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RESUMO

A doenca de Gaucher (DG) € uma doenca lisossbéddcdepodsito, de heranca
autossdmica recessiva, causada pela deficiéncezlena glicocerebrosidase (GC). Essa
deficiéncia € causada por mutacbes no gene (GBA) apdifica esta enzima. Até o
momento, mais de 250 mutacdes ja foram identife@dsse gene. O objetivo deste estudo
foi identificar mutacdes na regido codificante ame GBA de pacientes brasileiros com
DG através de PCR longo, seguidordstedPCR e sequenciamento direto. As analises
foram realizadas em 54 pacientes nao-aparentadosDed, confirmados por apresentar
baixa atividade enzimatica e com pelo menos uno ateltante ndo-identificado apés a
triagem para 4 mutacées comuns (p.N370S, p.L444iRs@ e IVS2+1G>A). O protocolo
introduzido permitiu a identificagéo de 7 variacdessequéncia novas (p.S125N, p.F213L,
p.P245T, p.W378C, p.D399H, 982-983insTGC e IVS10+IGno gene GBA de
pacientes com DG. Todas essas novas variacoes gleénsga Sdo provavelmente
alteracdes responsaveis pela doenca, pois alteesiduos conservados da proteina,
inserem um aminoacido ou prejudicam splicing normal do RNA mensageiro.
Consequentemente, estas mutagfes causam mudangstsutizra e/ou na funcédo da GC.
Além dessas, 24 mutacOes raras que ja foram desgitviamente, também, foram
identificadas nesse trabalho, contribuindo na dgom do gendtipo dos pacientes. A
identificacdo dos alelos mutantes € importante pareonhecimento do espectro de
mutacdes no NOSSO pais e para aumentar o conhégcidenbases moleculares da doenca.
Além disso, essas informacgdes podem também coimtpbua a melhor compreenséo de
correlacdes gendtipo-fendtipo, assim como, paraamselhamento genético e/ou para a

oferta de analises moleculares individualizadaa familias em risco.



ABSTRACT

Gaucher disease (GD) is an autosomal recessigedgsal storage disorder caused
by deficiency of the glucocerebrosidase (GC). Tdeficiency is caused by mutations in
the gene (GBA) coding for this enzyme. To date, enttran 250 mutations have been
identified associated with GD. The aim of this studas to identify mutations in the
coding region of the GBA gene in Brazilian patiemtish GD through long-range PCR,
followed by nested PCR and direct sequencing. Aseslywere carried out in 54 unrelated
GD patients who presented low enzymatic activityl drad at least one unidentified
disease-associated allele after screening for 4nmmmmutations (p.N370S, p.L444P,
84insG, and IVS2+1G>A). Protocol described herevatid the identification of 7 novel
sequence variations (p.S125N, p.F213L, p.P245T 3@8&, p.D399H, 982-983insTGC,
and IVS10+1G>T) in the GBA gene of patients with .GBRs these new sequence
variations change conserved protein residues,tiaseamino acid or affect mRNA normal
processing, they are likely to be disease causintons. Consequently, these mutations
cause changes in the GC structure and/or funcBesides, 24 rare mutations that were
previously described were also identified in thisrkvleading to the definition of patients”
genotype. The identification of mutant alleles iigatal for improving the knowledge of
GBA mutation spectrum in our country and to thadretinderstanding of molecular basis
of the disease. Furthermore, such information nsy eontribute to the establishment of
genotype-phenotype correlations as well as for rspexific genetic counseling and/or to

offer a customized molecular analysis for famikesisk.
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1. INTRODUCAO

1.1. Doenca de Gaucher

A doenca de Gaucher (DG) é uma doenca lisossoneicdeddsito caracterizada
pelo acumulo do substrato glicosilceramida (glicebeosideo), um composto
intermediario no catabolismo de globosideos e (asideos. Este acimulo é causado pela
deficiéncia total ou parcial da enzima glicocersitase (oup-glicosidase é&cida, E.C.
3.2.1.45) ou, em casos raros, pela deficiéncia tdador dessa enzima, a saposina C
(SAP-C). A DG ¢é herdada de forma autossémica re@essé uma patologia comum em

judeus Ashkenazi (Beutler e Grabowski, 2001).

1.1.1. Manifestacdes clinicas

A DG é caracterizada por hepatoesplenomegaliamiane trombocitopenia,
podendo também estar presentes sintomas 6ssedmenptes (Grabowski, 2008). Esta
doenca é classificada em trés tipos clinicos texmioo base a presenca e a gravidade do

envolvimento neurolégico (Blech-Hermaeti al,, 2009).

O tipo 1 (ndo-neuropético; OMIM 230800) é a formais comum da DG e nédo
causa prejuizos ao sistema nervoso central (SNGyHes, 2009). A variacdo fenotipica
abrange desde pacientes assintométicos podendarchegisco de morte. O inicio das
manifestacbes clinicas pode ocorrer em qualquetdejdanclusive na vida adulta. O
aparecimento precoce dos sinais clinicos geralmestte associado a um grave e rapido

comprometimento dos 6rgados (Grabowski, 2004). Essaa da doenca pode afetar 1 em
1



cada 60.000 individuos na populacdo em geral. Argii@éncia € pan-étnica, mas pode ser

alta em judeus Ashkenazi, chegando a afetar 1 dm&%0 individuos (Hughes, 2009).

O tipo 2 (neuropatico agudo; OMIM 230900) é carazado pelo aparecimento
precoce das manifestacdes clinicas e envolvimemt®NIC, resultando em ébito logo nos
primeiros anos de vida (Martiret al, 2009). E o tipo mais grave, o qual apresenta um
rapido envolvimento neuroldgico devido ao acumuéo glicosilceramida também nos
neurénios (Grabowski, 2004). Essa forma da doerogke @fetar 1 em cada 100.000

individuos na populacdo em geral (Martasl, 2009).

O tipo 3 (neuropatico subagudo; OMIM 231000) € dorana neurodegenerativa
que progride mais lentamente do que o tipo 2. @®rsias iniciam entre a infancia e a
adolescéncia (Alfonset al, 2007). Por definicdo, o tipo 3 inclui todos ogipates com
algum grau de comprometimento neurologico, massgleeviveram aos primeiros anos
de vida (Koprivicaet al, 2000). A frequéncia estimada da DG tipo 3 € darmlcada

50.000 individuos na populacdo em geral (Chen eg\2008).

1.1.2. Defeito metabolico na DG

A DG é um erro inato do metabolismo dos glicoegflipideos, que resulta no
acumulo lisossémico de um material parcialmenterattaglo dentro das células da
linhagem mondcito-macréfago (Germain, 2004). Essenallo € causado pela auséncia ou
deficiéncia da enzima glicocerebrosidase (GC), agssiona um prejuizo na hidrolise da

ligac@op-glicosidica do substrato glicosilceramida (figijgBeutler e Grabowski, 2001).
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Figura 1. Reacéo catalisada pela enzima glicoceraimidase A glicocerebrosidase (GC)
catalisa a hidrolise da ligacg®glicosidica da glicosilceramida produzindo glicose
ceramida (adaptado de http://www.genome.jp/dbgetaiw_bget?rn:R01498).

O acumulo de glicosilceramida dentro dos macrofagssilta nas “células de
Gaucher”, as quais tém aparéncia de “papel de amdasado” e sdo repletas de lipideos
(Martins et al, 2009). Estas células anémalas estdo distribyidés corpo todo, mas
principalmente no figado, baco e medula 6ssea.egomrantemente, essas células anbmalas
prejudicam e impedem o funcionamento normal dedtgdos e tecidos (Harmanci e

Bayraktar, 2008).

1.1.3. Diagndéstico da DG

Antes da identificacdo da deficiéncia enzimaticdjagnostico da DG era realizado
através de exame histolégico de bidpsia da medws@adou, em alguns casos, do figado ou
do baco (Beutler, 2006). Entretanto, a presencaélidas semelhantes as de Gaucher
(chamadas de pseudocélulas de Gaucher) em ougasad) tais como leucemia mieldide
crbnica, leucemia mieldide aguda, mieloma multigldassemia e doenca de Hodgkin,

poderia muitas vezes levar a diagnosticos incar@terini et al, 1996).



Atualmente, o diagnéstico laboratorial da DG éfetravés da medida da atividade
enzimatica em leucécitos e/ou de fibroblastos,daistia partir de sangue periférico e a
partir de biopsia de pele, respectivamente (Coelh@iugliani, 2000; Micheliret al,

2005).

A andlise molecular é complementar ao diagnésticomatico. A identificacédo de
mutacdes no gene GBA de pacientes com DG é comamsatia em busca de mutacdes

mais frequentes, tais como p.N370S e p.L444P (BeetGrabowski, 2001).

1.1.4. Tratamento

Antes dos anos 90, o tratamento existente paraeBxGmeramente paliativo,
incluindo alivio sintomatico e intervencgdes cir@ag, tais como correcdes ortopédicas e
esplenectomia (Zimran e Elstein, 2003). Atualmenigas formas de tratamento estao
disponiveis para DG: a terapia de reposicdo enzinéfRE) e a terapia de reducdo de

substrato (TRS) (Martinst al, 2009).

Desde 1992, a TRE tornou-se uma realidade paiantes com DG (Grabowski,
2008). A TRE teve inicio com o uso da enzima peadia de placenta humana
(alglucerase, Ceredd9e Posteriormente, a alglucerase foi substituidéa ferma
recombinante da GC (imiglucerase, CerezZj)mBeck, 2010). A terapia com enzima tem
provado ser segura e efetiva em mais de 3000 pesi@® mundo todo (Sawkat al,
2006). A TRE com imiglucerase previne as maniféstagda DG, melhora a anemia, a
trombocitopenia, a organomegalia, as dores e cnsssas associadas a doenca, bem

como, a qualidade de vida dos pacientes (Madired, 2009). As duas enzimas sofreram



uma modificacdo nos residuos de carboidrato a famatingir preferencialmente os

macroéfagos via receptor de manose (Beck, 2010).

A TRE é mais efetiva para o tratamento de paceren DG tipo 1, pois a enzima
ndo atravessa a barreira hematoencefalica (Sawkamal, 2006). Entretanto, as
manifestacbes sistémicas da DG tipo 3 também regpotem a TRE. A dose empregada
€ especifica para cada paciente, dependendo da @iadhdividuo e da progressédo da
doenca (Martinset al, 2009). O alto custo do tratamento pode limitantomero de
pacientes beneficiados pela TRE, principalment@aives de terceiro mundo (Jmoudiak e

Futerman, 2005).

A TRS é outra forma de tratamento da DG e cons&tacao indireta no substrato
armazenado dentro dos macréfagos (Zimran e EIS?2803). Nesta terapia, usa-se um
inibidor da enzima glicosilceramida sintase, queresponde a primeira etapa na
biossintese dos glicoesfingolipideos (Aeets al, 2006). Diferentemente da TRE, o
acumulo de substrato é evitado pela reducédo daidada do substrato glicosilceramida.
Assim, a TRS atenua a taxa de sintese para alcamgaequilibrio com a atividade
reduzida da GC endogena nos pacientes com DGnduita armazenamento de substrato
patolégico (Zimran e Elstein, 2003). Um dos inibekd usados é oN-butil-
deoxinojirimicina (Miglustat, Zaves& o qual é indicado para tratamento via oral

(Beutler, 2006).

1.2. Gene da GC e seu pseudogene



O gene funcional da glicocerebrosidase (GBA; GekHaMBL J03059) esta
localizado na regido g21 do cromossomo 1 (Horoetital, 1989). Esta regido é muito rica
em genes, contendo pelo menos 7 genes funciorZapseudogenes (Hruskaal, 2008).

O gene GBA engloba 7,6 kb de DNA gendmico, sendiglidio em 11 éxons (Horowitet

al., 1989). O cDNA do gene GBA abrange 2 kb e seu mRiglesenta 2 cdédons de

iniciacdo. A transcricdo iniciada em ambos os cédesultara em uma proteina funcional.
A proteina produzida contém um polipeptideo siaalar de 19 ou de 39 residuos, dando
origem a uma proteina madura contendo 497 aminegcabm um peso molecular de 56

kDa (Hruskeet al, 2008).

O gene GBA tem um pseudogene nao-funcional (PSGBAnBank-EMBL
J03060) localizado a 16 kb da porgédo 3’ terminalggoe funcional. Este pseudogene
abrange 5,7 kb de DNA, devido a algumas perdaggeéscias nucleotidicas em relacao
ao gene funcional (Horowitet al, 1989). O PSGBA é altamente homélogo ao gene GBA,
correspondendo a 96% de identidade entre seusotideles (Beutler e Grabowski, 2001).
Algumas das mutagfes encontradas em pacientes rsaD idénticas a sequéncia do
PSGBA e outras resultam da recombinacdo entre @ G&8A e seu pseudogene (Blech-
Hermoni et al, 2009). Por isso, ao investigar mutacdes em p@seoom DG, as
semelhancas e as diferencas existentes entre cegepeeudogene devem ser levadas em

consideracao (Hruskat al, 2008).

1.2.1. Mutagdes no gene GBA

Até o momento, mais de 250 mutacdes ja foram iiitadas no gene GBA,

incluindo mutagcbes de ponto, delecdes, insercoagagibes desplicing e diversos
6



rearranjos (Hruskat al, 2008). A distribuicdo das mutacdes no gene GBAavam
diferentes populacfes. Mas, quatro destas mutas@eencontradas com frequéncia em

vérias populactes (Emes al, 2008).

A mutacdo mais comum em pacientes com DG é aigéande uma adenina para
uma guanina no nucleotideo 1226 do cDNA, localizaalé@xon 9 do gene. Essa transi¢cédo
determina a substituicdo do aminoécido asparaginagrina na posicdo 370 da proteina

GC (p.N370S; ¢c.1226A>G) (Beutler e Grabowski, 2001)

Outra mutacéo € a transicdo de uma timina paraaitiwsgina no nucleotideo 1448
do cDNA, correspondente ao éxon 10 do gene GBAa Eassicdo provoca a substituicao
de leucina por prolina no residuo 444 da proteirmaura (p.L444P; c.1448T>C). A
posicdo homologa na sequéncia do PSGBA € ocupadeitpsina, exatamente como na

mutacéo p.L444P que produz a DG (Beutler e Grabio®6R1).

A insercao de uma guanina no nucleotideo 84 doA;dnominada comumente
como 84GG, sera designada neste trabalho como@4m84dupG), de acordo com as
recomendagdes internacionais de denominacao dagdest Essa mutagdo provoca uma
mudanca no quadro de leitufeafneshif} e, consequentemente, a proteina ndo € produzida

(Beutler, 2006).

A mutacdo desplicing decorrente da substituicdo de guanina por ademina
primeiro nucleotideo do segundo intron (IVS2+1GeA;15+1G>A), impede a formacao

da enzima GC (Beutler, 2006).

Uma caracteristica importante observada em pasiexi@ DG é a ocorréncia de

LTS

alelos mutantes complexos (também conhecidos cétro”, de alelos recombinantes), 0s



quais incluem mais de uma mutacdo de ponto em usmmalelo. Esses alelos s&o
possivelmente gerados panossing ovedesigual entre o gene GBA e seu pseudogene ou
por eventos de conversao do gene funcional (Beaiterabowski, 2001). Os sitios destes
eventos de recombinacdo sdo variaveis, estendendessle o intron 2 até o éxon 11
(Hruskaet al, 2008). Os alelos complexos mais prevalentes $&eddcil, que abrange as
mutacdes p.L444P, p.A456P (c.1483G>C) e a mutal@cmsa p.V460V (c.1497G>C),

e 0 RecTL, que compreende as mesmas mutacdes ldoRae\cil mais a mutacao
p.D409H (c.1342G>C) (Cormandt al, 1998). A prevaléncia do alelo Réal é
geralmente inferior a 8% em todas as populacoesiasas até o momento. Esse alelo é
raro em pacientes judeus Ashkenazi e mais frequentpopulacdes nao-Ashkenazi, onde
varia de 2,8% em pacientes espanhdis a 7,2% eranpasiaustralianos (Cormaatial,
1998). E importante mencionar que, em alguns casosielo Reblcil pode ter sido
considerado equivocadamente como p.L444P, casatessanutacfes presentes no alelo

complexo ndo tenham sido analisadas (Cornedradl, 1998).

As mutacOes p.N370S, p.L444P, 84insG e IVS2+1Geprasentam 90% dos
alelos mutantes na populacdo de judeus Ashker@esaade constituirem menos de 75%

dos alelos nas populacdes ndo-Ashkenazi (EEtnak, 2008).

A frequéncia das mutacdes comuns entre pacierdsgdiros € semelhante aquela
descrita para outras populacdes, sendo que as GeatacdN370S e p.L444P representam
aproximadamente 50% e 25% dos alelos, respectitamén terceira mutacdo mais

frequente no Brasil € a p.G377S (c.1246G>A) (Rozemnét al, 2006a).

1.2.2. Correlac¢des genotipo-fenétipo



As mutacdes no gene GBA sdo comumente caractaszamno mutacdes brandas,
graves ou nulas. A presenca de uma mutacao branda70S € o prototipo deste grupo),
mesmo em combinagdo com um alelo nulo ou gravé assbciada a DG tipo 1, ndo sendo
encontrada em pacientes com comprometimento ngicol6A combinacdo de duas
mutacOes graves ou de uma mutacdo grave com umecdouhula estd associada as
variantes neuropaticas da DG (tipo 2 e tipo 3)cérEncia de homozigotos para mutacoes
nulas ndo foi encontrada em pacientes com DG, pebwveente por este gendtipo ser

incompativel com a vida (Rozenbexgal, 2006b).

A compreensdo da correlacdo gendétipo-fenotipo aeete limitada e incompleta.
A variacdo fenotipica da DG é significativa, ndonsate entre pacientes com a mesma
forma clinica, mas também entre aqueles com o megmotipo. Esta observacédo é
bastante notavel entre pacientes homozigotos pamautacdo p.N370S, visto que o0s
mesmos podem ser tanto assintomaticos duranteaodda como podem desenvolver
organomegalia acentuada e ter um envolvimento Et@eeincapacitante (Hrusket al,

2008).

A mutacdo p.N370S é encontrada somente em pesiecien DG tipo 1
(Grabowski, 2008). Os pacientes com 0s genotipd$3[f0S] + [84insG], [p.N370S] +
[IVS2+1G>A], [p.N370S] + [p.L444P] ou [p.N370S] +1263-1317del] apresentam
manifestacdes clinicas mais graves do que os hgotosi para p.N370S (Grabowski e

Horowitz, 1997).

Os pacientes homozigotos para a mutacdo p.L4&tfadntemente desenvolvem a

forma neuropética tipo 3 da DG. Os pacientes abstachais gravemente (tipo 2)



apresentam o genétipo [p.L444P] + [Red] ou [p.L444P] + alelo nulo (Grabowski,

2008).

A DG, assim como muitas doencgas de heran¢ca moitagédo € necessariamente
simples (Sidransky, 2004). Genes modificadores, egencontiguos, proteinas
transportadoras, proteinas ativadoras, substritemativos e fatores ambientais podem
contribuir significativamente no fenétipo observaus pacientes com DG (Hruskgal,
2008). Apesar das correlagbes gendtipo-fenotipstenxies, deve-se ter cautela ao se
confiar unicamente na genotipagem do paciente admredizer o progndstico ou afirmar

a necessidade de terapia (Koprivétal, 2000).

1.3. Anélise estrutural da GC

A enzima GC é uma hidrolase lisossbmica soluve pade estar associada a
membrana (Alatti@t al, 2007). A glicoproteina madura é composta por 497 amido&g¢
derivados de 516 ou 536 residuos incluindo as setps lider, as quais sao removidas
durante a passagem pelo reticulo endoplasmatiau @i al, 2006). A sequéncia de
aminoacidos da GC parece ser nao variavel, natirelaspolimorfismos funcionais, com

excecdo das mutacdes responsaveis pela DG (Grab®Wskowitz, 1997).

A enzima apresenta 5 sitios Negylicosilagdo, porém somente 0s 4 primeiros sédo
utilizados (Asnl19, Asn59, Asnl146 e Asn270) (Bergdfaoaret al, 1993). A glicosilacéo
€ essencial para o desenvolvimento da conformagfaitcamente ativa da enzima,
ocorrendo principalmente no primeiro sitio (no avéicido da posicdo 19) (Lioet al,

2006).
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A enzima recém-sintetizada é levada para os bsegs via receptores de manose-
6-fosfato e rotas independentes de oligossacar{@sak, 2010). Uma vez no lisossomo, a
GC tem meia-vida de 60 horas em fibroblastos ei@gilacdo € importante para sua
manutencado (Liowet al, 2006). O seu principal substrato € a glicosilceda, mas a
glicosilesfingosina (analogo deacilado) tambémeenmo substrato, apesar de ser menos
importante. O defeito na GC leva ao acumulo desglestratos em varios tecidos do corpo

(Beutler e Grabowski, 2001).

O ciclo catalitico da GC tem um mecanismo de reagin 2 etapas, sendo elas:
glicosilacéo do sitio ativo pelo substrato e subeatg deglicosilacdo com a liberagédo de
uma p-glicose. O nucledfilo neste sitio ativo é o Glu32® é&cido/base € o Glu235. A
ligagdoO-glicosidica do substrato € protonada pelo Glu23ogo depois, ela é atacada
pelo Glu340. A glicose torna-se covalentementediga enzima e o grupo de saida
(ceramida) é removido. Em seguida, o complexo eaglicose resultante é hidrolisado
pela agua e uma segunda substituicdo nucleofiticgarbono anomérico gera um produto
com a mesma estereoquimica do substrato. Issoegeodevido a desprotonagdo da agua
pelo Glu235 e ao ataque do complexo enzima-glipese OH, liberando o Glu340 e &

glicose (Liouet al.,2006).

A SAP-C é uma glicoproteina composta por 80 anuidod que ativa a GC e a
protege da protedlise (Suet al, 2010). Em pH acido, a afinidade da SAP-C pela
membrana lisossdmica esta fortemente aumentadae(kelSandhoff, 2009). A SAP-C
induz alteragcbes na membrana que facilitam a igder&ntre a GC e a glicosilceramida,
favorecendo a degradacdo desse substrato €5ah, 2010). Na auséncia da proteina
ativadora e de fosfolipideos carregados negativeamarenzima GC ndo consegue acessar

seu substrato, pois ele estd dentro da bicamadéahpAlattiaet al, 2007).
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A estrutura da GC esta organizada em 3 dominiador@nio | (residuo 1 a 27 e
383 a 414) é uma fita tripla, que contém 2 ponissutfeto (entre os residuos 4 e 16 e
entre os residuos 18 e 23). O dominio Il (residi@ 3J5 e 431 a 497) é formado por 2
folhas B intimamente associadas, que geram um dominio emtlgmte semelhante ao
dobramento da imunoglobulina. O dominio Il (residi6 a 381 e 416 a 430) € uma
estrutura barrilf/a)s, que contém o sitio catalitico. Os dominios lllee$tdo ligados por
uma alca flexivel, enquanto o dominio | esta irge@do firmemente com o dominio 1l

(figura 2) (Dviret al, 2003).

Figura 2. Representacdo da estrutura tridimensionalda glicocerebrosidase.O
dominio | estd em rosa, o dominio Il em verde eomidio IIl em azul. Os residuos
Glu235 e Glu340 presentes no sitio catalitico da 65@@o representados na forma de
bastédo no centro da figura. A parte sacaridicametirada na forma de esferas cinza.
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Muitas mutacbes no gene GBA anulam parcial ou ¢etaypente a atividade
catalitica da GC, podendo também reduzir a estiabiéi da enzima. A mutacdo p.N370S
causa predisposicéo a DG tipo 1, o que indica gs@ mutacdo causa poucas mudancas ha
estrutura e na acao catalitica da enzima. EstacAwtacaliza-se na interface dos dominios
Il e lll, estando bem distante do sitio ativo ppgeaticipar diretamente da catalise. As
mutacdes p.R463C (c.1504C>T) e p.R496H (c.1604Gsst§o localizadas no dominio I,

sendo também associadas a DG tipo 1 (Bival, 2003).

A mutacao p.L444P esté localizada no dominio IG@a A substituicdo de leucina
por prolina no residuo 444 da proteina provoca omdanc¢a conformacional, alterando o
enovelamento desse dominf®.mutacdo p.L444P gera uma proteina instavel, swger
uma importante funcéo regulatéria ou estruturah padominio Il, talvez na intera¢cdo com

a SAP-C e/ou com fosfolipideos (Dt al, 2003).

1.4. Justificativa

A DG é a doenca lisossémica de deposito mais fregue seu diagndstico se
tornou muito relevante apés a introdugdo da TREnfmo dos anos 90. O nNOSSO grupo
realiza o diagnoéstico da DG a véarios anos e tambésenvolveu protocolos para a
identificacdo de mutacbes comuns no gene GBA (0N37p.L444P, 84insG,
IVS2+1G>A). Entretanto, a analise dessas mutacOesnife a identificacdo de
aproximadamente 50% dos alelos mutantes em pagibnésileiros com DG. Além da
experiéncia do nosso laboratério, outro grupo dsqpisa brasileiro publicou dados
semelhantes aos observados por nos através dacdealie outros pacientes brasileiros

com DG (Rozenbergt al, 2006a; Rozenbergt al, 2006b). Portanto, a introdugcédo de uma
13



avaliacdo abrangente de toda a regido codificaotggahe GBA é importante para a
identificacdo dos alelos mutantes, propiciando whecimento do espectro de mutacdes
encontrado no nosso pais. Além disso, essas infdesapodem também contribuir para
novas correlagdes gendtipo-fenotipo assim como parelhor aconselhamento genético

e/ou para a oferta de analises moleculares indilithdas para familias em risco.
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2. OBJETIVOS

2.1. Objetivo geral

Identificar mutacdes na regido codificante do geB& de pacientes brasileiros

com DG.

2.2. Objetivos especificos

* Introduzir protocolos para amplificacdo especifita regido codificante e

regides adjacentes do gene GBA,

» Realizar o sequenciamento das regides de DNA aonguds das amostras de

pacientes com DG;

* Identificar as variacdes de sequéncia (mutacOgsobmorfismos) nas regidoes

analisadas;

» Avaliar o possivel efeito patogénico e/ou deleté@s variacdes encontradas

por analises silico.
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3. RESULTADOS

Os resultados deste trabalho serdo apresentaddersab de um artigo que sera
submetido a publicacdo na revi®kbod Cells, Molecules and Diseasesijas instrucdes

encontram-se em anexo.

3.1. Artigo cientifico

Identification of seven novel mutations in the glerebrosidase gene of Brazilian

patients with Gaucher disease.
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Abstract

Gaucher disease (GD), an autosomal recessive disoisl caused by deficiency of
glucocerebrosidase (GC) due to mutations in the geding for this enzyme (GBA gene).
In this study, we described a strategy to anallieeentire GBA coding region and applied
this approach to 54 unrelated Brazilian patienthv@D. Different techniques including
long-range PCR, real time PCR using Tagfhassay, nested PCR and direct sequencing
were employed to define sequence variations irgéme. We report here 7 novel mutations
p.S125N (c.491G>A), p.F213L (c.756T>G), p.P245T 8%06C>A), p.W378C
(c.1251G>C), p.D399H (c.1312G>C), 982-983insTGC 9§0. 982dupTGC) and
IVS10+1G>T (c.1505+1G>T) that are likely to be paganic in the GBA gene. This last
alteration was found as a complex allele togethigh w.L461P mutation ([p.L461P +
IVS10+1G>T]). We were also able to identified 24ffetient mutations that were
previously reported by other groups. Our resultsotie a high mutation detection rate and
contribute significantly to the panel of reporteditations. The identification of mutant
alleles is crucial for improving the knowledge oB& mutation spectrum and to the better

understanding of molecular basis of GD.

Keywords: Gaucher disease; glucocerebrosidase; GBA genej nayations.
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Introduction

Gaucher disease (GD), the most common lysosoroedgs disorder, results from
an inborn deficiency of glucocerebrosidase (GC; .E32.1.45). This enzyme is
responsible for degradation of glucocerebrosidac@sdyl ceramide) resulting in glucose
and ceramide residues. The enzyme deficiency lea@scumulation of the undegraded
substrate mainly within cells of monocyte/macrophéigeage. The metabolic overload is
responsible for the main clinical manifestations tbé disease. GD is an autosomal
recessive disorder caused by mutations in the gerebrosidase (GBA) gene or, rarely, by

mutations in the GC activator protein saposin C [1]

Three clinical types are distinguished on the adi neurological involvement.
Type 1 is the most common and shows a chronic rememopathic course. Age of onset
and severity of symptoms vary widely. Type 2 is thest severe form of the disease and
shows an acute neuronopathic course, with onséinview months of age and rapidly
progressive and devastating neurologic deteriarati@D type 3 shows a chronic
neuronopathic course and is characterized by tatset and slow progressive neurological

syndrome when compared to type 2 [1].

The gene encoding for GC (GBA; GenBank accessialf3059) is located on
chromosome 1921 and spans 7.6 kb of genomic DNAisharganized into 11 exons. In
addition to the functional gene, a highly homologgoseudogene sequence (GBAP;
GenBank accession # J03060) can be found 16 kb stowam [2,3]. Both gene and
pseudogene are in the same orientation and shé&teeS6nic sequence homology [2,4].
To date, more than 250 mutations have been repanté¢lde GBA gene. These include

missense and nonsense mutations, small insertiondeletions that lead to either
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frameshift or in-frame alterations, splice junctiotations, and complex alleles carrying
two or more mutations iais [5]. Frequency of specific mutant alleles can viardifferent
populations. In patients of Ashkenazi Jewish amge$bur mutations account for nearly
90% of disease alleles. These mutations are p.N8Z.Q326A>G), p.L444P (c.1448T>C),
84insG (c.84dupG) and IVS2+1G>A (c.115+1G>A). Amaman-Jewish patients, these
mutations account for about 50 to 60% of GD assedianutations and a broad spectrum

of mutations in the GBA gene can be responsibléghlferemaining mutant alleles [6,7].

Diagnosis of GD is established by the measurenoéntotal GC activity in
leukocytes from peripheral blood and/or fibroblabtsm skin biopsies [1]. Molecular
analyses are complementary to biochemical assay. gdaup has been involved in
biochemical diagnosis of Brazilian patients with @GDthe last 20 years [8]. Few years
later, we have also introduced molecular screemhgommon mutations (p.N370S,
p.L444P, 84insG, and IVS2+1G>A). As expected, thpproach was able to define
roughly half of the mutant alleles in our samplepyation. Therefore, a more
comprehensive scheme became essential to provila@apicture of mutations’ spectrum

in our sample population.

We have then designed a strategy to analyze ttiee €BBA coding region and
applied this approach to 54 unrelated Brazilianepés with GD that were referred to our
group and were previously confirmed to be affedtedugh biochemical analysis. We
report here 7 novel mutations associated to GDedksas other rare mutations in the GBA

gene.
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Materials
Patients

We have included in this study 54 unrelated nomiste GD patients from different
regions of Brazil. Gender distribution was 29 (88)7male patients and 25 (46.3%)
females. Ages at diagnosis, when this data werdadl@ varied from 2 months to 57
years. The inclusion criteria were (i) low GC aityivin leukocytes and/or fibroblasts [8]
and (ii) at least one unidentified disease caualtede following the screening of common
mutations (p.N370S, p.L444P, 84insG, and IVS2+1G3Ajs study was approved by the

hospital ethical committee.
Sample collection and DNA isolation

Blood samples (5 mL) from each patient were cadléah EDTA. Genomic DNA
was isolated from peripheral blood leukocytes ascidleed previously [9], and kept at -
20°C until further analysis. DNA quantification waarried out using the fluorescence-
based assay (Quantftds DNA BR Assay Kit — Invitrogen) in the Qubft fluorometer

(Invitrogen).
Amplification of the entire GBA gene

Long-range PCR was applied to selectively amphfy functional GBA gene using
primers GBALF (5° CGACTTTACAAACCTCCCTG 3) and GBAR (%
CCAGATCCTATCTGTGCTGG 3’) that generate a fragmemnt7d65 bp. Long-range
PCR reaction was performed in a final volume ofg25containing 12.5 ng of genomic
DNA, 200 uM of each dNTP, 0.2 uM of each primem{fard and reverse), 60 mM of

Tris-SQ, (pH 9.1), 18 mM of (NH),SQOs, 1.7 mM of MgSQ, and 1uL of Elongas&
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Enzyme Mix (Invitrogen). Amplification program wasitial denaturation at 94°C for 5
minutes followed by 30 cycles of denaturation 8t®4or 30 seconds, annealing at 58°C
for 30 seconds and elongation at 68°C for 8 minwed a final extension at 68°C for 10

minutes.
Screening of common mutations in the GBA gene

p.N370S and p.L444P mutations were screened bytafixa real time PCR using
the TagMaff PCR Assay (Applied Biosystems) that is based woréscent minor groove
binding probes. Primers and probes were designéng uBrimerExpresy’ software
version 3.0 (Applied Biosystems) and sequence ofi gsimer is shown in table 1. PCR
reaction was performed in a final volume of di2 containing 0.5uL of the long-range
PCR product, 0.3.L of specific TagMan assay anduk of 2x PCR Genotyping Master
Mix (Applied Biosystems). Amplification included anitial step at 50°C for 2 minutes
(activation of AmpErase UNG function), AmpliTadsold activation at 95°C for 10
minutes, followed by 40 cycles of denaturation &@ for 15 seconds and annealing
extension at 60°C for 1 minute. Allelic discrimiizat step was performed at 60°C for 1
minute. PCR products were analyzed by the Sequieatection System Software version
1.2.1 (Applied Biosystems) in the ABI Prism 7500g8ence Detector System (Applied

Biosystems) through allelic discrimination plot.

Mutation 84insG was screened by Amplification Refioay Mutation System -
PCR (ARMS-PCR). Two PCR reactions were separa@tippmed using different specific
primers to discriminate between wild and mutanelai. Primers GAU-84GGWRT (5’
GCATCATGGCTGGCAGCCTCACAGGACTGC 3) and GAU-2R 5’

GCCCAGGCAACAGAGTAAGACTCTGTTTCA 3) were used for goiification of wild
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allele, and GAU-84GGMTF (5° GCATCATGGCTGGCAGCCTCAGSACTGG 3)
and GAU-2R for mutant allele. Then, both reactiarese performed for each sample and
generate a fragment of 255 bp when the allele seguavas complementary to primer
sequence. Each PCR reactions were performed italavidume of 25uL, containing 200

ng of genomic DNA, 200 uM of each dNTP, 1 uM ofteacimer (forward and reverse),
20 mM of Tris (pH 8.4), 50 mM of KCI, 2.5 mM of Md£and 1.25 U ofTag DNA
polymerase (Invitrogen). In this case, amplificaiaconditions were 96°C for 5 minutes,
followed by 13 cycles of 96°C for 45 seconds, thénseconds at 70°C -0.5°C/cycle and
72°C for 45 seconds, then 22 cycles of 96°C fosetmnds, 64°C for 45 seconds and 72°C
for 45 seconds, and a final extension step at 7@PG minutes. The amplified products

were resolved by eletrophoresis on a 2% (w/v) asgagel and visualized under UV light.

Mutation IVS2+1G>A was screened by PCR-RFLP strategjng primers GAU-
84GGWRT and GAU-2R (sequences shown above) thatrgena fragment of 255 bp.
PCR reaction was performed in a total volume ofuR5 containing 200 ng of genomic
DNA, 200 uM of each dNTP, 1 uM of each primer (fard and reverse), 20 mM of Tris
(pH 8.4), 50 mM of KCI, 2.5 mM of MgGland 1.25 U ofTaq DNA polymerase
(Invitrogen). Amplification protocol was initial @aturation at 96°C for 5 minutes, 35
cycles of denaturation at 96°C for 45 seconds, amte at 68°C for 45 seconds and
extension at 72°C for 45 seconds, followed by fiealension at 72°C for 10 minutes
Digestion reaction was performed in a total voluofiel5 pL, containing 10uL of PCR
product in 20 mM of Tris-acetate, 50 mM of potassiacetate, 10 mM of magnesium
acetate, 1 mM of dithiothreitol (pH 7.9) and 1 UHghl (New England Biolabs). Reaction
was then placed at 37°C and left overnight. Thesteg product was then resolved by

eletrophoresis on a 3% (w/v) agarose gel and vsedilunder UV light. As IVS2+1G>A
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mutation destroys aHphl site, two smaller fragments (213 and 42 bp) a@nswhen in

the presence of mutant allele.

PCR amplification and DNA sequencing

Exons 1 to 11 and flanking intron regions were iired by nested PCR using
long-range PCR product as template. GBA codingoregiere subdivided into 10 different
amplicons, given that exons 10 and 11 were analiagether. Briefly, PCR reaction was
performed in a total volume of 284, containing 0.5uL of the long-range PCR product,
200 pM of each dNTP, 0.2 uM of each primer (forwandl reverse), 20 mM of Tris (pH
8.4), 50 mM of KClI, 2.5 mM of MgGland 1.25 U offag DNA polymerase (Invitrogen).
Amplification protocol was initial denaturation @4°C for 10 minutes, 30 cycles of
denaturation at 94°C for 30 seconds, annealing-#®28C for 30 seconds and extension at
72°C for 30 seconds, followed by final extensiori72?C for 10 minutes. An aliquot of
PCR products was verified by eletrophoresis on5&1(w/v) agarose gel and visualized
under UV light. Specific annealing temperature g@nidners’ sequences are available on

table 2.

Amplicons were purified using 2.5 U of Exonuclea$gdSB) and 0.25 U of Shrimp
Alkaline Phosphatase (USB). Direct sequencing vafopned using BigDye Terminator
Cycle Sequencing kit version 3.1 (Applied Biosys$¢nfollowing the manufacturer’s
instructions and sequences were analyzed by DNAIS®ing Analysis Software version
5.2 (Applied Biosystems) in the ABI 3180genetic analyzer (Applied Biosystems). All
identified mutations were confirmed by sequencimgirdependent DNA sample with

forward and reverse primers.

24



GBA cDNA nucleotide positions are numbered fromfire ATG initiator and the
amino acid sequence is that of the mature protiéér aleavage of the leader sequence.
Following the current recommendation that all vatsabe described at the most basic
level, mutations discussed in the text are refelmetraditional name of the allele to aid in

recognition following by cDNA nomenclature includetthin brackets [10].

Evaluation of novel mutations

Novel mutations detected in GBA coding region wassessed using two web-
based tools PolyPhen  (http://genetics.bwh.harvdodoph) and  SNPs3D
(http://www.snps3d.org). Briefly, PolyPhen computdse impact of an amino acid
substitution on a human protein by analyzing itaicttiral and functional characteristics.
The program generates a position-specific indepgndeunts (PSIC) score for the two
amino acids variants. If the difference betweendhleulated scores for these two amino
acid variants APSIC) is< 0.5 the impact of the amino acid substitution loa protein’s

function is likely to be begin [11].

SNPs3D combines two support vector machine (SVMhwods to assess the
functional effect of a missense mutation. It coneguthe impact of an amino acid change
on the structure and stability of the protein. Iddi&ion, it incorporates sequence
conservation information by comparing the mutatedina acid position to ortholog
sequences. The output is a SVM score. A positivé13¢ore classifies the amino acid
change as non-deleterious, whilst a negative stulieates a deleterious effect on the
protein’s function. It has been noted that accurasjgnificantly higher for SVM scores >

0.5 and < - 0.5 [12].
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GC sequences from 12 different species were sedraking protein database
from the National Center for Biotechnology Informoeat (NCBI). Multiple alignment of

protein sequences was performed by the Clustal\8lore2.0 using FASTA format.
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Results

This study led to the identification of 7 novetigence variations, which 5 of them
are likely to be disease causing alterations inGlBA gene including a novel complex
allele. In addition to these changes, we were alde to find other 24 rare mutations. The
molecular description and location of these 3ledéht variants are summarized in Table

3.

Novel alterations comprise 5 missense changes 2p!$1(c.491G>A), p.F213L
(c.756T>G), p.P245T (c.850C>A), p.W378C (c.1251G>&)d p.D399H (c.1312G>C)],
an in-frame mutation [982-983insTGC (c.980_982du@JjGand a splicing mutation as a

complex allele [p.L461P + IVS10+1G>T]. These fingkrare described below.

First novel sequence alteration is caused by @ @& thange at position 491 of
cDNA located at exon 5 of the GBA gene and leads erine to asparagine substitution at
residue 125 of protein (p.S125N). This mutation Mi@sd in a male type 1 GD patient
from South region of Brazil that was diagnosed@y®ars of age and carries the p.N370S

mutation on the other mutant allele.

In another type 1 GD patient we have found a Gttransversion at base 756 of
cDNA in exon 6 of the gene that predicts a pheiyligle to leucine substitution at residue
213 of protein (p.F213L). The p.N370S mutation waso found in this compound
heterozygous female type 1 GD patient from Southeh®8razil whose diagnosis was
established when she was 26 years old. No additrmmaeotide change was detected in

her whole GBA coding region.
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We have defined two sequence variations in exoRirst is a C to A change at
position 850 of cDNA predicting a proline to thr&wa substitution at amino acid 245 of
protein (p.P245T). This mutation was defined in @artype 3 GD patient from Southeast
region of Brazil who is also heterozygous for Reit (c.1448T>C + ¢.1483G>C +
€.1497G>C). No additional nucleotide change wadet in his whole GBA coding
region. The other alteration in exon 7 is an inrfeainsertion of three nucleotides (TGC)
that predict a new leucine residue between positi®27 and 328 of the mature protein
(Fig. 1). This mutation is referred to as 982-983i@C and was found in a male type 1
patient also from Southeast of Brazil that was niisgd at 31 years of age. This patient

carries the p.N370S mutation in the other mutdaeteal

We have also found two novels G to C nucleotidengka in exon 9. First
transversion is placed at base 1251 of GBA cDNA aadses tryptophan to cysteine
change at residue 378 of mature protein (p.W378®)s alteration was found in 6
unrelated alleles from 6 type 1 GD patients degvirom North or Northeast regions of
Brazil. One of these patients carries the p.G370.$246G>A) mutation in the other
mutant chromosome while the remaining 5 patients eaompound heterozygotes
[p.N370S] + [p.W378C]. The other G to C transvemsi® located at position 1312 and is
responsible for aspartate to histidine substituéibresidue 399 of protein (p.D399H). This
mutation was found in a type 1 GD patient diagnoaedl5 years of age that is also

heterozygote for p.N370S mutation.

At last, another novel mutation is due to a G toahsversion in the splice donor
site at first nucleotide of intron 10 (Fig. 1). $hnutation, named IVS10+1G>T, destroys
the conserved splice donor sequence and is probadpnsible for a novel exon skipping

event in this gene. This alteration was found fieraale type 1 patient from South region
28



of Brazil that was diagnosed at 3 years of ageaddition to this finding, p.N370S and
p.L461P (c.1499T>C) were also detected in thisepatiAs DNA from her parents were
also available, we were able to determined thaB3pd$ mutation was inherited from

paternal origin while both p.L461P and IVS10+1G>@revtransmitted by her mother.

In silico evaluation of the 5 novel point sequence variatiasing PolyPhen and
SNPs3D predicts deleterious effects on protein @@125N, p.W378C and p.D399H
mutations (Table 4). These programs showed disobm@sgults for p.F213L and p.P245T
alterations. We have then considered that thesgtisutions cause non-deleterious effects
to the protein in order to maintain a more cons@rgaapproach up to have data from the

multiple alignment (Table 4).

Considering previously reported mutations, the tmiosquent detected among
patients included in this study was the p.N370Satmut that was identified in 26 alleles
(24.1%) as an individual mutation, and coexistinghwthe non-pseudogene-derived
p.M3611 (c.1200G>A) mutation in another one. Th&3/7S was the second most
frequent mutation accounting for 12 mutant alleld@d.1%), followed by p.1489T
(c.1583T>C) mutation that was found in 7 alleles5%). Mutations p.W378C and
p.vV398I (c.1309G>A) were present in 6 alleles (5 &%ch one. Ré&tcil was found in 3
alleles (2.8%) while p.L444P mutation was detecte@ alleles (1.9%), and [p.E326K +

p.L444P] was represented once (0.9%).

Majority of patients’ genotype was defined by tlsisidy as shown in table 5.
Genotypes that were found in more than one case agefollows: [p.N370S] + [p.W378C]

in 5 cases; [p.G377S] + [p.G377S] in 4 cases; [P8IB+ [p.V398l], [p.N370S] +
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[p.1489T], and [p.R120W] + [p.N370S] in 3 casesteaand [793delC] + [p.N370S] in 2

cases. All remaining genotypes were representezhbycase only.
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Discussion

Protocol described here allowed the identificattd? novel sequence variations in
the GBA gene of patients with GD. These include Bsense mutations (p.S125N,

p.F213L, p.P245T, p.W378C, and p.D399H) in the GjRhe.

The p.S125N mutation implies the replacement obkrmpuncharged amino acid
with a hydroxyl group by an uncharged residue vaithide group containing a long side
chain. Serl25 is conserved in several species framan to worms, arguing in favor of a
relevant role in the enzyme function (Fig. 2). Timstation destroys Bvul restriction site

that can be used for mutation screening.

The p.F213L mutation replaces a bulky aromatic nemacid by a residue
containing an open aliphatic chain, which possibhanges the protein conformation.
Although in silico evaluation predicted non-deleterious effect on Gi©tgn, this
phenylalanine residue is conserved in several spesiuch as rat, mouse, chimpanzee,
orangutan, dog, pig, ox, and horse (Fig. 2). Initealg as stated previously, no additional

mutation was identified in this GD patient.

The other mutation, p.P245T, denotes the replantofe cyclic aliphatic structure
by an open polar uncharged chain and would be gtemtlito have an effect on protein
structure or activity. As mention above for p.F218ltation, also for p.P245T silico
evaluation predicted non-deleterious effect on meaprotein, but this proline residue is
conserved in several species, such as rat, mooisepanzee, orangutan, dog, pig, ox, and

horse (Fig. 2). Besides, no additional mutation idastified in this GD patient.
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The mutation in exon 9, p.W378C, involves the repitaent of an amino acid with
an indole side chain by an amino acid with a suflgygroup, which possibly changes the
protein conformation. A deleterious effect of thisitation was also indicated lny silico
analysis. An alignment of GC from 12 different speghuman, mouse, rat, chimpanzee,
orangutan, dog, pig, ox, horse, tidk, elegans and honeybee) demonstrates that this
tryptophan residue is highly conserved in thesecispe indicating a great degree of
structural and functional relevance (Fig. 2). Timistation creates adpyCH4V restriction

site that can be used for mutation screening.

The p.D399H implies the replacement of an acidiagnanacid by a basic one,
which is a relevant change to affect structure @ndiinction of normal protein. As
described above for p.W378C, Asp399 is highly corest in 12 species ania silico
analysis denotes deleterious effect of this mutatiéig. 2). This mutation destroys a

Hindll restriction site that can be used for mutatioresning.

The additional variants are likely to have a patgalal effect due to their nature:
an insertion and a single base change in thegwrsition of a splice donor site. Despite the
insertion reported is a three bases in-frame nartathe addition of a new residue in the
mature protein is very likely to disturb normaldg and function of protein produced.
And the point mutation located at first base ofplce donor site is also likely to disrupt
normal splicing event at this position, given riseexon skipping, alternative splicing or

other different processing events.

Most novel sequence alterations detected by thidysivere found in patients that
are compound heterozygous with the p.N370S mutationmany cases, presence of

p.N370S allele in any genotype could protect p&iehcarrying neurological involvement
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[13]. In patients evaluated in this study whoseaggpe is a combination of p.N370S with
a novel sequence variation no neurological involemwas reported. Therefore,
independently of novel changes severity, patieptsenotypes indicate that p.N370S
mutation is also acting as a protective factohest cases. Similar observations have to be
mention concerning combination of p.N370S with @83insTGC in a GD patient, who
do not show neurological impairment, which furteapport the protective role of p.N370S

mutation.

This study confirmed data previously reported iheotBrazilian GD patients that
p.G377S mutation is also frequently found amongamiutlleles [14]. This data indicate
the inclusion of this alteration in a preliminaigreening in Brazil. This mutation was also
reported to be the third most frequent among Geptt in Portugal and Spain [15]. The
finding that homoallelic patients for p.G377S wessentially asymptomatic or had mild
disease (type 1) suggests that this lesion is adsooprotective [16]. However, others
reports have also detected type 3 patients carrgmegcopy of p.G377S [14,17]. These
observations suggest the possibility of an alle@sed effect, whereby two copies of
p.G377S would lead to an enzymatic residual agtisiifficient to prevent neurological
involvement, but one copy of p.G377S with a secegdkre mutation would lead to type 3
GD. Following this concept the patient reportedhwip.G377S] + [p.E326K + p.L444P]

genotype is likely to develop neurological symptoms

There are still mutant alleles that were not ideat by the approach applied in this
study. This fact is probably due to limitations énbént of the techniques employed here.
For example, any allele-dose effect would not lwéegul out by approach described as well

as any sequence alteration in the promoter redidheogene, in non-translated or in non-
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coding regions that were not cover by PCR ampliicescheme. We are currently testing

further approaches to overcome these limitatiomsutammask the remaining mutant alleles.

The vast majority of mutations identified have heen found in homoallelic form,
especially those new alterations. Ultimately, ityma@e more accurate to envision the
associated phenotypes as a continuum spectrum tivthmajor distinction being the

presence and degree of neurological involvemeBi.[4,

Finally, the identification of mutant alleles isucial for improving the knowledge
of GBA mutation spectrum worldwide contributing the better understanding of
molecular basis of the disease. Furthermore, soitiinhation may also contribute to the
establishment of genotype-phenotype correlationsvelé as for more specific genetic

counseling and/or to offer a customized molecutedysis for families at risk.
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Tables

Table 1. Sequences of primers and probes useentifylcommon mutations.

Mutation Primer sequence (5" > 3") Probe sequesice 8")
Forward Normal
GCCTTTGTCTCTTTGCCTTTGTC TTACCCTAGAACCTCCTG - VIC
p.N370S
Reverse Mutant
CCAGCCGACCACATGGTA ACCCTAGAGCCTCCTG - FAM
Forward Normal
CTGAGGGCTCCCAGAGAGT CTGCGTCCAGGTCGT - VIC
p.L444P
Reverse Mutant
GCCATCGGGATGCATCAGT TGCGTCCGGGTCGT - FAM
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Table 2. Primers used for amplification and sequmgnof the GBA gene.

Exons and Primer sequence (5" > 3") Tamnealing  LeNght
flanking
regions  Forward Reverse (°c) (bp)

1 CCTAGTGCCTATAGCTAAGG CTGGATTCAAAGAGAGTCTG 57 236
2 GTCCTAATGAATGTGGGAGACC CTTACTGGAAGGCTACCAAAGG 61 286
3 GTTCAGTCTCTCCTAGCAGATG GGAAACTCCATGGTGATCAC 61 35
4 GTCCTCCTAGAGGTAAATGGTG GCAGAGTGAGATTCTGCCTC 61 81
5 GATAAGCAGAGTCCCATACTCTC CTGTACAAGCAGACCTACCCTAC yo) 281
6 CTAATGGCTGAACCGGATG GGAAGTGGAACTAGGTTGAGG 62 346
7 CAAAGTGCTGGGATTACAGG CTCTAAGTTTGGGAGCCAGTC 62 404
8 CTAGTTGCATTCTTCCCGTC GCTTCTGTCAGTCTTTGGTG 63 407
9 CTCCCACATGTGACCCTTAC CTCGTGGTGTAGAGTGATGTAAG 61 29

10and 11 GTGGGTGACTTCTTAGATGAGG CTTTAGTCACAGACAGO®TG 62 473
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Table 3. Alleles defined by this study. Novel setpeevariations are shown in bold.

Allele? cDNA nucleotide substitutidn  Exon Proteifi aﬁecl);s
Substitutions
p.R48Q c.260G>A 3 p.Arg87GIn 1
p.R120W c.475C>T 5 p.Arg159Trp 3
p.M123T c.485T>C 5 p.Met162Thr 1
p.S125N Cc.491G>A 5 p.Serl64Asn 1
p.R131C ¢.508C>T 5 p.Argl70Cys 1
p.W179X €.653G>A 6 p.Trp218X 1
p.N188S c.680A>G 6 p.Asn227Ser 1
p.G202R C.721G>A 6 p.Gly241Arg 1
p.F213L c.756T>G 6 p.Phe252Leu 1
p.P245T c.850C>A 7 p.Pro284Thr 1
p.H311R c.1049A>G 8 p.His350Arg 1
p.Y313H €.1054T7>C 8 p.Tyr352His 1
p.E349K c.1162G>A 8 p.Glu388Lys 1
p.R353W c.1174C>T 8 p.Arg392Trp 1
p.N370S c.1226A>G 9 p.Asn409Ser 26
p.G377S €.1246G>A 9 p.Gly416Ser 12
p.W378C €.1251G>C 9 p.Trp417Cys 6
p.N396T c.1304A>T 9 p.Asn435Thr 4
p.VvV398I €.1309G>A 9 p.Val437lle 6
p.D399H c.1312G>C 9 p.Asp438His 1
p.L444P C.1448T>C 10 p.Leu483Pro 2
p.1489T €.1583T>C 11 p.1le528Thr 7
p.R496H c.1604G>A 11 p.Arg535His 1
Insertions
84insG €.84dupG p.Leu29AlafsX18 1
982-983insTGC €.980_982dupTGC 7 p.Leu327_ Pro328insLeu 1
Deletions
413delC c.413delC 4 p.Prol138LeufsX62 1
793delC c.793delC 7 p.GIn265SerfsX5 2
Complex alleles
€.1093G>A 8 p.Glu365Lys
p.E326K + p.L444P 1
€.1448T>C 10 p.Leud483Pro
€.1200G>A 8 p.Met400lle
p.M3611 + p.N370S 1
c.1226A>G p.Asn409Ser
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€.1448T>C 10 p.Leud483Pro

Red\cil €.1483G>C 10 p.Ala495Pro
€.1497G>C 10 p.Val499Val

p.L461F +IVS10+1G>T €.1499T>C 10 p.Leu500Pro
€.1505+1G>T Not applicable

3 Nomenclature is given according to www.hgmv.orgimamen;® Nucleotides are numbered from A of first AT&EAmino acid

designations (“p.”) are based on the primary GBanglation product, including the 39-residue sigoeptide;® These alterations
correspond to the normal pseudogene sequence.

41



Table 4. Novel missense sequence variations anldiagian of functional impact using
web-based tools PolyPhen and SNPs3D.

PolyPhen  SNP3D
Novel missense mutation Predict effect on GC
APSIC SVM score

p.S125N (c.491G>A) 1.755 -2.60 deleterious
p.F213L (c.756T>G) 0.976 0.54 non-deleterious
p.P245T (c.850C>A) 1.639 0.77 non-deleterious
p.W378C (c.1251G>C) 4114 -3.26 deleterious
p.D399H (c.1312G>C) 2.321 -1.98 deleterious

APSIC< 0.5 = benign; SVM scores > + 0.5 = benign.
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Table 5. Genotypes defined by this study.

Genotype

# of patients

[p.N370S] + [p.L461P + IVS10+1G>T]

[p.Y313H] + [p.L444P]
[793delC] + [p.N370S]
[p.N370S] + [p.W378C]
[p.G377S] + [p.1489T]
[p.R353W] + [Red\cil]
[p.V398I] + [p.V398I]
[p.F213L] + [p.N370S]
[p.W179X] + [p.M361I + p.N370S]
[p.N370S] + [p.1489T]
[p.N188S] + [Reblcil]
[p-.M123T] + [p.E349K]
[p.G377S] + [p.W378C]
[p.S125N] + [p.N370S]
[p.P245T] + [Reblcil]
[p.G377S] + [p.G377S]
[p.R120W] + [p.N370S]
[P.N396T] + [p.N396T]
[P.N370S] + [p.D399H]
[413delC] + [p.N370S]
[p.1489T] + [p.1489T]
[p.N370S] + [p.G377S]
[P.N396T] + [p.1489T]
[P.N396T] + [p.L444P]
[p.G202R] + [p.N370S]
[p.R131C] + [p.N370S]
[84insG] + [p.R496H]
[p.H311R] + [p.N370S]
[982-983insTGC] + [p.N370S]
[p.G377S] + [p.E326K + p.L444P]
[p.R48Q] + [?]
[p.N370S] + [?]
[?1+[?]

1

[l I SR

Total

? denotes unidentified mutation.

54
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Figure captions

Figure 1. Direct DNA sequencing of the GBA geneA) Direct sequencing of part of

exon 10 from the forward primer. First arrow showi C substitution (¢.1499T>C) that
leads to p.L461P mutation, while second arrow sh@we T substitution responsible for
IVS10+1G>T alteration. B) Direct sequencing of pafrexon 7 from the forward primer.

Dashed line denotes the location where 3 nucles{{@i&C) were inserted, leading to 982-
983insTGC mutation.

Figure 2. Multiple alignment of GC in several spe@s.The protein sequences shown in
this alignment are (Ayat (Gene ID 684536); (B) mouse (Gene ID 14466); liGman
(Gene ID 2629); (D) chimpanzee (Gene ID 449571);0ifangutan (Gene ID 100174563);
(F) dog (Gene ID 612206); (G) pig (Gene ID 44957R); ox (Gene ID 537087); (I) horse
(Gene ID 100063514); (J) tick (Gene ID 8051161)) (K elegangGene ID 178535); (L)
honeybee (Gene ID 409708). The asterisks denoteeidues where missense mutations
characterized in this study are located. *1 denthtesp.S125N mutation; *2 denotes the
p.F213L mutation; *3 denotes the p.P245T mutatidngdenotes the p.W378C mutation;
and *5 denotes the p.D399H mutation. The boxes shovel missense mutations with
conserved residues of GC in several species.
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Figure 1
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Figure 2

CFRXC"TIOTMOO®> CFrRXC"IOMmMOO®T> CFrRXC"IOTMmMOO®T> CFrRXC"IOTMMOO®T> CFRXC"IOTMOO®>

CFRCTIOTMOO®>

AQPCl PKSFG- - YSSVWCVCNATYCDSLDP- - LTLPALGT!
AQPCl PKSFG- - YSSVVCVCNASYCDSLDP- - VTLPALGT!
ARPCl PKSFG- - YSSVVCVCNAT YCDSFDP- - PTFPALGT!
ARPCl PKSFG- - YSSVWCVCNAT YCDSFDP- - PTFPALGT!
ARPCl PKSFG- - YSSVWCVCNATYCDSLDP- - LTFPALGT!
ARPCl PKSFG- - YSSVVCVCNAT YCDSL DP- - LALPAPGT!
ARPCSPKSFG- - YSSVWCVCNAT YCDSLDP- - LTLPDPGT!
ARPCSPKSFG- - YSSVWCVCNGT YCDSLDP- - LTLPDPGT!
ARPCSPKSFG- - YSSVVCVCNAT YCDSLDP- - LTLPAPGT!

FSRYESTRSGRR- - - ------- MELSTGSI QANRTGTGLLLTLQPEEKFQKVKGFGGAMT 86
FSRYESTRRGRR- - - - - - - - - - MEL SVGAI QANRTGTGLLLTL QPEKKFQKVKGFGGAMT 86
FSRYESTRSGRR- - - - - - - - - - MEL SMGPI QANHTGTGLLL TL QPEQKFQKVKGFGGAMT 86
FSRYESTRSGRR- - - ------- MELSMGT| QANHTGTGLLL TL QPEQKFQKVKGFGGAMT 86
FSRYESTRSGRR- - - ------- MELSTGTI QANHTGTGLLLTLQPEQKFQKVKGFGGAMT 86
FSQYESTRSGRR- - - - - - - - - - MELSLGTI RANHTGTGLLLTL QPDQKFQKVKGFGGAMT 86
FSRFESTRSGRR- - - ------- MEL SL GTFQANRT SKGLLL TL QPDQKFQKVKGFGGAMT 86
FSRFESTRSGRR- - - ------- MELSLGTI QANRTGTGLLLTL QPDQKFQKVKGFGGAMT 86
FSRYESTRSGRR- - - - - - - - - - MEL SLGAI QANRTGTGLLLTL QPDQKFQKVKGFGGAMT 86

- - VC HRNFG- - KGSTVCVCDSVQCDMLGR- - | PKLAAGVAAVYESSKDGSRFLSTTI EFVPHDSNRTALSSTTSRTRSVI KI KQENKFQHI FGFGGSFT 94

SFQCNPKTYDGAFLNI VCVCNATFCDEI EP- - | GEI AEGKAI VYRSSLDGDR- - - - - - - LKRVBMKMKEKL RKNESVNVTI TI DASERFONI FGFGGAFT 91
ANDCVPRSFG- - TNNI VCVCNSTYCDSTPEPKPSSPEKGTFHWYVSSRDGLR- - - - - - - - - - L SL SKGQVIGRCONDGSLTLNI DTSKRYQTI LGFGGAFT 88
*1

DATALNI LALSPPAQKLLLKSYFS- SEG EYNI | RVP

ICDFSI RI YTYADTPNDFQL SNFSLPEEDTKLKI PLI HRALKVSPR- Pl SLFASPWTSPTW 184

DATALNI LALSPPTQKLLLRSYFS- TNG EYNI | RVPMASCDFSI RVYTYADTPNDFQL SNFSLPEEDTKLKI PLI HQALKMSSR- Pl SLFASPWISPTW 184

DAAALNI LALSPPAQNLLLKSYFS- EEG GYNI | RVP
DAAALNI LALSPPAQNLLLKSYFS- EEG GYNI | RVP
DAAALNI LALSPPAONLLLKSYFS- EEG GYNI | RVP
DAAALNI LALSPPARNLLLKSYFS- AEG EYNI | RVP

DAAALNI LALSPAARNLLLKSYFS- EEG EYNI | RVP

CDFSI RTYTYADTPDDFQLHNFSLPEEDTKLKI PLI HRALQLAQR- PVSLLASPWISPTW 184
CDFSI RTYTYADTPDDFQLHNFSLPEEDTKLKI PLI HRALQLAQR- PVSLLASPWISPTW 184
CDFSI RTYTYADTPDDFQLHNFSLPEEDTKLKI PLI HRALQLARR- PVSLLASPWISPTW 184
CDFSI RTYTYDDTHDDFQLHNFSLPEEDI KLKI PLI HQALELAQH- PVSLFASPWISPTW 184

CDFSI RTYTYDDSPDDFQLLNFSLPEEDVKLKI PLI HQALELANR- SVSLFASPWISPTW 184

S
S
DAAALNI LALSPQARNLLLKSYFS- EEG EYNI | RVPMASCDFSI RI YTYADTPDDFQLLNFSLPEEDVKLKI PLI HQALKVAQR- PVSLFASPWISPTW 184
S
S

DAAALNI LALSPAARNLLLKSYFS- EEG EYNI | RVP
DSAG NI LSLREPLRGKLLESYFS- EEGLDYNMGRVPI

CDFSI RVYTYADTPDDFQLHNFSLPEEDVKLKI PLI HQALELSQR- PI SLFASPWISPTW 184
SDFSTRVYSYADVANDFKL LKFSLAPEDVRLKI PLI QEAQKLKTTDQLW.I ASPWSAPAW 193

DSAGDQFVSLSETLONYI VDSYFG- KNGLEYNI GRVPI ASCDFSTHEYSYDDVHDDFEL KHFAL PDEDLKLKI PFI KKAI EKTEG- NI QLFASPWSAPGWV 189
DSAGVWNI KNLSEATQDQL I RAYFDPKDGSRYTLGRI Pl GGTDFSTRAYTL DDYDDDATL QHFALAPEDVEYKI PYARKAVELNPD- - LRFFSAAWSAPTW 186

*2 *3
LKTNGAVNGKGSL KGHPGDI YHEAWANYFVKFLDAYATHNI KFWAVTAENEPSAGL FTGYPFQCL GFTAEHQRDFI SHDLGPALANSSH- - - DVKLLI LD 281
LKTNGRVNGKGSL KGQPGDI FHQTWANYFVKFL DAYAKYGL RFWAVTAENEPTAGL FTGYPFQCL GFTPEHQRDFI SRDLGPALANSSH- - - DVKLLMLD 281
LKTNGAVNGKGSL KGQPGDI YHQTWARYFVKFL DAYAEHKL QFWAVTAENEPSAGL L SGYPFQCL GFTPEHQRDFI ARDLGPTLANSTHH- - NVRLLMLD 282
LKTNGAVNGKGSL KGQPGDI YHQTWARYFVKFL DAYAEHKL QFWAVTAENEPSAGL L SGYPFQCL GFTPEHQRDFI ARDLGPTLANSTHH- - NVRLLMLD 282
LKTNGAVNGKGSL KGQPGDI YHQTWARYFVKFL DAYAEHKL QFWAVTAENEPSAGL L SGYPFQCL GFTPEHQRDFI ARDLGPTLANSTHH- - NVRLLMLD 282
L KTNGAVNGKGSL KGQPGDL YHQTWARYFVKFL DAYAEHKL QFWAVTAENEPSAGL FSGYPFQCL GFTPEHQRDFI ARDLGPALANSTHH- - DI RLLI LD 282
LKTNGAVNGKGT L KGHPGDRYHQTWAKYFVKFL DAYAEHNL HFWAVTAENEPSAGL FTGYPFQCL GFTPEHQRDFI ARDPGPTLANSTHR- - NVRLLMLD 282
LKTNGAVNGKGT L KGQAGDL YHKTWARYFVKFL DAYAEHKL RFWAVTAENEPTAGL L TGYPFQCL GFTPEHQRDFI ARDLGPI LANSTHR- - DVRLLMLD 282
L KTNGAVNGKGSL KGOPCDRYHQTWAKYFVKFL DAYAEHKL QFWAVTTENEPSAGL I SGYPFQCL GFTPEHQRDFI ARDLGPTLANSTHR- - NVRVLMLD 282

MKTNSAVSGRGTLRGOPNG YYKTWAQYL VKFLNAYRDRNVTFWE TAQNEPSSGFI PFYSFQTMGFSASSQRDFVKFDLGPALERADYGPNKLKLM LD 293
MKVTGRVRGGGAVRND- - KRVYQAYADYFFKFFEAYSSHAI TFWGL TI QNEPST GADVAVWRWQTMNY TAETVRDFLKKYLGPKLKENKL T- ETLKVMWLD 286
MKTNHKI NGFGFLKTE- - - - YYQTFANY! LKFI EEYKKNGVDI WGVSTGNEPFDAYI PFERLNSMGAWTPEL VGDW ANNLGPTLANSEYN- - ATHI FVLD 280

DQRLLLPRWAQVVL SDPEAAKYVHG AVHWYMDFLAPAKAT L GETHRL FPNMVLFASEACVGS- KFVEQSVRL GSWDRGVQYSHSI | TNLLYHVTC
DQRLLLPRWAEVVL SDPEAAKYVHG AVHWYMDFLAPAKATL GETHRL FPNTMLFASEACVGS- KFVEQSVRL GSWDRGVRQYSHSI | TNLLYH\/T
DQRLLLPHWAKVWL TDPEAAKYVHGI AVHWYL DFL APAKATL GETHRL FPNTM_FASEACVGS- KFWEQSVRL GSWDRGMQYSHSI | TNLLYHVVQ

DQRLLLPHWAKVVL TDPEAAKYVHG AVHWYL DFLAPAKATL GETHRL FPNTMLFASEACVGS- KFVEQSVRL GSWDRGVRYSHSI | TNLLYH\/V
DQRLLLPHWAKVVL TDPEAAKYVHG AVHWYL DFLAPAKATL GETHHL FPNTMLFASEACVGS- KFVEQSVRL GSWDRGVRQYSHSI | TNLLYH\/V
DQRLLLPHWAQWWLADPEAAKYVHGI AVHWYL DFL APAKATL GETHRL FPNTM_FASEACVGS- KFWEQSVRL GSWWDRGVQYSHSI | TNLLYHVVQ
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4. DISCUSSAO

O gene GBA dos pacientes foi amplificado atravastétnica de PCR longo,
seguido de nested PCR. Os fragmentos obtidos foram analisados aradé
sequenciamento direto. Esta analise permitiu atifietdo de 31 mutacdes diferentes,
sendo que 7 delas (p.S125N, p.F213L, p.P245T, p8®@W3P.D399H, 982-983insTGC e
p.L461P + IVS10+1G>T ) foram descritas pela primeiez neste trabalho. Cinco destas
alteragbes (p.S125N, p.F213L, p.P245T, p.W378CD8%9H) sdo mutacdes de sentido

trocado (nissenseno gene GBA.

A mutacdo p.S125N causa a substituicdo de um agidwaolar com grupamento
hidroxila por um residuo nado-carregado com grupamamida contendo uma cadeia
lateral mais longa. Serl25 € um residuo consereadovarias espécies de humanos a
vermes, destacando seu papel relevante na fungéizdaa. Esta mutacéo destroi um sitio

de restricad’vul, que pode ser usado para triagem desta mutacéo.

A mutacdo p.F213L substitui um aminoacido aromagioo um residuo contendo
uma cadeia alifatica aberta, que provavelmentesadteonformacéo da proteina. Embora a
avaliagéoin silico tenha previsto um efeito ndo-deletério na prot€a este residuo de
fenilalanina é conservado em diversas espéciesctano rato, camundongo, chimpanzé,
orangotango, cdo, porco, boi e cavalo. Além disgmmo mencionado anteriormente,

nenhuma outra mutacéao foi identificada nesse pecem DG.

A outra mutacdo, p.P245T, determina a substituddouma estrutura alifatica
ciclica por uma polar ndo-carregada aberta e gesi\mimente tem efeito na estrutura ou

na atividade da GC. Assim como mencionado paratagao p.F213L, a analise silico
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da mutacdo p.P245T predisse um efeito ndo-deletériproteina madura, embora este
residuo de prolina seja conservado em varias espedentre elas rato, camundongo,
chimpanzé, orangotango, céo, porco, boi e cavdémAlisso, nenhuma mutacao adicional

foi identificada nesse paciente com DG.

A mutacdo no éxon 9 do gene GBA, p.W378C, causabstituicio de um
aminoacido com uma cadeia lateral indol por um aatido com um grupamento
sulfidrila, que possivelmente altera a conformagagroteina. A analise silico indicou
um efeito deletério para esta mutagdo. Um alinhémneée 12 espécies diferentes da GC
(homem, rato, camundongo, chimpanzé, orangota®@gg porco, boi, cavalo, carrapa,
eleganse abelha) mostrou que o residuo Trp378 é altanwmmservado nestas espécies,
indicando elevado grau de relevancia estruturaheibénal. Esta mutagéo cria um sitio de

restricioHpyCH4V, que pode ser usado para triagem desta mutacéo.

A mutacdo p.D399H determina a substituicAo de unm@wido acido por um
basico na proteina, ocasionando uma mudanca inmp@gae pode afetar a estrutura e/ou
funcdo da GC. Como descrito para a p.W378C, o uesibkp399 também é altamente
conservado em 12 espécies e a andfisglico indicou efeito deletério desta alteracao.
Esta mutacao destréi um sitio de restriefodll, que pode ser usado para triagem desta

mutacéo.

As demais variantes provavelmente tém efeito pgtobdddevido a sua natureza:
uma inser¢cdo e uma mudanca de um nucleotideo meipai posicdo do sitio doador de
splicing A insercdo identificada é uma mutaci@eframe de 3 nucleotideos, que, ao
adicionar um novo residuo na proteina madura, pedrente perturba o enovelamento

normal e a funcdo da proteina produzida. A mutaigigonto localizada no primeiro
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nucleotideo do sitio doador dplicing provavelmente também altere o eventcsplécing

normal nesta posicao.

A maioria das novas variacbes de sequéncia it=dds neste estudo foi
encontrada em pacientes heterozigotos com a mufadd/0S. Em muitos casos, a
presenca do alelo p.N370S no gendtipo protege oeemias do desenvolvimento das
manifestacbes neurolégicas da doenca (Alfosisal, 2001). Nos pacientes analisados
neste estudo, aqueles que tinham gendtipos p.N&T0&mbinagdo com uma variagédo de
sequéncia nova nao apresentaram comprometimentorolégico. Portanto,
independentemente da gravidade da mutacdo novanatipos dos pacientes indicam que
a mutacdo p.N370S estd agindo como um fator desg@ot nestes casos. Algumas
consideracfes podem ser mencionadas em relacami@gnegdo de p.N370S com 982-
983insTGC em um paciente com DG, que ndo apreseostoprometimento neuroldgico

apoiando o papel protetor da mutacao p.N370S.

Este estudo confirmou dados anteriores, que estudautros pacientes brasileiros
com DG, de que a mutacédo p.G377S é frequentemeocta@teada entre os alelos mutantes
(Rozenberget al, 2006a). Esses dados indicam que esta alteragéo sr incluida no
teste de triagem preliminar no Brasil. Esta mutagdiobém foi descrita como a terceira
mais frequente entre pacientes com DG em Portudgapanha (Amaraét al, 1996).
Pacientes homozigotos para a mutacdo p.G377S s#udoasaticos ou desenvolvem a
forma leve da doenca (tipo 1), sugerindo que ek&ragdo também é neuroprotetora
(Amaral et al, 2000). Entretanto, outros estudos identificaranigntes com DG tipo 3
heterozigotos para mutacéo p.G377S (Rozendtemy 2006a). Estas observacdes sugerem
a possibilidade de um efeito dependente do nimemealos afetados, de modo que duas

copias de p.G377S produziriam atividade residuiatisate para evitar o prejuizo ao SNC,
49



engquanto uma copia de p.G377S em associacdo cormuitagdo grave levaria a DG tipo
3. O paciente que apresenta 0 genodtipo [p.G371BJEB26K + p.L444P] provavelmente

desenvolvera sintomas neuroldgicos.

Alguns alelos mutantes ndo foram identificadosa pbordagem aplicada neste
estudo. Este fato € devido, provavelmente, a lgé#a das técnicas empregadas. Por
exemplo, um efeito dose-alelo ndo sera obtido pedtodologia empregada, bem como,
uma alteracdo na sequéncia da regiao promotorar® gm regides néo-traduzidas ou em
regides nao-codificantes que nao foram amplificades/és da PCR. Atualmente, estamos
desenvolvendo outras abordagens para superar dgfitaddades e, assim, identificar os

alelos mutantes que permanecem desconhecidos.

A grande maioria das mutacdes identificadas ndcecontrada em pacientes
homozigotos, especialmente as alteracdes novasi©imdicado é considerar os fendtipos
como uma continuidade de sintomas, distinguindmapem relacdo a presenca e o grau

de envolvimento neurolégico (Sidransky, 2004; Haeskal, 2008).

A identificacdo dos alelos mutantes € importaste& @ conhecimento do espectro
de mutacdes no nosso pais e para aumentar o co@mci das bases moleculares da
doenca. Além disso, essas informacdes podem tamd@mribuir para a melhor
compreensdo de correlacdes genotipo-fendtipo, assimo, para o aconselhamento

genético e/ou para a oferta de analises moleculaiasdualizadas para familias em risco.
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5. CONCLUSOES

* Um protocolo, baseado na combinacdo de PCR longested PCR, foi
desenvolvido e padronizado para amplificacdo eBpacde toda a regido

codificante do gene GBA em 10 fragmentos.

* O sequenciamento direto das regides amplificadasanhstras de DNA de 54
pacientes com DG foi realizado e permitiu a definicde alteracées de

sequéncia em 92 alelos.

» Sete mutacdes novas (p.S125N, p.F213L, p.P245T318®W, p.D399H, 982-
983IinsTGC e IVS10+1G>T) e outras 24 alteracdesril@asqreviamente por

outros grupos foram identificadas no grupo de paegestudado.

» O efeito patogénico e/ou deletério das variacdesseguéncia novas foi
avaliado por analisem silico (programas de predicdo de efeito funcional e
alinhamento de sequéncias) e todas elas apreseesaitados potencialmente
compativeis com alteracdes responsaveis por calsaacao na atividade

enzimatica.

* Os resultados obtidos contribuem para o aconselitangenético e/ou para a

oferta de analises moleculares individualizadaa familias em risco.
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Guide for Authors

Subject Matter

Blood Cells, Molecules, and Diseag@&CMD) publishes original articles and reviews in
the broad area of hematology, including both basig clinical studies and encompassing
areas such as hemostasis, thrombosis, immunologyabmlism, genetics, molecular

biology, therapy, and morphology. Letters to thet&dare also welcome. Contributing

Editors are encouraged to write or solicit a comt@gnon an article accepted for

publication.

Manuscript Checklist

Size

Size limits are flexible within the approximate ganof 1000 to 10.000 words. With
figures, tables, and references appropriate teubgect matter, articles will, in general, not
be longer than 20 journal pages. Letters to théoE@dnd Commentaries are limited to
fewer than 1000 words.

Format

Please provide the following on the title page mgioal articles and reviews:

- Title (concise and informative)

- Author names and affiliation addresses (wherenbik was done)

- Corresponding author. Designate one author wHbhandle all correspondence at all
stages of the process.

Followed by (in this order):

- The names and addresses of three potential estere
- Abstract

- Keywords (maximum of 5)

- Introduction

- Materials

- Results

- Discussion

- Acknowledgments

- References

- Tables

- Figure captions

- Figures, schemes, illustrations (as separat®) file
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Manuscript Submission

Manuscript must be submitted through one of thetrdmrting editors. Authors should
contact one of the contributing editors to ascertahether the editor is in a position to
consider the paper. It is useful to do this by @émaifax, including the summary of the
paper so that the editor is apprised of the sulbpatter of the paper. Please access this link
for contributing editor contact information:
http://www.elsevier.com/wps/find/journaleditoriabira.cws_home/622796/editorialboard#
editorialboard

Because all papers are transmitted electronicaliyw(ell as set into print), all manuscripts
must be submitted in electronic form, preferably W8rd for the text. Figures should also
be sent in electronic format in a high-resolutiasrniat. They may be sent to the
corresponding editor on disk by mail and it is fglpo include a hardcopy of the
manuscript and figures.

Submitted articles receive only a light edit sa thva will be able to implement immediate
distribution. If the references or other partshod paper are not in the correct format (see
above) or if the paper is not written in good Eslgjiit will be returned to the author for
correction.

Color illustrations are encouraged and will be uleld without additional charge in the
electronic edition of the journal, but will be pighled as black-and-white versions in the
printed journal unless the author pays for the adstolor reproduction. If the author

wishes the printed edition to contain black-andte/lviersions of colored illustrations, the
black-and-white  versions must be supplied along hwitthe color.

Should authors be asked by the Editor to revisi thanuscripts, the revision will be due
within 12 weeks. After this time, the manuscriptiviie considered a new submission.

Further considerations:

Upon acceptance of an article, authors will be dste transfer copyright (for more
information on copyright, see http://authors.elsexom). This transfer will ensure the
widest possible dissemination of information. Atdetwill be sent to the corresponding
author confirming receipt of manuscript. A form ifaating transfer of copyright will be

provided after acceptance.

If material from other copyrighted works is inclulehe author(s) must obtain written
permission from the copyright owners and creditgbarce(s) in the article. Elsevier has
preprinted forms for use by authors in these casestact Elsevier Global Rights
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Department, PO Box 800, Oxford OX5 1DX, UK, pho(e44) 1865 843830, fax: (+44)
1865 853333, email: permission@elsevier.com.

General Information:

Submission of an article implies that the work diésxd has not been published previously
(except in the form of an abstract or as part p@ilalished lecture or academic thesis), that
it is not under consideration for publication elbene, that its publication is approved by

all authors and tacitly or explicitly by the resgde authorities where the work was

carried out, and that, if accepted, it will not flagblished elsewhere in the same form, in
English or in any other language, without the wnttonsent of the Publisher.

US National Institutes of Health (NIH) voluntary stimg (* Public Access") policy
Elsevier facilitates author posting in connectioithwthe voluntary posting request of the
NIH (referred to as the NIH "Public Access Policy";see =+
http://www.nih.gov/about/publicaccess/index.htby posting the peer-reviewed author's
manuscript directly to PubMed Central on requesimfrthe author, after formal
publication. Upon notification from Elsevier of aptance, we will ask you to confirm via
e-mail (by e-mailing us alllHauthorrequest@elsevier.corthat your work has received
NIH funding (with the NIH award number, as wellthg name and e-mail address of the
Prime Investigator) and that you intend to respaadthe NIH request. Upon such
confirmation, Elsevier will submit to PubMed Cemtoan your behalf a version of your
manuscript that will include peer-review commeiits,posting 12 months after the formal
publication date. This will ensure that you willMearesponded fully to the NIH request
policy. There will be no need for you to post yooanuscript directly to PubMed Central,
and any such posting is prohibited.

Authors' rights
As an author you (or your employer or institutiomgy do the following:

- make copies (print or electronic) of the artife your own personal use, including for
your own classroom teaching use

- make copies and distribute such copies (includimpugh e-mail) of the article to

research colleagues, for the personal use by saldbagues (but not commercially or

systematically, e.g., via an e-mail list or listws)

- post a pre-print version of the article on Intrebsites including electronic pre-print
servers, and retain indefinitely such version orhsservers or sites

- post a revised personal version of the final téxhe article (to reflect changes made in
the peer review and editing process) on your paisoninstitutional website or server,

with a link to the journal homepage (s¥http://www.elsevier.com
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- present the article at a meeting or conferenak dastribute copies of the article to the
delegates attending such a meeting

- for your employer, if the article is a ‘'work fowre', made within the scope of your
employment, your employer may use all or part ef itiformation in the article for other
intra-company use (e.g., training)

- retain patent and trademark rights and rightartp processes or procedure described in
the article

- include the article in full or in part in a thesir dissertation (provided that this is not to
be published commercially)

- use the article or any part thereof in a printesnpilation of your works, such as
collected writings or lecture notes (subsequempiutalication of your article in the journal)

- prepare other derivative works, extend the atioto book-length form, or otherwise re-
use portions or excerpts in other works, with faltknowledgment of its original
publication in the journal

Preparation of text
General
Language polishing

Authors who require information about languageiegiind copyediting services pre- and
post-submission may visit:
http://www.elsevier.com/wps/find/authorshome.ausifianguagepolishing

or contact:

authorsupport@elsevier.coimr more information.

Please note Elsevier neither endorses nor takesnsibility for any products, goods or
services offered by outside vendors through owiges or in any advertising. For more
information please refer to our Terms & Conditions:
=http://www.elsevier.com/wps/find/termsconditionscwome/termsconditions

Nomenclature and units

Follow internationally accepted rules and convergiaise the international system of units
(S1). If other quantities are mentioned, give trequivalent in SI. For further information
you are urged to consult:

IUPAC: Nomenclature of Organic Chemistsshttp://www.iupac.org/
IUPAC: Nomenclature of Inorganic Chemistaghttp://www.iupac.org/
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IUB: Biochemical Nomenclature and Related Documents =+
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Text

References should be numbered (numbers in squackedis) sequentially as they appear
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be given.
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[2] W. Strunk Jr., E.B. White, The Elements of 8tythird ed., Macmillan, New York,
1979.

Reference to a chapter in an edited book:
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Citing and listing of Web references

As a minimum, the full URL should be given. Any theer information, if known (author
names, dates, reference to a source publicatior), should also be given. Web references
can be listed separately (e.g., after the refer@syainder a different heading if desired, or
can be included in the reference list.

Use of the Digital Object Identifier

The digital object identifier (DOI) may be useddite and link to electronic documents.
The DOI consists of a unique alphanumeric charasteng which is assigned to a
document by the publisher upon the initial eledatr@ublication. The assigned DOI never
changes. Therefore, it is an ideal medium for gitndocument, particularly 'Articles in
press' because they have not yet received thé¢ibitllographic information. The correct
format for citing a DOl is:

doi:10.1016/j.bcmd.2003.10.071

When you use the DOI to create URL hyperlinks te@wioents on the web, they are
guaranteed never to change.

Captions

Ensure that each illustration has a caption. Supgptions separately, not attached to the
figure. A caption should comprise a brief titleo{ on the figure itself) and a description of
the illustration. Keep text in the illustrationsethselves to a minimum but explain all
symbols and abbreviations used.

Preparation of electronic illustrations
General points

* Please use uniform lettering and sizing of yaugioal artwork.

» Save text in illustrations as "graphics" or eselthe font.

* Only use the following fonts in your illustratisnArial, Courier, Helvetica, Times,
Symbol.

* Number the illustrations according to their seteein the text.

» Use a logical naming convention for your artwoks.

* Provide all illustrations as separate files asdhardcopy printouts on separate sheets.
* Provide captions to illustrations separately.

* Produce images near to the desired size of theegrversion.
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A detailed guide on electronic artwork is available on our website at
mhttp://authors.elsevier.com/artwork

Please make sure that artwork files are in an aabkpformat (TIFF, EPS or MS Office
files) and with the correct resolution. If, togeathvaith your accepted article, you submit
usable color figures then Elsevier will ensurepatadditional charge, that these figures
will appear in color on the Web (e.g., Scienceliiwwd other sites) regardless of whether
or not these illustrations are reproduced in calorthe printed version. For color
reproduction in print, you will receive informatiorgarding the costs from Elsevier after
receipt of your accepted article. Please indicat# preference for color in print or on the
Web only. For further information on the preparataf electronic artwork, please s2e
http://authors.elsevier.com/artwork

Please note: Because of technical complicationstwitcan arise by converting color
figures to "gray scale” (for the printed versiomsld you not opt for color in print), please
submit in addition usable black and white versiaofs all the color illustrations.

Preparation of supplementary data

Elsevier accepts electronic supplementary matésiglupport and enhance your scientific
research. Supplementary files offer the Author @oldal possibilities to publish
supporting applications, movies, animation sequenugh-resolution images, background
datasets, sound clips and more. Supplementary $igplied will be published online
alongside the electronic version of your article Bfsevier Web products, including
ScienceDirect:=http://www.sciencedirect.comin order to ensure that your submitted
material is directly usable, please ensure tha daprovided in one of our recommended
file formats. Authors should submit the materialéalectronic format together with the
article and supply a concise and descriptive capfar each file. For more detailed
instructions please visit our artwork instructioagps at=:http://authors.elsevier.cam

Proofs
One set of page proofs in PDF format will be sgnétmail to the corresponding author, to

be checked for typesetting/editing. No changes dufit@ns to the manuscript will be
allowed at this stage. Proofreading is solely tiar's responsibility.
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