireular o mimerm que melhor comesponde a0 quanto vocé recebe dos outmos o
apoio de que necessia mestas flimas duas semanas. Portanto, wocd deve cmrcular o

nimero 4 se vocs receben "mmuto” apoio como abaixo.

nada

pouco

compleamente

Voce recebe dos ouitos o apoio de que 1
necessita?

Voce deve circular o mimero 1 s vors nio receben "nada” de apoio.
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ja o gue vord acha e circule mo nimero & lhe parece 3 melhor resposta

i nem boa boa
1 | Comowvocs avaliaria sua qualidade de 1 1 3 4 5
vida?
ik i) insatis feitn nem satisfeita satisfeito ot
msatisteite nem insatisfeito catizfait
o
2 | Qo satisfeitofa) voce esta 1 2 3 4 5
O A 5ua sande?

As questdes seguintes 3o sobre

o quanin vocé tem senfide alpumas coisas nas iltimas duas semanas.

certas coisas nestas ultimas duas semanas.

nada it maison | bastant EXTRMAMEnE
pouce menos e

3 | Emque medida voce acha que sua dor 1 1 3 5
{fisica) impeds vocs de fazer o que vooE
precisa?

4 | O quanio vecé preciza de alzum 1 1 3 5
tratamento médico para levar sua vida
jisria?

5 | O quanto woce aproveita a vida? 1 2 3 5

& | Em que medida vocé acha que a sua vida 1 1 E] 5
tem senfido?

7 | © quamto vecé consegue se concemtrar? 1 v 3 5

£ | Quio sepurofa) vecé se sents em sua vida 1 1 3 5
Siimia”

9 | Quie saudavel £ o sen ambiente fsico 1 v 3 5
{clima, baraho, pokuicio, atrativos)?

As guestdes seguintes perguntam sobre  guio completamente  wocE tem sentide ou é capaz de fazer

nada | emste medio | oot | completamerte
POUCEH

10 | Voce tem energia suficients para seu dia-a-dia? 1 1 3 5

11 | Viocé & capaz de aceftar sua aparéncia fizica? 1 1 3 5

12 | Vocé tem dinheiro suficiente para satisfazer suas 1 2 3 5
necessidades?

13 | Quao disponiveis para voce estao as 1 7 . 5
informagdes que precisa po seu dia-a-dia? ?

14 | Em que medida vocé tem opartunidades de 1 2 3 5
atrvidade de lazer?

[F¥]
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As questdes seguintes peTguntam sobre

quic bem ou satEfete  wocé se sentiu a respeite de varios

aspectos da sua vida nas dltimas duas semanas.
it Mim DS Nim bom i
mim pem bom bom
15 | uido bem vocd & capaz de s2 locomover? 1 2 3 4 5
i T, [E— eI i
R [—— st
16 | Quio satisfeitn(a) vocé st com o 581 1 2 3 4 5
sonoT
17 | Quao satisfeito]a) voos esta com sua 1 2 3 4 5
capacidade de desempenhar as atividades
do sen dia-a-dia?
18 | Quio satisfeito]a) voos esta com sua 1 2 3 4 5
capacidade para o trabalho?
19 | Quis satisferola) vecs ssta consizo 1 2 3 4 5
mesmn?
30 | Guide satisfeito(a) vocs esta com suas 1 3 3 4 5
relagtes pessoais (amigos, parentes,
conbecidos, colegas)?
21 | Quis satisfeitoda) woos esta com sua vida 1 2 3 4 5
sexual?
2 | Quao satisfeito{a) voce esta com o apoio 1 2 3 4 5
que wocé recebe de seus amizos?
233 | Quio satisfeito]a) woce esta com as 1 2 3 4 5
condigdes do local ende mora?
M | Quio satisfeito(a) vocé st com o seu 1 2 3 4 5
aCess0 a05 serviges de sands?
25 | Quio satisfeitn(a) vocs est com o seu 1 2 3 4 5
meio de transpare?
As questdes sepuintes referem-s2 2 com que freqiencia  voce senfiu ou experimenton certas Coiss Das
M EgEnaTe e = )
- fagmamas
2 | Com que freqincia wock tem 1 3 4 5
senfimentos negatives tais como man
humer, desespero, ansiedade,
depressio?
Alzuem ke ajudon a preencher este qUESHINATIOT. ... —eeooees e aeere s esess s sessecmasasee
Quantn tempsn vocE levow para preencher sste questonanio” ... ...
Vocé em slzum comentirio sobre o questionario?

OBRICADOFELA SUA CDI.AEJI.-[(.!ED
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Hm[mhmmlnlfﬂllmcmmlmm (CBS) , 5 a rare Recetved May 04, 2020
inbomn ermor of methionine metabolism. Main dinical features may include skeletal and rmanifes-  Fevissd August 31, 2020
tations, developmental delay, intellectual disability and eye disorders. Wﬂwﬂmﬂ
Material and methods: |5|5mutﬂe1wmland smdyrnmgatdmi:ungeye
abnormalities presented by a cohort of late-diagnosed HOU patients. Data regarding Mmﬂm

avaluation induded visual acuity, refraction, biomic Pahummngrfundusmnmm
retinography, biometry, omlartltlamund,npmﬂmlmmmugq:lrj anterior segment photography
and topoegra

h..E'TE'Ip:ngml'ﬂJ (20 eyes) were included. The most frequent findings were: ectopia fantis
{n =20} and myopia (n = 9). Biometry, witrasound, OCT and topography findings were available for four
patients. One patient had keratoconus; cne had abnormal retinal pigmentation; and two had lens surgery
scars with irmegular astigmatism.

dmm

Condusions: Eye abnommalities are very frequent in Iﬂe—ciagmgedl-ﬂ.l patients. The presence of ectopia
hypothesis of

lentis should ahways raise the dizgnostic

Introduction

Classic homocystinuria (HCU) is a rare inborn error of
methionine metabolism cauwsed by cystathionine beta-
synthase deficiency (CBS deficiency, OMIM 2362007, an
enryme that catalyses the conversion of homocysteine to
cystathionine. The minimum worldwide prevalence of HCU
was estimated to be -0.38: 100,000 (1) and the pathophysiod-
ogy of CBS deficiency is not fully understond. In addition to
homocysteine (Hcy) accumulation, the defect leads to
increased concentrations of 5-adenosylhomocysteine (SAH),
enhanced remethylation to methionine, and depletion of
cystathionine and cysteine (2). High levels of Hcy concentra-
tions modify sulfhydryl groups on proteins and interfere with
the cross-linking of sulfhydryl groups in proteins such as
elastin, which modify intracellular signaling and cause endo-
plasmic reticulum stress with vascular endothelial dysfunc-
tiom (3).

Alterations of structural proteins, apoptosis and oxidative
stress are associated with the increased SAH, impairs methyla-
tion reactions and decrease cystathionine and cysteine, which
is thought to contribute to connective tissue abnormalities and
lens dislocation (2). Patients with HCU' present with hyperho-
maocysteinemia, hypermethioninaemia and low levels of
cysteine (3-5). Clinical features may inchude skeletal abnorm-
alities, developmental delay, intellectual dizability and lethal
thromboembolic phenomena, besides ocular complications.

HCU patients are treated according to the responsiveness to
pyridoxine. Patients who are responsive are able to maintain

the homocysteine levels (tHoy) within the target range while
taking the vitamin; the non-responsive ones need to be treated
with a low natural protein diet, methionine-free metabolic
formula and, if necessary, betaine (). Early initiation of treat-
ment, during the first month of life, reduces the incidence of
ectofria [enfis and thromboembaolic events, so HCU is one of the
diseases amenable to neonatal screening (6).

This report concerns the first in-depth ocular examination
of a series of HCU patients from Brazil.

Materials and methods

This is an ohservational and retrospective study, approved by the
local IRB. Patients were recruited from the Inborn Errors of
Metabolism (linics at the Medical Genetics Division, Hospital
de (linicas de Porto Alegre-south of Brazil (IEM Clinics-MGS,
HCPA). They were classified into responsive of non-responsive
to pyridoxine according to the standard recommendations (2).
After treatment, responsive patients maintained tHcy<50
micromilSL. The majority of non-responsive patients were non-
adherent and their level of tHoy was= 100 micromal/L, although
some were able to keep it < 100micromol/L (the target level).
As a routine, HCUI patients have an appointment with the
Ocular Genetics Section of Ophthalmology Division-HCPA.
The eye examination comprises visual acuity, non-dilated and
cydoplegic refraction, Perkins tonometry, non-dilated and
dilated slit lamp biomicroscopy and dilated retinal exam.
Retinography, biometry, ooular ultrasound, macular optical

COMTACT Patricia bnschpe Gers (5 patrictagusgme com I Ophthalmlogy Division, Hespttal de Oiricas de Parto Alegre (HCPA), Porto Mlegre, RS S0480-000, Brazt]
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coherence tomography (T, anterior segment photography
and corneal topography are not routine exams, but performed
when different from expected features appear during ocular
evaluation.

All patient had their diagnosis confirmed both biochemi-
cally (by demonstration of hyperhomocysteinagemia and
hypermethioninaemia) and genetically (by detection of bial-
lelic pathogenic variants in the CBS gene). Some of these
patients have been inchided in the paper by Poloni et al. (7).
which described the diagmosis and treatment findings of 72
late-diagnosed HCU patients from all over Brazl, without
thorough ophthalmological description (ocoular complains
were the earliest detected symptom in 53% of cases; the
main reason for diagnostic suspicion in 63% of cases and
the most prevalent manifestation at diagnosis in 67% of
cases). Their genotypes were described by Poloni et al.
Patient 10 has also been described as a case report and pub-
lished by Gus et al. (E).

Results

Ten patients (20 eyes), aged 16 to 40 years old (mean age
263 + 7.5), were included. The findings are summarized in
Tabde 1 and Figures 1 and 2. The most frequent findings were
ectofia lembis (n = 20) and myopia (n = 9). All patients pre-
sented with eye abnormalities, including the patient diagnosed
at 2yo and the responsive patients.

Five patients had previously undergone lensectomy at other
facilities before being examined by the authors. In our series,
four of the seven eyes in which the lens could be evaluated, had
a superior dislocation (57% of cases). Hiometry, ultrasound,
macoular OCT, and topography findings were available for only
four patients (Patients 2, &, § and 1(; Table 1). One patient had
keratoconus (Patient 10, Table 1; Figure 2); two had abmormeal
lens surgery scars (one thinned and the other hypertrophic).
both of whom had irregular astigmatism at topography; and
one had altered retinal pigmentation (peripheral cluster of
hyperpigmentation in one eye, not characteristic of retinal
degeneration). Macular OCT abmormalities were not detected.
Glaucoma was found in 15% of the cases, all of them in aphakic
EFes.

Discussion

‘We described hetein a comprehensive ophthalmaologic eva-
luation of 10 Brazilian HCU patients (20 eyes). Meonatal
screening (MES) for HCU is not available in the public health
system in Braml, so all patients were late diagnosed. They were
diagnosed and treated at the Medical Genetics Division of
HCPA and posteriorly referred to the Ophthalmology
Drivision.

Ocular problems can seriously compromise the quality of life of
HCU patients. The most striking ocular problem is ecfopia lenfis.
peripheral refinal degeneration, secondary pupillary block glan-
coms, retinal detachment, microphthalmia, optic atrophy, retinal
arterial occhusions and band keratopathy (1). The lens dislocation
has been described in patients as young as 3yo.

Biochemical abnormalities of HCU are supposed to cause
the clinical features of this disorder, but underlying mechan-
isms are mot fully understood (doular diseases are possibly
related to the reduced level of cysteine, since the lens zonules
have high cysteine content {2,4,5). Faised tHcy concentrations
madify sulthydryl groups on proteins and also interfere with
the cross-linking of sulfhydryl groups in proteins such as
elastin (2). High myopia might potentially ccour due to altera-
tions of the scleral connective tissue, as much as irregular scars,
but the latest can akso be a result of inadequate suture after lens
removal Keratocomus can be related to abnormal collagen
fibers in commeal stroma. Those abnormalities may hypotheti-
cally cause the connective tissue structures of the eye less
resistant to intra-ocular pressure.

It is well knowmn that early diagnosis can prevent the ocular
manifestations of HCLI, but the absence of newborn screening
for this condition in Brazl means that all patients were diag-
nosed late. Weak zonules of Zinn and sdera can lead to lens
instability, increased refractive index, iridodonesis and globe
enlargement, all of which contribute to progressive myopia at
a young age. Increasing myopia is useful as a sign of treatment
refractoriness or poor adherence, with poor biochemical con-
trol, and the presence of high myopia in HCU patients is
around 45% (9-11).

Since the lens is significantly mobile in HCU patients, it can
move completely from the original position, causing either
anterior or posterior lnxation - with or without angle-closure
glaucoma (10). All glancoma patients of these series presented
high intra-ooular pressure bevels after lens removal without
intra-ocular lens insertion, and aphakia is a risk factor for
glaucoma perse (aphakic glancoma).

The prevalence of ectopia lemtis in patients with HCU is
around 70% until age 7, rising to 95% by the fifth decade and is
classically inferior or inferonasal (13,14,15). In this series,
however, 57% of the patients had a superior dislocation —
usually described in Marfan patients. Since the lens may dis-
locate to any direction, its position in a given patient cannot be
considered pathognomonic of HCU nor Marfan, because other
heritable disorders may be associated with eclopia lemlis:
Ehlers-Dankos  syndromes, Weill-Marchesani  syndrome,
hyperlysinemia, sulfite oxidase deficiency and Treacher
Collins syndrome (16). It is always suspicious of a genetic
disease, indeed, in the absence of eye trauma history.

Image taking exams of anterior and posterior eye were
performed in only four patients, which allowed better evalua-
tion. The authors strongly recommend that different imaging
devices are used for all genetic syndrome patients in routine
examination, since unexpected abnormalities can be diag-
nosed After this outcomes, routine ophthalmological exami-
nation of the Ocular Genetic Section of HCPA started to
include all of them.

Conclusion

Several ocular abnormalities were found in this group of late-
diagnosed HCU patients. Some of them have been previously
described in literature, while others are novel observations.
Although eclopia lemfis in cassic homocystinuria is rarely
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has not been imvestigated in HOLL The aim of this study was to imvestigate the gut microbiota of HCU
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derrepresentation of the Albistipes, Remily XII LOC-00, mdh‘uhﬂmﬂlﬁdeJ patienis and
aonitraks had similar gut microbiota diversity, despite differential dundanee of some bacteria genera
Diet, hetaine, vikmin B supplementation, and host genetics may antribuie to these difierenoess in md-
cobial ecalogy.
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L Entrodisction

Classical homocystinura (HOU: OMIM 236200 oF oS-

active form of pyridatine) 25 a coliaor. CBS is expresed mainly in
thee liver, but slso in the pancress, kdmeys, and brain | 1-3)
of HOU is till mot fully understood. The

athi omine bets-synthase (CBS; EC 42.122) deficiency, is an inbom
erfof of metabolism (IEM ) wihich predominantly affects the trans-
sulfuration pathiwan CBS is a key eneyme for the tranesulfiueation
pathiway, becarse it imeversbly catalyres the conversion of ho-
maocysteine (Hey] into cystathionine, using pyridosa | phosphate (an
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OO00-S0E4 & 2000 Pobliched by Bueber BV

The pathaphysiclogy
spectrum of clinical manifestations is brosd, ranging from -
symplomatic patients to 4 very severe mullisystem disesse The
main organ systems affected are the eyes (edopia lentis andjor
severe myopial skeleton (abnormally high staturs, lomg limbs
odeoporods, bome delrmities), central nervous system (CNS)
(developmental delayfintellectial dissbility, seirures, psychiatric
anl behavioral problems, sctrapyramidal signs), and vascular sys-
tem (thromboembolic events) The HOU phenotype is dosely
relsted to  pyridaxine responsivensess;  usually,  pyridosne-
reqpondive patients have a milder phenotype and a later ondet
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than nonfespondve patients |1] Pyridoxine responsivensss i
commonly defined scoonding to plasma totsl himocysteine (tHoy)
concentration schieved after a challenging test with pyridosine,
with tHay decreasing to below 50 pmoliL [14)

The sim of HOU treatment is to reduce tHey to 2 safe level;
nevertheless, normal concentrations are uswally wnachievable,
especially in nonresponsive patients. Treatment consists of pyri-
doxine supplementation (for responsive patients) and 2
Mt hiome] Met restricted diet andjor betaine (for monne spond ve
patients). As a oonsequence of the Met-restricted diet, mutr tomnal
supple ment stion with 3 metabolic formuls (3 Met-free mixune of
L-aming acids and micromtrients) is necessary; in addition, folse
and vitamin B12 levels should be monitored and supplemented il
necessary. Treatment mist be lifelong |31]

The gut micrabiots is composed of trillions of microorganisms
|5) Recent studies have shown an impact of these microonganisms
on physiclogical processes, and changes in micrabiota have been
linked to & range of disexses|6,7] including CNS [8.5) and vasculsr
disnrders [10—12] Additionally, health-illness contimam in
humans is associated with differences in microbial communities
and their functions | 13

Diet amd genetics are known o influence the gut microbiome
[ 1415 ) Thee restrictive diet, wse of 2 synthetic -aming acids brmula
and vitamin supplementation used in HOU treatment may aflect
the gut microbiota | 16 Within this aontext, the present study sims
Lo investigate possible relationships between HOU treatment amd
the gut microbiota

2. Methods
21 Experimental design

This observational, cross-sectional study wsed a convenience
sampling strategy, which inclisded six HOU patients and six sge-
and-sex-matched healthy controls. The study protom]  was
approved by the Ethic Committes of Hospital de Clinicas de Porto
Allegre (HOPA) | project number 2015-02 18] All participants andor
their legal guardisns provided written informed consent Patients
were recruited from owpatient clinics of the Medical Genetics
Service (MGE )L HOPA, Rio Grande do Sul, Braril Gontrol subjects
were recruited from the Santa Cecilia Basic Health Unit, Porto
Alegre, Brazil, which is located nearby to HOPA; subjects who per-
formed moutine medical appointments st this Basic Health Unit
ware invited to participate in the study. The inclusion criteria for
patients wene: a) having o gene tic di agnosis of HOU (g, presence
of hiallelic pathogenic mutations in the CBS gene); b) being on
trestment; ¢ having no other chronic disesse; and d) no cument
use of antibviotics. The inclision criteria for contrals were 2) mo
relation b HOU patients, b) mo chronic or acute diseases, and ¢) mo
current wse of antibiotics.

Clindea] information, such as treatment strategies and tHey amd
Mt levels, was oltained by reviewing medial reconds Besides that,
& specific questionnaire was applied B every partic pant, which
inchuded questions on the use of medicines (antibiotics, loatives ),
s of prodi oti o5 and fer mente d milk, and filsers supplementationin
thelast 6 months. Additionsl . the uwse of dietary fiber supplements
was also recorded. The criteria wsed to define metabodic control was
based on the 1-year median of tHey measme ments belore the stool
collection. If the median tHoy vahe was within target, the patient
was @nsiderad to have good metsbolic contral. The target level of
tHey is 50 pmoll for pyridoxdne-responsive patients, amd
o A0 el e Pucororess petvcsi v pasti ents | 17

All subjects received a kit which consisied of a Styrofoam box
containing a sterile contaimer in which to store the stool sample, 2
gel ice pack, and a sterile spatula to collect the sample The

artici panis s reeived printed instructions for stool collection,
storage, and transport. They wers instructed to collect s0ol in their
o heomes on the day be fore their medic | appointments st HOPA,
stavre the specimen in a houwsehald freezer [ - 20 °C), and deliver it
the mestt day, on ice, during the schedulsd appointment. All par-
ticipants were slso provided printed instrudions and 2 shest to
record 3 days of dietary information The participants were
instructed towiite down everything they had esen over the 3-day
period, 25 well x5 the amount and manmer of preparstion of a1l
Tionocds el e ver ages. Sbool samples were pre e rably to be collected
on the thind day of the food record. Upon retuming to the clinic,
each participant answered a questionnaire about personal festures,
imechaeding dietary and bowe ] habits and current medicati ons.

22 Nutritional of 4 ment

Patients and controls were instructed to compilete a 3-day di-
wtary record (day 3 = the day wihen the stool sample was collecied;
days 1 and 2 — belore the collection of the ool sampile | Macro-
amnd micronutrient intake were analyred using Nutribase™ solt-
ware [NB16Clowd, Cybersalt Inc. Phoenix, AZ, LEAL As there is no
Brarilisn table of the Met content on foods, daily Met intake could
ot e estimated; hence, only total protein intake was aloulsted.
Duaily muwtrient intake was @mpued conside ring the average of the
thiree days of food reconds. Vitamin supplements and other medi-
ca tiodns were ot imnchsded in the mistn Homnal amabsis.

23 pH measurement, bacterial DNA extraction, 165 fRNA gene
amplifiction and sequencing

Froeen stool samples of participants were thawed and aliguoted
Al foom temperature (20 °C) for pH measurement | 18] To measune
e fecal pH, s mples were diluied 1:10 (wv) indistilled water. The
dilute was homogenized and incubated for 5 min Al moom tem-
perature, and fecal pH was measered with an electronic pH meter
(K30-1004E, KASVL PR, Brazil) after complete immersion of the
elearode for 3 min

Bacte rial DMA was isolabed from 300 mg of frozen stool sample
using the QlAmp Fast DNA Steal Mini Kit (Qiagen, Valencia, CA,
UsAL following manufscturer instructions DNA quality was
determined by spectrophotometry in a2 ManoWue™ system (GE
TH el e e, Chii cago, 11, LESA] Thee sedquencing |ibrary was prepaned
Tollowing the procediunes described by Barbazs et sl [ 19] The gut
micobial community was determined by amplification of the V4
region of 165 fNA with the barcode bacterial farcheal primers 515
and 0GR | 20 PCR resctions were carmied ot with 20 of Platinum
Taq DMA High Fidelity Polymerase (Invitragen, Carishad, CA, USA )L
4 uL M High Fidelity PCR Bufler, 2 mM MgS0y. 02 mM dNTPs,
0.1 pM of e ach ba roodied primer, 25 pg of Ultr apure BSA (Invithogen,
Carishad, CA, UISA) and appraximately 50 ng of DNA template in a
il volume of 25 pl PCR @nditions were 95 °C for 5min, 30 cycles
&t 94 °C for 45 5, 56 °C lor 45 4 and 72 °C for 1 min, followed by a
Tl extension step of T0min at 72 °C After viswalizstion ona L5
agarmie gel the PCR products were purified with Agenoourt
AMPure XP Resgent (Beckman Coulter, Brea, CA, USAL The final
concentration of the PCR product was quantified with a Qubit
Fluormmeter kit { Invi trogen, Caflsbad, CA, USA]L following man-
Tacturer instructions, and combined in equimalar ratios (o create 2
mixture composed of amplified 165 gene fragments of e ach sampile.
LA timatedy, this compaosite was used for library preparation in the
lon One-Towch 2 System, 1ing lon PGM Templete OTZ 400 Kit
[ Thermo Fisher Sdentific Waltham MA, USA] Sequecing was
performed with lon PGM Sequending 400 an the lon PGM System,
using 318 Chip kit vz
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2.4 165 profiling dara analysis

The 165 rRNA resds were analyzed following the recommen-
dations of the Brazilian Microbiome Project [21] for an efficient
removal of sequencing artifacts that might exacerbate bisses due 1o
the presence of chimeric sequences and e quence erors Briefly, an
Operationsl Tacanomic Unit (OTU) table was built using the
UPARSE pipeline |22 | Reads were truncated at 200 bp and quality-
filtered with 2 maximum expected efror of 0.5, Fil tered reads were
dereplicated and singletons were removed The sequences wene
clusterad into OTLE at 2 97% cutodf following the UPARSE pipeline.
Taxonomic clussification was carried out in QIME version 19,1 | 23]
based on the ILUUST methaod, against SIVA ribosomal RNA gens
datalase version v1327 |24] with B boundary confidence
Drywriestream amalyses were with dataset rarefy o the
mini mwm library size [2526] in the R software emdoament |27),
uh; the #l].in&q |28] vegan |25), and ALDEZ |30,31] packages

nitial abundant microbes were selected based on the effect

sive rather than on p-valees ondy, a5 proposed by Gloor et al [31]
S pearman oorrel ation was used o evahuate the ssociation be tween
HOU biochemical markers( tHcy and Met levels) and OTU fichmess

2.5 Snarisdeal analysis

Sta tistical a nalyss of clinical dats smomg growps was carmied out
im PASW Sta tistics for Windows software (Vs 180, 2009, 5P55 Inc,
Chicago, 1L, USA] For comparison between groups, continos
variahles were analyred using the Mann—Whitney [F test Cate-
gorical variables were compared wsing Fishers exact test (p < 0.05)

3. Reslis

Six unrelsted HOU patients and sic healthy individusls wers
il uded in the study (Tables 1 and 2] All patients had been disg-
md]mmwempuuﬂemwﬂmﬂm All where om a Met-
restricted diet and presented with Ty perhomocyseinemia Oral
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Table X
Charamefaies of paments with HOU incloded in e soody.
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1-year SOy Il (el - ol 405 7l 14E9 ESE
L}

Bl | parmecilJ L s 502 435 2174 k= ] B/I5

I e Bl mnml"(pﬂ.l [ [P Wzl [Fiomzar Posar Panr
[}

Clinbcall el aarions
~Ooalar Wes Wi W Wes Wes Wi
~Sreleral Wes Wi W L) Wes Wi
-5 Wes M W Wes Wes Wi
~Wasonlar ) 5] s ) s <]

O ST
=M resnioned dier Yes s ki-1 Yes Yes s
=Merabailic Tonmola Yes ] M ] Yes s

s s s s B Wes
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HCU: clascir 3l heamocy Sl Sicy: ital hamr yoeine. MAer: meshissine. (M6 G0l IS0 SRRRT
* u-um-:m.numumru, s Bz dore e i il ooan. e oy e s wiihin e, Imeabeodis OOOEnGd s C Oiceiened
goeed Aes allnhe paGenTs were ot Trger oy vl was <100 el S the whed samgie [3].

b The pasent had been “mnrntmmwnuuuﬂyumm of tHicy amd M mnder med Bment.

supplementstion of folate (n = 6) and pyridaine (n = 5], oral 12 Biormark er amnalysi

Betaine intake (n = 41 and intramsculsr vitamin B12 supple-

mentation (- 4) were reported only in the HOU group. Only twe Althogh oo differences inoverall alpha and betas diversity wene

patients had good metabalic contred (patients H1 and H3, Talle 2] detected between HOU patients and controls, significant asocia-

Hutritional analysis (Table 1) revealed differences inthe intake  tions betwesn HOU patients and speciflc bacteria might still exist

of some nutrients between patients and controls Overall i Such asocistions wene tested by modeling the data 25 2 log-rato

(p = 0025, saturasted (st (p = 0004) monouncsursted St transiyrmed probability distribution rather than cownts. Diffeen-

(P = 0.004), cholestersd (p — 0.004), vitamin D (p - 041, and  tial sbundant microbes anahsis indicated that one OTU closely

sl um (- QG initake was lower in BOU patients compared to relyted with the Eubacteriiom o prostana ligernes group was increased

controls in HOU potients (Table 7). On the other hand, four OTUs closely
related with Alistipes (2 OT\s), Rumily X0 UOG-001, and Para-
bacteriderss were increased in controls (Tabde 31

11 Micrabiata compasition and the aorrelation between gl
muicrabiota amd HOD biocheri @l markers . Discusshom

Nine kivwi bacterial plafls wene detected within all <5 mples Tao the best of our kmowledge, this is the fira study to charac-
{Fig. 1] The most dominantwas Bigemidetes HOU: &.5%; controls:  terize the gut microbiota of HOU patients. Surprisingly, our data
552%), followed by Frmioes (HOU: 3275 @atrols: 390%) and  suggest the microbiota of HOU patients a nd mntrols does not differ
Prateabageria (HOU: 213 controls: 51%) Alpha diversty anslysic  regarding diversity:

(Fig-2) showed no dilfersmne between HOU patients and controls, Drysbiosis can be defined 25 amy perturbation to the srodure of
meithe rinn chives nor inevenne s Thelackol differe ncein diversity  complex commendsal comminties |12 | Dydiosis can contribute to
betwean HOU and controls mggeds that HOU trestment does nat  the onset of chionic disesse in one of thies general ways 1)
have an elfect on gut bacterial diversity. Differences in gut compo-  pathogens and thei r functions can be acquired or oo tunis tieal by
sition between trestments were verified by Principal Coordinates  overgrow(gain of hunction dy-shiosis ); 2) he alth- prote oi ve bacteria
Analysis(POoA ) and permuta tionsl meltvansteanslyssof variance  amd their functions may be lost of suppressed (loss of fundion
{ PERMANDVA ) Beta dive rsity analysis is dependent upon distances  dyshiosis], and 3) 2 combination of loss and gain of function dys-
of dissimil ari tie s between samples; here, the Bray-Curtis and Binary  biosis | 33] Studies on the relationshi p between the gut microlbiota
distamoes were wsed Irrespective of the distance applied, the beta amd other IEM are still scarce and hove shown that trested
diversty analyss showed no differene between HOU patientsand  phenylketonuria (PEU) |34] and hepatic glycogen storage dise sses
controk, a observed by POoA(Fig 3) and PERMANOVA. (| GSDs) patients have dyshiosis | 18] Even though the genetic and

The associstion between HOU gut microbiots (number of OTUSL  dietary aspects of these ITEMs are different from HOLL both GSDand
tHey andd Met is shiwn in Fig 4 Microbdal fchie s had md ooffe- PELU patients had decressed alpha and beta 6 versny and o ot
lation with tHoy (R = 03, p — 0.42) and Met levels (R = 077,  micabiots composition when compared to healthy subjects. We
p=01L expected that the gut microbiota profile of patients with HOU
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Wrrrimamicrshia: =001 %
Lesriispbageroe: =01 %
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Cyrnzhartora: =001%
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. Hackeredes FimninLes E Prafnaaear A . Crher kA

Fiig. 1. Fresuen cies of pyyla fomn o in HOU patients (=] an 8 heal sy ¢ontreds =) The pas rep

weiriilel b Simila s bo tha tof patients withPEL, 25 trestment for both
diseases involves a restrictive diet (in PEL, there is a restricted
intake of phe mylal anine and in BOLL of Met) and use of a metabolic
Tormmula to supplement nutrients. Nevertheless, we bund no dil-
ferences in alpha nor beta diversity in HOU patients when
compared o @natrol. We alio lund no associstion between gut
microdiots amd biochemicsl markers in HOJ patients

Our finding of lower intake of dwlesterol i (saturated and
mondunsaturated ] vitamin D, and selenium in BOU patients is

e e dbemrlance. pr grosp. HOU: clamical homooyrie—ia.

il y explained by their Met-restrided diet, which exclisdes or
restricts many foods from animal originas well 25 nuts and beans,
which are sources of the s nutrients |15] It is important to point
oul, however, that the intake of these nutrients was not below d-
eLary recommendations; that most patients, actwally, were not fully
compliant to the dietary treatment (and, 5o, showed a bad meta-
bolic contral); and that the metsbalic muls for BOU incledes
supplementation of vitamin D and selenium (at the tme of inch-
sion in the study, only 3 out of the & patients were taking the
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formuls, bt only one had 2 good metsbolic control). Regarding
othver mutrients, no diffens noes we re fwnd between the growps. The
mast probably explana tion for this finding is also the poor adber-
ency o te Met-restrcted diet.

A feature of HOU trestment is the supplementation of
high doses of B vitamins |3] and the supplementation of dietary
nutrients related to one-cribon metabolism has shown 2 mle in
madulsting the gut microbiota] 16—39) Therelore, vitamin supple-
mentation may e invodved inthe diversity prodile found in patients
with HOU. Furthemorne, studies in mice hove shown poSsible
beneficial effects of 2 Met-restricted diet, such a5 decrexed intes-
tinal permeability, i nflanmmation, and edative stress|4041)

Gurwara et il |36] reported that B vitaming involed in omne-
carbon me tabaolism, were assod ated with variations in microdiota
profile: high dietary intake of folate, pyridacine, and vitamin B12
was asmod sted with an incresse in ddmes and svenness [nter-
estingly, our study fownd no difference inrichness or in evenness In
addition, Gurwara et al |36] found that high intake of pyridoine,
vitamin B12 and folste was asodated with an incre xed abun-
dance of Wrrnmmicrobia and Alistipes, while our study found a
decreased abundance of Alistipes in patients with HOU. Further-
mare, low abundance of Alistipes in the human gt micobiots is
kmown o be asocisted with better dietary quality |[42] As HOU
patients have arestricted diet, they are not expectsd to have a high
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dietary quality, and this was a surprising finding. However, some
important differenes must be nobed: () the Gurwara et al_ stdy
|36 was performed only in menbe veen the sges of 50.and 75 (b)
bacterisl samples were obtained by colonscopy, not from stool
samples; and(c) their aiterion of i gh or lowintake of the analyzed
vitaming was excclusive by dietary, while ouwr patients with HOU we re
taking high supplemental dotes of these vitamins.

Thee redationship between gt microbiota and the CNS has been
widely descrilved in the liters tine; owever itS mechanitms are mot
fully understood The gut-brain 23695 is bidirectionsl [43) and 2
number of studies have asocisted gut micobiota profile with
e Ocde gerve rati ve dise xses |9 and newropsychistric disorders |B)
In this study, we were unable to evaliste CNS mani festations in
light of microbiome profile, both due to the small sample sire and
because, in patients with HOU, CNS manifestations may be sec-
oilary o the tmic elfects of high Hey leve ks |44 ) Mever theles, Hey
itsell is able to disrupt the blood-brain barrier [45], and it i plau-
Sibde that the micrabiota might be a contrbutor to CNS
tations in this condition due to & myrisd of immene-cellular
mechanizms [46]. This relationship must be elucidated further o
understand how the gut micobiota may be related o CNS
ailes bt ons.

Our study found an incresse in the gens Fubacterium @ pro-
smnaligenes group in HOU patients. This bacterial genus has been
a0ci sted with anxiet y disorder |47 ], psyclhosocial stress 48], and
cholesteral metabolism [ 49,50 Although there is lack of data in the
literatire, muwch becwse it is a bacterisl gemes mot yet cultivable_ In
sdddition, we fund 2 decrease in the genera Parabactenides and
Faraily XIT LNOG-00]. The decraase in the gemis Pombactaraifes was
related to lower intake of milk and dairy produces |42 ], and, indeed,
the diet of HOU patients restricts intake of these types of fods

Dhesspite ivtle indormation i the lite ratwre, 2 incres se in Formd by X007
UG- abundance has been described as 2 neuroprodective
biomarker in chronic social defest stress- induced depresive- like
Iehavior in mice trested preventively with probiotics [51]

This was the first study designed o characterize the gut
microbiota in HOJ patients under treatment As HOU i a rane dis-
e, we were only able to enrall 2 small number of patients. This
and the cross-sectional design which precludes any causal infer-
e were the main limitations of our stwdy.

5. Comclissiom

i dhata Suggestthatthe dversity of gt mioobiots iz similar in
et et e th HIOL el e By conitrol 5, despite differences in some
gemera The gt microbiota profile found in HOU patients is prob-
ably & sum of seversl factors, such a5 diet and trestment; host ge-
metics may be relsted to diffe rences in microbial ecology and even
o the presence of bacterial genera still linde described in the
literature. Futire studies on the gut micrabial composition of HOU
[patienits: are needed to confimm the se findngs and toinvestigate the
msocistion of gut microbiota with trestment regimens and
bigchemical festures of HOLL
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Cytokines levels in late-diagnosed Classical Homocystinuria patients

ARTICLE INFOQ

Classical homocystinaria (HCL; CBS deficiency) is characterized by
a blockage in homocysteine (Hey) degradation, resalting in Hoy and
methionine accomulstion and cysteine deficiency. Stodies in healthy
and chronically ill individuals have found paositive associations between
proinflammatory cytolines and plesma total homocysteine (tHoy)
[1-3], suggesting a role for immunomodulation in HCU pathogenesis.
Therefore, we aimed to imvestigate 20 inflammatory cytokines in

The stady smple comprised 9 kxte-disgnosed HCL patients and 10
age and gender-matched healthy controls from Souwth Brazil. tHoy, oy-
sirine, methionine, S-adenceylmethionine (SAM) and S-ademosylho-
mocysteine (S3AH) were measured in plasma by LC-ME/MS. The cyto-
idnes quantification asay was performed through EMD Millipore's
MILLIFEX* MAF Human Cytokine kit, accordingly manusctarer’s in-
straction. All smples were measured in duplicates for 20 cytokines

plasma of poorly controlled HOU patients and healthy controls. (Table 1 M with di e = 30% betwesn duplicates
Tabilz 1
Homooystene relaied metsholites and cytoiine levels in HOU patients and controls.
Paticsils (m - 0§ Contrnls {n = 109 P
Matan (rampa) ‘Mtz (range)
Homocysieing-reiod meaboiie: gmold)y it 185 (22-T97) 24 (14-30) noar
Hey 130 (17500 Y ET-IT) < [L00L
[ 158 (E7-297) T (T4 0014
SAM FEE (-EI64) B2 (B0-107) = L0
SAH 135 (18-551) 1% (10-25) noaz
Pro-infemmatiory cyiokiaes g/l Lla 005 (011,35 O {L0-3TTY nasz
I-1p 079 (L30-1 ET) DT {ILIT-1.05) nraz
-6 1.03 [RA5-205) 112 {L47-1L.56) DESE
-8 207 (WSB-1561) 158 {L12-1514) e
IL-17 1.96 (LD4-E_4H) A0 {12512 o1z
THFa 793 (LE-14.H) 17 (1921067 o287
THER 03] (D0-1.54) .02 {L00-119) LT
1 254 (1B5-1014) 26T (216-35T) 0535
P10 I7F (1PD-1BEE) 45T [2E54-1TE4) 01EE
‘CRO B (1072473} T (33-1014) nEns
WIC G54 (209-128H) 3T (ROE-TEW nrad
MIF-la 1.00 [(LE4-3 ET) L4 (ILEG-Z4.5T) noar
MOPIR 1861 (1.01-37632) 15,57 (1.B4-E8.BD) 1 Kcberg
VECF 1EE T (Qu01-TTE) 3EE37 (133704} oioz
CM-SF 263 (1061530 201 {1.77-1267) n7a
-y 3E2 (LE-0.7T) J0.92 (4422 4] noar
Ant.infizmmainry cptoictnes (pg/mL) L4 048 (1.04-2 29 LG (L16-36.46) 03I
010 075 (27130 O {L41-22 ngas
0-1% 011 (E-017) DS {Lo2-TEy 0368
G-CEF 1567 (76046013 1683 (7.50-135.65) ILESE

Mzt methionine; Hey: homocysteine; Cys Cysteine; SAM: 5-Admoayimetidontne SAH- 5-Adencaylhomorysteine.

hitpsz/ydoLorg, 10,1016/ ymgmr. 201 8.00.003

Eerelved & Seplember 2015; Amepted T September 2018
Acovailable poline 38 Sepirmber H1E

P 442607 € 2018 Published by Elsevier Inc. This i 2n ope acoes artice mnder the O BY-NC-HD Homse
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were excluded from data analysis (m= 1)

Hey-lowering trestment (pyridoxine 79, folic acid 849, betaine 77
9, methionine-restricted diet 350 was prescribed; but oaly 39 patients
had tHoy « 100 pmaol/L (target level). Most patients (7/9) were pyr-
idoxine noaresponsive. Because of the high concentrations of tHoy with
a wide moge we consider this an idesl group to explore the potemtial
relation betwesn cytokines and tHoy. Cytokines plasma levels were g5-
milar in patients and controls, with the exception of IFN-y, which was
three-fiold reduced (p = .007) in patients (Table 11 In Gne an imvers
association of Hey and SAM with [FN-y was found (r — 0.4E7 and
r— 0537 p < 0E).

To our knowledge, only cne study had previously evalusted cyto-
kines in HCU patients. Keating et al. d 16 cybokines in pl
dmlmmfnmdﬂmtpnmmﬂiq:-]ﬂlpl[,(n 5)
had increased levels of several pro-inflammatory cytokines (IL-1a, -6,
THF<, IL-17 amd IL-12), while well controllesd pabients
(Hoy < 861 pM, n=5) bad mot [4]. The aothors provided oo in-
formation about which patients received trestment. [FM-y was not
evaluated in this stody. In previous studies, reduced [FM-y levels have
shown anti-inflammatory properties [5,6].

ln summary, our study provides oo evidemce of increased io-
flammatory cytokines in HCU patients on treatment, despite poor me-
tabalic comtral. Hey may even show anfi-inflammatory properties ke
glutathione [7], what could explain the fnding of lowensd [FN-y. The
potential impact of Hoy-lowering trestment on cytokines requires fir-
ther study.
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12.4 Trabalho selecionado para apresentacgao oral para XXVI Jornada de Jovenes
Investigadores AUGM.
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