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RESUMO

A Mucopolissacaridose tipo | (MPS I) € uma doenga causada pela
deficiéncia da enzima a-L-iduronidase (IDUA). Como, para este distarbio, ainda
nao ha tratamento eficaz, a deteccao de heterozigotos torna-se muito importante
para o aconselhamento genético e o diagnodstico pré-natal. O objetivo deste
trabalho foi caracterizar a IDUA de plasma e leucécitos de heterozigotos para
MPS |, tentando diferencia-la daquela de individuos normais. Para isto,
determinou-se a atividade enzimatica, pH 6timo, Km, velocidade maxima (Vmax)
e termoestabilidade da enzima a 50°C em amostras de plasma e leucécitos. Além
destes parametros, utilizou-se também, em plasma, a cotangente do angulo (Co)
e verificou-se a resposta da IDUA de plasma perante compostos como cloreto de
sédio, cloreto de cobre e EDTA adicionados ao meio de incubagcdo. Os
heterozigotos para MPS | foram separados em dois grupos de acordo com a
atividade da IDUA de leucécitos. Um grupo (grupo 1) possuia atividade

enzimatica inferior aquela dos controles e outro (grupo 2), atividade enzimatica
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semelhante. Em leucdcitos, a IDUA de heterozigotos apresentou trés pH 6timos e
aquela de individuos normais, somente um. O Km da enzima de individuos
normais foi semelhante aquele do grupo 1 de heterozigotos e maior que o do
grupo 2. Com base nos parametros bioquimicos da IDUA de leucdcitos, os
individuos normais foram distinguidos, de todos os heterozigotos para MPS |
avaliados, em relagdo 4 Vmax e a termoestabilidade da IDUA a 50°C. Em plasma,
a IDUA de individuos normais, possui atividade semelhante aquela de
heterozigotos para MPS | e atua em uma mesma faixa de pH étimo. Ocorreu
diferenca significativa entre o Km da IDUA de plasma dos controles e aquele da
enzima de heterozigotos. Esta enzima apresentou a mesma Vmax nos dois
grupos de individuos e uma Ca significativamente diferente, o que permitiu a
separagdo entre eles. Assim como em leucdcitos, a estabilidade da enzima a
50'C também foi diferente nos dois grupos analisados, permitindo a separagao
dos mesmos. Também detectou-se diferencas significativas capazes de
diferenciar individuos heterozigotos para MPS | de individuos normais pela
simples adi¢do de cloreto de sédio, EDTA ou cloreto de cobre ao meio de
incubacao. Estes trés compostos mostraram ser inibidores da IDUA de plasma.
Levando-se em consideragado todos os paradmetros analisados, pode-se concluir
que a enzima de heterozigotos para MPS | comporta-se de maneira diferente
daquela de individuos normais, sendo a incubagdo da IDUA a 50°C por 15
minutos (leucécitos) ou 12 ou 24 horas (plasma), antes da adi¢do do substrato da
reagdo, um simples e eficiente teste para a detecgdo de heterozigotos para a
MPS |. Este método pode ser utilizado para a triagem de familias de alto risco,

mesmo em laboratérios ndo especializados.

vi
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INTRODUCAO

1 Mucopolissacaridoses

As mucopolissacaridoses (MPS) s&o erros inatos do metabolismo (EIM)
que envolvem doencas hereditarias raras ligadas a degradagao de
mucopolissacarideos ou glicosaminoglicanos (GAGs) por enzimas lisossbémicas
(Anderson e Kissane, 1982; Neufeld e Muenzer, 2001). Como conseqiiéncia,
ocorre o acumulo dos residuos nao degradados nos lisossomos que, por sua
vez, perdem a funcao fisiolégica, comprometendo toda a estrutura celular. Isto
acarreta sérios disturbios em diferentes 6rgaos, que caracterizarao diferentes
tipos de MPS (Neufeld e Muenzer, 2001).

Os mucopolissacaridios sao moléculas formadas por longas cadeias de
polissacaridios nao ramificadas, compostos de hexosaminas e acido hexurénico.
Sao, ainda, negativamente carregados, ocupam grandes volumes, sdo altamente

hidrofilicos, formam gel hidratado mesmo em baixas concentragdes e sdo também
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constituintes importantes da matriz extracelular. As células do tecido conjuntivo
sintetizam os mucopolissacaridios e estdo, tambem, envolvidas em sua
degradacéo.

Os mucopolissacaridios  passaram a ser  denominados
glicosaminoglicanos (GAGs) ap6és a década de 60, pois um dos residuos de
acucar na unidade dissacaridica repetitiva € sempre um aminoacucar. A maioria
destas repeticbes dissacaridicas é composta por D-glucosamina ou D-
galactosamina e é&cido D-glucorénico ou L-idurbnico e grupos éster sulfato.
Dependendo do residuo de agucar, do tipo de ligacao entre eles e do numero e
localizagao dos grupos sulfatados, sao definidos cinco grupos de GAGs. Estes
sdo o hialuronan, antigamente chamado de acido hialurénico (Neufeldt e
Muenzer, 2001), o condroitin sulfato, o queratan sulfato, o dermatan sulfato e o
heparan sulfato (Winchester, 1996). O hialuronan ndo contém éster sulfato e o
queratan sulfato contém galactose em vez de acido urbnico (ou hexurdnico). O
heparan sulfato possui também sulfato ligado ao grupo amino da glicosamina
(Anderson e Kissane, 1982). Um resumo das principais caracteristicas e a
localizacao dos GAGs encontra-se na tabela1.

Com excecédo do hialuronan, os GAGs sao ligados de modo covalente
pela sua extremidade redutora a uma matriz protéica especifica, formando
glicoproteinas macromoleculares ou proteoglicanos. Estes proteoglicanos sao
amplamente distribuidos em todas as matrizes extracelulares e sdo também
encontrados nas superficies celulares e na maioria dos liquidos biolégicos
(Gilbert-Barness e Barness, 2000; Neufeld e Muenzer, 2001). Nos tecidos,

encontram-se freqientemente ligados as fibras colagenas, fibras elasticas e
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fibronectina. Esta estrutura da elasticidade aos tecidos e 0s capacita a manter a
sua conformacao caracteristica. Também estao ligados ao controle da coagulacéo
sangiiinea e a regulacdo do crescimento e adesao celular (Stringer e Gallacher,
1997: Rosemberg et al., 1997).

1. Principais Componentes Estruturais e Localizagdo dos GAGs Goldenfun
(1990), adaptado.

GAG PM Acido urdnico | Hexosamina | Sulfato | Localizacio
(daltons)
10°-10’ Glicurbnico | D-glicosamina - colageno e
Hialuronan elastina
Condroitin | 3-5x10° Glicurénico D- O-sulfato| cartilagem
sulfato galactosamina
Heparan 2x10" | Ac. Glicurénico | D-glicosamina | N-sulfato | membranas
sulfato Ac. Idurdnico O-sulfato| celulares
Dermatan | 2-3x10" | Ac. Idurénico D- O-sulfato tecido
sulfato Ac. Glicurbnico | galactosamina conjuntivo
intersticial
Queratan | 1-2x10* D-Galactose | D-glicosamina | O-sulfato| cartilagem,
sulfato coérnea e
nucleo
pulposo

A degradacdo dos proteoglicanos inicia pela sua clivagem por
proteases extracelulares. Cadeias hidrofilicas de até 12 GAGs sao liberadas e
endocitadas por condrécitos ou células endoteliais. A degradaééo intracelular
subseqiiente é feita pela agdo sequencial das enzimas lisossomais (Winchester,
1996). A degradacio lisossomal produz monossacarideos e sulfato inorganico

(Hopwood e Morris, 1990).
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2 Classificagao das Mucopolissacaridoses

Os disturbios decorrentes do acumulo de GAGs nos lisossomos sao
muito semelhantes em todos os tipos de mucopolissacaridoses. Algumas
caracteristicas clinicas comuns s&o a presenga de um nanismo moderado, de um
torax proeminente, ossos largos, curtos e engrossados e, notadamente, um
abdome protuberante com hepatoesplenomegalia, freqlientemente
acompanhadas por hérnia. Além desses, sdo também notados face grosseira e
semelhante a gargulo, pele seca, doenca cardiaca e, em inumeros casos, retardo
mental (Gilbert-Barness e Barness, 2000; Neufeld e Muenzer, 2001). Algumas das
manifestacbes (face grosseira, espessamento cutaneo e visceromegalia) séo
causadas diretamente pelo acumulo de GAGs nos tecidos, enquanto que outras,
como deficiéncia mental e o retardo de crescimento, sdo resultantes da alteracao
da fungao celular. Também os GAGs podem interferir diretamente na estrutura de
substancias como o colageno, levando a sintomas de contratura articular (Neufeld
e Muenzer, 2001).

Existem 7 tipos de MPS (1, 1, 1, IV, VI, VIl e, mais recentemente, a IX),
sendo cada uma delas causada por uma deficiéncia enzimatica especifica. Além
disso, as MPS Il e IV ainda sdo subdivididas em llIA, B, C e D, IVA e B, de
acordo com o defeito enzimatico envolvido (Neufeld e Muenzer, 2001).

A forma de herangca das MPS é do tipo mendeliana, autossémica
recessiva, com excec¢ao da MPS Il (Sindrome de Hunter) que é herdada de forma

recessiva ligada ao cromossoma X (Neufeld e Muenzer, 2001).

10
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Até o momento sd&o conhecidas onze enzimas lisossomicas (4
hexoglicosidases, 5 sulfatases, 1 endoglicosidase e 1 transferase), relacionadas
com as MPS (Neufeld e Muenzer, 2001), que dao origem a doencas bastante
heterogéneas sob o ponto de vista genético, clinico e, principalmente, bioquimico.
Em cada desses distarbios o GAG acumulado é quimicamente diferente e as
diferencas clinicas pouco se sobressaem (McKusick ef al., 1993). No momento, o
conjunto das informagdes disponiveis permite classificar as MPS em 7 tipos,

conforme ilustrado na tabela 2.

11
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Tabela 2: Classificacdo das MPS (Neufeld e Muenzer, 2001), modificado.

Nome GAGs Locus Deficiéncia Principais Manifestagbes
Urinarios | Cromossomico Enzimatica Clinicas
MPS IHou DS+HS 4P16.3 a-iduronidase Opacidade de cornea, disostoses
Sindrome de multiplas, organomegalia,
Hurler complicagdes cardiacas, retardo
mental e morte na infancia
MPS IS ou DS+HS 4P16.3 a-iduronidase Opacidade de cornea, disostoses
Sindrome de mdltiplas, inteligéncia nomal e
Scheie chegam a vida adulta
MPS IH/S ou DS+HS 4P16.3 o-iduronidase Fendtipo intermediario entre MPS
Sindrome de iHelS
Hurler/Scheie
MPS Il ou DS+HS Xg28 iduronato-sulfatase Disostoses muitiplas,
Sindrome de organomegalia, sem opacidade de
Hunter (severa) comea, retardo mental e morte
antes dos 15 anos
MPS |l ou DS+HS Xqg28 iduronato-sulfatase Inteligéncia nomnal, pequena
Sindrome de estatura, sobrevive a vida adulta
Hunter (leve)
MPS lIIA ou HS 1725.3 heparan N-sulfatase Deterioracdo mental profunda,
Sindrome de hiperatividade, manifestacbes
Sanfillippo A sométicas relativamente leves
MPS 1lIB ou 1721 o-N- Fendtipo similar & MPS [IIA
Sindrome de HS acetilglicosaminidase
Sanfillippo B
MPS IIC ou HS N&o conhecido Acetil-CoA: o- Fendtipo similar & MPS llIA
Sindrome de glicosaminide N-
Sanfillippo C acetiltransferase
MPS HIID ou HS 1214 N-acetilglicosamina Fendtipo similar & MPS 1A
Sindrome de G-sulfatase
Sanfillippo D
MPS IVA ou Qs + 16g24.3 galactose 6-sulfatase ;] Anomalias esqueletais distintas,
Sindrome de | condroitin 6- opacidade de cérnea, hipoplasia
Mérquio A sulfato odontoldgica
MPS IVB ou Qs 3p21.33 B-galactosidase Espectro de severidade como na
Sindrome de MPS IVA
Mérquio B
MPS Vi ou DS 5q13-q14 N- Disostoses multiplas, opacidade de
Sindrome de acetilgalactosamina cornea, inteligéncia nomal,
Maroteaux- 4-sulfatase sobrevivéncia até a adolescéncia
Lamy (arisulfatase B) nas formas mais severas
MPS Vil ou DS+HS + 7921.11 B-glicuronidase Disostoses miltiplas,
Sindrome de Sly | condroitin hepatoesplenomegalia; grande
4,6-sulfato espectro de severidade, incluindo
forma fetal e neonatal
MPS IX Hialuronan 3p21.2-p21.3 Hialuronidase Pequena estatura, depositos

periarticulares

Legenda: DS, dermatan sulfato; HS, heparan sulfato; QS, queratan sulfato.
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3 Mucopolissacaridose Tipo |

A mucopolissacaridose tipo | (MPS |) é uma doenca autossémica
recessiva caracterizada pela deficiéncia da enzima lisossdomica o-L-iduronidase
(IDUA) ( Bach et al., 1972; Matalon e Dorfman, 1972). Esta deficiéncia € causada
por mutagdes patogénicas em ambos os alelos do gene que codifica esta enzima.
A funcao da IDUA é proporcionar a clivagem de residuos de acido L-idurdénico que
fazem parte da constituicdo do heparan sulfato e do dermatan sulfato. A deficiéncia
desta enzima, portanto, acarreta o armazenamento destes substratos sulfatados nos
tecidos dos individuos afetados e a sua excre¢ao na urina (Neufeld e Muenzer,
2001), sendo a severidade clinica diretamente relacionada ao nivel de acumulo dos
substratos (Conzelman e Sandhoff, 1983).

Esta deficiéncia leva a trés fenoétipos clinicos classicos: | Hurler (IH), |
Hurler/Scheie (IH/S) e | Scheie (IS) (McKusick et al., 1983). Porém, ha uma
consideravel variagdo clinica dentro dos fenétipos classicos que sao resultantes de
combinacdes de diferentes mutacbes observadas no gene da IDUA (Scott et al,
1993) e causam a redugao na concentracao, funcao ou variabilidade desta enzima

(Ashton, et al, 1992).

3.1 Subtipos da MPS |

a) Sindrome de Hurler ou MPS IH

E conhecida como a forma mais severa entre todos os tipos de MPS |.
Quando recém-nascidas, as criang¢as sao clinicamente normais e, com o passar
do tempo, vao ocorrendo alteracbes progressivas e severas, embora sejam
freqlientes sinais e sintomas inespecificos, como hérnia inguinal e/ou infecgoes

13
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de vias aéreas superiores de repeticdo desde o nascimento. O diagnoéstico clinico
ocorre, em média, antes dos 2 anos de idade (Cleary e Wraith, 1995). O
desenvolvimento neuropsicomotor costuma ser normal durante o primeiro ano de
vida (Cleary e Wraith, 1995), sendo detectado atraso de desenvolvimento por
volta dos 14 a 24 meses (Neufeld e Muenzer, 2001). As manifestacbes da doenca
ocorrem ao final do primeiro ano de vida, com o aparecimento de macrocefalia,
face grosseira, cifose, giba téraco-lombar (deformidades esqueléticas) e
anquiloses dos membros. Por volta dos 2 ou 3 anos de idade desenvolve-se
opacidade de coémea e a baixa estatura ja bastante evidente.
Hepatoesplenomegalia e hérnia umbilical tornam o abdome proeminente e o
atraso nas aquisicbes psicomotoras estende-se até os 5 anos de idade. Ha
depdsito excessivo de fibras elasticas e colageno que sdo responsaveis pelo
espessamento das meninges, podendo levar a hidrocefalia. Em exames
radiol6gicos, as disostoses multiplas sdo detectadas (Gilbert-Barness e Barness,
2000; Neufeld e Muenzer, 2001). Como nos demais tipos de MPS |, geralmente
ocorre algum grau de surdez. As criancas severamente afetadas geralmente nao
ultrapassam 10 anos de vida, normalmente devido a infecgbes ou complicagdes

cardiacas.

b) Sindrome de Scheie ou MPS IS

Esta variante se caracteriza por apresentar uma forma clinica mais
moderada e o diagnostico pode ser ignorado por varios anos, o qual geralmente é
feito entre os 10 e 20 anos de idade. Os afetados possuem inteligéncia e

crescimento 6sseo normais, no entanto, a face grosseira é caracteristica e torna-

14
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se aparente por volta dos 5 anos de idade (Gilbert-Barness e Barness, 2000;
Neufeld e Muenzer, 2001). Neste caso, a alteragdo mais precoce e severa é a
opacidade de cornea, seguida por envolvimentos articulares das maos (m&os de
garra), cotovelos, joelhos e pés. O problema cardiaco mais freqiiente & a
estenose valvar aértica. Também podem ocorrer hirsutismo, hérnia umbilical e
inglinal, surdez, glaucoma e degeneracgao pigmentosa da retina. Este quadro se
assemelha muito ao apresentado nas MPS Il e VI e os pacientes freqientemente

alcangam a vida adulta (Neufeld e Muenzer, 2001).

¢) Sindrome de Hurler/Scheie (MPS IH/S)

Estes pacientes apresentam o seu quadro clinico com manifestagoes
intermediarias entre a MPS IH e a MPS IS. As complicagbes sao menos severas
que na Sindrome de Hurler e os afetados sobrevivem geralmente até a vida
adulta. Possuem um desenvolvimento mais gradual dos sintomas, apresentando
evidéncia clinica por volta dos 3 a 8 anos de idade (Muenzer, 1986; Neufeld e
Muenzer, 2001). Geralmente os pacientes apresentam inteligéncia normal. Ha
deficiéncia de crescimento e aparecimento de hirsutismo e espessamento da
pele. A face apresenta micrognatia. As limitagbes articulares sdo moderadas.
Também pode ocorrer opacidade de cdrnea, surdez, hérnias e paquimeningite
cervical (Neufeld e Muenzer, 2001). Os pacientes adultos podem desenvolver

sinfomas psicéticos.

15
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3.2 Dados Epidemiolégicos

As MPS representam um grupo de doengas que, em seu conjunto,
possuem uma alta ocorréncia no Brasil. Em um estudo realizado no Laboratério
Regional de Erros Inatos do Metabolismo (LREIM) do Servico de Genética Médica
do HCPA, no periodo de 1982 a 1995, onde foram analisados 10.000 pacientes
de alto risco para EIM provenientes de varios locais do Brasil, as MPS foram os
distarbios mais encontrados, perfazendo 32,6% dos EIM diagnosticados neste
periodo. Entre elas, a MPS | contribuiu com 28,7% das MPS diagnosticadas, a
MPS Il com 12,8%, a MPS lll com 22,3%, a MPS IV com 13,3%, a MPS VI com
20,7% e a MPS VIl com 2,2% (Coelho et al, 1997).

A incidéncia da MPS verificada na literatura é extremamente variavel,
sendo estimada em 1/89.000 a 1/144.000 nascidos vivos (Lowry e Renwick, 1971;
Lowry et al., 1990; Lavery, 1996; Nelson, 1996; Meikle et al., 1999; Poorthuis et
al., 1999). A MPS I/H é a forma mais freqlente, com incidéncia estimada em
1/76.000 a 1/145.000 nascidos vivos (Lowry e Renwick, 1971; Lowry et al., 1990;
Nelson, 1996), sendo as demais bem mais raras. Um estudo realizado por Matte
et al. (2000) verificou que a incidéncia da MPS I, em Porto Alegre, & de 1/59.000
nascidos vivos.

A frequiéncia de heterozigotos para mucopolissacaridoses em geral é
apresentada em poucos trabalhos descritos na literatura. Shapira et al. (1989)
estimaram em 1/160 a propor¢éo de heterozigotos para é MPS IH. Nos estudos
realizados na populagdo do RS, Matte (1999) estimou a proporgcdao de

heterozigotos em 1/100 individuos. Um estudo realizado pelo mesmo grupo de
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trabalho envolvendo a doenca gangliosidose GM1, nesta mesma populacao
(Severini et al.,, 1999), mostrou também uma incidéncia muito maior que aquela
presente na literatura (1/17.000 nascidos vivos e 1/70 heterozigotos). Estes
resultados possivelmente refletem uma maior incidéncia destas duas doencgas
lisossbmicas de depdsito no sul do Brasil, ja que as demais parecem possuir uma
freqiiéncia igual ou até menor que aquela observada na literatura (Coelho et
al.,1997).

Entre janeiro de 1996 e julho de 1999, foram diagnosticados, no
LREIM, 62 pacientes com MPS |, sendo que 57 possuiam confirmagio
enzimatica. Um estudo realizado por Schwartz (2000), possibilitou a classificacao
clinica destes pacientes. De acordo com este trabalho, 34/57 pacientes foram
classificados como possuindo a forma H, 20/57 como possuindo a forma nao-H
(pacientes Scheie e Hurler/Scheie) e 3/57 nao foram classificados por falta de

informacées clinicas.

3.3 Aspectos Moleculares

O gene que codifica a IDUA esta localizado no brago curto do
cromossoma 4 na regido 4p16.3 a 600 kb do teldmero (Scott et al, 1990), préximo
ao gene da Doenca de Huntington (Neufeld e Muenzer, 2001). Possui,
aproximadamente, 19 kb com 14 exons, que originam um mRNA de 2.3 kb (Scott
etal., 1992).

Este gene possui uma seqiiéncia de 1959 pb, codificando para um
precursor de 653 aminoacidos. Porém, um peptideo sinal de 26 aminoacidos &
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clivado imediatamente antes da regido amino-terminal da proteina madura. Desta
forma, a proteina funcional possui 627 aminoacidos e seis sitios potenciais de
glicosilacéo (Scott et al., 1991).

Até 2001 foram identificadas 57 mutagcbes patogénicas diferentes no
gene da IDUA e mais 30 mutacdes ndo patogénicas (HGMD, 2001). Segundo Le-
Chen et al. (1999), um grande namero de mutacdes no gene da IDUA sao
conhecidas na sindrome de Hurler, mas somente poucas s&o conhecidas nas
sindromes de Scheie e de Hurler/Scheie, ou seja, existem mutacoes especificas
para cada caso e estas podem causar redu¢do na atividade enzimatica, causando
ou nao reducao no mRNA da IDUA ou mesmo reducao na concentragéao, fungéo
ou viabilidade da IDUA (Aston et al., 1992).

Das 10 mutagdes patogénicas mais frequentes presentes no gene da
IDUA, seis foram identificadas nos pacientes brasileiros (Q70X, R89Q, A327P,
R383H, W402X e P533R) (Matte et al, 2000). Além de possuir varias mutacdes ja
identificadas, o gene da IDUA ¢é altamente polimérfico, o que dificulta a

identificacao molecular de heterozigotos.

3.4 Aspectos Bioquimicos

Em 1968 e 1969, Frantatoni e colaboradores demonstraram que o
acumulo de GAGs, em cultura de fibroblastos de pacientes com MPS IH, podia
ser corrigido por um fator presente na urina ou secrecdo de fibroblastos de
individuos normais. O “fator corretivo” para a doenca de Hurler, o qual se tratava
de uma proteina de 87 KDa, foi purificado da urina de individuos normais cerca de
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mil vezes (Barton e Neufeld, 1971). Em estudos posteriores, Bach e
colaboradores (1972) demonstraram que o “fator corretivo” se tratava da enzima
IDUA e que a sua atividade deficiente causava a Sindrome de Hurler, Scheie e
Herler/Scheie (Bach et al., 1972; McKusick e Neufeld, 1983).

Shapiro e colaboradores (1976) descreveram a existéncia de duas
formas da IDUA. Uma forma corretiva (“high-uptake”) que, adicionada a cultura de
fibroblastos deficientes, fazia com que estes voltassem a atividade normal e outra
nao-corretiva (“low-uptake”). Clements et al. (1989) também separaram 2 formas
da IDUA a partir de figado humano, sem mostrar diferencas em suas atividades. A
forma I, com bandas de 60 e 44 KDa e a forma Il, com bandas de 65 e 49 KDa
que, quando adicionada a cultura de fibroblastos deficientes, mostrou ser efetiva
na corregdo da IDUA deficiente. Suas observagdes sugeriam uma anica molécula
precursora da IDUA, que é clivada em diferentes tamanhos que produzem
fragmentos associados a molécula ativa da enzima.

Técnicas de visualizagao sensiveis tém sido usadas para estudar os
processos de maturagao da IDUA, que apresentam variagbes tecido-especificas
das proporgoes maduras e formas precursoras (Clements et al., 1989).

Myerowitz e Neufeld, em 1981, imunoprecipitaram as duas maiores
espécies cataliticas da IDUA de cultura de fibroblastos de individuos normais: a
intracelular, de 66 KDa e a secretada, de 76 KDa, espécies “low” e “high-uptake”.
Seus estudos demonstraram que a espécie de 76 KDa poderia ser convertida a
especies transitorias intracelulares de 75 KDa, que rapidamente poderia ser

processada a uma forma intermediaria de 72 KDa, novamente convertida a forma
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madura de 66 KDa, em aproximadamente 5 dias. Constataram, também, que as
formas de 76, 72 e 66 KDa nao estavam presentes em pacientes com MPS |H.

Como Myerowitz e Neufeld (1981), Taylor et al. (1991) obtiveram um
precursor de 81 KDa da enzima de fibroblastos normais que, por 24 horas,
passou a formas intermediarias de 76, 70, e 69 KDa. Verificaram também que,
apos 3 horas, uma pequena parte da IDUA foi secretada ao meio de cultura, sob
uma forma de 82 KDa. Essas diferencas de pesos moleculares encontradas por
esses autores possivelmente sdo devido as diferentes técnicas analiticas usadas.

Clements et al. (1985) purificaram a IDUA de figado humano e
encontraram uma enzima nativa de peso molecular de 65 KDa. Rome et al. (1978)
trabalharam com a purificagédo da IDUA de rim e obtiveram espécies de pesos
moleculares 30 e 60 KDa, a partir da sedimentacao da enzima nativa.

Schuchman et al. (1984) separaram de pulmdo humano, através de
cromatogradia de troca idnica, 2 formas da IDUA, diferindo na composicao dos
polipeptideos. O peso molecular das formas nativas foram 85 KDa (high-uptake) e
68 KDa (low-uptake), sendo que a “high-uptake” possui mais arginina, glicina,
alanina, glutamato/glutamina, leucina, histidina, isoleucina e prolina. Essas
diferengas na composi¢cao de aminoacidos sugeriram que a “high-uptake” contém
residuos adicionais que sdo, em parte, responsaveis por sua associacio a
membrana e por sua propriedade endocitica. Possivelmente, o alto peso
molecular da forma “high-uptake” representa uma espécie precursora altamente
fosforilada, enquanto que a forma “low-uptake” tem sido processada e
compartimentalizada no lisossomo. O componente de 44 KDa é a forma madura e

altamente resistente a autodigestao lisossomal.
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Unger et al. (1994), no caminho da terapia por reposi¢do enzimatica,
produziram uma IDUA recombinante a partir de células de ovarios de hamster,
nas quais foi introduzida um vetor com o gene da IDUA humana. Esta enzima
mostrou ser endocitada a cultura de fibroblastos com MPS | via receptores de
manose-6-fosfato, corrigindo o fenétipo destas células, que passaram a digerir os
GAGs acumulados nos lisossomos. A IDUA recombinante possuia peso molecular
de 85 KDa e foi processada a 74 KDa. Seu pH e parametros cinéticos diferem da
IDUA de figado.

A atividade da enzima da forma precursora da IDUA mostra um
aumento quando NaCl é acrescido ao meio de incubagao. Porém, isso néao foi
observado com a IDUA madura. Na forma madura, o NaCl age como inibidor. O
ion cobre é inibidor da enzima madura.

Assim como todas as enzimas lisossomais, a IDUA apresenta sitios de
glicosilagdo, aos quais sao adicionados residuos de manose-6-fosfato, responsaveis
pela endocitose da proteina no lisossomo, bem como a presenca de mdltiplas
formas durante seu processo de maturagao.

Os estudos demonstram que os valores cinéticos da IDUA sao diferentes
conforme o tecido estudado e o substrato usado. Rome et al. (1978) determinaram o
Km da enzima em rim de individuos normais em 1,5 mM para o substrato fenil
iduronidio e 9 mM para o substrato anidromanitol iduronidio, com valores de Vmax
de 16 umol/mg de proteina/min e 270 umol/mg de proteina/min, respectivamente.
Estes autores, ao compararem seus resultados com os de Shapiro e colaboradores

(1976), verificaram que estes eram mais altos. Em estudos de pH, Rome et al.
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(1978) encontraram pH 6timo de 4,0 para ambos substratos usados. Shapiro et al.
(1976) encontraram valores de pH 6timo de 3,6 para amostras de urina.

Rome et al. (1978) também estudaram a ag&o de inibidores sobre a
atividade da IDUA. Verificaram que esta é completamente inibida por p-
cloromercuribenzoate e ions cobre e, em menores propor¢ées, por EDTA e cations
divalentes (Co %, Ca®*, Mg®*, Mn**, Zn*", e Fe?).

Hopwood e Muller (1979 e 1984) encontraram diferencas nas
propriedades cinéticas da IDUA presente em fibroblastos de individuos com MPS IS
e H. Porém, os fenétipos intermediarios nao foram totalmente discriminados por este
caminho. Verificaram, também, que a Vmax é cerca de 40 vezes menor para a
enzima de pacientes com MPS | que naquela de individuos normais, enquanto que
o Km de individuos com MPS IH é 4 a 10 vezes maior que nos controles, ndo sendo
diferente para MPS IS e H. Demonstraram, ainda, que a IDUA de individuos
portadores da Sindrome de Scheie € mais termoestavel que a dos individuos com
Hurler, sendo a IDUA de individuos normais a mais instavel ao calor.

Os autores acima também verificaram que ions sulfato realizam uma
maior inibicao na atividade da IDUA de individuos normais e naqueles com MPS IS
e, em menor quantidade, em individuos MPS IH. fons cloro inibem a atividade IDUA
similarmente em todos os grupos. Em contrapartida, a adicdo de cloreto de sédio
aumenta o Km da enzima de individuos com MPS IS e de individuos normais.

Clements et al. (1985) e Freeman e Hopwood (1992) caracterizaram a
enzima IDUA de figado humano normal, estabelecendo os valores de Km, Vmax e
pH 6timo usando varios tipos de substratos. Clements et al. (1985) também

estudaram o efeito de ions sobre a atividade da IDUA, verificando que Na;SO4 e
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NaCl sao inibidores do tipo competitivo e CuCl; nao competitivo. Encontraram um Ki
para o substrato 4-metilumbeliferil-a-L-iduronide de 192; 9,5 e 0,500 para os ions
NaCl, NazSO4e CuCl,, respectivamente.

Em estudos realizados por Fujibayashi et al., 1984, foi demonstrada a
existéncia de 2 formas distintas para a IDUA de fibroblastos capazes de serem
diferenciadas cineticamente. O tipo IH possuiria a forma A, mais termoestavel, e o
tipo IS a forma B, menos termoestavel, que foram separadas por cromatografia de
DEAE celulose.

Den-Tandt e Scharpe (1989) realizaram estudos também envolvendo a
enzima IDUA de plasma e leucécitos de individuos normais, usando o substrato
fluorimétrico 4-metilumbeliferil-a-L-iduronidio, em que verificaram que a mesma era
inibida por fenil-a-L-iduronidio, heparina, CaCl,, NaxSO4 e sulfato de heparitina.
Determinaram o Km da IDUA de leucdcitos de individuos normais em 0,33 mM, com
variagéo de 0,24 a 0,45 mM e pH étimo em 3,5. Em plasma, obtiveram pH étimo em
4,0 e um Km que variou entre 0,32 e 1,25 mM, com média de 0,59, verificando,
também, que plasma constituia uma amostra extremamente labil ao calor.

Recentemente, Clements et al. (2000) demonstraram diferencas
bioquimicas na IDUA de pacientes com MPS |, capazes de separar estes
individuos. Esta separag¢ao coincidia com a mutagdo envolvida e a clinica do
paciente, severa ou branda. Assim, estes autores podiam, através de certos
parametros bioquimicos da IDUA de fibroblastos, predizer o fenétipo dos individuos.
Segundo os autores, esta € uma metodologia confiavel mesmo ndo se conhecendo

o gendtipo dos pacientes.
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3.5 Diagnéstico

O diagnostico da MPS | é estabelecido pela demonstragéo do acumulo
de GAGs urinarios (HS e DS) e confirmado pela reducao da atividade da enzima
IDUA presente em figado (Matalon e Dorfman, 1972), urina (Matalon e Dorfman,
1972), leucdcitos (Dulaney et al., 1976), fibroblastos (Matalon e Dorfman, 1972),
plasma (Singh et al., 1974), celulas do liquido amnidtico e vilosidades coribnicas
(Hall e Neufeld, 1973).

| Para medir a atividade da enzima IDUA, foi primeirc utilizado o substrato
fenil-a-L-iduronidio (Weissmann e Santiago, 1972; Hall e Nefeld, 1973). Em 1979,
Hopwood e colaboradores utilizaram o substrato fluorogénico 4-metilumbeliferil-a-L-
iduronidio, que se mostrou sensivel e confiavel para o diagnéstico, com a vantagem
de ser mais especifico que o primeiro.

Na medida da atividade desta enzima, sdo preferidas as amostras de
plasma e leucécitos, por serem mais facilmente coletadas, manipuladas e
oferecerem um diagnoéstico mais rapido ao paciente, visto que ndo é necessario o
cultivo celular, o que evi{a, também, variacbes na cultura, decorrentes da
preparacéo das amostras, diminuindo os erros de ensaio (Klijer et al., 1981). Porém,
a enzima possui atividade igualmente baixa em pacientes de com varias
manifestagbes clinicas (Hopwood e Muller, 1979; Muller e Hopwood, 1984).

O diagnostico molecular é dificil, devido ao grande numero de
mutacées no gene da IDUA ja descritas (mais de 50), o que inviabiliza esta
técnica para o uso na rotina como teste de triagem para MPS | (Neufeld e

Muenzer, 2001). Porem, o conhecimento da mutacdo do caso indice é de grande
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validade, principalmente para o diagndstico pré-natal (Neufeld e Muenzer, 2001).

3.6 Tratamento

O tratamento da MPS | se limita a medidas gerais de suporte, devendo
ser realizado por uma equipe multidisciplinar para efetuar o manejo das
complicagbes associadas a doenca com maxima eficacia. Atualmente, os
tratamentos oferecidos sao paliativos e sintomaticos.

O ftransplante de rhedula O0ssea (TMO) € uma opcao em casos
selecionados, onde a relagao risco/beneficio é favoravel. Comecou a ser utilizado
como uma corre¢ao do defeito enzimatico a partir de 1979 (Hobbs et al., 1981).
Esta baseado no fato de que a enzima produzida pelas células transplantadas
seja liberada no plasma, cujas concentragdes enzimaticas passam a ser normais,
podendo ser absorvida pelas células deficientes do paciente, eliminando, assim, o
dep6sito de GAGs nos lisossomas celulares (Navarro et al., 1991).

O TMO em pacientes com MPS IH com doenca neurolégica em estagio
pré-clinico ou precoce (até 2 anos de idade), possibilita uma atenuacdo das
dismorfias faciais e um efeito positivo em relagao ao desempenho intelectual, por
tornar mais lenta a deterioragao mental (Whitley et al., 1993; Field et al., 1994;
Peters et al., 1996 e 1998; Krivit et al., 1996; Vellodi et al., 1997; Flemming et al.,
1998; Guffon et al., 1998; Neufeld e Muenzer, 2001). Os transplantes também
mostram um efeito benéfico em relacdo as alteracbes viscerais, reduzindo os

quadros de hepatoesplenomegalia e opacidade de cornea (Hobbs et al., 1981).
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Como os riscos inerentes ao transplante sao altos e a dificuldade de
obter-se um doador compativel € muito grande, outra alternativa de tratamento é
a reposicao enzimatica, que tem demonstrado alta eficacia em relacéo a outras
doencas lisossomicas de depdsito. Em estudos in vitro (Unger et al., 1994), foi
demonstrado que, quando fibroblastos de individuos com MPS | s&o incubados com
IDUA modificada, ha uma correcdo no estoque de GAGS destas células, corrigindo,
assim, o defeito bioquimico. Em estudos com modeios animais (Shull et al., 1994;
Kakkis et al., 1996; Clarke et al., 1999), foi demonstrada a diminuicao de GAGs
acumulados e resposta imunolégica a enzima administrada. Este fato torna-se
importante e dificulta a terapia enzimatica em humanos.

No momento, experimentos de tratamento da MPS | com humanos
estdo em andamento, com infusGes intravenosas semanais de IDUA
recombinante (Kakkis et al., 1999). Kakkis et al. (2001) trataram 10 pacientes com
MPS | c/ IDUA recombinante por 52 sémanas e observaram regressdo da
hepatoesplenomegalia. Esta parece ser a terapia de um futuro préximo para MPS
I, embora nao tenham sido observados efeitos positivos sobre aqueles individuos
cujas alteracdes neuroldgicas ja estejam instaladas.

Outra alternativa de tratamento em desenvolvimento € a terapia génica.
Ashton et al. (1992) construiram um vetor retroviral com o gene da IDUA que, ao
ser transferido para fibroblastos em cultura, corrigiu o defeito bioquimico presénte
nestas células. Estudos de transferéncia de vetores retrovirais para células
CD34+ (Fairbairn et al., 1996, Huang et al., 1996) observaram reversdo dos
efeitos fenotipicos em macrofagos e aumento de producgéo de IDUA pelas células

CD34+ de cerca de 6 vezes em relagdo aos controles. Em estudos clinicos
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envolvendo a transferéncia de vetores retrovirais contendo o DNAc da IDUA para
mioblastos de modelos caninos, houve resposta imunoldgica contra as células
produtoras de IDUA normal e os vetores virais (Shull et al., 1996). A transferéncia
para células hematopoiéticas humanas primitivas teve uma eficiéncia de 18-23%
com aumento de atividade enzimatica nas células derivadas das que foram
modificadas (Huang et al., 1997). Em outro trabalho, em que trés pacientes foram
submetidos a transplante de medula éssea autéloga geneticamente modificada, a
atividade da enzima IDUA de sangue periférico voltou a niveis nao detectaveis
quatro semanas apds o transplante (Fairbairn et al., 1999).

Outras medidas terapéuticas, como o transplante de fibroblastos, nao

se mostraram eficazes para mudar o curso clinico da doenca (Gibbs et al., 1983).

3.7 Identificagdo de Heterozigotos

A deteccdo de heterozigotos € a medida mais importante para a
prevencao de individuos afetados nas familias de alto risco para MPS |. De acordo
com Neufeldt e Muenzer (2001), a deteccdo de heterozigotos € um dos itens
assistenciais mais requisitados pelas familias destes pacientes.

O comportamento bioquimico da enzima IDUA em heterozigotos ainda
nao esta muito bem estabelecido. Somente com a medida da atividade da enzima
nao € possivel, na maioria das vezes, identificarmos um heterozigoto, pois existe
sobreposicao da atividade da IDUA destes individuos com aquela de individuos

normais (Neufeld e Muenzer, 2001).

27



Introdugéo

O mesmo ocorre com muitas hidrolases lisossémicas que estao
deficientes nas doengas lisossOmicas de depésito. Levando isto em consideracao,
Sopelsa et al. (2000) elaboraram um protocolo de caracteriza¢ao bioquimica e o
aplicaram em heterozigotos para gangliosidose GM1. Estes autores observaram
que a enzima beta~galactoéidase de heterozigotos, embora possuisse atividade
sobreposta aquela de individuos normais, apresentava um comportamento
bioquimico distinto que permitia identifica-la em uma populagao de alto risco para
a doenca.

A revisao bibliografica nos mostra que os estudos bioguimicos da enzima
IDUA foram sendo abandonados na década de 80, quando o advento da biologia
molecular passou a ser visto como o método mais promissor para identificar as
doengas de cunho genético e a saida para a cura das mesmas, com 0 uso da
terapia génica. Assim, os grupos que se dedicavam a estes estudos bioquimicos se
renderam a biologia molecular.

Com o passar do tempo, verificou-se que a identificacido de
heterozigotos por métodos bioquimicos ainda é preferida, ja que em doencas
como a MPS | a identificacdo molecular é dificil, pois consome um grande tempo,
necessita-se conhecer a mutagcdo do caso indice, o que muitas vezes nédo é
possivel e a cada trabalho publicado sdo descritas novas mutagbes. A
identificacdo molecular seria um excelente recurso se pudéssemos realizar em
todos os possiveis heterozigotos o seqiienciamento de todo o gene da IDUA, uma
realidade tecnoldgica ainda ndo disponivel, principalmente em paises do terceiro

mundo.
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Portanto, a identificacdo de heterozigotos para MPS |, através de
parametros bioquimicos seria bastante utii e deve ser investigada. Neste
particular, o trabalho de Clements et al. (2000) j& demonstrou algumas

caracteristicas bioquimicas distintas entre pacientes com MPS | severa, leve e

intermediaria.



OBJETIVOS

Objetivo Geral:

Desenvolver uma metodologia bioquimica para detectar individuos
heterozigotos para Mucopolissacaridose do Tipo | dentro de uma populagao de

alto risco.

Objetivos Especificos:

1. Caracterizar a enzima o-L-iduronidase (IDUA) presente em amostras de
plasma de individuos normais e heterozigotos obrigatérios para
Mucopolissacaridose do Tipo | Hurler, Scheie e Hurler/Scheie quanto a:

1.1.  Atividade enzimatica;

1.2. pH étimo de funcionamento;

1.3. Km;



Objetivos

1.4. Velocidade maxima;
1.5. Cotangente do énguilo a;

1.6. Termoestabilidade;

2. Caracterizar a enzima o-L-iduronidase (IDUA) presente em amostras de
leucécitos de individuos normais e heterozigotos obrigatérios para
Mucopolissacaridose do Tipo | Hurler, Scheie e Hurler/Scheie quanto a:

2.1. Atividade Enzimatica;

2.2. pH étimo de funcionamento;

2.3. Km;

2.4. Velocidade maxima;

2.5. Termoestabilidade.

3. Observar a resposta da IDUA de plasma de individuos normais e
heterozigotos obrigatérios para Mucopolissacaridose do Tipo | Hurler, Scheie
e Hurler/Scheie quando cloreto de sdédio, EDTA e cloreto de cobre sao

adicionados ao meio de incubagéo.
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Abstract

Background. In the present study we characterized biochemically the enzyme o-L-
iduronidase (IDUA) of leukocytes from normal individuals and from
mucopolysaccharidosis | (MPS 1) heterozygotes and compared these
characteristics in order to discriminate them into two different groups.

Methods. We measured IDUA activity in leukocytes fluorimetricaly using 4-
methylumbelliferyl-(4UM)-a-L-Iduronide as an artificial substrate. Optimum pH,
Km, Vmax and thermostability of the enzyme at 50°C were determined.

Results. On the basis of leukocyte IDUA activity, we divided the heterozygotes into
two groups, one (group 1) with activity below that detected in controls, and the
other with activity similar to that of normal individuals (group 2). The optimum pH
for IDUA was 2.7 for normal individuals and 2.6 to 2.8 for heterozygotes. With
respect to Km, there was a difference only between the value for normal IDUA
(0.60 mM) and the value for group 2 (0.38 mM), while group 1 showed a
statistically similar value (0.49 mM). The Vmax of the reaction discriminated the
three groups in a highly effective manner. The IDUA of normal individuais had a
higher Vmax (60.98 nmol/h.mg protein) than the enzyme of group 1 heterozygotes
(28.66 nmol/h.mg protein) and the enzyme of group 2 (31.78 nmol/h.mg protein).
When the IDUA from the 3 groups was pre-incubated at 50°C, we observed that
the IDUA of both group 1 and group 2 was significantly more thermostable than
the IDUA of normal individuals.

Conclusions. Determination of IDUA activity alone is not sufficient to discriminate
between MPS | heterozygotes and normal individuals since a considerable overlap

occurs between them. Our study showed that leukocyte IDUA from MPS |
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heterongotes differed from the normal enzyme in terms of optimum pH, Km and
Vmax of the reaction and thermostability at 50°C. These parameters provide a simple

and reliable tool for the detection of carriers for MPS |.

Key words: Leukocytes, o-L-iduronidase, mucopolysaccharidosis type |,

heterozygote detection
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Introduction

Type | mucopolysaccharidosis (MPS 1) is an autosomal recessive
disorder with three clinically delineated types, Hurler (MPS IH), Scheie (MPS IS)
and Hurler/Scheie (MPS [H/S), which result from the deficient activity of the
lysosomal hydrolase o-L-iduronidase (IDUA) (E.C. 3.2.1.76), leading to the
accumulation of the glycosaminoglycans, dermatan sulfate and heparan sulfate,
in several tissues (1) .

MPS IH is a progressive and severe disease characterized by
multiple dysostosis, mental retardation, coarse facies, macrocephaly, short
stature, ankylosis of the limbs, corneal clouding, hepatosplenomegaly, and
cardiac complications which lead to patient death during the first decade of life
(1). In contrast, affected individuals with MPS IS have normal intelligence and
lifespan and only mild skeletal deformities, stiff joints and corneal opacity.
Patients with MPS IH/S present an intermediate phenotype (1).

MPS 1 is diagnosed by the measurement of IDUA activity, which is
markedly deficient in all three clinical types. IDUA activity can be determined in
several materials (2-5), but plasma and leukocytes are preferred because they
can be easily collected and manipulated, allowing a rapid diagnosis (3).

There is no effective treatment for this disease and the identification
of heterozygotes can allow genetic counseling in families which already have an
affected child. According to Neufeldt and Muenzer (1), heterozygote detection is
the service most often requested by the families of affected patients.

Heterozygotes for lysosomal storage diseases like MPS | have

enzyme activity levels that overlap with those of normal subjects (6) and
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molecular identification of MPS | carriers is a difficult and time-consuming task
because the gene is highly polymorphic and mutation analysis must be carried
out first in an index case not always available (7). Thus, other methods shouid
be considered, like the observation of the biochemical behaviour of IDUA in the
three types of MPS | heterozygotes and its comparison with the behaviour of
the enzyme in normal individuals.

The objective of the present study was to identify MPS | carriers
based on the biochemical characteristics of leukocyte IDUA since this could be
an useful method for the detection of these individuals in populations at high

risk for this disease.
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Materials and Methods

Samples. Leukocytes samples were obtained from peripheral venous
blood collected with heparin. Samples from normal individuals were obtained
from volunteer blood bank donors. Samples from heterozygotes were obtained
- from the parents of patients with MPS |. This research was carried out in
accordance with the Declaration of Helsinki of the World Medical Association
and was approved by the Ethics Committee of Hospital de Clinicas de Porto
Aiegre. Informed consent was obtained from all subjects who participated in

this study.

Leukocyte preparation. Leukocytes were obtained by sedimentation
of blood ce.lls with a dextran-citric acid-glucose mixture by the method of Skoog
and Beck (8). After centrifugation with 0.9% sodium chloride, the supernatant
was discarded and the leukocyte pellet was removed and kept frozen at —40°C

before enzyme determination.

Enzyme assays. Leukocyte enzyme activity was determined as
described by Hopwood et al (9) using 4-methylumbelliferyl (4MU)-a-L-iduronide
as substrate. The assay mixture contained 10 uL of 2 mM substrate, 10 ulL of
0.1 M sodium formate and 10 uL of leukocytes. We used 50-120 ug protein (9).
Leukocyte enzyme assays were incubated at 37°C for one hour. The reaction
was stopped with 1.5 mL of 0.5 M glycine-sodium hydroxide buffer, pH 10.3,

and fluorescence was read with a Hitachi F-2000 spectrofluorometer (excitation
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and emission wavelength of 365 and 450 nm, respectively). All assays were
performed in duplicate.

For optimum pH determination we used sodium formate buffer at pH
varying from 2.2 to 3.0.

For the determination of the Michaelis-Menten plot (substrate curve)
we used final substrate concentrations of 0.1 to 3.0 mM. After linearity was
determined, Km and maximum velocity (Vmax) were determined using substrate
concentrations of 0.1 to 1 mM. These results were calculated using a Lineweaver
and Burk (10) plot, with a correlation coefficient of r= 0.99 for all curves.

For the study of enzyme heat stability at 50°C, samples were pre-
incubated at 50°C for 15, 30 and 60 minutes before a adding 2 mM substrate.

The reaction was then processed at 37°C for 1 hour.

Statistical analisys. Data are reported as mean + SD. One-way ANOVA
was used to compare groups, followed by the Tukey test when necessary. The
analysis was performed using the statistical software package SPSS/PC+ and the

level of significance was set at p<0.05.
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Results

Table 1 shows the enzyme activity of all individuals analyzed. In the
control group, the enzyme activity ranged from 29.10 to 56.13 nmol/h.mg
protein. We observed that some heterozygotes presented an enzyme activity
within this range, while others showed a lower value, indicating that there is a
substantial overlap between these two groups.

On the basis of these results, we assigned our subjects to three
groups: a control group, a carrier group whose IDUA activity was lower than
control (group 1) and a third group (group 2) consisting of carriers whose IDUA
activity was similar to that of controls. For optimum pH, Km and Vmax
determination and thermostability studies, we considered these three groups
separately.

Optimum pH was 2.7 for control subjects and 2.6, 2.7 or 2.8 for the
other two groups (Table 1). A graphic with the optimum pH of some
representative individuals of these groups is presented in Figure 1.

The Km of IDUA was 0.60 + 0.09 mM, ranging from 0.46 to 0.69 mM,
in leukocytes from normal individuals, 0.49 + 0.17 mM, ranging from 0.22 to 0.69
mM, in leukocytes from group 1 heterozygotes, and 0.38 + 0.08 mM, ranging from
0.27 to 0.50 mM, in leukocytes from group 2 heterozygotes. There was a
significant difference only between the control group and group 2 heterozygotes
[F(2,18)=7.16; p<0.005]. These results were calculated using the Lineweaver and
Burk plot and can be seen in Figure 2.

Figure 2 also shows the Vmax values for the reactions in leukocytes,

which were 60.98 + 9.03 nmol/h.mg protein for IDUA from normal individuals and
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28.66 + 15.7 nmol/h.mg protein and 31.78 + 15.4 nmol/h.mg protein for the
enzyme from group 1 and 2 heterozygotes, respectively. Vmax for the control
enzyme was significantly higher than for the enzyme of group 1 and 2
heterozygotes [F(2,18) = 25.57; p<0.001].

When we incubated leukocyte samples from normal individuals at
50°C we obtained a residual activity of only 30.89 + 6.4% (ranging from 22.49
to 35.98%) after 15 minutes compared to the samples not submitted to partial
denaturation (100%). At 30 minutes of pre-incubation, the residual activity was
21.8 + 1.58% and at 60 minutes IDUA was practically denatured, with a residual
activity of only 1.63 + 0.1% (Figure 3). This inactivation was significant starting
at 15 minutes of pre-incubation [F(4;15)=61.00; p<0.01] In group 1
heterozygotes, the samples pre-incubated at 50°C for 15 minutes had a residual
IDUA activity of 66.25 + 10.03% (ranging from 52.89 to 75.35%), whereas the
samples treated for 30 and 60 minutes at the same temperature showed 45.44
+ 10.27% and 13.96 + 3.87% of the 100% activity, respectively (Figure 3).
Statistical analysis of the results showed a significant inactivation of the enzyme
at the times studied [F(3,12)=94.49, p<0.001] and this inactivation was already
present after 15 minutes of pre-incubation (Figure 3).

Samples from group 2 individuals showed inactivation at 50°C,
beginning after 15 minutes of pre-incubation [F(3,16)=176.86; p<0.001]. At that
time point, the samples had 62.01 + 8.08% of residual activity (ranging from
48.56 to 69.93%). After 30 and 60 minutes, the residual activity of leukocyte

IDUA was 40.21 + 3.34% and 19.28 + 7.61%, respectively (Figure 3).
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When we compared controls with heterozygotes, we‘observed that
the enzyme inactivation from both heterozygote groups was significantly lower
at all times of pre-incubation analyzed [F(2,9)=33.15; p<0.001; F(2,9)=20.39;
p<0.001 and F(2,9)=15.55; p<0.001; 15, 30 and 60 min, respectively]. This
shows that the leukocyte enzyme from heterozygotes was more heat stable

than the enzyme from normal individuals.
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Discussion

Detection of MPS | carriers is very important for the prevention of
affected individuals in high risk families and constitutes one of services more
frequently requested by those families, as there is no efficient treatment for this
inborn error of metabolism and the prognosis is poor (1). This detection can be
performed by biochemical or molecular techniques. However, carrier detection by
these techniques is a very difficult task since more than 50 different mutations (11)
have been identified in the highly polymorphic IDUA gene (7).

Studies already demonstrated that the biochemical characteristics of
enzymes from normal individuals and heterozygotes could be highly useful for the
detection of carriers of lysosomal storage diseases (12).

Detection of MPS | heterozygotes by the level of IDUA activity does
not seems to be reliable since values for normal individuals and heterozygotes
often overlap. As expected, this was observed in the present study. However,
14 of the 26 heterozygotes were identified by this determination since their
IDUA activity was approximately 50% of that observed in the control group. To
detect the other 12 heterozygotes for MPS | whose IDUA activity overlapped
with normal activity, we performed an alternative study of the biochemical
characteristics of the enzyme. By evaluating these characteristics we were able
to identify all carriers.

Leukocyte IDUA from normal individuals showed maximum activity at
pH 2.7. The enzyme of heterozygotes showed maximum activity at various pH
values, i.e., 2.6, 2.7 and 2.8. Of the 26 IDUA carriers, only 7 had a 2.7 optimum

pH, while all other samples presented an optimum pH differing from that
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presented by the control group IDUA. Of these 7 samples, 4 had been
previously identified because they presented a reduced activity compared with
normal IDUA activity. Therefore, only 3 carriers remained unidentified.

Km was different between group 2 heterozygotes and the control
group and, therefore, this parameter was chosen to identify MPS |
heterozygotes who had the same IDUA activity as normal subjects. We did not
observe a difference between control group and group 1 because the Km
range of group 1 was very wide, a fact possibly affecting statistical comparison.

In terms of the Vmax of reaction, we observed that both
heterozygote groups (1 and 2) differed from the normal group with a lower IDUA
Vmax than the normal group, permitting a good discrimination of all MPS |
heterozygotes.

The above results cannot be compared to those obtained in other
studies, since, to our knowledge, no studies have been conducted on leukocyte
IDUA from MPS | heterozygotes.

The last parameter evaluated was IDUA thermostability at 50°C. The
IDUA from both heterozygote groups (1 and 2) was more resistant to denaturation
than normal IDUA. Hopwood and Muller (9) and Fujibayashi et al. (13), in a study
that compared normal IDUA with fibroblast IDUA from MPS I-affected individuals
(homozygotes), showed that normal IDUA was more heat labile than IDUA from

MPS | homozygotes
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Our data show that, after pre-incubation at 50°C for only 15 minutes
before substrate addition, normal IDUA had approximately 40% of its original
activity, while the carrier enzyme had more than 50% activity compared with the
activity of the enzyme not submitted to partial denaturation (100% activity). All
heterozygotes studied were separated by this method. The separation is evident
when we observe the range of group 1 (52.89 to 75.35%) and group 2 (48.56 to

69.93%) of heterozygotes compared with control group range (22.49 to 35.98%).

Our study showed that leukocyte MPS | IDUA from heterozygotes
differed from the normal enzyme in terms of optimum pH, Km and Vmax of the
reaction and of thermostability at 50°C. These parameters are useful for the
detection of MPS | carriers. Among them, pre-incubation of the enzyme at 50'C
for 15 minutes can be a simple and powerful test for the detection of MPS |
heterozygotes being specially useful for carrier screening in families at risk,

even in non-specialized diagnostic [aboratories.

We must to emphasize that we did not know the mutations presented
by MPS | carriers studied in this work, therefore the sample evaluated can be
genetically heterogeneous. In this way, the results obtained in this specific

sample could not to be applicable to all MPS | carriers.
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Figure Legends

Figure 1. Effect of pH on plasma IDUA activity in . controls, group 1
heterozygotes and @ group 2 heterozygotes. In controls, data are mean of 7
individuals and in each group of heterozygotes there are 1 representative

individual per pH curve.

Figure 2. Lineweaver and Burk plot for a-L-iduronidase in leukocytes samples
from normal individuals and from MPS | heterozygotes: # leukocytes from normal
individuals (n = 7); M leukocytes from group 1 heterozygotes (n = 14);, A
leukocytes from group 2 heterozygotes (n = 12). S = substrate; v = velocity. Data

are mean of all individuals.

Figure 3. Effect of pre-incubation at 50°C on o-L-iduronidase activity in
leukocytes samples from normal individuals and from MPS | heterozygotes: ¢
leukocytes from normal individuals (n = 7); B leukocytes from group 1
heterozygotes (n = 14); A leukocytes from group 2 heterozygotes (n = 12).
Enzyme activity is reported as percent of residual activity in relation to sample not
submitted to pre-incubation at 50°C (100%). Data are mean of all individuals.

49



Capitulo 1

Table 1: IDUA activity and its optimum pH in leukocytes of normal (control group) and heterozygotes (groups 1 and 2 ) MPS

| individuals.
Sample IDUA activity Optimum pH
nmol/h/mg of protein
Control group 47.71 + 14.71 27
(n=7)
1 26.6 26
Group 1 2 256 26
3 5.9 2.8
4 53 2.8
5 25 26
6 18.2 2.8
7 89 26
8 20.5 ‘ 26
9 26.0 2.8
10 14.6 28
11 21.5 27
12 1.7 27
13 17.1 27
14 10.1 27
Group 2 15 34.1 28
16 53.5 28
17 33.2 26
18 51.7 28
19 36.7 26
20 34.4 26
21 429 2.8
22 2903 26
23 30.6 26
24 58.7 27
25 36.1 27
26 40.5 27
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Figure 1
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Figure 2
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Figure 3
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Abstract

Mucopolysaccharidosis type | (MPS 1) is a disease caused by deficiency of the
enzyme o-L-iduronidase (IDUA). Since no treatment is currently available for this
disorder, the detection of heterozygotes is very important for genetic counseling
and prenatal diagnosis. The objective of the present study was to characterize
plasma IDUA from MPS | heterozygotes in an attempt to distinguish it from that of
normal individuals. To this end, we determined the optimum pH, Km, Vmax and
Ca (Vmax/Km) of the reaction and the thermal stability of IDUA at 50°C. The
results show that MPS | heterozygotes can be separated from normal individuals
on the basis of the Km, Ca and thermal stability of the enzyme. Furthermore,
taking into consideration the clinical status of the homozygous offspring, we
subdivided the MPS | heterozygotes into various subgroups (Hurler, Scheie or
Hurler/Scheie compound) and verified that the Hurler subgroup had a lower
optimum pH for IDUA activity than controls and the other MPS | subgroups and

that all MPS | subgroups had higher Km and lower Ca when compared to

controls.
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1. Introduction

Hurler, Scheie and Hurler/Scheie syndromes (mucopolysaccharidoses
types | H, S and H/S) are phenotypes associated with deficiency of the lysosome
enzyme a-L-iduronidase (IDUA), a hydrolase necessary for the degradation of the
glycosaminoglycans (GAGs) dermatan and heparan sulfate [1]. By being only
partially degraded, the GAGs accumulate in the lysosomes, causing a progressive
deterioration of cells, tissues and organs [1].

The three phenotypes differ in severity, with MPS IH being the most
severe, MPS IS the mildest, and MPS | H/S presenting an intermediate phenotype.
Since the enzyme deficiency, inherited in an autosomal recessive manner, is
present in the 3 phenotypes, biochemical distinction based only on the
determination of enzyme activity becomes difficult [1-4]. Clements et al [5]
distinguished biochemically homozygotes with the mild form from homozygotes
with the intermediate and severe forms and demonstrated that, even though the
mutation is unknown, it is possible to predict the clinical phenotype based on
certain biochemical properties of the enzyme in fibroblasts.

Most of the studies reported in the literature were carried out on
fibroblasts obtained from a skin biopsy but it is known that IDUA activity can be
measured in other materials such as urine, liver, leukocytes and plasma [6-8].
Among them, plasma is the most easily obtained and provides reproducible and
rapid results with no need for cell culture [7].

The biochemical behavior of IDUA in heterozygotes has not been well

established. Measuring the enzyme activity in most cases does not permit the
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identification of a heterozygote since there is a marked overlap of the IDUA activity
of these individuals with that of normal individuals [1]. The same occurs with many
lysosomal hydrolases that are deficient in lysosomal depot diseases. Taking this
into consideration, Sopelsa et al. [9] elaborated a protocol of biochemical
characterization and applied it to heterozygotes for gangliosidosis GM1. These
investigators observed that the enzyme beta-galactosidase of heterozygotes,
although having activity which overlapped that of normal individuals, presented a
different biochemical behavior that permitted its identification in a population at
high risk for the disease.

The identification of heterozygotes by biochemical methods is still
preferred, since in diseases such as MPS |, molecular identification is a difficult
and time consuming task due to the highly polymorphic nature of the gene and to
the fact that mutation analysis shall be carried out first in an index case. More than
50 different mutations have been identified so far [4], and 6 of them (Q70X, R89Q,
A327P, R383H, W402X and P533R) have been already found among Brazilian
patients [10].

The objective of the present investigation was to study some
biochemical properties of IDUA in plasma from MPS | heterozygotes in order to
identify those that would permit detection of these individuals especially in families
at risk, contributing to the prevention of the disease through genetic counseling

and prenatal diagnosis.
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2. Material and methods

4-Methylumbelliferyl-a-L-iduronide was obtained from Sigma Chemical

Co. and the other reagents from Merck.

2.1. Samples

Plasma samples were obtained from peripheral venous blood collected
with heparin by centrifugation for 10 min at 2000 rpm and stored at -40°C until
analysis. Samples from normal individuals were obtained from volunteer blood bank
donors. Samples from 19 heterozygous individuals were obtained from the parents of
patients with MPS | (H, S or H/S). The study was carried out in accordance with the
Declaration of Helsinki of the World Medical Association and was approved by the
Ethics Committee of Hospital de Clinicas de Porto Alegre. Informed consent was

obtained from all subjects who participated in this study.

2.2. Enzyme assays

Plasma enzyme activity was determined as described by Hopwood et
al [11] using 4-methylumbélliferyl(4MU)-a-L—iduronide as substrate. The assay
mixture contained 10 uL of 2 mM substrate, 10 uL of 0.1 M sodium formate and
10 uL of plasma and was incubated for 4 hours at 37°C. The reaction was stopped
with 1.5 mL of 0.5 M glycine-sodium hydroxide buffer, pH 10.3, and fluorescence
was read with a Hitachi F-2000 spectrofluorometer (excitation and emission
wavelength of 365 and 450 nm, respectively). Unless otherwise stated, all assays

were performed in duplicate.
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For optimum pH determination we used 0.1 M sodium formate buffer with
pH varying from 2.2 to 3.2. Determination of the optimum pH for IDUA activity was
always performed five times for each sample analyzed and the median was chosen
for the calculations.

For the determination of the Michaelis-Menten plot (substrate curve) we
used final substrate concentrations of 0.1 to 3.5 mM. After linearity was determined,
Km and maximum velocity (Vmax) were determined with substrate concentrations of
0.1 to 0.75 mM. The parameters were calculated using the Lineweaver and Burk [12]
plot, with a correlation coefficient of r= 0.99 for all curves.

For the study of enzyme thermal stability, samples were pre-incubated at
50°C for 1, 3, 5, 12 and 24 hours. The reaction was then processed at 37°C for 4

hours with 2 mM substrate.

2.3. Statistical analysis

Data are reported as mean + SD. One-way ANOVA was used to compare
groups, followed by the Tukey test when necessary. For comparison between
controls and heterozygotes we used the Student -test. The analysis was performed
using the statistical software package SPSS/PC+ and the level of significance was

set at p<0.05.
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3. Results
3.1. Optimum pH determination

Figure 1 shows the optimum functioning pH for IDUA activity in normal
individuals (controls) and the MPS | carriers studied, which were subdivided into
three groups according to their homozygous offspring phenotype (Hurler, Scheie
or Hurler/Scheie compound). In normal individuals, the mean optimum pH for
IDUA activity was 2.68 + 0.04. In the heterozygous subjects, the mean optimum
pH was 2.66 + 0.087, with no significant difference between controls and MPS |
heterozygotes (t = 0.689, p > 0.05). However, heterozygotes having a Hurler
homozygous offspring showed a significantly different optimum pH for IDUA

activity compared to controls and to the other groups [F(3,25) = 9.959; p < 0.0002]

(Fig. 1).

3.2. Km and Vmax determination

The Km of IDUA in plasma from normal individuals was 0.208 + 0.043
mM, ranging from 0.17 to 0.29 mM. In heterozygous subjects, the Km ranged from
0.23 to 0.65 mM with a mean Km of 0.449 + 0.129 mM. The latter result differed
significantly from that obtained in controls (t = 3.399; p < 0.01). Furthermore,
taking into consideration the offspring phenotype, the Km of all subgroups of
heterozygotes (H, S and H/S) differed significantly from controls, but not between
MPS | subgroups (F(3,25)=12.00, p < 0.001) (Fig. 1).

Our studies also demonstrated that the Vmax of IDUA in plasma from
carrier individuals was 7.26 + 2.86 nmol/h/mL, ranging from 2.72 to 12.33

nmol/h/mL. This result did not differ from that observed for the control group, i.e.,
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8.89 + 2.25 nmol/h/mL (ranging from 5.52 to 11.95 nmol/h/mL) (t = 0.789, p >
0.05) (Fig. 1). Furthermore, when we compared the Vmax of the heterozygote
subgroups and controls, we found that there was no significant difference
[F(3,25)=4.24; p >0.05] (Fig. 1).

A classical curve for Km and Vmax based on a Lineweaver and Burk

(1934) plot can be seen in Fig. 2. This figure illustrates the Km and Vmax of

controls and all heterozygotes taken together.

3.3. Cotangent of the alpha angle (Cca)

The cotangent of the alpha angle of the Lineweaver and Burk plot was
calculated by dividing Vmax by Km. This value was 43.65 + 11.9 for the control
group and was significantly higher (t = 5.97; p<0.01) than that for all heterozygotes
together (18.28 + 7.29). When we separated the heterozygotes into three

subgroups, we observed that the Ca of the control group differed from all other

subgroups but not between subgroups [F(3,25) = 11.86; p < 0.001] (Fig. 1).

3.4. Heat stability studies
For heat stability studies, plasma samples were pre-incubated at 50°C
for 1, 3, 5, 12 or 24 hours before the addition of the substrate.

Fig. 3 compares residual IDUA activity in normal individuals (control
group) and in the MPS | heterozygotes as a whole when samples were pre-
incubated at 50°C for 1, 3, 5, 12 or 24 hours. It can be seen that in both groups
IDUA activity was significantly and linearly reduced as pre-incubation time

increased (controls: F(6,29) = 693.5; p < 0.01, r=0.995, p <0.05; heterozygote:
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F(6,64) = 186.05; p < 0.001, r=0. 998, p <0.05). Furthermore, IDUA activity in the
heterozygote group was more stable at longer pre-incubation periods compared to

controls (12 hours: t = 4.41; p < 0.01; 24 hours: t = 7.95, p < 0.01).
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4. Discussion

Measurement of IDUA activity does not seem to be a good method for
the detection of MPS | heterozygotes since the values obtained for these
individuals most of the time overlap with those of normal individuals. Thus, new
forms of heterozygote detection should be sought for genetic counseling and
prenatal diagnosis since, thus far, there is no effective treatment for this severe
metabolic disease, with carrier detection being the service most frequently
requested by the families of affected patients [1]. The detection of heterozygotes
by molecular analysis is a difficult and time-consuming method since more than 50
different mutations have been described thus far [4], 6 of them having been
detected in Brazilian individuals [10].

This information led us to think about another alternative for the
detection of MPS | heterozygotes in a high-risk population, and an adequate tool
for this seemed to be the detection of heterozygotes on the basis of the
biochemical properties of IDUA.

Some studies carried out on fibroblasts demonstrated that the IDUA of
normal individuals has biochemical characteristics differing from those of the
enzymes of MPS | homozygotes and that the characteristics of the enzyme of
affected individuals are correlated with the genotype and clinical course of this

disease [5,13,14,15].
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In the present study, plasma IDUA from MPS | obligate heterozygotes
was characterized for the first time. These individuals were the parents of patients
with a diagnosis of MPS | (Hurler, Scheie or Hurler/Scheie).

In a first step, we assigned all heterozygotes to the same group and
compared the biochemical properties of their IDUA with those of IDUA from normal
individuals. We observed that the IDUA of heterozygotes behaved in a different
manner when compared to that of normal individuals, especially in terms of Km,
Ca and thermal stability. In addition, MPS | heterozygotes did not differ from
controls in terms of optimum pH for IDUA activity and Vmax.

Next, we subdivided the MPS | carriers into three subgroups according
to their offspring phenotype. By analyzing the biochemical data of the enzyme in
these subgroups, we observed that the optimum pH for the enzyme activity in the
Hurler subgroup was significantly lower than that of normal individuals and the
other MPS | subgroups. Although the difference in mean optimum pH between the
Hurler subgroup and controls was relatively small, the experiments were carefully
conducted with five reproducible determinations performed for each plasma
sample. Although further analysis should be carried out to confirm these findings,
the difference detected seems to be real.

As regards Km and Ca properties, all heterozygote subgroups were
significantly different from normal individuals, thus permitting their differentiation in
a high-risk population as a group, as mentioned above, or as heterozygotes for
Hurler, Scheie or Hurler/Scheie compound subgroups.

We also observed that the IDUA of normal individuals was more

thermolabile than that of heterozygotes, particularly at long pre-incubation periods
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at 50°C. After 12 and 24 hours of preincubation at 50°C, the enzyme of all
heterozygotes considered together behaved in a significantly different manner
compared to normal individuals, thus permitting their distinction. Therefore, the
study of enzyme thermolability also yielded results compatible with those obtained
by analysis of Km and Cq, i.e., this parameter was useful for the identification of
MPS | heterozygotes.

We must also emphasize that the biochemical properties investigated in
each MPS | subgroup varied widely (results not shown). We assume that this
heterogeneity is probably related to the distinct mutations carried by these
individuals.

In this context, our results are in agreement with Le-Chen et al. [16]
who demonstrated a large number of mutations in the IDUA gene known for
Hurler, Scheie and Hurler/Scheie syndromes. These investigators also showed
that there are a variety of specific mutations for each case which can cause a
reduction in enzymatic activity leading to non-reduction of IDUA mRNA or even a
reduction in the concentration, function or viability of IDUA [3]. Unfortunately, we
were not able to perform mutational analysis in our sample.

Therefore, the best parameters for distinguishing heterozygotes from
normal individuals were Km, Ca, and the thermal stability of the enzyme at 50°C
for longer periods of incubation.

In conclusion, on the basis of all five parameters analyzed, ie.,
optimum pH, Km, Vmax, Ca and thermostability of IDUA at 50°C pre-incubation,
we verified that the enzyme of heterozygotes for MPS | Hurler, Scheie and Hurler-

Scheie syndromes behaves differently from the enzyme of normal individuals in at
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least three of these parameters, Km, Ca and thermostability. Furthermore, a wide
biochemical heterogeneity of the biochemical parameters analyzed could be
observed within the MPS | heterozygote group which was probably secondary to
distinct mutations leading to a variety of the mode of expression of the enzyme.
These findings may be of help to distinguish heterozygotes for MPS 1 from normal

individuals in a high-risk population.

67



Capitulo 2

Acknowledgements

This study was supported by CNPq, FIPE/HCPA and PRONEX-MCT
(Brazilian Research Agencies). The authors are indebted to Prof. Moacir Wajner for
the critical review of the paper and valuable suggestions.

68



Capitulo 2
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Figure Legends

Fig. 1. Biochemical properties of a-L-iduronidase activity in plasma from normal
individuals and MPS | heterozygotes. MPS | heterozygotes were subdivided into
various subgroups according to their homozygous offspring. C = controls (n = 7),
H = Hurler (n = 8), S = Scheie (n = 5), H/IS = Hurler/Scheie (n = 6). * p < 0.05
statistically different from controls (one-way ANOVA).

Fig. 2. Lineweaver and Burk plot for a-L-iduronidase in plasma samples from
normal individuals and MPS | heterozygotes. S = substrate; v = velocity. Controls

(&, n=7), heterozygotes (M, n=19)

Fig. 3. Thermal stability of a-L-iduronidase activity in plasma samples from
normal individuals and from MPS | heterozygotes. Enzyme activity is reported as
percentage of residual activity compared to samples not submitted to pre-

incubation (100% activity). - Normal individuals (n=7); heterozygotes (n

=19), ** p < 0.01 statistically different from controls (Student’s t- test).
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Figure 1
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Abstract

It has been previously demonstrated that the enzyme a-L-iduronidase (IDUA) of
patients with MPS | shows a different biochemical behavior in each of the three
clinical forms of these. In heterozygotes, its biochemical behavior has been
recently established in leukocyte and plasma samples, demonstrating that it is
possible to distinguish individuals heterozygous for MPS | within an unselected
population. In the present study we evaluated the effect of copper chloride, EDTA
and sodium chloride on the activity of the enzyme a-L-iduronidase in the plasma of
normal individuals and of MPS | heterozygotes and observed the type of inhibition
caused, the Ki, the apparent Km and the apparent Vmax for each inhibitor. NaCl
inhibited the enzyme in normal individuals and in 40% of the heterozygotes
evaluated and activated it in 60% of heterozygotes. The remaining compounds
inhibited IDUA in both heterozygotes and normal individuals. We detected
significant differences capable of differentiating MPS | heterozygotes from normal
individuals by simply adding sodium chloride, EDTA or copper chioride to the
incubation medium at the time of IDUA activity determination, with a potential use

in carrier detection protocols.

Key-words: mucopolysaccharidosis, alpha-iduronidase, heterozygotes
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1. Introduction

Type | mucopolysaccharidosis (MPS I), McKusick 25280 is a metabolic
disorder inherited in a recessive autosomal mode. This disease is caused by
deficiency of the lysosomal hydrolase a-L-iduronidase (IDUA, E.C.3.2.1.76), that
degrades the glycosaminogiycans (GAGs) dermatan and heparan sulfate [1,2]. By
being only partially degraded, the GAGs are partially eliminated in the urine and
accumulate in the lysosomes, causing a progressive deterioration of cells, tissues
and organs [1,2].

There are three clinical forms of MPS I. Hurler syndrome (MPS IH), the
most severe, Scheie syndrome (MPS IS), the mildest, and Hurler/Scheie
syndrome (MPS IH/S), the intermediate one [1]. The diagnosis of MPS | is made
by the measurement of IDUA activity, which is markedly deficient in all cases
[2,3].

Biochemical differences in the IDUA of the three clinical phenotypes
have been previously observed, permitting the distinction between these
phenotypes [4-7]. Particularly, Clements et al. [4] demonstrated that, based on
certain biochemical properties of fibroblast IDUA, it is possible to predict the
clinical phenotype of a patient even with no knowledge about the mutation
involved.

The gene coding for IDUA is mapped in the 4p16.3 region, 600 kb from
the telomere [8]. By the year 2001, fifty different pathogenic mutations had been
detected in the IDUA gene [9]. Among the 10 most frequent pathogenic mutations,
six were identified in Brazilian patients [10]. Nevertheless, molecular identification

of carriers is a difficult and time consuming task since the gene is highly
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polymorphic and mutation analysis must be carried out first in an index case.
Thus, identification of heterozygotes by biochemical methods would be an useful
tool for studies in families and populations.

Since these diseases cannot be effectively treated, the identification of
heterozygotes is a good choice for persons who have one affected child in their
families. According to Neufeldt and Muenzer [2], heterozygote detection is the
service most often requested by families of affected patients. On the other hand,
heterozygotes for lysosomal diseases can have intermediate levels of enzyme
activity between normal and affected individuals, although the activity ranges may
overlap [2]. This impairs full detection of heterozygotes in some cases and other
methods should be considered, such as the observation of the biochemical
behaviour of IDUA.

The detection of heterozygotes by biochemical methods is already
being performed in lysosomal diseases [11]. In previous works [12,13] we
described biochemical differences in leukocytes and plasma samples from MPS |
heterozygotes that were. capable to distinguish these patients from normal
indiyiduals, permitting their detection in high risk populations.

Several investigators have studied the effect of ions on precursor and
mature forms of IDUA and on IDUA activity in MPS | patients [6, 14-17], but there
are no reports on the response of IDUA from MPS | heterozygotes to these
compounds.

In the present study we observed the effect of copper chloride, EDTA

and sodium chloride on plasma IDUA from MPS | heterozygotes and compared it
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to the effect on IDUA from normal individuals, in order to develop a biochemical

method for the detection of MPS | carriers.
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2. Materials and Methods

2.1. Chemicals

4-Methylumbelliferyl (4MU)-a-L-iduronide was obtained from Sigma and

other reagents were purchased from Merck.

2.2 Samples

Plasma samples were obtained from peripheral venous blood collected
with heparin by centrifugation for 10 min at 2000 rpm and stored at -40°C until
analysis. Samples from normal individuals were obtained from volunteer blood
bank donors. Samples from 20 heterozygous individuals were obtained from the
parents of patients with MPS | (H, S or H/S). This research was carried out in
accordance with the Declaration of Helsinki of the World Medical Association and
was approved by the Ethics Committee of Hospital de Clinicas de Porto Alegre.

Informed consent was obtained from all subjects who participated in this study.

2.3. Enzyme Assays

Plasma enzyme activity was determined as described by Hopwood et
al. [18] using 4-methylumbelliferyl (4MU)-a-L-iduronide as substrate. The assay
mixture contained 10 uL of 2 mM substrate, 10 uL of 0.1 M sodium formate and
10 uL of plasma and was incubated for 4 hours at 37°C. The reaction was stopped
with 1.5 mL of 0.5 M glycine-sodium hydroxide buffer, pH 10.3, and fluorescence
was read with a Hitachi F-2000 spectroflucrometer (excitation and emission
wavelength of 365 and 450 nm, respectively). Copper chloride (10 mM), EDTA (20
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mM) and sodium chloride (100mM) were added to the incubation medium in the
presence of the enzyme.

For the determination of the Michaelis-Menten plot (substrate curve)
we used final substrate concentrations of 0.1 to 3.5 mM. After linearity was
determined, Km was determined using substrate concentrations of 0.1 to 0.75 mM.
These results were calculated using the Lineweaver and Burk [19] plot, with a
correlation coefficient of r = 0.99 for all curves.

The Ki values (inhibition constant) were determined from a Dixon plot.

All experiments were repeated at least three times and similar results

were obtained.

2.4. Statistical analisys

Data are reported as mean + SD. For comparisons among grbups we
used one-way ANOVA and for comparisons between two groups we used the
Student f test. The analysis was performed using the statistical software package

SPSS/PC+, version 3.0, and the level of significance was set at p<0.05.
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3. Results
3.1. Effect of sodium chloride on IDUA activity

In plasma from normal individuals, the enzyme activity was 79.7 +
10.3% at a concentration of 100 mM NaCl (Figqre 1) in relation to control enzyme
activity (no NaCl added = 100%). This inhibition of 20.3% was statistically
significant (t = 5.55, p<0.01). The Km in the presence of the inhibitor (Table 1),
apparent Km, was 0.81 mM and was significantly higher than the Km of the
enzyme (0.22 mM ) in the absence of NaCl (t = 12.91, p<0.01). The Vmax of the
reactions was the same in both conditions, i.e. with or without inhibitor (Table 1).
These results indicate a competitive inhibition of IDUA from normal individuals by

NaCl. The Ki value obtained was 183 + 59.0 mM.

When we added NaCl to the incubation medium containing IDUA from
MPS | carriers, two different kinetic behaviors of this enzyme were observed
(Figure 1). In 40% of the heterozygotes studied (group 1), IDUA was competitively
inhibited by NaCl and its activity was 74.7 + 10.2% in relation to enzyme activity in
the absence of the inhibitor (100%). The inhibition of 25.3% was statistically
significant (t = 7.43, p<0.01). Its Km was 0.48 mM, significantly lower (1.3 times, t
= 4.88, p<0.01) than the Km for the enzyme without the inhibitor (0.37 mM) and its
Vmax was the same as that obtained in the absence of the inhibitor (Table 1). The

Ki value for this group was 244.0 + 80.9 mM.

In the other group of carriers (group 2 — Figure 1), the enzyme was

significantly activated (21.3%) by NaCl (t = 6.36, p<0.01). In this group, the
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apparent Km was 0.53 mM and Vmax was 13.15 nmol/h/mL (Table 1).

When the apparent Km for the normal enzyme in the presence of NaCl
was compared with the apparent Km from heterozygote samples that suffered
inhibition (group 1), the values were significantly different (t = 4.63, p<0.01). The
same occurred with Ki values, with the Ki for the normal enzyme being lower than

the Ki for group 1 IDUA (t = 2.56; p<0.05).

For the two studies described below, heterozygotes were divided into
" groups 1 and 2 according to IDUA response to NaCl added to the incubation

medium.
3.2. Effect of EDTA on IDUA activity

EDTA was a competitive inhibitor of plasma IDUA from normal
individuals and MPS | carriers, as shown by the significant changes in Km values,
while Vmax remained the same (Table 1). The normal enzyme lost a significant
amount (48.9 + 5.50%) of its activity (t = 26.24; p<0.01) in the presence of EDTA
(Figure 1). Table 1 shows that, in the presence of EDTA, the apparent enzyme Km
(0.48 mM) was significantly different (t = 5.22, p<0.01) from the Km in the absence
of the inhibitor (0.22 mM) and Vmax remained the same. The Ki was 13.65 + 3.24

mM.

After four hours of incubation with the inhibitor (Figure 1), the IDUA of
group 1 lost a significant amount (42.64 + 5.40 %) of its activity (t = 31.86, p<0.01)

and the IDUA of group 2 lost 54.78 + 7.89 % of its activity (t = 20.66, p<0.01).
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The Km value of IDUA for group 1, in the absence of the inhibitor, was
0.37 mM (Table 1). When EDTA was added to the incubation medium, the Km
increased significantly to 0.67 mM (t = 7.00. p<0.01). The same occurred with the
enzyme of group 2, with Km increasing significantly from 0.42 mM to 0.75 mM (t =
4.38, p<0.01). In the presence of EDTA, these values were significantly different

from the apparent Km value for the normal enzyme [F(2;30)=11.27; p<0.01].

The apparent Km of IDUA changed in the two groups of heterozygotes
from 7.54 to 6.40 nmol/h/mL for group 1 and from 9.55 to 8.70 nmol/h/mL for
group 2 and was similar to that of the control group in the presence of EDTA (8.11

nmol/h/mL), but the Vmax remained the same (Table 1).

The Ki for the two groups (group 1 = 13.90 + 1.70 mM and group 2 =

15.39 + 2.52 mM) did not differ from the Ki for normal IDUA (13.65 + 3.24).

3.3. Effect of CuCl, on IDUA activity

Figure 1 shows that CuCl; was a strong inhibitor of IDUA activity. After
4 hours of incubation at 37°C in the presence of the inhibitor, IDUA lost more than
90% of its activity in all groups of individuals, as follows: 95.7 + 1.32% (controls),
96.7 + 1.74% (group 1) and 96.3 + 1.95% (group 2). These inhibitions were
statistically significant when compared with samples not submitted to denaturation
(controls: t = 161.45, p<0.01; group 1: t = 166.97, p<0.01 and group 2; t = 163.86,
p<0.01). In all groups, the inhibition caused by CuCl; was noncompetitive because
the Km value remained the same and the Vmax was altered in the presence of the

inhibitor (Table 1).
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In normal individuals, IDUA had a Km of 0.22 mM in the absence of the
inhibitor, and a Km of 0.21 mM in the presence of CuCl; (Table 1). The Vmax of
the reaction was 9.76 nmol/h/mL in the absence of the inhibitor and decreased to
0.23 nmol/h/mL when CuCl; was added (t = 8.40. p<0.01). The Ki for CuCl; was
0.45 + 0.13 mM.

Table 1 lists the results for the two heterozygote groups. The Km of the
reaction in the presence of the inhibitor was 0.38 mM in group 1, and 0.41 mM in
group 2, with no difference from the Km value observed without the inhibitor
(group 1 = 0.37 mM and group 2 = 0.42 mM). In group 1 heterozygotes, Vmax
changed significantly from 7.54 nmol/h/mL in the absence of CuCl; to 0.26
nmol/h/mL in the presence of CuCl, (t = 18.30. p<0.01) and in group 2 it changed
from 9.55 nmol/h/mL to 0.37 nmol/h/mL (t = 7.44, p<0.01) (Table 1).

When the Km obtained for the IDUA from normal individuals in the
presence of the inhibitor was compared with the Km for the two groups of carriers,
this parameter was found to be higher in both heterozygote groups than in controls
[F(2;27)=7.81; p<0.01], whereas the Vmax of the two heterozygote groups in the
presence of the inhibitor did not differ significantly from that of the enzyme of the
control group.

The Ki values for the heterozygote groups were similar, i.e 0.33 + 0.17
mM for group 1 and 0.40 + 0.20 mM for group 2, and did not differ from the Ki of

IDUA from normal individuals.
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4. Discussion

The detection of heterozygotes is an important procedure for the
prevention of the birth of affected individuals in families at risk for MPS | [2]. MPS | is
a serious inborn error of metabolism and the therapeutic measures available only
improve the life conditions of the patient but do not prevent the progression of the
clinical manifestations which, in the most severe form (MPS [H), lead to death usually
in the first decade.

Measurement of the activity of the deficient enzyme is routinely used in
the detection of heterozygotes for deposit lysosomal diseases, as the activity of
these patients is usually about half that of normal individuals. However, this
determination is not reliable as in many heterozygotes the activity of the enzyme
overlaps that of normal individuals, greatly impairing carrier identification [2].

The use of molecular biology techniques for the diagnosis of hereditary
diseases has been intensively debated over the last decade, but the detection of
heterozygotes by molecular analysis is a difficult and time-consuming method since
more than 50 different mutations have been described thus far [3] and the mutation
of the index case should be previously known, a fact that frequently is not possible.

We have recently demonstrated that IDUA in leukocytes [12] and}
plasma [13] of MPS | heterozygotes shows a different biochemical behavior
compared to normal individuals. These biochemical differences seem to be able to
identify MPS | heterozygotes in a population at high risk for this disease. These
findings led us to study other biochemical characteristics of IDUA in these two
groups of individuals, such as the response of the enzyme to compounds like

NaCl, CuCl, and EDTA added to the incubation medium.
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Clements et al. [16] studied the effect of sodium chloride on liver IDUA
in normal individuals and observed that this salt at the concentration of 150 mM is
an inhibitor of the competitive type, with an apparent Km of 0.91 mM and a Ki of
192 mM. Our results show that plasma IDUA of normal individuals presented an
apparent Km of 0.81 mM and a Ki of 183 mM in the presence of 100 mM NaCl.
We also observed, in agreement with the cited investigators, an increase in the
apparent Km of the enzyme when NaCl was added to the reaction, a fact
confirming that this was an inhibition of the competitive type.

In the presence of NaCl, the enzyme of MPS | heterozygotes showed
two different behaviors. In one heterozygote group, IDUA activity was significantly
reduced in the present of this salt, with inhibition similar to that observed in the
control group. In the other group, the enzyme was activated by the salt. In either
case, it was possible to distinguish the heterozygotes from normal individuals

Unger et al. [14] observed that the precursor form of IDUA showed
increased activity in the presence of NaCl, whereas the opposite was observed for
mature IDUA, with NaCl acting as an inhibitor. Perhaps the heterozygotes whose
enzyme activity was increased in the presence of NaCl have mutations in the
IDUA gene that may give origin to an enzyme behaving like the immature form,
activated by the salt. This fact probably does not occur in normal individuals or in
other heterozygotes possibly carrying mutations differing from those of the first
group.

The separation of the sample of MPS | heterozygotes into two groups

according to response to NaCl was used in the other two studies, in which,
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however, we did not observe differences between group 1 and group 2
heterozygotes in terms of their responses to EDTA and CuCl,.

When EDTA was added to the incubation medium containing plasma
IDUA from MPS | heterozygotes or normal individuals, the compound was found to
act as an enzyme inhibitor at the concentration of 20 mM. This had also been
previously observed by Den Tandt and Scharpe [15] in plasma of normal
individuals, although these investigators demonstrated that EDTA reduced IDUA
activity by about 20%. In addition, we demonstrated here that EDTA acted as a
competitive inhibitor and that IDUA showed a higher apparent Km in
heterozygotes than in normal individuals, permitting the identification of
heterozygotes in a population at high risk for MPS 1.

Of the inhibitors used in the present study, copper chioride was the
most potent. This result agrees with reports by Rome et al. [17] and Den Tandt
and Scharpe [15]. Rome et al. [17] observed that kidney IDUA from normal
individuals was fully inhibited by CuCl, and Den Tandt and Scharpe [15]
demonstrated that, in the presence of EDTA, plasma IDUA from these individuals
showed only 5% of its original activity (in the absence of the inhibitor). The 0.45
mM Ki observed in the present study for the normal enzyme in the presence of
CuCl,, 0.45 mM, was closely similar to that observed by Clements et al. [16] for
normal human liver IDUA (0.5 mM).

CuCl, proved to be a noncompetitive inhibitor, with the Km of IDUA from
MPS | heterozygotes increasing significantly compared to the Km of the enzyme
from normal individuals. This study also served to distinguish heterozygotes from

unaffected individuals.
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The MPS | heterozygotes analyzed in this study had unidentified
mutations, so that the sample investigated may have been genetically
heterogeneous and the results obtained may not be applied to all carriers. Further
studies are needed in this respect.

As to offspring phenotype, we know that of the 8 heterozygotes
belonging to group 1, 2 had MPS | Scheie children, 2 MPS | Hurler/Scheie
children, and 4 MPS | Hurler children. In group 2 there were 3 fathers or mothers
of Scheie individuals, 4 fathers or mothers of Hurler/Scheie individuals, and 5 had
MPS | Hurler children.

In conclusion, the present study demonstrated that it is possible to
identify MPS | heterozygotes in a high risk population simply by adding sodium
chioride, EDTA or copper chioride to the incubation medium at the time of
determination of IDUA activity. These data support those obtained in studies of
leukocyte and plasma IDUA from normal individuals and from MPS |
heterozygotes [12, 13], which had previously demonstrated that heterozygotes can

be detected on the basis of the biochemical parameters of the enzyme.
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List of abbreviations

MPS |: Mucopolysaccharidosis type |
H: Hurler syndrome

S: Scheie syndrome

H/S: Hurler/Scheie syndrome

IDUA: a-L-iduronidase

GAGs: Glycosaminoglicans

Vmax: Maximum Velocity
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Figure Legend
Fig. 1. Effect of 100 mM NaCl, 20 mM EDTA and 10 mM CuClz on plasma IDUA

activity from normal individuals and MPS | heterozygotes. Enzyme activity is
reported as percentage of residual activity in the presence of these compounds

compared to IDUA activity in an incubation medium without inhibitor or activator

(100% -.). Normal individuals (n =7); group 1 heterozygotes =
and group 2 heterozygotes (n =12); ** p < 0.01 significantly different from

IDUA activity measured without NaCl, EDTA or CuCl, added to the incubation

medium.
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Table 1

Kinetic values for IDUA from normal individuals and MPS | heterozygotes in the
presence and absence of 100 mM NaCl, 20 mM EDTA and 10 mM CuCl,. Data

are reported as mean + standard deviation

Km Vmax

(mM) (nmol/h/mL)

Without inhibitor Controls 0.22 +0.05 9.76 + 2.64
Group 1 0.37 + 0.03 7.54 +1.20

Group 2 0.42 + 0.07 9.55 + 4.45

With NaCl Controls 0.81+0.11 943 +3.34
Group 1 0.48 + 0.04** 7.29 + 1.59
Group 2 0.53 + 0.04 13.15 + 8.50

With EDTA Controls 0.48 +0.14 8.11 + 1.49
Group 1 0.67 + 0.07" 6.40 + 0.53

Group 2 0.75 + 0.19* 8.70 + 4.09

With CuCl, Controls 0.21+0.10 0.23+0.05
Group 1 0.38 + 0.15" 0.26 + 0.20

Group 2 0.41 +0.15" 0.37 + 0.31

Number of individuals: controls = 7, group 1 = 8, and group 2 = 12.

Significantly different from the control group by the Student t test** or one-way

ANOVA* (p<0.001).
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DISCUSSAO

A detecgdo de heterozigotos € a medida mais importante para a
prevencdo de individuos afetados nas familias de alto risco para
Mucopolissacaridose tipo | (MPS ). Segundo Neufeldt e Munzer (2001), este é o
item assistencial mais requisitado por estas familias atualmente. Este erro inato do
metabolismo & grave e as medidas terapéuticas disponiveis apenas melhoram as
condi¢cbes de vida do paciente, mas n&o evitam a progressao das manifestacoes
clinicas que, em sua forma mais grave (MPS IH), levam a morte ainda na primeira
fase da infancia.

Rotineiramente utiliza-se, na deteccdo de heterozigotos para doencas
lisossdmicas de depdsito (DLD), a medida da atividade da enzima deficiente.
Nestes individuos, a atividade enzimatica encontra-se ao redor de 50% daquela de
individuos normais. Porém, sabe-se que esta ndo é uma medida segura, uma vez

que muitos individuos heterozigotos possuem a atividade enzimatica sobreposta
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aquela de individuos normais, o que dificulta em muito sua identificagdo (Shapiro,
1981).

Na ultima década, tem-se discutido muito o emprego das técnicas de
biologia molecular para o diagnéstico de doengas hereditarias. Para muitas delas a
biologia molecular € de grande utilidade e eficiéncia. Porém, para a detec¢ao de
heterozigotos para MPS |, esta tecnologia ndo se mostra muito Gtil. Isto é explicado
pelas mais de 50 mutagdes no gene da IDUA ja descritas (Scott et al., 1995), além
de varios polimorfismos (Lee-Chen et al., 1999). Para a detec¢do de portadores,
necessita-se conhecer primeiro a mutaciao do caso indice, 0 que muitas vezes nao
€ possivel.

Até o momento nao haviam sido descritas técnicas bioquimicas,
baseadas nas propriedades da enzima deficiente para o diagndstico de
individuos heterozigotos para MPS |. Esta abordagem ja é empregada para o
diagnéstico de portadores para Gangliosidose GM1 (Sopelsa et al., 1999) e
mostrou-se extremamente eficaz, resolvendo o problema de sobreposicido da
atividade enzimatica entre estes e individuos normais para esta DLD.

Estudos em fibroblastos tém demonstrado que a IDUA de individuos
normais possui caracteristicas bioquimicas diferentes daquela de individuos
homozigotos para MPS | e que as caracteristicas enzimaticas podem ser
relacionadas com o genétipo e o curso clinico da doenca (Clements et al., 2000;
Fujibayshi et al., 1984; Hopwood e Muller, 1979 e Bunge et al., 1998).

Baseado nestas informacoes, elaborou-se um protocolo bioquimico em

que algumas caracteristicas da IDUA foram pesquisadas em leucoécitos e plasma
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de individuos heterozigotos para MPS | e comparadas com aquelas de individuos
normais.

Em um primeiro momento, estimou-se a atividade enzimatica nos dois
grupos de individuos. Conforme descrito na literatura, observou-se que, somente
pela medida da atividade enzimatica em leucécitos, menos de 50% dos
heterozigotos estudados puderam ser separados dos individuos normais. Quando
avaliou-se as amostras de plasma, este método mostrou-se totalmente
ineficiente, ja que a atividade da IDUA de plasma de heterozigotos para MPS | é
semelhante aquela dos controles.

Como estes resultados ja eram esperados, passou-se a avaliar
algumas caracteristicas bioquimicas da IDUA: pH 6timo, Km, velocidade maxima
(Vmax) e termoestabilidade da enzima a 50°C em amostras de plasma e
leucécitos. Além destes parémetros, utilizou-se também, em plasma, a
cotangente do angulo o e verificou-se a resposta da IDUA de plasma perante
compostos como cloreto de sddio, cloreto de cobre e EDTA.

Quanto ao pH 6timo da reagao enzimatica, verificou-se que a enzima
de leucécitos de heterozigotos para MPS | possui pH 6timos em 2,6; 2,7 e 2,8,
enquanto que a IDUA de individuos normais possui somente um pH étimo (2,7).
Isto faz com que, em leucdcitos, uma grande parte de individuos heterozigotos
sejam diferenciados dos normais apenas pelo pH étimo da IDUA. Em plasma, o
mesmo nao ocorreu. Os individuos normais tiveram um pH 6timo médio de 2,68,
enquanto que, nos heterozigotos, o pH 6timo médio foi de 2,66. Porém, ao

analisar os individuos heterozigotos em suas subclasses, verificou-se que os pais
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de pacientes com MPS | Hurler apresentaram um pH 6timo estatisticamente
diferente daquele dos controles e dos demais heterozigotos.

Analisando-se o0 Km e a Vmax, observou-se que, em leucocitos, o Km
nao se mostrou um bom parametro para identificar heterozigotos para MPS |
dentro de uma populacao de alto risco, pois somente a IDUA de um dos grupos
de heterozigotos (grupo 2) teve o Km estatisticamente diferente daquele da
enzima normal. A Vmax, no entanto, constituiu um parametro muito informativo
na investigacdo, pois separou claramente os individuos normais dos
heterozigotos para MPS I.

O inverso ocorreu com a IDUA de plasma: o Km da reacao enzimatica
foi um excelente parametro na investigacao de individuos heterozigotos, uma vez
que este foi maior para a enzima de heterozigotos para MPS | do que para a
IDUA de individuos normais. Ao contrario, a Vmax da reacao foi muito
semelhante em ambas as popula¢gdes, 0 que inviabilizou a distincao destes
grupos.

A cotangente do angulo alfa (Ca), ou seja, a medida da Vmax dividida
pelo Km, também foi estudada em plasma. individuos normais apresentaram uma
Ca significativamente maior que aquela de heterozigotos para MPS |. Esta,
portanto, constituiu-se um bom parametro na detecg¢ao de portadores.

A termoestabilidade a 50°C, tanto em plasma quanto em leucécitos,
mostrou ser o melhor pardmetro na detec¢do de heterozigotos para MPS |I. Isto
deveu-se a maior estabilidade ao calor da IDUA de portadores. Com apenas 15
minutos de pré-incubacdo dos leucdcitos a 50°C, conseguiu-se separar

claramente todos os individuos heterozigotos dos controles. O mesmo observou-
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se em plasma, porém foi necessario uma pré-incubagao a 50°C por um periodo
de tempo maior. Neste material, a IDUA apresenta um comportamento mais
termoestavel. Assim, foram necessarias 12 ou 24 horas de pré-incubagio nessas
condigcbes para que houvesse uma separacgao total entre os dois grupos de
individuos.

Como ultima etapa deste trabalho, avaliou-se a resposta da IDUA de
heterozigotos para MPS | na presenca de trés compostos: cioreto de sédio,
cloreto de cobre e EDTA, adicionados ao meio de incubacgéo, comparando-a com
aquela de individuos normais.

O cloreto de sodio 100mM demonstrou ser um inibidor competitivo da
enzima de individuos normais. Sobre a IDUA de heterozigotos, verificou-se que,
curiosamente, ele agia de duas maneiras. A enzima de um grupo de
heterozigotos, 40% da amostra, foi inibida pelo NaCl, assim como aquela de
individuos normais, mas nos outros 60% este composto provocou uma clara
ativacao da IDUA. Além disso, o Km aparente da IDUA na presenca de cloreto de
sodio foi diferente entre os individuos normais e heterozigotos. Desta forma, o
conjunto de respostas da IDUA de individuos normais e heterozigotos frente ao
NaCl pode ser utilizado na separacao destes dois grupos de individuos.

A adi¢ao de EDTA 20 mM ao ensaio enzimatico causou uma inibicao
do tipo competitiva em ambos os grupos de individuos. Verificou-se, também, que
o Km aparente da IDUA de heterozigotos era maior do que o Km aparente da
enzima de individuos normais. Em relagdo ao Ki, ndo houve separacdo destes

grupos. Mesmo assim, a adicdao de EDTA ao ensaio enzimatico foi util na
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deteccao de heterozigotos para MPS |, quando analisado seu efeito em relagao
ao Km aparente obtido.

Por altimo, observou-se que o cloreto de cobre 10 mM foi um potente
inibidor da IDUA nos dois grupos analisados, causando uma inibigao do tipo nao-
competitiva. O Ki foi semelhante nos dois grupos, mas o Km aparente da reacéo
enzimatica, na presenca do CuCly, foi significativamente diferente, podendo, este
procedimento, ser utilizado na detecgdo de heterozigotos.

Com base nos parametros cinéticos e bioquimicos da IDUA avaliados
neste estudo, verificou-se que a enzima de heterozigotos para MPS | é diferente
daquela de individuos normais, o que permite uma clara distincao entre os dois
grupos.

Consideramos que o melhor parametro a ser utilizado na deteccéo de
heterozigotos, devido a facilidade técnica, foi a pré-incubacéo da IDUA a 50°C por
15 minutos para leucécitos e, 12 ou 24 horas, para plasma. Este teste mostrou ser
simples e eficiente para a deteccdo de heterozigotos para a MPS |, podendo ser
utilizado na triagem de familias de alto risco.

E importante enfatizar que as mutagcdes no gene da IDUA dos
individuos heterozigotos analisados neste trabalho ndo eram conhecidas. Sendo
assim, & possivel que nossa amostra seja muito heterogénea. Ndo podemos,
portanto, estender nossos resultados a toda a populagdo de heterozigotos para
MPS |I. Para tanto, novos estudos devem ser realizados .

Apesar disso, €& importante salientar que observamos respostas
diferentes da IDUA de plasma de portadores para MPS | Hurler, Scheie e

Hurler/Scheie, mostrando que ha uma correlagao entre a resposta bioquimica e o
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fenétipo dos filhos destes individuos. Isto esta de acordo com Clements et al.
(2000) que obteve uma correlagdo entre o fenétipo de homozigotos para MPS |
com as caracteristicas bioquimicas da IDUA destes individuos.

Neste contexto, nossos resultados também estdo de acordo com Le-
Chen et al. (1999), que demonstraram um grande numero de mutagées no gene
da IDUA na sindrome de Hurler, mas somente poucas muta¢des conhecidas nas
sindromes de Scheie e de Hurler/Scheie. Estes autores afirmam que existem
mutacdes especificas para cada caso e cada uma pode causar uma resposta
diferente, como reducio na atividade enzimatica, causando ou nao redugao na
sintese do mRNA para a IDUA ou mesmo redugao na concentracao, fun¢ao ou

viabilidade da IDUA formada.
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1. A medida da atividade da IDUA em leucdcitos revelou que os
heterozigotos para MPS | podem ser divididos em dois grupos, um
com atividade enzimatica semelhante a dos homozigotos normais e
outro com atividade enzimatica inferior a dos controles.

2. A atividade enzimatica da IDUA em plasma de individuos
heterozigotos para MPS | foi semelhante aquela de individuos
normais.

3. A IDUA de leucécitos de heterozigotos para MPS | apresentou trés
pH étimos, enquanto a de individuos normais apresentou somente
um. Em plasma, todos os grupos tiveram pH 6timo semelhante.

4. O Km da IDUA de leucécitos de individuos normais foi semelhante
aquele do grupo 1 de heterozigotos para MPS | e maior do que o do
grupo 2. Em plasma, o Km da enzima de heterozigotos foi maior

que aquele da enzima de individuos normais.
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5. A Vmax da enzima de leucécitos de individuos normais foi diferente
daquelas dos dois grupos de heterozigotos para MPS I. A Vmax da
IDUA de plasma de heterozigotos foi semelhante aquela da enzima
de individuos normais.

6. A Ca da enzima de plasma de heterozigotos para MPS | foi menor
que aquela de homozigotos normais.

7. A IDUA de leucécitos de heterozigotos para MPS | e de individuos
normais, foi inativada apés pré-incubacio a 15, 30, 45 e 60
minutos a 50°C. Os dois grupos diferiram significativamente apos
15, 30 e 60 minutos de pré-incubagdo a 50°C.

8. A enzima de plasma de individuos normais e heterozigotos para
MPS | foi inativada apds pré-incubagéo a 1, 3, 5, 12 e 24 horas a
50°C. Os dois grupos diferiram significativamente apés 12 e 24
horas de pré-incubagdo a 50°C.

9. NaCl 100 mM inibiu competitivamente a IDUA de plasma de
individuos normais e de 40% dos heterozigotos para MPS |
avaliados. Os demais heterozigotos (60%) tiveram sua IDUA
ativada por este composto. O Km aparente da enzima de individuos
normais, na presencga do inibidor, foi maior que aquele da enzima
do grupo 1 de heterozigotos e a Vmax foi semelhante nos dois
grupos. O Ki da enzima de individuos normais foi menor que aquele
da enzima de heterozigotos para MPS |.

10. EDTA 20 mM inibiu a enzima de plasma de heterozigotos para

MPS | e de individuos normais competitivamente. O Km aparente
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11.

da enzima de individuos normais, na presenca deste composto, foi
menor que aquele da enzima de heterozigotos para MPS 1. A Vmax
aparente e o Ki da IDUA foram sehelhantes em todos os grupos
avaliados.

CuCl; 10 mM foi um potente inibidor ndo-competitivo, tanto da
enzima de individuos normais quanto daquela de heterozigotos
para MPS I. O Km aparente da enzima de individuos normais, na
presenga de CuCl,, foi menor que aqueles dos dois grupos de
heterozigotos. O Ki e a Vmax aparente da rea¢do enzimatica foram

semelhantes nos trés grupos avaliados.

12. A incubagéo da IDUA a 50°C por 15 minutos (leucdécitos), ou 12 ou

24 horas (plasma), antes da adicdo do substrato da reagao,
mostrou ser um simples e eficiente teste para a detecgdo de
heterozigotos para a MPS |. Este método pode ser utilizado para a

triagem de familias de alto risco.
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