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RESUMO

Objetivo

Analisar os aspectos clinicos, bioquimicos e moleculares uma familia com
varios membros afetados por duas doencas ligadas ao X: mucopolisacaridose Il e
miopia de alto grau.

Métodos

Na avaliacdo familiar de um paciente com Mucopolissacaridose Il se
descobrem varios meninos afetados pela mesma doenga e outros por miopia de
alto grau. Os pacientes com MPS Il foram estudados com testes clinicos,
bioquimicos e moleculares. Os pacientes com miopia foram submetidos a um
exame oftalmologico completo, incluindo retinografia, teste de Isihara e
eletroretinografia.

Resultados e Discusséo

O primeiro resultado encontrado na analise de DNA do caso indice foi uma
mutacdo comum no exon 8 (G374G), presente em todos 0s meninos afetados e
ausente nos irmaos normais. Surpreendentemente, a alteracdo encontrada nos
hemizigotos ndo foi detectada nas heterozigotas obrigatorias, por razbes nao
esclarecidas. Adicionalmente, quando da analise completa do gene da IDS foi
encontrado nos afetados e portadoras um rearranjo complexo, com inversao entre
0 gene e o0 pseudogene, 0 que € provavelmente a causa da doenca.

A miopia encontrada em cinco meninos da mesma irmandade foi de -9 a —
18 D. Trés deles apresentavam nistagmo, e dois estrabismo. A retinografia
mostrou mudancas fundoscopicas tipicas. O eletroretinograma e o teste a cor de
Ishihara foram normais.

Conclusdes

A mucopolissacaridose Il é causada pela deficiéncia da enzima iduronato-
2-sulfatase, codificada por um gene localizado na regido Xg28, com elevada
heterogeneidade observada em diferentes populacdes relatadas na literatura.

Em relacdo a miopia, os resultados encontrados na pesquisa bibliografica
revelaram 12 formas autossdmicas e 2 ligadas ao X. A miopia de alto grau ligada
ao X, com teste de cor normal, permite descartar a MYP1, enquanto a presenca
de nistagmo e de estrabismo descarta a MYP13.

A presenca de duas doencas ligadas ao X em uma mesma familia parece
ser muito rara, ndo tendo sido descrita previamente na literatura.
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ABSTRACT

Purpose

To study the clinical, biochemical and molecular aspets of a family with
several members affected by two X-linked diseases: mucopolysaccharidosis Il and
high-grade myopia.

Methods:

On the family study of a patient with Mucopolysaccharidosis Il it was
discovered several boys affected by the same disease and others by high-grade
myopia. The patients with MPS Il were studied with clinical, biochemical and
molecular tests. The patients with myopia were submitted to a complete
ophthalmologic  evaluation, including retinography, Ishihara test and
electroretinography.

Results and Discussion

The first result found on the DNA analysis of the index case was a common
mutation on exon 8 (G374G), also found in all affected boys but not on their
normal brothers. The abnormality found on the affected patients was not found on
the obligatory carriers, due to reasons so far not understood. In addition, on the full
analysis of the IDS gene it was found a complex rearrangement, with inversion
involving gene and pseudogene, which is probably the cause of the disease.

The myopia found in five boys of the same sibship was of -9 to -18 D. Three
of them presented nistagmus, and two strabismus. The retinography showed
typical fundoscopic findings. The electroretinogram and the Ishihara color test
were normal.

Conclusions

The mucopolysaccharidosis Il is caused by the deficiency of the enzyme
iduronate-2-sulfatase, codified by a gene mapped to Xq28, with high heterogeneity
observed in different populations, reported on the literature.

Concerning the myopia, the results found on the bibliography search
indicated 12 autosomic and 2 X-linked forms. The X-linked high-grade myopia,
with normal color test, allow us to discard MYP1. The presence of nystagmus and
strabismus discards MYP13.

The occurrence of two X-linked diseases in the same family seems to be
very rare, and was not described previously in the literature.
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l.  INTRODUCAO

As doengas genético-metabdlicas foram inicialmente caracterizadas como
entidades clinicas, com o diagndstico sendo estabelecido baseado unicamente
nas caracteristicas clinicas dos pacientes. Logo que o defeito bioquimico de
muitas doencgas foi identificado, nelas se tornou possivel o diagndstico enzimatico,
o diagnostico pré-natal e a deteccdo de portadores para essas condicoes.
Também o diagndstico pré-sintomatico, por estudos familiares ou por triagem em
massa, se torna uma possibilidade.

Com o maior numero de casos diagnosticados houve progressos na
caracterizacao dessas doencgas, que passaram a ser frequentemente relatadas na
literatura. Um grupo de doencas emblemético entre os erros inatos do
metabolismo sdo as mucopolissacaridoses, que englobam 11 diferentes defeitos
enzimaticos, dos quais apenas um € ligado ao X (sindrome de Hurler ou MPS I1).

Por outro lado, a miopia de algo grau, uma condi¢cdo nao tao rara, pode ser
em alguns casos herdada de modo recessivo ligado ao X. A associacao de duas
doencas genéticas recessivas ligadas ao X na mesma familia ndo foi até agora
relatada na literatura, sendo este um modelo interessante para estudos clinicos,
familiares, bioquimicos e moleculares. Ainda, a ocorréncia de multiplos pacientes
afetados em diferentes geragcbes de uma familia extensa oferece uma
oportunidade Unica para avaliar a heterogeneidade e tentar identificar as suas

causas.
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Il REVISAO DA IITERATURA

II.1. HERANCA LIGADA AO X

Os cromossomos X e Y, responsaveis pela determinacdo do sexo, sdo
distribuidos de modo diferente para homens e mulheres nas familias. Por este
motivo, os fendtipos determinados pelos genes do cromossomo X tém uma
distribuicdo sexual caracteristica. A heranca de fendtipos recessivos ligados ao X
segue um padrdo bem definido e facilmente reconhecivel. Tipicamente, o0s
homens que recebem o cromossomo X com a mutacdo apresentam o fendtipo
associado. Se as mulheres que tem o X com a mutacdo ndo apresentam o
fendtipo associado, por terem um outro X com o alelo selvagem, a condicdo é
rotulada como “recessiva ligada ao X”. Se as mulheres apresentam o fendtipo
com apenas um X com a mutacdo, a condicao seria “dominante ligada ao X” (1),
Além disso, existem publicagcbes que propdem modificar as regras de heranca
recessiva e dominante ligada ao X, substituindo por heranca ligada ao X, com a
explicacao de que é frequente encontrar fenotipos de doenca ligados ao X em

mulheres portadoras de doencas recessivas ligadas ao X (2).*

! 0 autor tem duas publicagdes ao respeito em 2004 e 2006, ele prefere citar as publicacdes de 2004,
comunicac&o pessoal.
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I1.2. ERROS INATOS DO METABOLISMO

Os erros inatos do metabolismo (EIM) sdo um grupo grande e heterogéneo
composto por muitos defeitos, a maioria deles relacionados com processos de
sintese, degradacao, transporte e acimulo de moléculas nos seres humanos.

Desde uma perspectiva fisiopatoldgica pode se classificar em doencas de:

1. Moléculas complexas onde os sintomas s80 permanentes, progressivos
e independentes de eventos intercorrentes e ndo estdo relacionados com a
ingesta de alimentos, incluem aqui os transtornos lisossomais, peroxissomais, do
transporte e processamento intracelular e erros da sintese de colesterol.

2. Com intoxicacao inicial, que sdo erros do metabolismo intermediario
produzindo uma intoxicacdo aguda, por acumulacdo de compostos danosos
proximos ao bloqueio metabdlico. Aqui estdo compreendidas as
aminoacidopatias, a maioria das acidemias organicas, defeitos do ciclo da uréia e
intolerancia aos agucares.

3. O metabolismo energético, consistente em erros do metabolismo
intermédio com sintomas ocasionados pela deficiéncia na producéo ou utilizacao
de energia, afetando o figado, miocardio, musculos e cérebro. Compreendem
doencas como glicogenoses, disturbios da gliconeogenese, acidemias lacticas,
defeitos da oxidacdo dos acidos graxos, do ciclo de Krebs e da cadeia respiratoria
mitocondrial (3).

Estes defeitos sdo herdados geneticamente e sdo causados pela auséncia
ou deficiéncia de uma proteina. A maioria dos EIM € herdada de modo
autossdmico recessivo, alguns sdo autossémicos dominantes e outros séo ligados

ao X (dominantes ou recessivos).
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1.3. DOENCAS LISOSSOMICAS

As Doencas lisossdmicas (DL) sdo caracterizadas por uma deficiéncia
genética de uma hidrolase lisossdmica especifica, 0 que resulta no acumulo de
substratos nos tecidos e sua excrec¢ao pela urina (4).

Sao normalmente classificadas de acordo com a natureza do material ndo
digerido que se acumula, como por exemplo, os glicosaminoglicanos nas
mucopolissacaridoses, o0s esfingolipideos nas esfingolipidoses e o0s
oligossacarideos nas glicoproteinoses.

Os sintomas clinicos causados pelo acumulo de macromoléculas sao
caracteristicos para cada doenca e dependem do tipo e da quantidade destas
macromoléculas nas células e nos tecidos envolvidos e da atividade metabolica
destas células.

A incidéncia estimada das doencas lisossdmicas é de aproximadamente
1:5.000 nascidos vivos. Todas séo herdadas de modo autossémico recessivo com
excecdo das doencas de Hunter, de Fabry e de Danon (5) que sao ligadas ao
cromossomo X.

Os genes que codificam a maioria das enzimas lisossdmicas foram
identificados e clonados permitindo a deteccdo de mutacdes em casos
especificos. A analise das mutacdes encontradas em varias DL, indica que estas
doencas sdo muito heterogéneas.

Esta heterogeneidade ndo € apenas observada dentro de doencas com a
mesma deficiéncia enzimatica, mas também dentro de familias nas quais uma

doenca especifica atravessa varias geracdes (variacdo intrafamiliar). Isto sugere
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gue outros fatores, tanto genéticos como ambientais, possam afetar o fenétipo
clinico. Entretanto, a base para esta variagcdo ainda permanece incognita na
maioria dos casos e uma quantidade significante de pesquisa nesta area €

necessaria para correlacionar mutacdes a eventos celulares que levam a doenca.
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[1.4. MUCOPOLISSACARIDOSES

As mucopolissacaridoses compreendem um grupo de doencas hereditarias
causadas pela deficiéncia de enzimas lisossomicas necessarias para a
degradacédo de glicosaminoglicanos (GAG), que se acumulam nos tecidos e estao
presentes em concentracdes elevadas na urina.

Os GAGs consistem em cadeias de polissacaridios unidos a um nucleo
peptidio por uma ponte de xilosa. Cada polissacaridio contém 100 ou mais
residuos de acUcar unidos em unidades repetidas de dissacéaridio de acido
urdnico e hexosamina sulfatada .

De uma maneira em geral, a degradacdo dos glicosaminoglicanos em
lisossomas € iniciada por endoglicosidases como a hialuronidase, que quebra as
cadeias longas de polissacarideos em unidades menores. Depois que ocorre esta
degradacédo limitada, os fragmentos sdo novamente degradados por hidrolises
sequenciais das terminacbes ainda nao reduzidas. Esta segunda etapa é
realizada por diversas hidrolases lisossomais, especificas para cada tipo de
ligacdo. A auséncia de qualquer uma das 11 enzimas comprometidas neste
processo leva ao acumulo intralisossomal de moléculas de glicosaminoglicanos
incompletamente degradadas, fazendo com que os lisossomas repletos de
glicosaminoglicanos se acumulem na célula, interferindo no funcionamento normal
(4).

Os genes que codificam 11 enzimas conhecidas cuja deficiéncia leva a
varias mucopolissacaridoses foram mapeados e seus defeitos identificados (Tab.

1).
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Tabela 1
Mucopolisacaridoses

Tipo Heranca  GAGs Enzima Locus
na
Urina
Hurler MPS | H AR DS, Alfa-L-iduronidase 4p16.3
HS
Hurler-Scheie MPS |1 AR DS, Alfa-L-iduronidase 4pl16.3
H/S HS
Scheie MPS | S AR DS, Alfa-L-iduronidase 4p16.3
HS
Hunter MPS Il forma Ligado ao DS, Iduronato sulfatase Xg28
severa X HS
Hunter MPS Il forma Ligado ao DS, Iduronato sulfatase Xq28
leve X HS
Sanfilippo MPS I AR HS A: Heparan N sulfamidase  179-25.3
B: alfa-N-acetyl 17qg21
Glucosminidase Crom 8
C: Acetil-CoA-a- 12914
glucosaminide -N-

acetiltransferase
D: N-acetilglucosamine-6-

sulfatase

Morquio MPS IV AR A: KS A: N-acetilgalactosamine- 16g24.3
tiposAeB C-6-S  6-sulfatase

B: KD B: B-galactosidase
Maroteaux-Lamy AR DS Arilsulfatase B 5g13-q14
MPS VI
Sly MPS VII AR Ds, B-glucoronidase 7021-11

HS,

C4, 6S
MPS IX AR* normal Hialuronidase 3p21.3

AR: AutossOGmico recessivo. X: cromossomo X. *provavelmente
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Algumas caracteristicas clinicas sdo comuns para a maioria das
mucopolissacaridoses, como por exemplo, o curso crénico e progressivo e 0
comprometimento multissistémico, principalmente esquelético, cardiopulmonar, da
pele, cornea, figado, baco, cérebro e meninges. No entanto, a relevancia de
alguns sintomas clinicos depende do tipo de substrato acumulado. Assim como o
acumulo de heparan sulfato, um componente das células do tecido nervoso, leva
a sintomas predominantemente neurolégicos, como ocorre nas sindromes de
Hurler, Hunter e Sanfilippo. O acumulo de queratan sulfato, um componente
importante da coOrnea e das cartilagens, leva a opacidades corneanas e a
alteracOes esqueléticas, sem compromisso neurolégico, como se vé na sindrome
de Moérquio. As valvulopatias e cardiomiopatias sdo mais freqlientes e mais
graves nas mucopolissacaridoses aonde se acumula dermatan sulfato, como as

mucopolissacaridoses I, Il e VI.

Baixa estatura de inicio pés-natal: os pacientes com sindrome de Hurler
podem ser grandes ao nascer, com velocidade de crescimento normal durante o
primeiro ano de vida. A baixa estatura se produz posteriormente, como
consequUéncia das alteracfes 0sseas apresentadas como um sintoma importante

desta enfermidade.

Facies com aspecto sugestivo de doenca de depdsito (gargolismo): os
pacientes afetados por mucopolissacaridose apresentam uma face caracteristica
com aspecto tosco, escafocefalia, fronte prominente, cabelo e sobrancelhas
grossas, ponte nasal baixa e lingua protruida, o que foi chamado comumente

gargolismo.

Comprometimento ocular: como opacidade de coérneas, complicacbes

freqientes como o glaucoma, atrofia do nervo éptico e a retinopatia degenerativa.
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O paciente candidato a transplante de cOrnea deve ser avaliado quanto a
presenca de retinopatia, com o fim de excluir que esta seja a causa responsavel

da diminuicdo da acuidade visual.

Cardiopatia: valvulopatia, cardiomiopatia, fibroelastose endocardica,
hipertenséao sistémica e pulmonar, estenose arterial difusa, incluindo as artérias
coronarias. A valvulopatia ou cardiomiopatia afetam 72% dos pacientes com
mucopolissacaridose avaliados com ecocardiograma, achado que nem sempre €
evidente ao exame clinico. A lesdo mais comum € o espessamento da valvula
mitral, associada a estenose ou insuficiéncia. Alguns estudos demostram que
existem alteracbes especificas para cada tipo de mucopolissacaridose. Por
exemplo, a insuficiéncia mitral e a valvulopatia mais comum na doenca de Hurler,
e na forma grave da doenca de Hunter. No entanto, o comprometimento valvular
aortico € mais frequente na doenca de Hurler/Scheie, de Scheie, de Morquio e
Maroteaux-Lamy ou mucopolissacaridose tipo IH-S, I-S, IV e VI, respectivamente.
As valvulopatias e cardiomiopatias sdo menos freqlientes e menos graves nas
sindromes de Sanfilippo e de Morquio (mucopolissacaridoses tipo Il e tipo IV,

respectivamente).

Visceromegalia: hepatoesplenomegalia, geralmente assintomatica e

associada a hérnia umbilical ou inguinal.

Comprometimento do sistema esquelético: as alteracdes esqueléticas
tipicas das mucopolissacaridoses se denominam disostoses multiplas e incluem:
Cranio: dolicocefalia secundaria a sinostose da sutura sagital e sele turca
alongada.
Coluna vertebral: hipoplasia do odontoide nas mucopolissacaridoses | e 1V, cifose

toraco-lombar, vértebras com projecdes em forma de boca de peixe, pediculos
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alongados, platiespondilose, que é freqliente na mucopolissacaridose V.

Torax: costelas em forma de remo, claviculas pequenas e engrossadas, escapula
engrossada e elevada.

Pelve e bacia: ossos iliacos pequenos, isquio e pubis alargadosengrossados e
malformados e com teto obliquo, subluxacdo da cabeca do fémur, lesdes
similares a doenca de Legg-Perthe’s, coxa valga.

Ossos longos: alargamento das diafises (displasia metafisaria)

Maos: falanges pequenas, metacarpos com bases cbnicas, 0ssos do carpo
pequenos e irregulares. Os pacientes com mucopolissacaridose IV apresentam
estreitamento das diafises dos metacarpianos.

Cabe destacar que outras doencas de deposito lisossbmico, como as
mucolipidoses, a deficiéncia multipla de sulfatases, as oligossacaridoses, entre
elas a sialidose, e a gangliosidose GM1, também se associam a disostose

multipla.

Comprometimento articular: dedos em gatilho, reducdo da mobilidade
articular (exceto na mucopolissacaridose 1V) geralmente ndo dolorosa, com
caracteristica de mao em garra. Os pacientes podem apresentar artralgias, com
resposta variavel ao uso de analgésicos. A funcao articular anormal € secundaria
ao comprometimento metafisario e ao espessamento e fibrose da capsula

articular (6).

Comprometimento do aparelho respiratorio: 0s pacientes apresentam
infeccbes respiratérias de repeticdo e obstrucdo das vias aéreas superiores e
inferiores, secundarias a hipertrofia da lingua, das adendides e das amigdalas.
Também influem as anormalidades dos ossos faciais, 0 espessamento da mucosa

traqueobrdnquica e a reducdo das dimensdes do térax e do abdomen, devido as
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alteracdes da coluna e a hepatoesplenomegalia. A sindrome da apnéia obstrutiva
do sono ocorre em 85 a 90% dos casos e é frequente estar associada a alteracao

da funcéo pulmonar.
AlteracOes da pele e faneros: hirsutismo, engrossamento da pele e mucosas.

Comprometimento neuroldgico: este se manifesta de varias formas, tais como:

*Hidrocefalia comunicante, a mais freqiente na mucopolissacaridose | e VI. A

presenca de GAGs e macrofagos PAS-positivos nos plexos aracnoideos confirma a

hipotese de que a alteracdo da reabsorcdo do liquido cefalorraquideo produz

hidrocefalia (7). Se deve distingtir da atrofia cerebral lentamente progressiva.

Retardo do desenvolvimento psicomotor e regressao neuroldgica.

Sindrome do tunel do carpo, que resulta do depdsito de GAGs no citoplasma dos
fibroblastos que podem inibir a formacdo de fibras colagenas e por
engrossamento e contracturas da méo que ajudam na acumulacdo de colageno
de tenddes, ligamentos e capsula da articulagdo (7). E mais frequente nas
mucopolissacaridoses I, Il e VI.
Mielopatia cervical secundaria ao espessamento das meninges e tecidos
adjacentes com compressdo da medula espinal ou instabilidade atlanto-axial.
Também pode ocorrer compressédo da medula toracolombar.
Comprometimento do sistema nervoso autbnomo, que € responsavel da resposta
exagerada das extremidades a temperatura, € também, parcialmente
responsavel da diarréia em algumas criancas pequenas com
mucopolissacaridose lIl.

A causa da morte nos pacientes com mucopolissacaridose € geralmente

uma doenca obstrutiva da via aérea ou uma insuficiéncia cardiaca (6).
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[1.5. MUCOPOLISSACARIDOSE I

A mucopolissacaridose Il (MPS II, doenca de Hunter), a Unica MPS ligada
ao X, é causada pela deficiéncia de iduronato-2-sulfatase, que produz o depdésito
pela ndo degradacdo e ocorre a excrecdo excessiva de dermatan e heparan
sulfato (5). Um acumulo excessivo nos tecidos e aumento na excrecéo pela urina
destes GAGs nao degradados leva ao fendtipo clinico caracteristico nestes

pacientes.

Aspectos clinicos

A MPSII se caracteriza por macrocefalia, coluna com vértebras em boca de
peixe, alargamento das diafises em o0ssos longos, sopros cardiacos, apnéias
obstrutivas, voz rouca, dano auditivo com hipoacusia mista (6), e lesdes tipicas na
pele (8). Os sintomas iniciam aos 24 meses nos casos graves e 39 meses nos
casos atenuados dos pacientes relatados por Schwartz.

Alteracdes visuais mais frequentes séo erros refrativos.

A surdez é comum em 59.7 %, e de tipo misto e sensorioneural.

Convulsdes foram relatadas em 12,9% pela mesma publicacéo (9)

A morte normalmente decorre de parada respiratoria ou cardiaca ao redor
dos 10-15 anos de vida na forma severa, enquanto os casos moderados vivem
até quarta década. Entretanto, existe um grande espectro de gravidade clinica
entre esses 0s dois extremos.

A incidéncia da MPS 1l é de 1,3 casos por 100.000 meninos nascidos vivos

(10).
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Aspectos Bioquimicos

Dermatan-sulfato e heparan-sulfato, que sdo excretados na urina de
pacientes com MPS Il, podem ser detectados por inUmeros métodos que incluem
testes de triagem semi-quantitativos, testes quantitativos e testes qualitativos
como cromatografia em camada fina ou eletroforese bi-dimensional. Estes testes
sdo rapidos, baratos e uteis para uma avaliacdo clinico-laboratorial inicial
(screening) do paciente, mas estdo porém sujeitos a importantes indices de
resultados falso-positivos e falso-negativos. O diagndstico definitivo se estabelece
guando ha demonstracdo da deficiéncia de IDS pelo ensaio enzimatico em
plasma, leucdcitos ou fibroblastos usando substrato dissacaridico derivado de

heparan sulfato ou dermatan sulfato.

Aspectos Moleculares

O gene que codifica a enzima iduronato sulfatase estad localizado no
cromossomo X, regido 28 (Xq28) e contém nove exons. A maioria dos defeitos
moleculares sdo mutacdes de ponto, pequenas delecdes, insercdes e rearranjos.
A heterogeneidade da MPS Il é extrema, tendo ja sido relatadas 330 diferentes
alteracdes (11), com grandes alteracdes em 17% (delecdes totais ou parciais,
rearranjos e insercdes) e pequenas alteracbes em 83% (delecbes e insercdes
pequenas, mutacdes em sitio de splicing e mutagdes de ponto dos tipos misense
e nonsense). A identificacdo das portadoras é possivel na maioria dos casos, por
analise de DNA. O diagndstico pré-natal pode ser realizado por analise enzimatica
de amnidcitos e vilosidades coridnicas (12). Nas familias onde a mutacéo causal €
conhecida, o diagndstico pré-natal pode ser realizado rapidamente por analise do

DNA (5).
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Tratamento

A terapia de reposicdo enzimatica mostrou que traz melhorias a funcéo
pulmonar e a resisténcia fisica (5). No relato do Hunter Outcome Survey foi
evidenciado que 24% dos pacientes com MPS Il j4 estdo recebendo terapia de

reposicao enzimatica (13).
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[1.6. MIOPIA
A miopia é um erro de refracdo onde os raios paralelos vao por um foco
antes da retina sensorial quando o olho esta em repouso (Fig. 1), e o globo ocular

é relativamente grande (14).

Figural
A. Olho Normal. B. Olho Miope

E manifestada como um defeito visual cujo sintoma principal é a dificuldade
para ver objetos a certa distancia (visdo curta). A miopia alta € uma deficiéncia
organica visual maior, levando a muitas desvantagens fisicas e econémicas,
sendo estas maiores em criangas que crescem sem corrigir o defeito, pois se
desenvolvem em um mundo limitado.

A miopia € a doenga ocular mais comum, encontrada em aproximadamente
25% da populacdo adulta dos Estados Unidos, e em uma média de 30% no
mundo. A miopia de alto grau ou miopia patolégica (maior ou semelhante a -6.00
Dioptrias) afeta 1-2% da populacdo geral, predispbe a descolamento da retina,

degeneracdo macular, cataratas e glaucoma, produzindo maior inabilidade nos
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pacientes (15). A degeneracdo corioretiniana por miopia é a quarta causa mais
freqiente de cegueira legal, enquanto que 5.6% de cegueira em idade escolar
nos Estados Unidos séo atribuiveis a miopia (16).

A miopia pode ser classificada em trés grupos amplos baseados na clinica
e no prognéstico. O primeiro é fisiologico, onde os componentes de refracdo do
olho sdo normais, havendo no entanto uma falta de correlacdo entre o poder
refrativo da cornea, cristalino e longitude axial, manifesta se com uma diminui¢cao
da visdo de longe, com olho de aspecto normal e fundoscopia sem alteracfes. O
grau de miopia normalmente é baixo, geralmente comeca na infancia ou
adolescéncia, é progressiva por varios anos e logo se estabiliza ou incrementa
bem lentamente.

O segundo grupo é a miopia intermediaria, com inicio lento nos mais
jovens, terminando com um grau maior de miopia. Os componentes de refracao
nao sdo normais e o olho é mais longo, apresentam alteracdes fundoscépicas
com o tempo. Existe maior risco de desenvolver glaucoma, desprendimento de
retina e catarata.

O terceiro grupo € a miopia patolégica, o erro miépico é alto, de inicio na
primeira infancia, normalmente € progressiva, existindo um incremento da
longitude axial e alteracGes na retina. O prognostico € pobre, com cegueira por
maculopatia o desprendimento da retina em 50% dos olhos. E atualmente
considerada uma distrofia retiniana progressiva (17). Pelo adelgacamento do
epitélio pigmentar retiniano com o alongamento axial do olho, encontra um fundo
de olho com aparéncia tigroide, sendo mais marcada no polo posterior, sendo
referida como tessellation. Hemorragias retinianas, particularmente na macula,

nao sdo raras na miopia patoldgica, podendo ser de dois tipos. No primeiro tipo,
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ocorre uma hemorragia aguda, nao relacionada as redes subretinianas, causando
uma severa reducao da acuidade visual, que se resolve em semanas, retornando
a visdo aos niveis previstos. Estas hemorragias espontaneas podem repetir e
podem ser idiopaticas ou relacionadas a manobras de Valsalva, levantamento de
peso ou outras atividades. O segundo tipo de hemorragia tem um progndstico
mais grave, sdo hemorragias associadas a membrana neovascular subretiniana
que deixa cicatrizes em grupos chamadas manchas de Fuch, que pode ser
seguida de atrofia. A perda visual € severa e pode ser irreversivel nestes casos.

Evitar levantamento de pesos, ndo mergulhar fundo, ndo fazer esportes
gue aumentam a pressao intratoracica, ajudam a prevenir as complicacbes
retinianas.

A miopia alta pode levar a estrabismo e exotropia, podendo ser necessaria
cirurgia dos musculos extraoculares.

Os pacientes com miopia devem ir a consulta cada ano para avaliar
provaveis complicacdes como o descolamento da retina, glaucoma e catarata.

A combinacdo de causas ambientais e hereditarias para a miopia foi
postulada e ndo foi comprovada. A literatura sugere uma contribuicdo significativa
da heranca. A procura de genes candidatos para a miopia alta ndo mostrou
associacdo com qualquer locus descrito até agora (18). Encontrar o gene ou
genes responsaveis poderia dar origem a terapias com medicamentos novos que
poderiam retardar ou prevenir o crescimento do olho.

A miopia comeca ao redor de 9-11 anos, quanto as formas mais severas de
miopia (maior que -6.0) comeca mais cedo (19,20).

Apesar das dificuldades no mapeamento genético da miopia, foram feitos

avangos e encontraram genes responsaveis para 0 mesmo. A miopia de alto-grau
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pode ser herdada de forma autossémica dominante, autossémica recessiva ou
ligada ao cromossomo X (21). Destas, duas sao ligadas ao X e doze

autossomicas. (Tabela 2).



Tabela 2

Miopias altas e localizacdo cromossémica comprometida

Locus

Localizacdes

MYP1
MYP2
MYP3
MYP4
MYP5S
MYP6
MYP7
MYP8
MYP9
MYP10
MYP11
MYP12
MYP13
MYP14

Xq28
18p11.31
12921-923
7036
17921-922
22912
11p13
3026
4912
8p23
4q922-927
2037.1
Xq23-25
1p36

29
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1.7. O GRUPO ETNICO ISOLADO

Os Menonitas sé@o correligionarios de uma igreja surgida no periodo da
reforma radical que aconteceu na Europa durante o Século XVI. Eles acreditam
no batismo como confirmacdo de fé, que significa uma responsabilidade coletiva
como membros de uma grande comunidade humana onde eles ndo fazem
distincbes de sexo, raca ou classe social (22). Migraram da Alemanha para a
Prussia, depois para os Estados Unidos e Canada, logo para o México, Paraguai
e Bolivia. Eles escolhem paises que permitem comprar terras cultivaveis,
liberdade religiosa e educacional para as criancas, ndo tem obrigacdes militares
ou civicas, e nao permitem a mistura geneética.

Os menonitas chegaram a Bolivia na década de 1970 estabelecendo
coloénias longe das cidades, se dedicando somente a vida agricola. Suas
comunidades sdo fechadas aos outros cidaddaos para a coexisténcia civil,
mantendo somente relacdes comerciais. Nao ha controle de natalidade na maioria

das colbnias, nem acesso a modernidade cosmopolita.
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I11. OBJETIVOS

l1l.1. Geral
Descricao clinica e laboratorial de duas doencas ligadas ao cromossomo X

na mesma familia de uma populacéo isolada

[11.2. Especificos

a) Identificar os afetados do grupo isolado que apresentam
mucopolissacaridose Il e miopia alta.

b) Caracterizar o quadro de mucopolissacaridose nos afetados, incluindo
0s aspectos clinicos, bioquimicos e moleculares;

c) Caracterizar o quadro de miopia alta nos afetados incluindo estudos
oftalmoldgicos complementares.

d) Estudar o conjunto da familia afetada pelas duas doencas ligadas ao X,

considerando os aspectos clinicos, bioquimicos e moleculares.
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ABSTRACT

Purpose: to report several cases of X-linked high-degree myopia, in a family

from an isolated group, with normal color vision and nistagmus.

Background: High-degree myopia (greater than -6 D) is a major cause of
legal blindness in many developed countries, and the expenses of its treatment
increase with the level of myopia. It is a common disorder, affects 1-2% of general
population, and predisposes to retinal detachment, macular degeneration,
cataracts and glaucoma. Myopia can be inherited as autosomal dominant,
recessive or X-linked trait, showing a large heterogeneity, with difficulty in

assigning a specific gene to the illness.

Methods: Five males of a Mennonite family were found in a remote area in
the province Santa Cruz, Bolivia. They were submitted to complete
ophtalmological examination, including retinography, Isihara test and

electroretinography.

Results: The patients presented myopias from -9 to -18D; three of them had
nistagmus and two had strabismus; the retinography showed typical fundoscopic
changes; the electroretinogram and the Ishihara color test were normal. On a
search in the literature, we found 12 autosomal and two X-linked reports of high-

degree myopia.
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Conclusions: On this group of X-linked high-degree myopia with normal
color vision test, MYP1 was clinically ruled out. The presence of nistagmus and
strabismus also ruled out MYP 13. The investigation should continue regarding
molecular study of candidate genes that could be involved in the cause of high-

degree myopia on this group.

Key words: High-Degree Myopia, X-linked inheritance, Mennonites.

INTRODUCTION

Patients with myopia have the eyeball too long or the cornea with excessive
curvature, so the light entering the eye is not focused correctly. Image formed with
light rays focus before the retina, rather than directly on the retina, causing blurred

vision (1).

In the great majority of the cases of high myopia there is a progressive and
excessive elongation of the eyeball and increase of the antero-posterior diameter

of the eye.

Myopia is manifested as a visual defect which the main symptom is the
difficulty to see objects at certain distance (nearsigthedness). The higher the
myopia, the bigger the visual disfunction, taking too many physical and economical
disadvantages. This is worse in children who grow without correcting the defect,
they are developed in a limited world, and can be frequently labeled as having

learning difficulties or motor disturbances.
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The myopia is the most common ocular disorder, found in approximately
25% of adult population in the United States and 30% worldwide. The high-degree
myopia or pathological myopia (greater or similar to -6.00 Dioptrias) affects 1-2%
of general population, predispose the individual to retinal detachments, macular
degeneration, cataracts and glaucoma that can lead to severe visual disfunction in
many patients (2). The myopic chorioretinal degeneration is the fourth most
frequent cause of blindness, estimating that 5.6% of blind in school age in the

United States is attributable to myopia (3).

The high-degree myopia is common in Asia and the index of prevalence of
different countries is variable.

To determine the list of genetic factors, involved in the development of the
nonsyndromic myopia is difficult due to the high prevalence, heterogeneity and

clinical spectrum of this condition.

The combination of environmental and hereditary causes for the myopia
was postulated but was not evidenced; the literature suggests a substantial
contribution of inheritance. The search of candidate genes for myopia has not

shown high association with any locus described until now (4).

The myopia usually starts around 9-11 years old, while the most severe

forms of myopia (greater than -6.0D) begin earlier (5-7).

The current treatment of myopia is with lenses (spectacles, contact lenses)
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or refractive surgery. Finding the gene or genes could give the rise to therapies
with new medications that could affect the eye growth, preventing the

consequences of the disease or bringing a slower progression.

In spite of the difficulties in the genetic mapping of myopia, there were
advances on the fields and genes responsible for them were found. The high-
degree myopia can be inherited as autosomal dominant, autosomal recessive or

X-linked traits.

METHODS

In a Mennonite colony located 300 km far from the city of Santa Cruz,
Bolivia, a family of 15 siblings was studied: 5 healthy women, 3 males with
mucchopolysaccharidosis Il (Hunter disease), two healthy males and 5 affected

males with high-grade Myopia (Tables 1).

Informed consent and permission from parents and patients for handling

their pictures were obtained.

The data of family antecedents of myopia was obtained from the close

relatives and from the physician of colony.

Myopic and a normal patients went through ophthalmological examination:
visual acuity, refraction and Ishihara colors test, dilated fundoscopic exam with

retinal topographical mapping. Retinography was done in three patients (Fig 1)
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and electroretinogram response was recorded in three (Fig 2).
Phenotypic and genealogical descriptions are shown. Bibliographical search

of high-degree myopias were done in Pubmed.

RESULTS

Five patients presented a high myopia greater than -9 Dioptrias (Table 2).
Their parents reported that all presented visual difficulty in their first years of life, in
some of then, nistagmus was noted in the first year. Three patients presented
continuous horizontal nistagmus, two patients had strabismus, and all patients had
normal Ishihara color tests. The older patient wore spectacles at 16 years old, with
non-progressive evolution of his myopia. The youngest boy, 7 years old, had -9D
of myopia. All of them went to school, with little use of reading or work at short

distance because of their agricultural occupation.

In the genealogical tree it is observed that by the local physician that great-
grandfather had shortsightedness, he had three male grandsons had
shortsightedness (family data). On our group, five males were found with myopia.
The old brother had a normal male and a female children.

The retinography of the patients 2, 3 and 4, showed typical high myopic
fundoscopic findings such as difuse areas of atrophy of the retinal pigment
epithelium and choroid, and a crescent peripapillary. The retinal topographical
mapping did not show detachments and the electroretinogram carried out in

patients 2, 3 and 5 showed normal B wave latency.



42

The high-degree myopia is usually regarded as hereditary, being either
autosomal dominant, autosomal recessive or X-linked trait. There are two X-linked
locus: MYP1 and MYP13 (8-11), and twelve autosomal MYP11l (12), MYP7,
MYP8, MYP9 (13), MYP3 (5), MYP6 (15), MYP2 (16), MYP4 (3) MYP5, MYP12

(2), MYP10, MYP14 (17), located in different chromosomes.

DISCUSSION

The X-linked high-degree myopia has been described in two families of
Danish origin with color vision defect: protanopia and deuteranopia (8, 9). The
myopia began among the 1.5 - 5 years old and they had other visual defects as
astigmatism, hypoplasic appearance of the optic nerve and none of the patients

presented nistagmus.

A Chinese family with 6 affected males, had myopia from -7 to -16 D, they
developed the illness before the school age, one had nistagmus and one color
vision defect, a unaffected individual had also color vision alteration, and

fundoscopy changes typical of high-degree myopia (10, 11).

A third family group in South Dakota, a Hutterite family, with high-degree
myopia, with 3 males and 4 women affected were studied and, two mutations were
found in the 10g21.1(14) chromosome. The Hutterites come from Switzerland,
Holland and Germany and they have religious beliefs and social and genetic

isolation similar to Mennonites.
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In the studied Mennonite family there were 15 siblings; the five women of
the group have normal vision in the general exam. Five affected males show high-
degree myopia clearly demonstrating an X-linked pattern. The electroretinogram in
three patients showed normality of the wave B, they distinguished the colors very
well, and with these clinical approaches we would discard the MYP1 and the
autosomal dominant 10g21.1. Three affected patients had nistagmus, in
comparison to the group of Zhang only one had nistagmus.

The Xq23-25 locus is being studied by molecular analysis techniques in
order to identify a possible gene, or group of genes, responsible for this

phenotype.
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Figure1.1
Retinography of patient IV.8
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Figure 1. 2
Electroretinogram of patient 1V.13
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Figure 1. 3
Genealogy
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Males marked: Myopes, Females colored: possible carriers

Table 1.1

Cases of myopia on the Mennonite family

Patient Ag
S e

IvV.2 26
V.4 24
V.8 17
IVV.10 13

V.13 8

Myopia
OD Os

-10 -10
-18 —20

-13-13
-14 -15

-9-9

Strabis
m

No
No

No
Yes

Yes

Nystagmus

Yes
No

No
Yes

Yes

ERG

Norm

Norm

Norm

W/O
glasses
Bundle V
Bundle V

Bundle V
Bundle
Vision
Bundle V

With
glasses

20/150

20/150
20/70

20/150
20/150
20/200
20/200

Retinography

Myopic

Myopic
Myopic
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VI. ARTIGO I

PRELIMINARY REPORT OF AN INTERESTING FAMILY WITH TWO X-LINKED

DISEASES
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ABSTRACT

Purpose: To analyze a large family who shows the simultaneous
occurrence of two X-linked diseases, with clinical, biochemical and molecular

tools.

Methods: The clinical evaluation of an index case with
Mucopolysaccharidosis 1l opened the window to a big family with several affected

males with the same disease and five males with high-grade myopia.

The MPS Il patients were analyzed by clinical, biochemical and molecular
tests. For the myopia patients a complete ophthalmologic examination was made.
Literature review was performed for high myopia, mucopolysaccharidosis

and the presence of two X linked diseases in the same family.

Results: Clinical and biochemical findings were typical of MPSII, the
presence of high myopia in five males studied and the report of 4 cases of high

myopia in close relatives confirm the X linked disease in the same family.

Conclusion: The presentation of two X linked diseases in a same family is
uncommon, none in the bibliography. The presence of two normal sons in this
family, encourage the researching of molecular or cytogenetic alteration in

concerned genes, confirming currents hypotheses or bringing new ones.

Key words: X linked inheritance, MPSII, High-degree Myopia, Mennonites.
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INTRODUCTION

a) Mucopolysaccharidosis

The mucopolysaccharidosis (MPS) form a group of hereditary illnesses
caused by the deficiency of lysosomal enzymes necessary for the degradation of
the glycosaminoglycanes, which accumulate in the tissues and have increased

urinary excretion (1).

There is only one MPS with X-linked inheritance, MPS Il or Hunter disease.
The disease commits the skull with macrocephalia, spine with fish mouth
vertebras, thickness of diafises in long bones, valvular disease with murmurs,
obstructive apneas, hoarse voice, auditory damage with mixed hipoacusia (2), and
typical lesions in the skin (3). Death usually occurs due to respiratory or heart
failure around the 10-15 years of life in the severe form; patients with the mild form

can live until the fourth decade.

The laboratory findings are increase on urinary levels of heparan and
dermatan sulfate, and deficient activity of iduronate-2-sulfatase enzyme in
fibroblasts, leukocytes, plasma or dried blood spots. The gene coding for the
enzyme is mapped on the region 28 of the X chromosome (Xg28), and contains
nine exons. Most of the diseases causing defects are point mutations, small

deletions or insertions and rearrangements. Carrier detection is possible, in some
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cases, through analysis of DNA, and prenatal diagnosis can be carried out by
enzyme analysis in amniocytes or chorionic villi (4).

b) High-degree Myopia

The myopia is a refraction error where the parallel rays go for a focus
before the sensorial retina when the eye is in rest, and the eyeball is relatively

enlarged (5).

It is manifested as a visual defect which the main symptom is the difficulty
to see objects at certain distance (nearsightedness). The higher the myopia, the
bigger the visual dysfunction, driving to many physical and economic
disadvantages. This is greater in children who grow without correcting the defect;

they are developed in a limited world.

The myopia is the most common ocular disorder, found in approximately
25% of adult population from the United States and in an average of 30% in

worldwide.

The high degree myopia or pathological myopia (bigger or similar to -6.00
D) affects 1-2% of the general population predisposing the individual to retinal
detachments, macular degeneration, cataracts and glaucoma and producing more
inability to the patients (6). The myopic chorioretinal degeneration is the fourth
most frequent cause of blindness, estimating that 5.6% of blind in school age in

the United States is attributed to myopia (7).
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The combination of environmental and hereditary causes for the myopia
was postulated and it is not yet evidenced, the literature suggests a substantial
contribution of inheritance. The search for candidate genes for myopia has not
shown high association with any locus described until now (8). To find the gene or
responsible genes could give the rise to therapies with new medications that affect
the eye growth, preventing the beginning or making a slower progression of

myopia.

The onset of myopia is around 9-11 years old, while the most severe forms

(greater than -6.0 D) begin earlier (9,10,11).

Despite of the difficulties in the genetic mapping of myopia there has been
advances and found genes responsible. The high-degree myopia can be inherited
as autosomal dominant, autosomal recessive or X-linked forms, in a complex
fashion.

¢) The isolated ethnic group

The Mennonites are coreligionists of a church arisen in the heart of the
radical reformation occurred in Europe during the XVI Century. Believe in the
baptism like confirmation of their faith that means a collective responsibility as
members of a great human community where they do not fit distinctions of sex,
race or social class (12). Migrated from Germany to Prussia, later to United States
and Canada, then to Mexico, Paraguay and Bolivia. They usually go to countries
that allow them to buy arable lands, freedom for religion and education for their

children, not military or civic obligations and do not allow genetic admixture.
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The Mennonites arrived in Bolivia by 1970°s establishing colonies far from
the urban cities, being only devoted to the agricultural live. They are closed
communities to other citizens for civil coexistence, maintaining only commercial
relationships. They do not have birth control, in most of the colonies, neither

access to cosmopolitan modernity.

MATERIAL AND METHODS

Starting from a suspicion of MPS 1, in an index patient, a Mennonite family
was studied; the family was formed by the parents, 15 children and 6 grandsons
(Fig 1). This family belongs to the Colony of Mennonites of Durango, located 300
km far from the main city (Santa Cruz) in the Department of Santa Cruz, county

Cordillera, municipality of Charagua.

With the clinical diagnosis of the index case, the author and a team of the
Genetics Service from Hospital das Clinicas de Porto Alegre, traveled to Durango
twice, 2004 and 2007, when clinical information were collected, pictures were
taken, and blood and urine samples from the patients and relatives was obtained

together with the informed consent for each one of the members of the family.

These samples were submitted to analysis of glycosaminoglicans in the
urine, enzymatic activity in plasma and leukocytes and molecular genetics studies
on DNA. Based on previous observations regarding the frequency of common
mutations and large rearrangements in the IDS gene, the following strategy was

used to start mutation analysis in this family: Stepl) Screening for recurrent
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mutations in exons 9 (R468W, R468Q, and R443X) and 8 (G374G) were
performed by PCR followed by restriction digestion; Step2) Screening for the
common inversion between gene (IDS) and pseudogene (IDS-2) by ARMS-PCR,;
Step3) Sequencing of exon 7, which was previously found not to show SSCP
alterations in our patients. Alterations found in the screening protocol were then
sequenced using the big dye terminator kit version 3.1 using an ABI 310

automated sequencer (Applied Biosystems).

In the first visit five males were identified with myopia, one of them wearing
correction lenses. In 2006 a complete ophthalmologic exam was made, for the
myopes and healthy brothers and sisters. The physician of the colony and the

relatives refer other members of the mother’s family with myopia.

In 2007 samples were taken for molecular study of high myopia, of five

patients and two healthy brothers, previous informed consent and permission on

the part of the parents and patients for the handling of their pictures.

RESULTS

a) Mucopolysaccharidosis

The laboratory reported and confirmed the diagnosis of MPS Il in 3 children
of the genitor couple and in 3 grandsons (Fig 1).
The first DNA finding was the presence of a common mutation in exon 8

(G374G) which was shown to be present in all affected males and interestingly not
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present in obligate carriers and normal siblings. Although this mutation does not
change the aminoacid (silent mutation), it is not considered to be a polymorphism,
because it creates an alternative splice site within exon 8 with the subsequent
deletion of 60 aa in the cDNA. All other tests were negative, except for the most
common rearrangement between IDS and IDS2 sequences which is an
intrachromosomal homologous recombination event. We could observe positive
results as seen by PCR results with some but not all primers used. For
generations Ill, IV and V from this family, female carriers also showed the same
pattern as seen in affected boys and normal males were negative for this analysis.
This suggests that a complex rearrangement is present involving sequences or
part of the sequences in the gene and pseudogene (or neighbor genes) and is
probably the cause of the enzymatic alteration. DNA analysis continued for the
whole IDS gene and no other alterations were found after sequencing all IDS
exons. Future work aims to demonstrate this alteration by RNA analysis in the

near future. (Fig 1 and Table 1).

b) Myopia

The five patients with myopia presented a high degree greater than -9 D
(Table 2). Their parents referred that all presented visual difficulties in their first
years of life. Three patients presented continuous horizontal nistagmus, two had
strabismus and all had normal color vision. The older patient was using spectacles
since 16 years old, with non-progressive evolution of his myopia, the youngest boy
(7 years old) had myopia of -9D. All they used to go to school, needing seat near
or walk to the board to copy the homework. After thirteen, they work the land and

have little use of the reading or work at short distance.
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In the genealogical tree is observed that a well-known great-grandfather by
the physician of the Mennonite group, was nearsightedness, he had three
nearsightedness male grandsons, (family data). (Fig 1). The older brother, 26

years old had a normal son and daughter both.

The retinography of the patients 2,3 and 4 were reported like myopic, the
retinal mapping did not show detachments and the electroretinogram carried out in

the patients 2,3 and 5 showed a wave B with normal amplitude and latency.

The two males without myopia were evaluated by ophthalmology and they
presented normal vision.

The high degree myopia can be inherited as autosomal recessive,
autosomal dominant or X linked traits. There are two X linked genes (13,14,15,16),

and 12 autosomal found in different chromosomes.

The occurrence of two X-linked diseases in the same family seems to be
very rare, and was not described previously in the literature.

CONCLUSIONS

The MPSII and high degree myopia were presented in males only, as
expected for X-linked recessive conditions. The mother of the 5 affected sibs had

a grand father and cousins with high-degree myopia.
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Molecular studies of the chromosome X are in progress to check if there is

an abnormality related to MYP13 or a new X-linked form of myopia.

This is a first report of two X-linked diseases in the same family.

The presence of two healthy males in the family encourages molecular and
cytogenetics studies, looking for inactivation, compensation or variable expression
of X-linked genes or the arisen of new hypotheses beside Lyon’s hypotheses.

The lack of access to counseling or treatments allow for the observation of
the natural evolution of the illness, enabling to describe its phenotype completely,
to monitor the elimination of GAGs in urine and the periodic enzyme quantification,
and to determine its genotype and the inheritance throughout the family. It will be
also possible to confirm that women detected as non-carriers, do not have affected
children with MPSII, as the family grows. On the other hand, female carriers will
probably give birth to MPS Il boys as the result of very fruitful families.

The patients seen in the present study are moderately affected and in 2006,
one died at the age of 23 years.

The study of this family group permitted to find another complex gene
alteration, which is seen, in approximately 20% of the patients as reported in the

literature. (17, 18).
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Table 2.1

Summary of results found regarding analysis for Hunter Disease

Location Sex Age Leukocytes urinary Carrier DNA analysis

in Fig 1 IDS # GAGs* status

.1 F 46 + rearrangement

V.3 M 23 2.3 46 G374G
rearrangement

V.6 M 22 Zero 55 G374G
rearrangement

V.12 M 8 Zero 64 G374G
rearrangement

V.5 F 21 - normal

V.7 F 18 - normal

V.14 F 4 + rearrangement

V.15 F 3 + rearrangement

V.1 F 26 + rearrangement

V.2 M 5 1.0 64 G374G
rearrangement

V.4 M 3 680 G374G
rearrangement

V.5 M 1 normal

V.6 M NB 4.4 NT

V.3 F 9 - normal

V.1 F 7 NT

# nmoles/4hs/mg protein, normal range: 25-95
* ug/mg creatinine, normal range: 13-45

NT not tested

+ carrier — not carrier

Table 2. 2

Summary of results found regarding analysis for Myopia

Figl Age Myopia Strabismus Nystagmus ERG Retinography
OD OS
1 V2 26 -10 -10 No Yes
2 V4 24 -18 -18 No No Normal Myopic
3 Iv8 17 -13-13 No No Normal Myopic
4 V.10 13 -14 -15 Yes Yes Myopic
5 V.13 8 -9-9 Yes Yes Normal
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Figure 2.1.

MPS 11

Heredogram for the Mennonite family studied

MPS Il carrier
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VIIl. CONSIDERACOES FINAIS

As doencas genéticas nos propiciam uma oportunidade para entender o
papel dos genes, pois quando um deles sofre alguma alteracdo conseguimos

visualizar um pouco da sua func¢éo biol6gica.

1.- Nesta interessante familia em que se manifestam simultaneamente
duas doencas ligadas ao X, temos uma chance Unica de compreender,
especialmente nos dois meninos (Figure 2.1: IV.9 e IV.11) que ndo manifestam
nenhuma das duas condi¢fes, 0s mecanismos que podem evitar a manifestacao

da doenca associada a mutacdo da qual sdo portadores.

2.- A falta de acesso ao aconselhamento genético ou tratamentos
modernos e alta natalidade deste grupo mostram:

a.- a evolucao natural da doenca desde a gravidez até a vida adulta.

Isto permite a descricdo completa do fendtipo, a monitorizacdo da atividade

enzimética e dosagem de substratos através de andlises laboratoriais e a
determinacao do gendtipo e sua heranca na familia.

b.- Também serd possivel a confimacdo de que mulheres

diagnosticadas como né&o portadoras, nao terao filhos afetados com MPS Il e,

por outro lado, mulheres portadoras terdo meninos afetados como resultado

de familias muito grandes.



J
“’3

Rua Ramiro Barcelos, 2350
0035803 - Porto Alegre - RS - Brasil
wnanas honafros. br

VIIl. ANEXO
SERVICO DE GENETICA MEDICA
MOSFITAL DE i qu_l_le:;.l:unl._cxe.-rmm
CLINICAS A A EACHS WHOM A A

GENETICA MEDUCA MA AMERICA LATINA
PORTO ALEGHRE  ms

AUTORIZACION PARA USO DE IMAGENES

Estoy de acuerdo con el uso de imagenes fotograficas de o
. incluyendo rostro, sin divulgacion

simultanea de nombre, o de cualquier forma de identificacion; con la finalidad de
documentacion de investigacion diagndstica a si como uso en publicaciones cientificas.
Las imagenes fotograficas quedaran en tutela del Servicio de Genética Médica del
Hospital de Clinicas de Porto Alegre, estando el Dr. Roberto Giugliani (jefe del Servicio)
disponible para eventuales dudas por el teléfeno 55 51 2101 8011,

Local y fecha

Firma del paciente

Mombre del respor{::e; ble (si I'-I;E.;Ei.:Sal'iO}

Firma del respon sable {'si_'rTecl:sario}

Mombre del m‘éd_ico

Firma del médico

¥ oyl

fone (51) 2101-8011
fax (51) 2101-8010
l-nanaticafhena iras br
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