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Discussió general 

1 . ANÁLISI MOLECULAR I LA SEVA UTILITAT DIAGNÓSTICA 

En aquest trebail s'ha fet ranálisi molecular de tres de les malalties 

lisosómiques mes freqüents en la població espanyola, la mucopolisacaridosi de tipus 

I, la mucopolisacaridosi de tipus II i la leucodistrófia metacromática. L'objectiu 

d'aquest estudi ha estat observar l'espectre de mutacions de cada malaltia per poder 

establir la millor estrategia de diagnóstic molecular de cara ais pacients i ais seus 

familiars. 

En estudiar aqüestes tres malalties, ens hem trobat amb tres casos ben 

representatius de com pot ser l'espectre mutacional d'una malaltia hereditaria: 

• Dues o tres mutacions son les principáis causants de la malaltia, per tant, 

l'estudi d'aquestes cobreix la immensa majoria deis al-lels (mes del 70%), i 

la resta poden presentar tot tipus de mutacions. Aquest és el cas de la 

mucopolisacaridosi de tipus 1, en la qual les principáis causants de la 

malaltia en la població espanyola son les tres mutacions W402X, Q70X i 

P533R. 

• Dues o tres mutacions es troben en percéntatges similars respecte el total 

d'al-leis per la malaltia ais pacients que la presenten, l'análisi de totes 

aqüestes mutacions juntes arriba a cobrir la meitat o poc mes deis al-lels i la 

resta teñen un carácter molt heterogeni. Aquest és el cas de la 

leucodistrófia metacromática, que amb l'estudi de tres mutacions 

diferents es cobreix el 55.5% deis al-lels, pero per arribar al 72.5% cal 

l'estudi de set mutacions diferents. 

• No hi ha cap mutació que sigui especialment majoritária en la població de 

malalts, sino que hi ha una gran heterogeneítat genética i gairebé cada 

pacient presenta una mutació diferent i particular; si alguna mutació es troba 

en mes d'una familia, no arriba mai a percéntatges significatius. Aquest és 

el cas de la mucopolisacaridosi de tipus II, que es comporta com una 

malaltia amb una gran heterogeneítat genética en la qual les mutacions mes 

prevaients son les grans delecions i reordenaments, que arriben a 

representar r i1% deis al-lels per la malaltia. 

Podem veure, dones, que tenim tres exemples que representen els dos 

extrems i un pas intermedi del ventall d'espectres de mutacions que es poden trobar 

en les malalties hereditáries. Així mateix, els resultats obtinguts en cada malaltia fan 
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plantejar diferents estratégies pel diagnóstic molecular de cara ais propers pacients 

que es diagnostiquin bioquímicament. 

Per una malaltia com la mucopolisacaridosi de tipus 1, que amb tres mutacions 

es cobreix la immensa majoria deis aliéis, evidentment, la millor estrategia davant un 

nou pacient per diagnosticar, és analitzar aqüestes tres mutacions ja que 

probablement es cobrirá el genotip, i el diagnóstic de portadors i el diagnóstic 

prenatal ais seus familiars no oferirá cap problema. Si no s'identifica algún deis 

al-Iels, es pot renunciar a la identificado de la mutació concreta en aquest allel i 

realitzar el diagnóstic deis familiars mitjangant l'estudi indirecte per marcadors 

polimórfics. En aquesta malaltia en concret, aquesta estrategia és la mes 

recomanable, ja que la presencia d'una trentena de marcadors polimórfics faciliten 

aquest estudi i, en canvi, dificulten l'aplicadó de técniques de recerca de mutacions 

com ara l'SSCP. 

Per una malaltia com la leucodistrófia metacromática, que amb set mutadons 

es cobreix mes del 70% deis al-Iels, la millor estrategia a seguir pel diagnóstic 

molecular deis nous casos, és l'estudi d'aquestes mutacions comen?ant per les mes 

freqüents. Probablement, s'identificaran la major part deis al-Iels i en aquests casos 

es podrá realitzar l'estudi de portadors i el diagnóstic prenatal amb absoluta fiabilitat. 

Per caracteritzar els al-Iels que no portin aqüestes mutacions es pot optar per fer una 

recerca de les mutacions per métodes com l'SSCP, o bé, i potser és el mes 

recomanable, realitzar l'estudi familiar per estudi indirecte amb marcadors polimórfics 

i deixar la mutació sense identificar. 

Per una malaltia com la mucopolisacaridosi de tipus II, la gran heterogeneítat 

genética indica que la millor estrategia a seguir per poder oferir el diagnóstic familiar 

amb certa rapidesa, és fer directament ia caracterització de l'haplotip associat a 

l'al-lel de la malaltia en el nen afecte per estudi de marcadors polimórfics intra i/o 

extragénics, i fer el diagnóstic de portadores i el prenatal per estudi indirecte. 

Indubtablement, sempre és millor el diagnóstic per identificado directe de la mutació, 

pero en aquesta malaltia aixó representa una gran despesa de temps i recursos, a 

considerar tant per les famílies com peis centres de diagnóstic. 

Així dones, els resultats obtinguts de l'análisi molecular d'aquestes tres 

maialties lisosómiques, ens han dut a establir tres estratégies de diagnóstic diferents 

i depenent de les característiques de l'espectre de mutacions detectat per cada 

malaltia en la població espanyola afecta. 
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Deixant de banda la mucopolisacaridosi de tipus II, ja que la seva gran 

heterogeneítat genética li confereix unes característiques particulars que no 

permeten gaires comparacions, els estudis realítzats en la mucopolisacaridosi de 

tipus I i en la leucodistrófia metacromática han fet obsen/ar que la població 

espanyola presenta unes característiques genétiques molt própies. En ambdós 

casos, les mutacions que es presenten en major percentatge també s'han detectat 

en altres poblacions pero en l'espanyola es presenten en un percentatge mes elevat. 

Aquest és el cas de la mutació W402X en la MPS I, i les mutacions IVS2+1G^A, i 

D255H en la leucodistrófia metacromática. 

Una observado similar s'ha fet en la malaltia de Gaucher, en qué les mutacions 

N370S i L444P es presenten en un percentatge molt elevat en pacients espanyols; 

amb l'estudi d'aquestes dues mutacions es cobreix un 70% deis aliéis Gaucher, 

aportant la mutació N370S un 44.3% d'aquests al iéis. Aquesta mutació també s'ha 

descrit en altres poblacions, pero, exceptuant en els jueus asquenasites i en els 

portugueses, és en l'espanyola on s'ha trobat una major prevaléncia d'aquesta 

(Cormand i col, 1995). 

Així mateix, la mutació 1091delC és molt freqüent en els malalts espanyols amb 

mucopolisacaridosi de tipus IIIA (o malaltia de Sanfilippo A) comparat amb les 

prevaléncies descrites en altres poblacions (Montfort i col, 1998). 

També en la gangliosidosi GM2 s'han identificat dues mutacions molt freqüents, 

la R178H i la IVS4+5G->A. Ambdues mutacions han estat descrites anteriorment, la 

R178H s'ha identificat amb certa prevaléncia en altres poblacions, mentre que la 

mutació IVS4+5G-»A només s'ha identificat en un parell de casos fiins ara. En la 

població espanyola, en canvi, amb l'estudi de les mutacions R178H i IVS4+5G->A es 

cobreix un 26% i un 35% deis al-leis GM2, respectivament, el que representa que 

només amb l'estudi d'aquests dos canvis es poden identificar fins a un 6 1 % deis 

al iéis per la malaltia (Gort i col, manuscrit en preparació). 

Aqüestes dades ens indiquen que, quan es vol abordar un estudi molecular de 

les malalties lisosómiques en la població espanyola, en general, es podrá establir 

una estrategia de detecció de cortes mutacions que permetran tipificar un alt 

percentatge deis al iéis per la malaltia, el que facilitará enormement el diagnóstic tant 

de padents com deis familiars que ho sollicitin. Caldran, pero, mes estudis per 

esbrinar el perqué d'aquestes característiques genétiques de la nostra poblado. 
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2. ESTUDI D'HAPLOTIPS I ORIGEN DE LES MUTACIONS 

Independentment de que es posi a punt l'estudi d'haplotips en cada una de les 

tres malalties mencionades per poder fer el diagnóstic de portadors i el diagnóstic 

prenatal per estudi indirecte, aquest análisi també és útil per veure si una mutació és 

recurrent o bé té un origen únic. Aquest tipus d'estudis només teñen sentit si hi ha 

una mutació que es presenta amb certa freqüéncia en una població i es poden 

comparar els haplotips que presenta cada al le l en un nombre suficientment 

significatiu. És per aixó, que ja d'entrada, en una malaltia amb un espectre de 

mutacions amb les característiques del de la mucopolisacaridosi de tipus II, aquest 

tipus d'estudis no es poden realitzar, ja que encara que hi hagi una mutació que la 

presentí mes d'un pacient, el nombre és tan reduít que no se'n pot treure cap 

conclusió clara. 

Les característiques mutacionals de la mucopolisacaridosi de tipus I i de la 

leucodistrófia metacromática sí que fan que un estudi d'haplotips per intentar establir 

el tipus d'origen de les mutacions freqüents tingui sentit. 

Els resultats obtinguts en aquest estudi indiquen que ens trobem davant dues 

malalties de naturalesa diferent: mentre que en la MPS I la mutació mes freqüent, la 

W402X, sembla ser deguda a una gran recurréncia, ja que s'ha trobat associada a 

diferents haplotips, en la leucodistrófia metacromática la mutació mes freqüent, la 

IVS2+1G->A, está sempre associada a un mateix haplotip, el que indica que 

probablement té un origen únic. 

L'estudi de les altres mutacions freqüents de la LDM, la D255H i la T3271, han 

demostrat que, ais pacients espanyols, també están associades a només un 

haplotip, el que suggereix que les mutacions es van originar cada una, en un 

moment determinat de la historia, en un al lel amb un determinat haplotip, i que l'alta 

freqüéncia en la població de malalts és deguda a l'expansió d'aquest al lel inicial. 

Aixó indica que en el gen ARSA les mutacions no acostumen a ser recurrents, sino 

que aqüestes ocorren en un determinat moment i a partir d'aleshores es transmeten 

per herencia. 

La MPS I, en canvi, representa l'expressió d'un gen, l'IDUA, que té faciiitat per 

ser mutat en uns codons concrets. En aquesta malaltia, dones, les tres mutacions 

que es presenten amb mes freqüéncia en la població espanyoia, presenten una alta 

recurréncia. 
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3. CORRELACIÓ GENOTIP-FENOTIP 

En totes les malalties lisosómiques, un deis principáis objectius quan es fa 

l'análisi molecular de la malaltia, és intentar establir una correlació entre el genotip i 

l'expressió clínica. En cas d'existir una correlació d'aquest tipus, aquesta ens 

permetrá, encara que de forma aproximada, predir l'evolució del pacient i aconsellar 

amb mes encert l'aplicació de possibles terápies, com ara el trasplantament de molí 

d'os. 

Per poder establir una correlació genotip-fenotip, cal que es disposi d'un 

nombre significatiu de pacients amb el mateix genotip i amb la clínica clarament 

caracteritzada. És per aixó que, igual que en l'estudi d'haplotips, en una malaltia de 

les característiques mutacionals de la mucopolisacaridosi de tipus II, no es pot 

establir aquest tipus de correlació per la manca d'un nombre suficient de pacients 

amb la mateixa mutació, i aixó que, en tractar-se d'una malaltia Iligada al cromosoma 

X, el pacient representa ja de per si mateix, l'expressió de la mutació, i la correlació 

mutació-clínica seria mes senzilla de trobar. Tot i així, en les mutacions que s'han 

identificat en mes d'un pacient, s'ha intentat fer alguna comparació entre les 

presentacions clíniques deis pacients que les presentaven, i en tots els casos se 

n'ha tret alguna petita conclusió, pero el reduít nombre de pacients comparat, fa que 

aqüestes conclusions no puguin ser postulades amb la total esperanza de que siguin 

certes. D'altra banda, no té massa sentit intentar extreure conclusions sobre una 

correlació genotip-fenotip d'unes mutacions que es troben en molt poca freqüéncia 

en la població de malalts, ja que no es podran ufilitzar peis objectius peis quals es 

realitzen aquest tipus d'estudis. 

En el cas de la MPS I i de la leucodistrófia metacromática, el fet de disposar 

d'un elevat nombre de pacients que presenten les mateixes mutacions permet 

establir amb mes fiabilitat algún tipus de correlació. En ámbdós casos, pero, com 

que es tracta de malalfies autosómiques recessives, cal basar-se sobretot en els 

pacients que son homozigots per les mutacions, per no veure emmascarada 

l'expressió clínica d'una mutació, ja que quan es troben en heterozigosi l'efecte que 

pot produir la mutació de l'altre cromosoma pot alterar molt la presentado de la 

malaltia en el pacient. Així, s'intenta comparar primerament els pacients homozigots 

per la mutació, i un cop observades les clíniques i la possible con-elació, es recorre 

ais heterozigots per les mutacions estudiades per comprovar si la combinado de les 

191 



biscussió general 

mutacions es reflecteix en el pacient en forma d'una combinado de les clíniques que 

dona cada mutació per separat. 

En totes dues maialties, s'ha pogut trobar una clara correlació genotip-fenotip 

entre les tres (W402X, Q70X i P533R) per la MPS I, i les dues ( IVS2+1G^A i 

D255H), per la leucodistrófia metacromática, mutacions mes freqüents ais pacients 

espanyols. Aquests resultats creiem que serán de gran ajut de cara a 

l'assessorament de les famílies amb nous membres afectes que presentin aquests 

mutacions i de cara al consell genétic. No obstant, s'ha de teñir en compte que altres 

factors genétics o no també poden influir en l'expressió clínica definitiva de la 

malaltia. 
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Conclusions 

De l'estudi realitzat en la mucopolisacaridosi de tipus I, la mucopolisacaridosi de 

tipus II i en la leucodistrófia metacromática, en podem extreure les següents 

conclusions: 

1. Les tres malalties estudiades presenten un espectre de mutacions de 

característiques absolutament diferents. Aquests espectres 

mutacionals van des de l'alta homogeneítat genética que presenta la 

MPS I a la gran heterogeneítat genética de la MPS II, passant per un 

punt intermedi representat per la leucodistrófia metacromática. 

2. En la Mucopol isacaridosi de t ipus I o malaltia de Hurler/Scheie, 

l'estudi de les mutacions W402X, Q70X i P533R en els pacients MPS I 

ha permés identificar el 76% deis al iéis i el 63% deis genotips, 

resultats que representen una gran avantatge de cara al diagnósfic 

d'aquesta malaltia en la població espanyoia, ja que només amb Testudi 

d'aquestes tres mutacions es pot identificar la majoria deis al-leis MPS 

I, el que representa un estaivi de temps i recursos i una bona eina per 

al consell genétic deis familiars. 

3. La mutació W402X presenta en la població espanyoia afecta la 

freqüéncia mes alta detectada fins al moment per aquesta mutació 

respecte les altres poblacions estudiades (aprox. un 60%). 

4. La demostrado que mutacions que son altament freqüents com la 

W402X estiguin associades a mes d'un haplotip indiquen que, o bé la 

mutació s'ha originat váries vegades o bé que s'ha originat un sol cop 

pero que hi ha un alt índex de recombinació. Si la mutació s'ha originat 

váries vegades indicaria una alta recurréncia de la mutació. 
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5. L'alta freqüéncia observada per aquesta mutació en la nostra població, 

l'escassa presencia ais paísos nórdics i unes freqüéncies intermedies 

a centre-europa ens fan postular rexisténcia d'una genoclina 

ascendent de la freqüéncia de la mutació W402X des deis paísos 

escandinaus i Rússia cap a la península ibérica. 

6. La freqüéncia obtinguda per la mutació Q70X en la població espanyola 

recolza la hipótesi de rexisténcia d'una genoclina descendent de la 

freqüéncia d'aquesta mutació des deis paísos nórdics i Rússia cap al 

sud d'Europa. 

7. La presencia de ía mutació P533R amb certa freqüéncia en les 

poblacions properes al mar Mediterranl com l'espanyoía, la italiana, la 

francesa o la nord-africana, i la quasi abséncia d'aquesta en la resta 

de poblacions, indiquen que la mutació P533R és una mutació 

eminentment mediterránia. L'alta freqüéncia en població nord-africana 

fa postular un origen áfrica d'aquesta mutació, que s'hauria escampat 

a la resta de poblacions degut ais continus contactes al llarg deis 

segles que els pobladors d'aquest continent han maníingut amb els 

paísos que volíen el Mar Mediterrani. 

8. Les mutacions W402X, Q70X i P533R están clarament associades a la 

forma severa de la malaltia, correlació que permet fer un pronóstic del 

curs de la malaltia en cada pacient i assessorar sobre les possibles 

terápies a aplicar. 

9. El fet que la mutació P533R es presentí amb una forma mes Ileu de la 

malaltia en la població nord-africana que en l'espanyoía pot ser degut 

a un rerafons genétic diferent, amb rassociació a uns haplotips 

diferents deis que ho está en població espanyola i que aquests puguin 

modular l'efecte sever de la mutació, suavitzant-lo. 
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10.Respecte la Mucopolisacaridosi de t ipus II o malaltia de Hunter, en 

la població espanyola afectada, existeix una gran heterogeneítat 

genética, reflectida en el fet que un 1 1 % deis pacients presenten grans 

delecions i reordenaments, un percentatge lleugerament inferior al 

descrit en malalts d'altres poblacions. Aquest tipus de mutacions, com 

a bloc son les que hem trobat mes sovint en eis pacients espanyols. 

En la resta deis 32 pacients, pero, s'han identificat 26 mutacions 

diferents i el 69% d'aquests pacients presenten una mutació 

"particular" no descrita en cap altra familia. 

11.La técnica de l'SSCP, ha presentat un 90% d'eficácia per la detecció 

de les mutacions puntuáis al gen IDS, un valor superior al descrit per 

altres grups per aquesta técnica, i es presenta com un métode bastant 

acceptable per la recerca i identificado de canvis al genoma. 

12. La distribució de les mutacions a la zona codificant del gen IDS ais 

malalts espanyols és coincident amb la descrita fins al moment a les 

altres poblacions estudiades, essent els exons VIII i IX els que 

presenten mes mutacions, encara que es desconeix la ftjncionalitat 

concreta deis dominis que codifiquen. 

13.La gran heterogeneítat genética observada, dificulta el poder establir 

una correlació genotip-fenotip en els pacients amb aquesta malaltia, ja 

que no hi ha gaires mutacions que es presentin en varis pacients com 

per poder comparar la clínica. Els estudis de correlació genotip-fenotip 

ajuden a establir el pronóstic del curs de la, malaltia a cada pacient i 

aconsellar la possible terapia a seguir. Tot i així, s'ha pogut observar 

que les grans delecions i reordenaments del gen IDS están associats a 

la forma severa de la malaltia. D'altra banda, la mutació puntual 

d'splicing G374G i la mutació sense sentit R443X, presents en tres 

pacients espanyols cada una, están assodades a la forma lleu o 

intermedia de la malaltia de Hunter. 
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14. El canvi R313C s'ha demostrat que és una variant no patogénica rara i 

esdevé així el segon polimorfisme descrit en zona codificant del gen 

IDS. 

15. El percentatge similar de dones portadores i de no portadores 

diagnosticades en l'estudi de les familiars deis pacients espanyols, 

indiquen que en aquesta població no hi ha selecció positiva per I'allel 

mutat. Els diagnóstics prenatais realitzats, tot i ser pocs casos, 

recofzen aquesta mateixa observació. 

16. Respecte la Leucodistrófia metacromática, les mutacions mes 

freqüents en la població espanyola de pacients LDM son la 

IVS2+1G->A, la D255H i ta T327I. Amb totes elles es cobreix un 

52.5% deis al-Iels i un 12.5% deis genotips. Pero si afegim, a más, les 

quatre mutacions L68P. G99V. P377L i P426L, aquest percentatge 

augmenta fmsel73% deis aliéis. 

17. Les dotze mutacions que no havien estat descrites anteriorment i 

identificades en la població espanyola augmenten fins quasi la 

norantena el nombre de mutacions diferents descrites al gen ARSA. 

18. Existeix una correlació clara entre l'activitat enzimática de 

l'arilsulfatasa A i la presentado clínica, sobretot per diferenciar els 

pacients amb fonna infantil deis que presenten formes juvenil o adulta. 

Tant la mutació IVS2-»'1G->A com la D255H están associades a la 

clínica infantil de la malaltia. Fins ara una associació d'aquest tipus 

sois s'havia establert amb les mutacions IVS2-*-1G-^A i P426L. Les 

dades en pacients espanyols han permés afegir la mutació D255H al 

grup de mutadons amb una correlació genotip-fenotip clara. 
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19.La freqüéncia de la mutació poIyA- de I'allel ARSApd en població 

control espanyola s'ha establert en un 10.8%. La mutació N350S s'ha 

trobat. a mes. en un 6% deis al-Iels controls no associada a la mutació 

poIyA-. S'ha identificat dos individus sans que presenten la mutació del 

poIyA- de l'ARSApd no associada a la mutació N350S. Aixó indica que 

el desequilibri de Iligament entre la poIyA- i la N350S no és perfecte. 

20. L'análisi molecular per diferenciar la pseudo-deficiéncia de l'ARSA de 

la deficiencia patogénica de la leucodistrófia metacromática és de gran 

ajut a l'hora de distingir entre pacients, portadors sans de la malaltia i 

portadors de la pseudo-deficiéncia, diagnóstic que resulta molt difícil 

de realitzar només tenint en compte les dades bioquimiques. 

21. En la població control s'han identificat quatre haplotips diferents deguts 

a la combinado deis al-leis de quatre polimorfismes diferents. El fet 

que manquen algunes de les combinadons indicaria que els 

marcadors no son independents i que els haplotips que s'han detectat 

deriven d'un ancestro comú. Les mutacions IVS2-t-1G->A, D255H i 

T327I están en desequilibri de Iligament amb certs haplotips, resultats 

que indiquen un origen únic d'aquestes mutacions. 

22.Si tenim en compte totes tres maialties, l'estudi d'haplotips en les 

mutacions mes freqüents de la mucopolisacaridosi de tipus I i de la 

leucodistrófia metacromática, han mostrat que, mentre que la MPS I 

acostuma a ser deguda a unes mutacions que ocorren amb certa 

recurréncia, la leucodistrófia metacromática es caracteritza per una 

relativament alta freqüénda de mutacions que teñen un origen únic i 

que es van expandir en la població. 

23. L'existéncia d'una gran heterogeneítat genética en maialties com la 

MPS II, fan que en aquests casos no es puguin realitzar estudis ni 

d'haplotips per estudiar l'origen de les mutacions ni de correlació entre 

el genotip i el fenotip, que deixen de teñir sentit degut a la poca 

recurréncia de les mutacions. 



Conclusions 

24. Finalment, la millor estrategia peí diagnóstic molecular d'aquestes 

malalties hereditáries, és fer l'análisi de les mutacions que s'han trobat 

mes freqüents en la població espanyola, sobretot si aqüestes 

representen un percentatge significatiu deis al-lels per la malaltia (MPS 

I i LDM). Peis al-lels que no quedin identificats després d'aquest primer 

análisi, la millor estrategia és caracteritzar-los l'haplotip mitjangant 

l'estudi de marcadors polimórfics, d'aquesta manera es podrá oferir ais 

familiars el diagnóstic de portadors i el diagnóstic prenatal per estudi 

indirecte amb una certa rapidesa. En la mucopolisacaridosi de tipus II, 

la gran heterogeneítat genética fa aconsellable fer el diagnóstic de 

portadores per análisi indirecte per estudi de cosegregació de 

marcadors polimórfics. 
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Annex 

Durant la realització d'aquest treball, també he collaborat en restudi 

de la malaltia de Gaucher. Concretament, la collaboració ha estat en la 

detecció de les mutacions més freqüents en aquesta malaltia: N370S, 

L444P, D409H, 1263del55, G377S i N396T. En tractar-se d'una tasca 

básicament de diagnóstic no s'ha inciós en la tesi, pero degut a que els 

resultats han donat lloc a diverses publicacions, s'ha cregut oportú afegir 

aquests articles com a un annex perqué quedi constancia de la feina 

realitzada. 
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Two New Mi ld Homozygous Mutat ions i n Gaucher 
Disease Patients: Clinical Signs and 
Biochemical Analyses 

B r u C o r m a n d , ^ D a n i e l G r i n b e r g , ^ L a u r a G o r t , - Á g a t a F i u m a r a , ^ R i t a Barone ,^ Llui'sa V i lage l iu ,^ 
and A m p a r o Chabás^* 
'Departament de Genética, Universitat de Barcelona, Barcelona, Spain 
-Institut de Bioquímica Clínica, Barcelona, Spain 
^Clínica Pediátrica, Universita di Catania, Catania, Italy 

G a u c h e r disease (GD) is a l y s o s o m a l s torage 
d i s o r d e r r e s u l t i n g firom i m p a i r e d a c t i v i t y o f 
l ysosomal p-g lucocerebrosidase. M o r e t h a n 
6 0 m u t a t i o n s h a v e b e e n d e s c r i b e d i n t h e 
G B A gene. T h e y have b e e n c lass i f íed as le -
t h a l , severe , a n d m i l d o n t h e basis o f t h e cor-
r e s p o n d i n g phenotype . T h e f a c t t h a t m o s t 
G D p a t i e n t s a r e c a m p o u n d h e t e r o z y g o u s 
a n d t h a t m o s t t j^ je 1 p a t i e n t s b e a r t h e N 3 7 0 S 
a l í e l e , w h i c h b y ¡ t s d f causes a m i l d p h e n o ­
t y p e , m a k e i t d i f f icu l t t o c o r r e l a t e t h e c l i n i ­
c a l s igns w i t h t h e m u t a t i o n s . Res ides N 3 7 0 S , 
a b o u t 10 m i l d m u t a t i o n s h a v e b e e n d e ­
s c r i b e d , b u t o n l y one i m d o u b t e d l y c lass i f ied 
as m i l d w a s f o i m d a t h o m o z y g o s i t y . H e r e w e 
r e p o r t 2 n o v e l m u t a t i o n s , I 4 0 2 T a n d V 3 7 5 L , 
a t h o m o z y g o s i t y i n 2 a d u l t I t a l i a n t y p e 1 G D 
p a t i e n t s . S o m e proper t ies o f t h e I 4 0 2 T fibro­
b las t e n z y m e h a v e b e e n c o m p a r e d to those 
o f t h e e n z y m e f r o m cells o f s e v e r a l N 3 7 0 S / 
N 3 7 0 S p a t i e n t s . Ana lys is o f t h e c a t a l y t i c 
p r o p e r t i e s a n d h e a t s t a b i l i t y as w e l l as t h e 
response t o p h o s p h a t i d y l s e r i n e a n d s p h i n ­
g o l i p i d a c t i v a t o r p r o t e i n i n d í c a t e a m a r k e d 
s i m i l a r i t y b e t w e e n t h e 2 e n z y m e s . T h e find-
i n g o f a n o t h e r , u n r e l a t e d p a t i e n t b e a r i n g 
t h e I 4 0 2 T m u t a t i o n ( i n th is case as a c o m -
p o u n d h e t e r o z y g o t e w i t h m u t a t i o n N 3 7 0 S ) 
suggests t h a t t h i s aUele m i g h t b e q u i t e f r e ­
q ü e n t i n t h e á r e a of S ic i ly from w h e r e b o t h 
p a t i e n t s o r i g i n a t e d . I n c o n c l u s i ó n , t h e p h e -
n o t y p i c express ion i n t h e 2 h o m o z y g o u s p a ­
t i e n t s p r e s e n t e d here a n d t h e b i o c h e m i c a l 
d a t a f o r o n e o f t h e m a l l o w e d t h e c lassi f ica-
t i o n o f these m u t a t i o n s as m i l d t h u s e x t e n d -
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I N T E O D Ü C T I O N 

Gaucher disease (GD) is a lysosomal glycolipid stor­
age disorder characterized by the accumulation of glu-
cosylceramide mainly in macrophages. It is common 
among Ashkenazi Jews [Beutler and Grabowski, 1995]. 
There are 3 clinical t3rpes of GD: type 1, characterized 
by hepatosplenomegaly, anemia, thrombocytopenia 
and bone lesions, and by the lack of primary nervous 
system involvement; type 2, the acute neuronopathic 
form of the disease, with severe nervous system in­
volvement and death usually within the first 2 years of 
Ufe; and type 3, the juvenile subacute neuronopathic 
form, with later onset and a more protracted course 
than type 2. 

Nearly all GD cases are due to mutations in the gene 
encoding p-glucocerebrosidase (GBA); to date more 
than 60 mutations have been described [Balicki and 
Beutler, 1995]. Although genotype-phenotype correla­
tions are difficult to establish, Beutler et al. [1994] clas­
sified the mutations on the basis of the severity of the 
phenotjTíic expression. Lethal mutations prevent the 
formation of any enzyme. They have never been found 
either at homozygosity or as combined heterozygotes 
with another lethal mutation. Severe mutations in­
clude those associated with the neuronopathic forms of 
the disease. Mild mutations are those that are always 
associated with type 1 disease, even when they are pre­
sent in combination with a severe or a lethal mutation. 

Severe mutations tend to produce enzjrmes with de-
creased stability and severely reduced catalytic activ­
ity, while mild mutations (e.g., N370S) lead to mutant 
GBA with reduced activity but nearly normal stability. 
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It is difficult to classify a mutation as mild because 
most type 1 GD patients bear the common N370S mu­
tation. As the presence of this miitant alíele implies by 
itself a type 1 phenotype, the severity of the accompa-
n3dng mutation is diííicult to ascertain. Moreover, most 
reported GD genotypes are heterozygous compounds, 
and so it is diííicult to correlato the clinical findings 
with either of the 2 mutations, particularly in the ab-
sence of expression experiments. 

Here we report on 3 patients of Italian origin aíTected 
with type 1 GD. Two of them were homozygous for 2 
different, previously undescribed mutations: I402T and 
V375L, and the third one was heterozygous for the 
I402T mutation. The homozygosity for I402T prompted 
US to compare some properties of the mutant enzyme in 
cells from this patient to those from patients homozy­
gous for N370S. The lack of available material from the 
patient homozygous for V375L preciuded further enzy­
matic characterization. 

P A T I E N T S 

P a t i e n t 1 

This patient was from Catania (Sicily, Italy) and his 
parents were consanguineous. An older sister had 
hepatosplenomegaly and died at the age of 64 without 
a specific clinical diagnosis. The patient is now 45 years 
oíd and he presented the first s3rmptoms at age 37 
years when he complained of asthenia and fatigue. 
Physical examination at 41 years showed a marked 
visceral enlargement with liver palpable at 7 cm and 
spleen at 10 cm below the costal margin. Blood cell 
counts showed thrombocytopenia (32,000 platelets per 
microliter). Serum level of acid phosphatase was high 
(15.2 U/1 with normal valúes < 4.7 vA). A bone marrow 
biopsy showed typical Gaucher cells. The patient has 
no skeletal involvement. He was treated with enzyme 
replacement therapy, and a gradual improvement of 
the hematological parameters was observed (platelet 
count: 105,000 per microliter). Progressive reduction of 
the visceral enlargement was demonstrated both on 
clinical and ultrasound examination. 

P a t i e n t 2 

This patient was a 36-year-old man from the same 
región as patient 1. His parents were not consanguin­
eous. Clinical symptoms began at the age of 33 years 
with recurrent epistaxis and general weakness. Clini­
cal evaluation at 36 years demonstrated modérate vis­
ceral enlargement (liver and spleen 4 cm below the 
costal margin) and reduced platelet counts (90,000 per 
microliter). Gaucher cells were detected in a bone mar­
row biopsy. Skeletal radiographs were normal. 

P a t i e n t 3 

Patient 3 is now 44 years oíd. He also had an Italian 
origin but no family data are available. At the time of 
diagnosis (39 years) , he presented with asthenia , 
stroke-like episodes with paresia of his right arm, and 
thrombocytopenia . Physical e x a m i n a t i o n demon­
strated spleen and liver enlargement and Gaucher cells 

were detected in the bone marrow. The patient was 
splenectomized and the anatómica! examination of the 
spleen confirmed Gaucher disease. 

P a t i e n t s H o m o z y g o u s f o r N 3 7 0 S 

For comparativo enzymatic studies, 6 Spanish type 1 
GD patients (N370S/N370S) were analyzed. Four of 
them have been described previously [1.2,1.7., 1.9, and 
1.12 in Cormand et a l , 1995). 

M A T E R I A L S A N D M E T H O D S 

Skin fibroblast cultures were established according 
to routine procedures in Eagle's mínimum essential 
médium. Leukocjrtes were prepared according to the 
method of Skoog and Beck [1956]. Sphingolipid activa­
tor protein C (Saposin C, Gaucher activator) was par-
tialiy purified from a human brain [Chabás et al., 
1987]. 

B i o c h e m i c a l Ana lyses 

Enz5rmatic activity in fibroblasts and leukocytes was 
determined in citrate buffer (0.04 M, pH 5.5) using 
4MU-p-glucopyranoside as the substrate (MU-Glc, 3 
mM) in the presence of sodium taurocholate (T, 0.3% 
w/v) and Tritón X-100 (TX, 0.24% w/v) in a reaction 
mixture of 0.15 mi. 

Km studies. The reaction mixture contained fibro­
blast extract in a constant amount of enzjmie activity 
and MU-Glc at a concentration range of 0.4-10 mM in 
citrate buffer (0.04 M, pH 5.5). Km valúes were deter­
mined from Lineweaver-Burk plots. 

Heat stability. The fibroblast extracts (20-30 (xg 
protein) in 0.5 M citrate buffer, pH 5.5, were placed at 
50°C and enzyme activity was assayed in samples 
withdrawn at O, 5, 10, 20, 30, and 60 minutes as de­
scribed above. 

Effect of natural activator. Stimulation of fibro­
blast glucocerebrosidase by the combination of Saposin 
C (SAP, 150 p.g)'and phosphatidyiserine (PS, 5 jig), or 
by PS alone, was-carried out using MU-Glc (2.5 mM) in 
citrate buffer (0.025 M, pH 5.0) in a final volume of 0.2 
mi. 

Other enzyme assays. Plasma chitotriosidase activ­
ity was examined [Hollak et al., 1994]. Activity of p-xy-
losidase in fibroblasts (50-75 ^.g protein) was mea-
sured with 4MU-j3-xylopyranoside (1.6 mM in 0.04 M 
citrate buffer, pH 5.0) in the presence of T and TX in a 
final volume of 0.13 mi. 

M o l e c u l a r A n a l y s e s 

High molecular weight DNA was prepared from pe-
ripheral blood leukocytes using the salting out proce­
dure of Miller et a l . [1988]. The A6144G polymorphism, 
in intron 9 of the G B A gene was studied by Hhal ái-
gestión of a polymerase chain reaction (PCR)-amplified 
product. Gene-specific primers (sense: nt 5904-5923, 
antisense: 6655-6690) were used to amplify a 787 bp 
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fragment (Sidransky et al., 1992|. The alíeles vvere dea-
ignated as "+" (Hhal site present) or "-" (Hhal site 
absent) according to Beutier et al. [19921. 

The common N370S mutation was detected by "mis­
matched PCR" using a 5' primer mismatched at one 
nucleotide in order to créate a Xhol restriction site 
when the mutation was present [Beutier et al., 1990). 
Digested PCR products were subjected to electrophore­
sis on a 4% NuSieve GTG agarose gel (FMC, Rockland, 
ME). 

Mutation L444P was detected by PCR amplification 
foilowed by Ncil digestión of the product and electro­
phoresis on a 1.2% agarose gel [Sidransky et al., 1992]. 
Mutation D409H was detected by allele-specific oligo-
nucleotide (ASO) hybridization as described by Cor-
mandet al. [1995]. 

PCR amplification and SSCP analysis of 14 DNA 
fragments covering all 11 exons of the GBA gene and 
their flanking sequences were performed on genomic 
DNA from the patients and relativas. All primer pairs 
were chosen to amplify the GBA gene and not the 
highly homologous pseudogene. The size of the ampli­
fied fi-agments ranged firom 139 to 292 bp. For all frag­
ments, the PCR reaction was performed in a volume of 
50 p-l containing 100 ng of genomic DNA, 1 U of Dy-
nazyme DNA polymerase (Finnzymes Oy, Finland). 
200 |JiM dNTPs, and 20 praol of each primer, in the 
buffer recommended by the manufacturar. The PCR 
program consisted of 35 cycles of denaturation at 94°C 
for 40 seconds and a single annealing/extension, step at 
55°C for 30 seconds. 

For the single-strand conformation polymorphism 
(SSCP) analysis, 1 tĴ l of the PCR product was mixed 
with 6 ^x\ of 95% formamide, 0.05% xylene cyanol, 
0.05% bromophenol blue, 20 mM EDTA solution. The 
sampies were then denatured by incubation at 80°C for 
3 minutes and placed on ice. Electrophoresis was car-
ried out using a 18 x 24 cm nondenaturing polyacryi­
amide gel. Four SSCP conditions were tested in each 
fragment, combining different polyacryiamide concen­
trations (8 or 12% acrylamide:bisacrylamide 29:1), dif­
ferent glycerol concentrations in the gel (0% or 5% glyC-
erol), and 2 running conditions (RT at 200 V, or 4°C at 
300 V, always 12 hours). Single and double D N A 
strands were revealed by silver staining as follows: the 
gel was incubated for 5 minutes with a 10% -ethanol 
solution and for 3 minutes with a 1% HNO3 solution. 
After washing in deionized water, it was incubated for 
20 minutes with a 12 mM AgNOg solution. The gel was 
washed again and incubated (up to 10 minutes) with a 
freshly prepared mixture of 280 mM Na2C03 and 
0.02% formaldehyde. The gel was finally soaked in 10% 
acetic acid solution and dried on Whatman 3MM paper. 

Fragments that showed aberrant pattem compared 
to normal in the SSCP test were amplified, purified 
(Wizard PCR Preps, Promega, Madison, WI), and di-
rectly sequenced by fluorescent dideoxy cycle sequenc­
ing (ABI 373A Fluorescent DNA Sequencer, Perkin 
Elmer Cetus, Norwalk, CT). Genomic sequence num-
bering is according to Horowitz et al. [1989]. cDNA 
numbers start from the first ATG. 

C o m p u t a t i o n a l Analys is 

The secondary structure for the normal and mutant 
proteins was predicted by the method of Chou and Pas­
man [1978] using the GCG package [Devereux et ai., 
19841. 

R E S U L T S 

B i o c h e m i c a l Analys is 

In the presence of T and TX, high residual (3-gluco-
sidase activity was detected in leukocytes and in cul­
tured fibroblasts from patient 1, cióse to the lower limit 
presented by healthy carriers for GD and higher than 
in type 1 patients bearing the mild mutation N370S 
at homozygosity. Patient 2 fibroblasts showed an in­
termedíate level of residual enzymatic activity while in 
patient 3 leukoc3?te activity was that expected for the 
disease (Table I). 

We anaiyzed some properties of the fibroblast en-
zyme and compared them to those in 4 patients bearing 
genotype N370S/N370S as well as in control cells 
(Table II). In the presence of the natural activators PS 
and SAP, p-glucosidase in patient 1 fibroblasts was 
stimulated about 2-fold (as compared to enz5mie activ­
ity in the absence of these activators), similarly to the 
enzyme from control cells. Under these experimental 
conditions, enzyme activity from patients with the 
N370S/N370S genotype increased 2.5 to 3.7-fold (mean: 
2.9-fold). PS alone also stimulated p-glucosidase activ­
ity in cells from patient 1 and firom the N370S homo­
zygous patients to the same extent (about 1.6-fold, data 
not shown). 

The apparent Km valué of p-glucosidase for MU-Glc 
was almost identical in patient 1, the N370S homozy­
gous patients, and controls. Analyses of heat stability 
of p-glucosidase showed that enzymes from patient 1, 
the N370S homozygous patients, and controls are simi­
larly stable for 1 hour at 50°C (92-100% of initial ac­
tivity). Estimations of some secondary biochemical ab-
normalities such as the plasma chitotriosidase activity 
in patient 1 demonstrated a 166-fold increase (control 
mean: 79 nmol/h/ml). Fibroblasts from this patient also 
showed a high residual p-xylosidase activity (38% of 
mean control) while in the N370S/N370S patients this 
activity was only 4% of mean valué (control mean: 7.5 
nmol/h/rag protein) (data not shown). 

TABLE I. Residual p-Glucosidase Activity in Patients Bearing 
the Novel Mutations I402T and V375L and in Patients 

Homozygous for N370S 

Genotype 

Activity (nmol/h per mg protein)" 

Genotype Leukocytes Fibroblasts 

Patient 1 I402T/I402T 4.0 94 
Patient 2 N370S/I402T 65 
Patient 3 V375LA^375L L8 
Type 1 GD" N370S/N370S 1.7 ± 0.2 (6) 23 ± 6 (4) 
Controls'' 6.2 ± 1.3 (42) 261 ± 102(56) 

"Enzyme activity measured in thu presence of T and TX. 
''Enzyme activity mean ± SD. Numbor of cases in paronthcses. 
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TADLE ti. Cünipurative Enzymatic Propürtiüs ()f[J-Glucosidaso Activity in Fil)rol)lasts I^rnni Patiunt 1 and From Patients 
Homozyt^ou.s íur tlio N.nOS Mutat ion 

Genotype 
Activity 

( n m o l ^ m g ) " 

Activity 
ratio 

(-foíd)'' 

Km 
4iMU-Glc 

(mM) 

Heat 
stability 

i%r 
Pat ient 1 I402T/I402T 107 2 4.1 92 
Type 1 GD (4) N 3 7 0 S / N 3 7 0 S 103 ± 44 2 . 5 - 3 . 7 3 .8 ± 1.7 100 
Controls 3 4 3 ± 1 2 2 2 3 .9 ± 0.3 9 1 - 1 0 0 

"Activity assayud in the presence of PS and saposin C (SAP). Activity oxpreased as mean ± SD. 
''Ratio between the activity assayed in the presence «f PS and saposin C (SAP) and in the absence of both activators. 
''% initial activity añer 1 hour at SO'C. 

M u t a t i o n A n a l y s i s 

An initial screening for the previously described 
N370S, L444P, and D409H mutations in the 3 Italian 
GD patients showed that patient 2 was heterozygous 
for the common N370S amino acid substitution. None 
of these mutations was detected in the other 2 indi­
viduáis. 

In order to identify the other mutations, the 11 exons 
of the GBA gene were screened by SSCP analysis. The 
PCR producís included all the coding región of the 
gene, the corresponding exon/intron boundaries, part of 
the prometer, and the upstream poiyadenylation sig­
nal. Abnormal SSCP patterns were observed only in 

exon 9 in all 3 patients and in some relativas (Figs. la, 
2a). 

Sequence analysis demonstrated that patient 1 was 
homozygous for a previously undescribed missense mu­
tation due to a T - >C transition (Fig. Ib) at genómic 
nucleotide 5937 (cDNA 1322). This mutation leads to 
an isoleucine to threonine substitution at residue 402 
in the mature enzyme. An unaffected brother was 
found to be a carrier of this mutation. 

Patient 2 was a compound heterozygote for the same 
amino acid substitution (Fig. Ib) together with the 
N370S mutation. Three unaffected brothers were geno-
typed as I402T/+, N370S/+, and +/+. Besides, a daugh-

N P 1 P 2 B 

4 0 2 I l e / I l e 4 0 2 

3 ' 

T >v A T C G 
T \ s B a x ¿ ü 

Thr/Thr 

N o r m a l 

5' 

A 
C 
C 

L A 
C 
C 
C 

5 ' 

3 ' 

T \ ATCG T ATCG 
T >. - - I 

4 0 2 I l e /Thr 

/ Pat ient 1 

5' 

Fig. 1. Identification of mutation I402T by SSCP analysis and sequencing. a: SSCP analysis of PCR-
amplified DNA fragments ccntaining exon 9 of the GBA gene. Primer sequences (5' - >3'): sense: ACTG-
GAÁCCTTGCCCTGAAC (nt: 587I-.5890); antisense: ATAGGCCTGGTATGGAATGG (6025-6044). Tha samples 
were run in a nondonaturing 12% polyacrylamide gel for 12 hours at .300 V, 4°C. Only the single strands are 
shown. The bands on the gel were revealed by silver staining. Lañe N; normal control; lañes P l , P2: patients 
1 and 2, respectively; lañe A: brother of patient 1; lañes B, C: brothers of patient 2. b: Direct sequence «f exon 
9 PCR producís from patients 1 and 2 and from a control individual. Patient 1 (central panel) is homozygous for 
a T-to-G transition in the second position of codon 402, leading to a Thr for lie amino acid substitution. Patient 
2 íright panel) is heterozygous for the same mutation. 
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N P3 N 

375 V a l / V a l 
3 7 5 Leu/Leu 

3' c c a A c c A C A T o a T A C 5' 3' C CQ A C O A A A T Q G T A C 3' 

Normal Patient 3 
Fig. 2. Identification of mutation V375L by SSCP analysis and sequencing. a: SSCP analysis of exon 9 PCR 

products. Primer sequences (5' - >3'): sense: GTGTTGAGCCTTTGTCTCTT {nt: 5800-5819); antisense: 
GATGGGACTGTCGACAAAGT (5919-5938). Lañe N: Nonnal individuáis; lañe P3: patient 3. The samples 
were run in a nondenaturing 12% polyacrylamide ge! for 12 hours at 300 V, 4°C. b: Reverse sequence of exon 9 
PCR products in patient 3 and in a control individual. Patient 3 (right panel) is homozygous for a G - >T 
transversion in the first position of codon 375, resulting in the substitution of leucine for valine. 

ter of the patient was a carrier of the I402T mutation, 
while a son bore mutation N370S (data not shown). 

Patient 3 was homozygous for another novel muta­
tion. This is a G - >T transversion (Fig. 2b) at nucleo-
tide 5855 of the gene (nucleotide no. 1240 of the cDNA, 
starting írom the first ATG) substituting leucine (TTG) 
375 of the mature protein for valine (GTG). 

The predicted secondary structure for the 2 new mu­
tant proteins did not show any change compared to the 
normal protein. The nucleotide changes leading to mu­
tations I402T and V375L are not present in the pseu­
dogene sequence. As they do not créate or abolish any 
restriction site, the screening of a number of unaffected 
individuáis was performed by SSCP anaiysis, compar-
ing the pattems obtained with those from the patient 
samples. This screening failed to detect any of these 
changes in 70 normal chromosomes. 

The analysis of the Hhal intragenic polymorphism 
showed that the 3 I402T alíeles found in patients 1 and 
2 are associated with the "-" variant, and the 2 V375L 
alíeles of patient 3 are associated with the "+" variant 
(data not shown). 

D I S C Ü S S I O N 

One important aim of the molecular analysis of the 
GBA gene is to correlate the nature of the mutations 
with the clinical manifestations of the disease, in an-
ticipation to prognosis and counseling. However, this is 

difficult in a recessive disorder with a well-known al­
lelic heterogeneity such as GD. Only when the muta­
tion imder study is present either at homozygosity or 
compounded with a nuil or a severe mutation, can con­
clusions be clearly drawn. 

Homozygous mutations are extremely rare in GD pa­
tients with the solé exception of N370S, L444P and, to 
a lesser extent, D409H. Patients with the N370S/ 
N370S genotype have a very mild form of the disease 
without neuronopathic involvement. Among the neuro­
nopathic types of the disease, the most freqüent homo-
zygote genotype is L444P/L444P. Although this geno­
type produces neurologic disease in most cases, the 
phenotypic expression is heterogeneous including both 
type 2 and 3 patients.'At younger ages, it may be as­
sociated with aggress|ve manifestations reported as 
type 1 GD since neurological signs may appear later 
[Horowitz and Zimran, 1994a]. Recently, some particu­
lar phenotypic manifestations, such as cardiovascular 
calcifications and supranuclear ophthalmoplegia, have 
been reported in patients homozygous for D409H [Cha­
bás et al., 1995; Abrahamov et al., 1995; Beutler et al., 
1 9 9 5 ] . Three reportedly mild mutat ions , R496C 
[Kawame et a l , 1992]. P122S [Beutler et al., 1993], and 
N188S [Kim et al., 1996] were found at homozygosity in 
3 type 1 patients. Regarding the R496C/R496C case, a 
Japanese patient, no clinical data were reported except 
for his assignment to type 1. The P122S/P122S geno-
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type produces severe visceral disease, and the lack of 
ncuronopathic involvement couíd b e due to the age of 
the patient (3 years at diagnosis), making it difficuit to 
ciassify this alíele as mild. The N188S/N188S patient 
was diagnosed at age 17 years with asymptomatic 
hepatosplenomegaly and no bone disease. From these 
data, N188S is the only mutation of these 3 that can be 
undoubtedly classified as a mild mutation. 

To date, about 10 GD mutations in addition to the 
common N370S have been classified as mild [Baiicki 
and Beutler, 1995], in most cases because they were 
found in compound heterozygosity with a known severe 
or lethal mutation in tj^e 1 patients. Nevertheless, 
most type 1 GD patients have at least orie alíele with 
the freqüent N370S mutation, in both Ashkenazi Jew­
ish [Horowitz and Zimran, 1994b], and non-Jewish 
populations [Beutler and Gelbart, 1993]. As the pres­
ence of N370S is always associated with nonneurono-
pathic disease, it is impossible to assess the severity of 
the second mutation in a compound heterozygote bear­
ing N370S. 

Mutations I402T and V375L described here, in addi­
tion to N370S and N188S, are the only clearly mild 
mutations that have been analyzed in a homozygous 
S t a t e . Two facts strongly suggest that the 2 amino acid 
substitutions identified are indeed disease-causing mu­
tations: 1) the changes were found in GD patients and 
their family members but not in unrelated healthy in­
dividuáis and 2) the examination of the entire coding 
región, part of the putative prometer P o l i et al., 1995], 
all the spiice sites, and the first poiyadenylation signal 
of the gene did not show any other mutations. 

Our resuits indícate a marked similarity in the cata-
lytic properties and heat stability of the I402T and 
N370S mutant ñbroblast enzymes. Stimulation of both 
mutant enzymes by either the physiological activators 
PS and SAP (activity ratio in Table II) or PS alone 
(1.6-fold) is also similar. The 2-fold activation observed 
with the I402T mutant p-glucosidase (in patient 1) by 
the combination of PS £md SAP would then indicate a 
rather modérate stimulatory effect of SAP. In this re-
gard, a veiy poor stimulatory response to SAP with the 
N370S mutant enzyme had been demonstrated in ex­
pression studies of p-glucosidase cDNA encoding this 
mutation [Ohashi et a l , 1991; Grace et al., 1994]. 
These authors state that the responses to PS and SAP 
were very similar when the overexpressed muta-
genized or the natural mutant fibroblast enzymes for 
N370S were assayed. These findings would validate 
the analysis of the natural mutant enzyme when a ho­
mozygous patient is identified. 

However, some differences b e t w e e n muta t ions 
N370S and I402T have been observed. The presence of 
the I402T alíele in cells in patients 1 and 2 resuits in a 
higher residual activity when T is used as the enzyme 
activator. 

The presence of mutation I402T in 2 unrelated pa­
tients from the same geographic región in Sicily sug-
gests that this GD alíele might be quite freqüent in this 
small área. The relative isolation of this population, 
both by historical and geographical reasons [Gugliel-
mino et al., 1991; Rodriguez-Larralde et al., 1994], 
could explain the expansión of some mutations due to 

founder effect and genétic drift. Nevertheless, more 
cases are needed to support this hypotiiesis. The analy­
sis of the intragénic Hhal polymorphism shows that 
this mutation is associated with the common "-" vari­
ant in patients 1 and 2. In patient 3, mutation V375L is 
associated with the uncommon "+" variant in both al­
íeles, but no familial Information is available. It is 
tempting to speculate about a common origin for the 
I402T alíeles in the unrelated patients 1 and 2 and for 
the 2 V375L alíeles in patient 3, although further data 
should be required. 

The analysis of additional GBA mutations at homo-
zygosity and the study of their phenotypic effects in the 
patients may provide more insight into the genotype/ 
phenotjrpe correlation for GD. 
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G a u c h e r disease ( G D ) is c a u s e d b y a d e ñ -
c i e n c y o f p - g l u c o c e r e b r o s i d a s e a c t i v i t y 
m a i n l y d u e to muta t ions i n t h e g e n e c o d i n g 
for t h e e n z y m e . More t h a n 100 m u t a t i o n s 
h a v e b e e n ident i f i ed to d a t e a n d t h e i r f r e ­
qüénc ies h a v e b e e n es tab l i shed i n severa l 
p o p u l a t i o n s , i n c l u d i n g A s h k e n a z i J e w s , 
a m o n g w h o m t h e d isease i s p a r t i c u l a r l y 
p r e v a l e n t . I n o r d e r t o s t u d y t h e m o l e c u l a r 
p a t h o l o g y o f t h e d i sease i n p a t i e n t s from Ar­
g e n t i n a , w e c o n d u c t e d a s y s t e m a t i c s e a r c h 
f o r m u t a t i o n s i n t h e g l u c o c e r e b r o s i d a s e 
gene. G e n ó m i c DNA from 3 1 uxurelated G D 
p a t i e n t s w a s screened f o r seven p r e v i o u s l y 
d e s c r i b e d m u t a t i o n s : N 3 7 0 S ( 1 2 2 6 A - * G ) , 
L 4 4 4 P ( 1 4 4 8 T - ^ ) , D409H ( 1 3 4 2 G - » C ) , R 4 6 3 C 
(1504C-^T ) , 1263del55, R e c i V c i l , a n d R e c T L . 
T h i s a l l o w e d t h e i d e n t i f i c a t i o n o f 77.4% o f 
t h e GD a l íe les: N370S a n d R e d V c t I w e r e t h e 
most p r e v a l e n t m u t a t i o n s f o u n d (46.8% a n d 
2 1 % r e s p e c t i v e l y ) . S o u t h e r n a n a l y s i s d e m * 
o n s t r a t e d t h r e e d í s t i n c t p a t t e m s f o r t h e 
R e c I V e í I a l í e les . I n o rder to i d e n t i f y t h e r e -
m a i n i n g a l íe les , t h e ftdl c o d i n g r e g i ó n o f t h e 
gene, a l l t h e spl ice sites, a n d p a r t o f t h e p r o ­
m e t e r r e g i ó n w e r e a n a l y z e d b y s i n g l e -
s t r a n d c o n f o r m a t i o n a l p o l y m o r p h i s m 
ana lys is ( S S C P ) after p o l y m e r a s e c h a i n r e ­
a c t i o n ampl i f i ca t ion . T h i s e x t e n s i v e s c r e e n -
i n g a l l o w e d t h e ident i f i ca t ion o f 13 d i f f e r e n t 
m u t a t i o n s , a c c o t m t i n g f o r 9 3 % o f t h e t o t a l 
n u m b e r o f G D al íeles. T h r e e n o v e l missense 
m u t a t i o n s , I 1 6 1 S ( 5 9 9 T - » G ) , G 2 6 5 D 
{911G -^A) , a n d F 4 1 1 I ( 1 3 4 8 T - > A ) , w e r e d e ­
t e c t e d . T w e l v e p o l y m o i p h i c s i tes w i t h i n t h e 
g l u c o c e r e b r o s i d a s e g e n e a r e i n c o m p l e t e 
l i n k a g e d i s e q u i l i b r i i u n a n d d e f i n e t w o m a ­
j o r h a p l o t y p e s , a n d "+" . M u t a t i o n N 3 7 0 S 
w a s a l w a y s associated w i t h t h e h a p l o ­
t y p e , as d e s c r i b e d i n o t h e r p o p u l a t i o n s . I n -
t e r e s t i n g l y , t h e R c c i V c i l a l í e l e s w i t h t h e 
s a m e S o u t h e m - b l o t p a t t e m w e r e a l w a y s a s ­

s o c i a t e d w i t h t h e same h a p l o t y p e . A m . J . 
M e d . G e n e t . 8 0 : 3 4 3 - 3 5 1 , 1 9 9 8 . 
C 1 9 9 8 Wüey-I i sa , Inc. 

K E Y W O R D S : G a u c h e r d isease; g lucocere ­
b r o s i d a s e g e n e ; m u t a t i o n 
s c r e e n i n g ; A r g e n t i n i a n p a ­
t i e n t s ; R e d V c i l m u t a t i o n 

INTRODUCTION 

Gaucher disease (GD) is the most common lysosomal 
storage disorder. It is inherited as an autosomal reces­
siva trait, caused by a deficiency of the enzyme p-
glucocerebrosidase (GBA), which leads to the accumu-
lation of giucocerebroside in various tissues [Beutler 
and Grabowski, 1995]. All cases described to date are 
due to mutations in the glucocerebrosidase gene, ex-
cept in two patients who had a defect of the saposin 
gene, which encodes an activating protein (SAP-C) for 
P-glucocerebrosidase [Schnabel et al., 1991; Rafi et al., 
1993}. Three clinical types have been defined according 
to the absence (Type I, MIM 230800) or presence and 
severity of neurological involvement (Types 11 and III, 
MIM 230900 and 231000, respectively). 

The disease is most common in the Ashkenazi Jewish 
populat ion (frequency about 1/850) [Beutler and 
Grabowski, 1995}, while the prevalence in other popu­
lations i s lower (1/40,000-60,000) [Grabowski, 19931. 
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Among Ashkenazi Jews mutations N370S (1226A->G) 
and 84GG account for approximately 77% of tiie mu­
tant alíeles according to data from most groups [re-
viewed in Beutier and Grabowski, 1995]. Althougii to a 
lesser extent, mutation N370S is also the most fre­
qüent in most of the populations anaiyzed, while mu­
tation L444P (1448T-»C) is the second most common 
[Walley et al., 1993; Lewis et al., 1994; Cormand et al., 
1995; Ida et al., 1995; Amaral et al., 1996; le Coutre et 
al,, 1997]. Besides single nucleotide changes in the glu-
cocerebrosidase gene, complex mutant alíeles, which 
include several point mutations, have been described. 
These point mutations are present in a highly homolo­
gous pseudogene [Horowitz et al., 1989], which is lo-
cated 16 kb down-stream from the glucocerebrosidase 
gene at chromosome band lq21. Unequal crossing over 
between the gene and the pseudogene or gene conver­
sión events have been suggested as possible mecha-
nisms by which these complex alíeles are generated 
[Zimran and Horowitz, 1994]. The most prevalent com­
plex alíeles are RedVcil, including aminoácid changes 
L444P and A456P (1483G->C), and the silent nucleo­
tide change at codon 460 (V460V, 1497G-^C), and 
RecTL, with the same changes as ReciVcil plus muta­
tion D409H (1342G-»C). 

In addition to the disease-causing mutations, 12 
poljrmorphic sites have been described in the introns 
and flanking regions of the glucocerebrosidase gene, 
which are in linkage disequilibrium and give rise to 
only two major haplotypes named "+" and "-" [Beutier 
et a l , 1992b]. 

Here we present an extensive mutation analysis of 
31 GD patients of varying ancestry diagnosed in Ar­
gentina. More than 93% of the mutant alíeles were 
identified and a high prevalence of the complex alíele 
ReciVcil was found. To our knowledge, this is the first 
report on Argentinian GD patients, with the exception 
of three patients described by Argaraña et al. [1995]. 

M A T E R I A L S A N D M E T H O D S 
P a t i e n t s 

Mutation analysis was performed on 31 imrelated 
GD patients and a number of their relatives: 29 were 
from Argentina, one was from Chile, and one from 
Paraguay. Patients A5, A21, A46, A48, and A60 have 
Ashkenazi Jewish ancestries. The origin of the patients 
was defined by the place of birth of the grandparents. 
Patients whose grandparents were b o m in Argentina 
were considered to have an Argentinian origin. How-
ever, it should be noted that the Argentinian popula­
tion is very heterogeneous, and most of its people are of 
European ancestries. Most of the GD patients defined 
as "Argentinian" bear a Spanish s ú m a m e indicating 
that at least one of the ancestors was a Spaniard. 

The diagnosis of GD was established by demonstra-
tion of low p-glucocerebrosidase activity in leukocytes. 
In addition, a clinical evaluation was provided by the 
patient's physician. Most of the patients (30/31) were 
classified as Type I, aithough later neurological in­
volvement cannot be ruled out in some of them due to 
their young age. Information on ethnic background was 
provided by the patients. 

D N A Iso la t ion 

Genomic DNA was prepared from peripheral blood 
leukocytes using the salting out procedure (Miller et 
al., 1988]. 

D e t e c t i o n o f S e v e n P r e v i o u s l y Descr ibed 
G l u c o c e r e b r o s i d a s e Gene M u t a t i o n s 

All patients were screened for four known missense 
mutations in the glucocerebrosidase gene (N370S, 
L444P, D409H, R463C), for the complex alíeles RecTL 
and ReciVcíI, and for the 55-bp deletion 1263del55. Mu­
tations N370S, L444P, and R436C were analysed by 
polymerase chain reaction (PCR) amplification and re­
striction enzyme digestión as previously described 
[Cormand et al., 1995]. Mutations D409H and A456P, 
present in the recombinant alíeles, were detected by 
allele-specific oligonucleotide (ASO) hybridization as 
described in Cormand et al. [1995], using the following 
primers and hybridization temperatures: D409H: 5'-
ATCACCAAGGACACGTTTT-3' (normal), S^C; 5'-
ATCACCAAGCACACGTTTT-3' (mutant ) , SS'C; 
A456P: 5'-GATGGCTCTGCTGTTGTGG-3' (ñor). 60°C; 
5'-GATGGCTCTCCTGTTGTGG-3' (mut), 60'C (the al­
íele specific nucleotide is imderlined). Mutation D409H 
was additionally studied by single-strand conformation 
polymorphism (SSCP) analysis [Chabás et al., 1996]. 
The detection of the silent change V460V, present in 
both recombinant alíeles, was carried out according to 
Latham et al. [1990]. 

The 1263del55 mutation was screened by gene-
specific PCR amplification of a 476-bp fragment (for-
ward primer, nt 5569-5588; reverse primer, nt 6025-
6044) and separation of the products on a 2% agarose 
gel. 

P C R A m p l i f í c a t i o n a n d S S C P Ana lys is 

PCR amplification and SSCP analysis of 14 DNA 
fragments covering the eleven exons of the glucocere­
brosidase gene were performed from genomic DNA of 
the patients. The size of the PCR fragments ranged 
from 139 bp to 292 bp (Table I), in order to achieve 
optimal results in the SSCP analysis [Orita et al., 
1989]. All primer pairs were chosen to amplify the gene 
and not the highly homologous pseudogene, except in 
exon 11, for which this was not possible. For gene-
specific amplification of the latter exon, a nested PCR 
was performed from a larger, gene-specific PCR frag­
ment (primers 10-F and 11-R). 

Aithough many primers presented several mis-
matches with the pseuViogene sequence, in six of the 
primer pairs, one of the primers was nonspecific while 
the other presented only one mismatch in the last 
nucleotide (3'), in relation to the pseudogene sequence. 
Before the systematic mutation scanning, each of the 
14 fragments was amplified on genomic DNA from a 
normal individual, cloned, and sequenced. The se­
quences of 15 clones from each product showed that, in 
all cases, only the gene and not the pseudogene was 
amplified. 

For all fragments, the PCR reaction was performed 
under the foUowing conditions: 100 ng of témplate 
DNA, 1 U of Dsmazyme DNA polymerase (Finnzymes 
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TABLE I. Primers for PCR ^\mplification of the Glucocerebrosidose Gene and Product Sizes 
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Exon" Primer sequence (5'-»3')'' Genómic position*-' Size (bp) 
la F. ATCCTCTGGGATTTAGGAGC* 222-241 264 

R. CTTAGCTATAGGCACTAGGT 466-485 
Ib F. GCCGGAATTACITGCAGGGC* 444-463 202 

R. CTGTGACAATGCTGATTGGG 626-645 
2 F. AGGCAGCTAAGCCCTGCCCA* 898-917 215 

R. AGAAGGGAGGCTCTGTGCTA 1093-1112 
3 F. CAGACCTCACTCTGCTTGTA* 1585-1604 271 

R. GGAGGACCCAGCCTGGCCCA* 1836-1855 
4 F. TGGGTACTGATACCCTTA'rr" 1897-2016 223 

R. TCAATGGCTCTATGTCATCT* 2100-2113 
5 F. ACCCAGGAGCCCAAGTTCCC» 2916-2935 288 

R. CCTCAGGGGCTGAAAAAGCT 3184-3203 
6 F. CTCTGGGTGCn'CTCTCTTC 3346-3365 271 

R. ACAGATCAGCATGGCTAAAT* 3597-3616 
?a F. CTCGGCTl'CCCAAAGTGCTG* 4010-4029 250 

R. CTAGGTCACGGGCAATGAAG 4240-4259 
7b F. TGGGCTTCACCCCTGAACAT 4212-4231 232 

R. ATAGTTGGGTAGAGAAATCG» 4424-4443 
8 F. TGTGCAAGGTCCAGGATCAG* 5179-5198 292 

R. TITGCAGGAAGGGAGACTGG 5451-5470 
9a F. GTGTTGAGCCTTTGTCTCTT 5800-5819 139 

R. GATGGGACTGTCGACAAAGT* 5919-5938 
9b F. ACTGGÁACCTTGCCCTGAAC* 5871-5890 174 

R. ATAGGCCTGGTATGGAATGG 6025-6044 
10 F. GAGAGCCAGGGCAGAGCCTC* 6253-6272 291 

R. AGGCCCCCAACGCTGTCTTC 6524-6543 
11 F. GGATCACACTCTCAGCTTCT 6549-6568 227 

R. CTCTTTAGTCACAGACAGCG 6756-6775 

•"a" and "b' indícate overiapping 5' and 3' regions of an exon, respectiveiy. 
''Asterisks indjcaíe gene-apeciñc primers; F, forward primer; R, reverse primer. 
'According to Horowitz et ai. [19891. 

Oy), 200 pM dNTPs, and 20 pmol of each primer in the 
recommended bufFer in a final volume of 50 \ú. The 
PCR program consisted of 35 cycles of denaturation at 
94°C for 30 sec and a unique annealing/extension step 
at 55°C for 30 sec. 

The SSCP analysis was performed as described in 
Cormand et ai. tl997al. Four SSCP conditions were 
tested for each fragment, combining different poly­
acrylamide concentrations (8 or 12% acrylamide:bi-
sacrylamide 29:1), different glycerol concentrations in 
the gel (0% or 5% glycerol), and two running conditions 
(RT at 200 V, or 4 X at 300 V, always 16 hr). 

C l o n i n g a n d S e q u e n c i n g 

The PCR products showing abnormal SSCP pattems 
were cloned and sequenced as previously described 
[Cormand et al., 1996]. In each case, six to ten clones 
were sequenced by fluorescence dideoxy cycle sequenc­
ing (ABI 373A Fluorescent DNA sequencer, Perkin 
Elmer). Authenticity of putative mutations was con­
firmed either by restriction analysis or by direct se­
quence of genómic DNA PCR products. 

S o u t h e r n Blot , P r o b é P r e p a r a t i o n , a n d 
H y b r i d i z a t i o n 

Genómic DNA from the patients was digested with 
Sspl, electrophoresed on a 0.7% agarose gel, and blot-
ted onto a nylon membrane (Amersham) using stan­
dard protocols. 

For probé preparation, total RNA was prepared firom 
human cultured fibroblasts by the Ultraspec RNA Iso­

lation System (Biotecx). Reverse transcription was per­
formed using the Time Saver cDNA Synthesis Kit 
(Pharmacia Biotech) with an antisense primer at the 3' 
end of the g lucocerebros idase mRNA (5'-CTCT-
TTÁGTCACAGACAGCG-3'). The fiíll coding región of 
the cDNA was PCR-amplified in a single 1836-bp frag­
ment us ing the reverse transcription primer and a 
sense primer at the 5' end of the cDNA (5'-GCC-
GGAATTACTTGCAGGGC-3'). The PCR reaction was 
performed with the Expand Long Témplate PCR Sys­
tem (Boehringer Manheim). 

The glucocerebrosidase cDNA probé was labelled 
with a^^F-dCTP using the random priming procedure. 
Southern hlot hybridization was carried out at high 
st¡ringency foUowing a standard protocol. The mem­
brane was exposed to a Hyperfílm-MP (Amersham) for 
3 days. 

í 
A n a l y s i s o f t h e 6144A-4G P o l y m o r p h i s m 

The 6144A-»G polymorphism in intron 9 of the glu­
cocerebrosidase gene was analysed by Hhal digestión 
of a PCR-amplified product. Gene-specific primers (for­
ward: nt 5904-5923, reverse: 6655-6690) were used to 
amplify a 787-bp fragment. The alíeles were designated 
as {Hhal site present, "G") or (Hhal site absent, 
"A"), according to Beutler et al. [1992b|. It should be 
noted that these authors used enzyme Bgll. Both Hhal 
and Bgll sites are destroyed if an "A" is present in the 
sequence. 

Association of the mutations with either the or 
the "-" variants of the polymorphism was studied. In 
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double heterozygous patients, phase was estabHshed 
by genotyping the parents if available. 

Sta t is t i ca l A n a l y s e s 

. Allelic association between the Hhal pol3rmorphism 
and the common N370S and L444P mutations was 
evaluated using the D' = B/D^^ standardized Unkage 
disequilibrium coefficient [Lewontin 1988]. The signifí-
cance of the association was tested by a one-sided 
test. 

The homozygosity (j) at the GBA locus in a given 
population was determined by j -- Zxj^, where X; is the 
frequency of the ¿th GD alíele [Guldberg et al., 1996]. 
Since in most populations studied the identification of 
GD mutations was not 100%, we have calculated máxi­
mum and mínimum valúes for the homozygosity index, 
either considering all the unidentifíed alíeles as a 
single one or assuming that all the unknown alíeles are 
different, each having a frequency of 1/N, where N is 
the total number of mutant chromosomes studied. 

R E S U L T S 
M u t a t i o n A n a l y s i s 

Mutation analysis was carried out on 31 unrelated 
patents with GD, mainly firom Argentina. An initial 
screening for seven previously described mutations in 
the glucocerebrosidase g e n e — N 3 7 0 S (1226A-*G), 
L 4 4 4 P ( 1 4 4 8 T - * C ) , D 4 0 9 H ( 1 3 4 2 G - ^ C ) , R 4 6 3 C 
(1504C-^T), 1263del55, ReviVciI, and RecTL-allowed 
the identification of 77.4% of the mutant alíeles. Mu­
tations R463C, 1263del55, and RecTL were not de­
tected among these patients. The most freqüent muta­
tion was the missense mutation N370S (29/62 GD al­
íeles) identified in two homozygous patients and 25 
compound heterozygotes. 

The gene-pseudogene recombinant alíele ReciSTciI 
was the second most freqüent GD mutation in our se­
ries of patients (13/62 mutant alíeles). In order to in­
vestígate the molecular mechanism of these gene-
pseudogene recombinant alíeles we performed South­
e m blot analysis of genómic DNA digested with the 
restriction endonuclease Sspl (Fig. 1). This analysis 
was performed on 12 out of the 13 RedVcil unrelated 
chromosomes (and in one sib, A44). Our resuits provide 
evidence for three distinct rearrangements. The Ssp l 
digestión reveáis two bands o f -18 and 12 kb in normal 
chromosomes, corresponding to the gene and the pseu­
dogene respectively (Zimran et al., 1990b]. This pat tem 
was observed in five cases (Patients A17, Á22, ASO, 
A57, A59), indicating that either gene conversión or a 
double recombination event has occurred. In one case 
(Patient A48), an additional band of 1.4 kb was ob­
tained, suggesting that a fusión gene has been created 
through an unequal crossing over between the func­
tional glucocerebrosidase gene and its highly homolo-
gous pseudogene [Zimran et al., 1990b]. A third pat tem 
composed of three bands of - 1 8 , 16, and 12 kb was 
observed in six unrelated individuáis. 

In order to identify the remaining GD alíeles, we 
performed SSCP analysis on PCR producís covering 
exons 1 to 11 of the glucocerebrosidase gene, the ñank-
ing intron-exon junctions and part of the prometer se­

quence. This extensive analysis showed that 13 differ­
ent mutations account for 93% of the mutated alíeles. 
Segregation of most mutations in the families was 
studied and normal Mendelian inheritance was ob­
served in all cases. 

Table 11 shows the genotypes found for all the pa­
tients. Age of onset and curxent age, some clinical find­
ings and the geographic or ethnic origin are also in­
cluded. Patient A l presents the mutations that are 
found in the recombinant alíele named RecTL. How­
ever, the analysis of the DNA firom his parents showed 
that he bears the D409H mutation in the chromosome 
inherited firom his mother and the RedVcíI mutations 
in the chromosome inherited from his father. The rela­
tive freqüéncies of the most common mutations identi­
fied are shown in Figure 2. 

Eight of the 13 mutations were found only once 
(Table III), three of which, I161S (599T-»G), G265D 
(911G-^A), and F411I (1348T-H»A), had not been de­
scribed before. The detection of one of these new mu­
tations, G265D, by SSCP is shown in Figure 3. These 
mutations were not found in a screening of 80 normal 
chromosomes. The missense mutation I161S changes a 
nonpolar amino acid (isoleucine) to a polar one (serine), 
due to a T-to-G transversion at genómic nucleotide 
3393 in exon 6. Mutation G265D changes an uncharged 
polar amino acid (glycine) to an acidic amino acid (as-
partic acid), due to a G-to-A transition at genómic 
nucleotide 4260 in exon 7. The I161S and G265D mu­
tations are present in the heterozygous state with the 
common N370S alíele in patients A27 and A31, respec­
tively. The segregation in the family could not be stud­
ied for patient A27 as no samples were available from 
the parents. The third novel mutation identified was a 
T-to-A transversion at genómic nucleotide 5963 in exon 
9. This mutation (F411I) predicts a substitution of a 
isoleucine in the mutant for a phenylalanine in the 
normal alíele. In this case, the aífected member (A51) 
was heterozygous for mutation D409H. 

A l l e l i c H e t e r o g e n e i t y 

Alíele freqüéncies were used to compare the muta­
tion heterogeneity at the GBA locus among different 
populations with at least 70% of the mutant alíeles 
identified (Table IV), using the homozygosity index as 
described in Guldberg et al. [1996]. Valúes ranged from 
a máximum of 1 for the Norrbottnian GD patients who 
all have the same mutation (L444P) at homozygosity, 
to 0.17 in Australasia,'and 0.16 in a mixed non-Jewish 
population. The Argentinian GD population has an in­
termediate valué of 0.¿9. 

A l l e l i c Assoc ia t ions 

The analysis of the 6144A-*G polymorphism in in­
tron 9 of the glucocerebrosidase gene showed that 21 
out of 29 N370S alíeles are unequivocally associated 
with the "-" variant of the polymorphism in our group 
of patients. The remaining eight N370S alíeles were 
present in heterozygosity with another mutation in pa­
tients with the + / - genotype. Although phase was not 
established in these cases, these resuits are consistent 
with the association. In contrast, among four L444P 
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Fig. 1. a: Southem blot analysis of genomic DNA sampies digested with Sspl. The lañe on the left is a normal control with two bands o f -18 and 12 
kb. Patients All, A22, ASO, A57, and A59 have the normal two-banded pattem. Patients Al , A H . f 15, A16, A44 (and his brother A47j and A55 show 
an extra 16-kb band. Patient A48 has the 18- and 12-kb bands plus an additional 14-kb band. b: Putative models for the different ReciVcil alíeles. Those 
showing a -18-12-kb pattem (left) could have arisen from gene conversión while the alíele showing the 14-kb band (right) could be the product of an 
unequal crossing over giving rise to a fusión gene. This alíele is often mentioned as XOVR. 

alíeles found, two were associated with the alíele 
and two with the "-" alíele. 

In addition, 44 nonaíFected individuáis, 10 from Ar­
gentina and the rest from Spain, were genotyped in 
order to determine the frequency ofthe two haplotypes 
in a normal population. The "-" haplot3T}e accounts for 
70.5% (62/88) of the chromosomes studied, and the "+" 
haplotype for 29.5% (26/88), in agreement with previ-
ous reports fSorge et a l , 1985; Glenn et al., 1994]. 

These data were used to evalúate the degree of linkage 
disequilibrium between the N370S mutation and the 
common "-" haplotype, and highly significant valúes 
were obtained (D = 0.046, D' = 1, P < 0.005). 

Interesting allelic associations were found in the 
RedVcil chromosomes. All of the recombinant alíeles 
showing the two-banded pattem in the Southern blot 
analysis were found associated with the uncommon "+" 
variant. A positive linkage disequilibrium was found 
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TABLE II. Genotypes. Clinical Findings and Origin of the Patients 

Patient Genotype 
Hhal 

polymorphism" Age" First symptoms'' Type Geographic/ethnic origin'' 
Al D409H/ReciVcíI -/- lOm (t) S II Paraguayan/Spanish 
A4 N370S/U44P - / - 36y(41y) S, epitoxis I Spanish/Italian 
A5,A6' N370S/84GG 2, 3y(18y,18y) S, SH I 2 Spanish/Polish (AJVRussian (AJ) 
A9 N370S/R120W -/+"• ly S I Spanish 
AlO N370S/R285C - / - ? ? I Mapuche 
All,12,61'' N370S/RedVciI - / - 15y (19,lS,17y) Bone disease I Argentinian 
A14 N370S/? - / - ? (47y) S I Italian 
A15 N370S/ReciVc:I - / - ly (9y) S I Argentinian/Paraguayan 
A16 N370S/ReciVciI -/- ly (3y) SH I Argentinian 
A17 N370S/RecNcíI ? (54y) ? I ? 
A18,19* N370S/L444P 6, 5y (15,10y) Bone disease, S I Argentinian 
A21 N370S/N370S -/- 21y (66y) S I Polish (AJ)/German (AJ) 
A22 RecA^ciI/? +/+ 9m (lOm) S I Argentinian/Polish 
A25 N370S/D399N -/+ 6y(12y) S I ? 
A27 N370S/I161S -/- 7y (8y) S, adenopathjr'' I 2 Spanish/Italian/Armenian 
A28 N370S/RedVciI -/- 46y S I Argentinian 
A31,32« N370S/G263D / -/+ ?(19y,12y) S I Chilean 
A40 N370S/? ' -/+' lOy (14y) SH I Argentinian 
A42 N370S/L444P -/+ 2y(10y) S I Spanish/Italian 
A45 N370S/L444P -/- 3y (4y) S I Spanish/Arabic 
A46 N370S/? -/+"" 4y (Sly) 7 I Germán (AJ) 
A47, A44» N370S/ReciVaI -/- 3y (4y), 8m S I Argentinian 
A48 N370S/RedVciI -/+ ly (20y) S I Ashkenazi Jewish 
ASO RecNciI/R48W +/- 3y (5y) Bone disease I Argentinian 
A51 D409/F4HI - / - l y (2y) SH I Argentinian 
A54 N370S/N370S -/- 30y (31y) Icterius I Argentinian/Spanish 
A55 N370S/RecA^ciI -/- 6y (33y) SH I Argentinian 
A56 N370S/G202R - / - 6y (20y) S I 2 Spanish/German/Italian 
A57 N370S/RedVciI 8m (4y) SH I Spanish/Argentinian 
A59 N370S/RedVciI -/+ 4y (6y) S I Argentinian/Spanish 
A60 N370S/84GG -/+<• lOm (47y) S I Russian(AJ) 

•6144A-»G polymorphism in intron 9 of the GBA gene (A alíele: G alíele: "+"). 
""Age at presentation (present age or age of deatht). y, years; m, months. 
•̂ S. Splenomegaly; H, Hepatomegaly. 
''Geographic and ethnic origin of the grandparents; AJ, Ashkenazi Jewish. When three origins are mentioned it is indicated which one corresponds to two 
of the grandparents. Argentinian, Chilean, or Paraguayan mean that grandparents were bom in these countries and no additional information is 
available. 
•Dizygotic twins. 
Thase between the mutations and the intragenic Hhal polymorphism is not established (in all the other cases, mutations and Hhal alíeles on the same 
side are present on the same chromosome). 
"Sibs from the same family. 
•"Proband, unaffected sister, and mother presented with p-thalassemia. 

between the two-band-pattem mutant alíele and the 
"+" haplotype (D = 0.036, D' = 1, P < 0.005). In two 
cases (Patients A17 and A57) phase was established 
assuming that the accompanying mutation, N370S, 
was in a "-" chromosome. In contrast, when the 1 8 -
16-12 kb pattem was present, the ReciVcíl alíele was 
associated with the "-" alíele. No significant linkage 
disequilibrium was observed due to the association 
with the more common haplotjTJe ("-"). The fusión gene 
found in individual A48 was associated with the "+" 
variant. 

D I S C U S S I O N 
M u t a t i o n A n a l y s i s 

Here we describe an extensivo search for GD-causing 
mutations performed in 31 patients, mainly from Ar­
gentina, but with different geographic or ethnic ori­
gins, including some patients with Ashkenazi Jewish 
ancestries. This study allowed the identification of 
more than 93% of the mutant alíeles. Mutation N370S 
alone accounts for almost half of the total number of 

Others (8) 
12.9% 

Unknown (4) 
6.5% 

N370S (29) 
1226A^G 
46.8% 

84GG (2) 
3.2% 

D409H (2) 
1342G-»C 

3.2% 

L444P (4) 
1448T->C 

6.S% 

RecNcil (13) 
21.0% 

Fig. 2. Prevalence of mutations among 31 unrelated GD patients 
mainly from Argentina. The numbers in brackets represent number of GD 
alíeles. 
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TABLE IIL Raro and N e w Mutat ions" 

Amino 
acid 
change 

Nucleotide 
change 

Genómic" 
nucleotide no. 

cDNA»' 
nucleotide no. Exon 

Rapid 
detection method Reference 

R48W C-*T 1763 259 3 Beutler et al , 1995 
R120W C-*T 3059 475 5 -MspV-Ncil Chabás et al.. 1996 
I161S T - * G 3393 599 6 First report 
G202R G-* A"= 3515 721 6 -Mspl/-Ndl Beutler et al., 1994 
G265D G - * A 4260 911 7 First report 
R285C C - » T 4319 970 7 4-iVsil"» Beutler et ai , 1994 
D399N G - » A 5927 1312 9 -SalV-Taql Beutler and Gelbart. 1994 
F4111 T - > A S963 1348 9 First report 

•Previously undescribed mutations in bold. 
"Genómic numbering is according to Horowitz et al. 119891. 
•"cDNA numbering starts at the A of the first ATG. 
T h e mutation is present in the nonnai sequence of the pseudogene. 
"•Mismatched PCR and digestión. 

alíeles, and mutations RecTVcíI and L444P are repre-
sented at freqüéncies of 21% and 6.5% respectively 
(Fig, 2), The rest of the identified mutant al íeles 
(19.3%) is accounted for by ten diíierent mutations, 
eight of which were found only once in our patients. Six 
and one-half percent of the alíeles remain unidentified. 
Three mutations are described here for the first time. 

The ReciVciI alíele results either from a gene-pseu-
dogene crossing-over leading to a gene fusión or from a 
gene conversión event [Zimran et al., 1990b]. While 
ASO hybridization or digestión analysis carmot diífer-
entiate between these two mechanisms, Southern Mot 
analysis does: GD eomplex alíeles caused by gene con­
versión are assumed to present the same band pat tem 
as controls (see Fig. Ib). Five cases of those bearing the 
RedVcíI alíele in Argentinian patients could be ex-
plained by a gene conversión event, while an unequal 
Crossing over which produces a fusión gene is respon­
sible for the eomplex alíele (XOVR) identified in Pa-

C A31 A32 A27 A25 

Fig. 3. Detection of the new mutation G265D (911G-»A) by SSCP 
analysis. The PCR-amplified fragment corresponda to exon 7b (3' región of 
exon 7). The genotype for the sibs A31 and A32 is N370S/G265D, while 
those of patients A27 and A2$ are N370S/I161S and N370S/D399N, re­
spectiveiy. Mutation I161S is in exon 6 and mutations N370S and D399N 
in exon 9, C; control, unaffected individual. SSCP conditions: 129c poly­
acrylamide. electrophoresis at room temperatura, 200 V, 16 hr. 

tient A48 [Zimran and Horowitz, 1994]. Unexpectedly, 
a third pattem of 18-16-12 kb was found in six unre­
lated patients. These alíeles are currently being ana­
lyzed to determine the structure and possible mecha-
nism involved. 

The prevaience of RecJVeíI is always below 8% in all 
populations studied to date: It is rare among Ashkenazi 
Jewish patients [Beutler et al., 1992a; Horowitz et al., 
1993], and more freqüent in non-Jewish populations, 
where it ranges from 2.8% in Spanish patients [Cor­
mand et al., 1998] to 7.8% in a mixed group of non-
Jewish patients (Horowitz et al., 1993] or 7.2% in Aus-
tralasian GD patients [Nelson et al., 1995]. It should be 
mentioned that in some cases RedVcil alíeles could 
have been erroneously considered as L444P, if the 
other mutations present in the eomplex alíele were not 
analyzed. 

The three novel mutations described here (I161S, 
G265D, and F411I) are amino acid substitutions, and 
several facts suggest that they are disease-causing mu­
tations. First, after exhaustive examination of the glu­
cocerebrosidase gene, no other mutation was found in 
the patients. Second, the changes were not present in 
80 normal chromosomes. Third, all these amino acid 
residues are conserved in mouse ÍCNeill et al., 1989] 
and human GBA, indicating fimctional/stnictural rel-
evance. Finally;, two of these substitutions (I161S and 
G265D) involve a change in the polarity or charge of 
the amino acid. 

S e v e r i t y of t h e P h e n o t y p e s C a u s e d b y 
Di f i ferent M u t a t i o n s 

The presence the N370S alíele either in homozy­
gosity or in heterozygosity in 27 GD patients (see Table 
II) was invariably associated with the Type I pheno­
type without neurological manifestations, in agree-
ment with previous reports [Beutler and Grabowski, 
1995]. 

In Type I patients classification of mutations by se­
verity is not possible when the alíele under study is 
inherited together with a mild mutation, as is the case 
for m u t a t i o n s R120W (475C-^T), I161S , G202R 
(721G-^A), G265D, R285C (970C-*T) , or D 3 9 9 N 
(1312G—>A) found together with the common mild 
N370S mutation, However, previous data could help to 
classify D399N [Beutler and Gelbart, 1994; Tayebi et 
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TABLE rV. Homozygosity at the GBA Locus as a Measure of Genetic Heterogeneity in DifTerent Populations 

No. of % Mutation 
Population chromosomes detection Reference 

Norrbottnian 1.00 (1.00) 22 100 Dahl et al., 1990 
Grabowski., 1997 Ashkenazi Jewish 0.64 (0.65) 1160 89.0 
Dahl et al., 1990 
Grabowski., 1997 

Ashkenazi Jewish 0.59 (0.59) 276 99.3 Balicki and Beutier, 1995 
Ashkenazi Jewish 0.50 (0.51) 354 90.4 Horowitz et al., 1993 
Portuguese 0.31 (0.33) 54 87.0 Amaral et al., 1996 
Argentinian 0.29 (0.29) 58 93.1 Present study 
Spanish 0.24 (0.25) 106 95.3 Cormand et al., 1998 
Non -Jewish 0.19 (0.20) 240 89.2 Balicki and Beutier, 1995 
Australasian 0.17 (0.25) 56 69.6 Lewis et al., 1994; Nelson et a l , 1995 
Non-Jewish 0.16 (0.21) 140 77.1 Horowitz et al., 1993 

*Uncharacterized alíeles were counted as different alíeles or as one single alíele (the latter shown in parentheses). 

al., 1996] and R120W [Latham et al., 1991; Chabás et 
al., 1996] as severe mutations. 

The missense mutations R48W (259C-*T) and F411I 
were foimd in heterozygosity with the severe muta­
tions ReciVcil and D409H in this study. Previous data 
suggest that R48W could be a mild mutation [Beutier 
e t al., 1995; Uchiyama et al., 1994]. In Patient ASO 
fi-om our panel, clinical data are consistent vsdth Type I 
disease, aithough given the current age of the indi­
vidual (5 years) a later neurological development can­
not be ruled out. The severity of the newly described 
F411I mutation cannot be assessed because it is pres­
ent in an individual (A51) who is only 2 years oíd. 

It should be noted that the genotype/phenotype cor­
relation described above only refers to the classification 
o f the mutations as lethal, severe, or mild as described 
in Beutier et al. [1994] and that correlations based 
upon the experience with one or two patients should be 
taken cautiously due to the considerable phenotypic 
heterogeneity even in patients sharing the same geno­
type. 

Al le l i c H e t e r o g e n e i t y 

Norrbottnian GD patients all have the same muta­
tion (L444P) [Dahl et al., 1990], resulting in a homozy­
gosity valué of 1 (Table IV). Ashkenazi Jews are also 
very homogeneous (0.50-0.65) due to the high preva­
lence of mutat ions N370S and 84GG [BaHcki and 
Beutier, 1995; Horowitz et al., 1993; Grabowski, 19971. 
The Argentinian GD population h a s an intermedíate 
valué of 0.29, which is a reflection of both the relatively 
high frequency of two mutations, N370S and ReciVcil, 
and the diversity of the remaining GD alíeles. 

L i n k a g e D i sequ i l ibr i t im S t u d i e s 

In this study, the N370S alíele w a s always found in 
the context of the "-" haplotype, whi le mutation L444P 
appears associated to both haplotypes. This is consis­
tent with a single origin of N370S mutation and sug-
gests múltiple origins for L444P in different popula­
tions. These data are in agreement with previous re­
ports for various populations [Zimran et al., 1990a; 
Beutier et al., 1991,1992b; Tuteja et a l , 1993; Amaral 
et al., 1996; Cormand et al., 1998]. 

The high prevalence of the complex alíele ReciVcil 
among Argentinian patients could have been the con-
sequence of a founder effect. This h3rpothesis was ruled 

out because it was shown that three different mecha-
nisms (correlated with three different Southem pat-
tems) were involved in the origin of these alíeles. How-
ever, when grouping the alíeles according to Southem 
pattems, interesting associations aróse. All of the al­
íeles presumably derived from a gene conversión event 
were always found in the context of the less common 
"+" haplotype, while those alíeles that present the pre­
viously undescribed 18-16-12 kb pattem are all asso­
ciated wi th the haplotype. The data are consistent 
with the expansión of few ancestral ReciVcil alíeles in 
the Argentinian population. The linkage disequilib­
rium observed between the alíeles presumably derived 
írom gene conversión and the haplotype would back 
this hypothesis aithough a larger sample and an ex­
tended haplotype analysis using markers flanking the 
glucocerebrosidase gene [Cormand et al., 1997b] would 
be required to conñrm this association. 
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Abstract 
Gaucher disease results, i n most patients, 
from mutat ions i n the gene encoding g l u -
cocerebrosidase. M u t a t i o n D 4 0 9 H is the 
third most frequent i n Spanish pat ients, 
accounting for 5 .7% of a l l tnutated alíeles. 
This alíele is associated m a i n l y w i t h the 
netirological fo rms of the disease. R e -
centiy, homozygosity for the D 4 0 9 H m u t a ­
tion has been associated w i th a par t icu lar 
phenotype, inc luding specific cardiovas­
cular symptoms. H e r e we repor t a second 
Spanish pat ient bear ing the D 4 0 9 H / 
D409H genotype w i t h a very early m a n i -
festation o f the disease. T h e pat ient 
started enzyme replacement therapy at 3 
months o f age. A con imon or ig in for the 
Spanish D 4 0 9 H alíeles was ru led out b y 
haplotype analysis using a n in terna l po ly -
morph ism of the glucocerebrosidase gene 
and two external microsatel l i te markers . 
(JMedGenet 1998;35:775-777) 

Keywords: Gaucher disease; mutation D409H; haplo­
type analysis; enzyme replacement therapy 

Gaucher disease (GD) is a clinically heteroge-
neous sphingolipidosis caused mainly by muta­
tions in the gene encoding lysosomal glucocer­
ebrosidase (GBA). Mutations in the GBA gene 
may be classified as lethal, severe, or mild on 
the basis of the severity of their phenotypic 
efléCT.' A genotype-phenotype correlation has 
been established for the most common muta­
tions, such as N370S (1226A-*G) with a non-
neuronopathic phenotype or L444P 
(1448T^C) with a severe phenotype,^ Re-
centíy, homozygosity for the D409H mutation 
(1342G^C) has been associated with a unique 
form of type 3 Gaucher disease in patients with 
origins as diverse as Spanish,' Arab,'' 
British/German,' and Japanese.' They ail had 
oculomotor apraxia and a devastating valvular 
hcart disease. Common manifestations of G D 
were not evident and minimal visceral orga-
nomegaly, or even absence, was reported in 
most patients. Corneal opacity was also 
mcntíoned in the Spanish, Arab, and Japanese 
patients while some other feamres, such as 
scnsorineimil deafoess, hernia, and deformed 
toes, found in patients with mucopolysacchari-

" dosis or glycoprotein disorders, were only 
observed in the Japanese casos. 

In total, only sbc unrelaied patients with the 
confirmed D409H/D409H genotype have 
been described.'"* We now report a second 

Spanish patient homozygous for the D409H 
mutation with a very early manifestation of 
GD, presenting exclusively with massive 
hepatosplenomegaly. D409H is the third most 
common mutation in the Spanish GD 
population' and we have identified six unre-
lated families bearing this mutation. Althougfa 
a common origin for all D409H alíeles was 
ruled out because of the association with both 
the "+" and "-" internal haplotypes,'' we 
carried out haplotype analyses using highly 
inforinatíve flanking markers' to evalúate the 
degree of recurrence of this mutation. 

Case repor t 
The patient, now 13 months oíd, was admitted 
to hospital at the age of 6 days because of res-
piratory distress. Hepatosplenomegaly was 
then detected (spleen 3-3.5 cm and liver 1.5-2 
cm below the costal margin). X rays of the 
chest, bone metaphyses, and skull were normal. 
Múltiple haemorrhages in the retina were 
observed. The patient was readmitted at the 
age of 1.5 months because of massive hepato­
splenomegaly (spleen 7 cm and liver 5 cm 
below the costal margin) with abdominal colic 
pains. Serology was negative. Blood counts 
(haemoglobin, haematocrit, red blood cells) 
were just below normal valúes. Chitotriosidase 
actívity was raised (1467 nmol/h x mi, controls 
31.6 (SD17.2)). The blood clotting parameters 
were normal as well as a bone marrow aspírate. 
Neurólogical evaluation (electroencephalogra-
phy, brain auditory evoked response, and CT 
of the brain) was normal. 

Acid P-glucosidase activity was decreased to 
23% (leucocytes) and 3.8% (fibroblasts) of 
controls. Uriñe samples were not available. 

The patient staned enzyme replacement 
therapy with Alglucerase (Ceredase®) at 3 
months of age. At the age of 13 months 
neurólogical examination and ocular motility 
were normal. Echocardiograpfay was also nor­
mal. Hepatomegaly was drasrically reduced and 
the spleen was 3 cm below the costal margin. 

M u t a t i o n analysis 
Genomic D N A amplification by PCR and 
SSCP analyses were performed as previously 
described.'" The presence of an altered panern 
similar to that found in our previous case' and 
subsequent confirmation by sequencing 
showed that the patient is homozygous for the 
D409H mutation. Both parents are hetero-
zygous for this mutation. The parents are not 
consanguineous and are firom a different región 
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of Spain from the prcviously reponed family. A 
prenatal diagnosis was recently requcsted by 
this family. Deficiency of acid P-glucosidase 
actívity and homozygosity for mutation 
D409H suggested an affected fetus. The preg-
nancy was terminated and the diagnosis of 
Gaucher disease was confirmed in the fetal tis-
suc. 

Haplotype analysis on chromosomes 
bea i ing the D 4 0 9 H m u t a t i o n 
Haplotype analysis was carried out on eight 
alíeles bearing D409H, including the case 
reponed here (patient I), a previously unde-
scribed patient (patient 6), and four other 
patients reported elsewhere" (table 1). The 
6144A->G polymorphism in intron 9 of the 
GBA gene was analysed by Hhal digestión of a 
PCR amplified product. Gene specific primers 
(sense: nt 5904-5923, antisense: 6655-6690, 
sequence according to Horowitz et a/," E M B U 
GenBank accession number J03059) were used 
to amplify a 787 bp fragment.'^ The alíeles 
were designated "+" {Hhal site present) or " - " 
{Wuü. site absent), following Beutler et ai." 

The association of D409H with either the 
"+'• or the variants of the 6144A-^G 
polymorphism was studied. Phase was estab-
lished either by genotyping the parenis or by 
cloning a D N A fragment containing both the 
mutation and the polymorphic site. Results of 
the analysis of the Hhal polymorphism for 
some of these patients have been previously 
presented.' Only one of the alíeles was associ-
ated with the "+" alíele while seven were asso-
ciated with the " - " alíele of the intemal poly­
morphism (table 1). 

Two extemal microsatellite markers, 
D1S2140 and D1S2624, known to be at O and 
1.6 cM respectively from the GBA gene' were 
used to genotype the eight D409H chromo­
somes. These markers belong to the MapPairs 
set (Research Genetics) and were analysed 
according to the manufacturer's recommenda-
tions. Marker D1S2140 has seven alíeles with 
the following sizes: aUeie 1, 232 bp; 2, 244; 3 , 
248; 4,252; 5 ,254; 6, 256; and 7 ,260. Marker 
D1S2624 has five alíeles: aUele 1, 209 bp; 2, 
205; 3, 211; 4, 203; and 5, 207. The eight 
D409H chromosomes presented six different 
haplotypes (table 1). Only patients 1 and 5 
share the same one. In addition, patient 2 is 
homozygous for all three loci. Linkage disequi-
librium between D409H and each of the mark­
ers was not significant (data not shown). 

Tabk 1 Haplotype analysis for the 6I44A—*G polymorphism and markers D1S2140 and 
D1S2624 in patients bearing du D409H mutation 

Patients GBA mutaiiom 6144A-*G DtS2140 D1S2624 

1 (case rqiort)* D409H 
D409H : í 1 

2 (type 3}t D409H - 4 4 2 (type 3}t 
D409H - 4 4 

3 (type m D4Q9H - 7 1 3 (type m 
E326K + 4 l 

4(tn!e2» D409H + 4 3 
R120W + 6 3 

5 (type 3)í D409H - 1 4 
L444P + 3 4 

6 (type D* D409H 1 2 6 (type D* 
G377S 4 1 

*T lü í paper, fReíerence 3. |Reference 8. H«plotypej for D409H chromoaomei are shown in bold. 

Discussion 
A very limited number of patients homozygous 
for mutation D409H have been reported so far. 
The patient described here was diagnosed at 
1.5 months of age because of massive hepato-
splenomegaly. Despite the early prcsentatíon of 
the disease, the absence of neurological signs 
ruled out the acute, infantile form of GD. 
Characteristic findings in patients bearing the 
D409H/D409H genotype, such as ophthalmo-
plegia and cardiovascular abnormalities, were 
not notíced in our patient, probably because of 
the young age. Ophthalmoplegia had been 
noticed in early childhood in some patients 
homozygous for mutation D 4 0 9 H ' ' while in 
others gaze palsy started at 15-16 years of age.' 
In these patients, cardiac involvement consist-
ing of valvular calcifications was also apparent 
ín late childhood.^' 

The patients of Japanese origin* provide the 
most atypical clinical picture as they present a 
combination of clinical signs which appear just 
as isolated features in some patients of other 
origins. The massive visceromegaly of the 
patient reported here, absent in the Japanese 
patients and modérate in other cases, increases 
the range of heterogeneity in patients with the 
D409H/D409H genotype. 

To date, there have been no published data 
on a patient with this genotype receiving 
enzyme replacement therapy. The case re-, 
ported, now at the age of 13 months and after 
10 months of treatment, shows no signs of car­
diac involvement. As expeaed, the spleno-
megaly and hepatomegaly have been reduced 
and the patient shows a normal haemogram. If 
the patient does not present cardiac disease 
later in Ufe, as did all the other D409H/D409H 
patients previously reported, it will be difiBcult 
to assess if this is because of the early treatment 
or phenotypic heterogeneity. It should be noted 
that reversible cardiomyopathy with enzyme 
replacement therapy has recentíy been re­
ported in a 5 year oíd patient with type 1 GD.'" 

For haplotype analysis, five other patients 
were analysed, including one previously tmde-
scribed '(patient 6). This patient is a 47 year oíd 
type 1 woman who bears genotype D409H/ 
G377S (1246G-»A). This is the first descrip-
tion of mutation G377S in the Spanish 
populatíon. Interestingly, it is the third most 
prevalent mutation in Pormgal." 

In order to determine whether mutation 
D409H was present by descent from a single 
origin or the result of independent mutational 
events, we carried out haplotype analysis using 
one of the intemal polymorphisms of the GBA 
gene and two extemal but very cióse markers 
on the eight alíeles fotmd in the Spanish popu-
lation. The analysis of the internal polymor­
phism showed that only one D409H alíele was 
associated with the "+" alíele while the rest 
were associated with the "-"alíele, as previ­
ously determined,' with some of the samples. 
This rtded out a single origin for the Spanish 
D409H mutation, but a founder effect for the 
seven chromosomes bearing the "-" alíele of 
the Hhal internal polymorphism could not be 
excludcd. However, the analysis of the highly 
polymorphic markers D1S2140 and D1S2624, 
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known to be at O and 1.6 c M respectively f rom 
the GBA gene," showed that the D 4 0 9 H muta­
tions are associated w i th different haplotypes. 
Only haplotype D409H-1 -4 appeared in two 
different patients (table 1). T h e two chromo­
somes of patient 2 showed the same haplotype, 
suggesting consanguinity, al though the family 
was not aware o f this. The lack of association 
between D 4 0 9 H and the markers indícate that 
D 4 0 9 H is a recurrent muta t ion . As the site o f 
the mutat ion is not a C p G dinucleotide, known 
to be a mutat ional hot spot, and as i t is present 
in the pseudogene, gene conversión events 
could explain this recurrence. 

The authors are grateftil to Dr B Cormand, S Guidi, N Garría, 
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Commurúaued by Alfcert de ¡a QiapeUe 

Gaucher ¡fisease <GD) is an autosomal recessive disorder caused by mutatíons in the lysosomal P-
glucocerebrosidase (GBA) gene. As the disease is particulariy prevalent among Ashkenaá Jews, most 
snidies have been carried out on this ethníc ^oup. In the current study, we present a mutation analysis 
of the GBA gene in Spanish patients together with the clinical ñndings. We conducted a systematic 
analysis in 53 unreiated GD patients. The CHA gene was initially scanned for nine previously described 
mutations by ASO hybridiíation or restricil::> analysis after PCR amplifícatioa. The remaining uni-
dentified alíeles were screened by nonisotopi; PCR-SSCP analysis and sequenceA This approach al-
lowed the Identification of 101 of 106 GD alíeles (95.3%) involving 24 different mutations, 11 of 
which are described for the first time: G113E (455G->A), T134P (517A->C), G389E (1283(3-»A), 
P391L (1289C-*T), N392I (1292A-»T), Y412H (13S1T-»G), W(.4)X (108G-»A), Q169X 
(662C-*T), R257X (886C-»T), SOOinsT, and IVS5+1G-*X Most mutatíons are present in one or 
few GD chromosomes. However, two mutations, N370S (1226A-K5) and L444P (1448T-^) , are 
very frequent and account for 66.1% of the total number of alíeles. Linkage disequilibrixim was de-
tected between these two mutations and an intragenic polymorphism, indicating. that expansión of 
founder alíeles occurred in both cases. Analysis of several microsatellite markers cióse to the GBA gene 
aflowed U S to establish the putatíve haplotype of the ancestral N370S chromosome. Hum Mutat 11:295-
305, 1998. © 1998 WUey-Uss, Inc • 

KH WOKDS: Gaucher disease; GBA gene; mutatíon screening; linkage disequilifarium; Spanish patients; 
N370S mutatíon; ancestral haplotype 

INTRODÜCTION 
Gaucher disease (GD) is a lysosomal glycolipid 

storage disorder characterized by the accumulation 
of glucosylceramide in phagocytes due to deficient 
activiry of P-glucocerebrosidase (E.C. 3.2.1.45). It is 
inherited as an autosomal recessive trait. Three ma-
jor types of Gaucher disease have been described on 
the basis of the absence (type I) or presence and se-
verity (types II and III) of primary central nervous 
system involvement. The disease is particulariy fre­
quent in the Ashkenazi Jewish population in which 
the incidence of GD is estimated as 1 in 850 (Beutler 
and Grabowski, 1995), while in other populations the 
frequency tanges between 1 in 40,000 and 1 in 60,000 
(Grabowski, 1993). 

In most of the cases described so far, GD is caused 
by mutations in the GBA gene encoding (3-
glucocerebrosidase. More than 70 mutations have 

been described in the GBA gene to date (Beutler and 
Gelbart, 1997). MutationN370S (1226A->G) is the 
most prevalent among Ashkenazi Jews (approxi-
mately 70% of GD alíeles) (Beutler et al., 1992a; 
Horowin et al., 1993; Sibille et al, 1993) and is also 
frequent in other populations (22-54%) (Walley et 
al., 1993; Cormand et al, 1995; Michelakakis et al, 
1995; Amaral et al, 1996; Tylki-Szymanska et al, 
1996; le Coutre et al, 1997). 

Twelve polymorphic sites have been detected 
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within the GBA gene (Beutler et al., 1992b). All are in 
linkage disequilibrium and constitute only two major 
haplotypes. N370S has always been found associated 
with the - haplotype (Zimran et al., 1990a), su^esting 
a single origin for this mutarion. The GBA gene was 
recently mapped to a 3.2-cM interval between mark­
ers D1S305 and D1S2624 (Cormand et al., 1997b), 
with no recombination detected between the gene and 
markers D1S2777, D1S2721, and D1S2140. 

We previously analyzed several known GD muta­
tions in 35 Spanish patients (Cormand et al., 1995). 
In this papel, we present the molecular analysis of the 
GBA gene in 53 patients. This approach allowed the 
identification of 95% of the mutant alíeles, resulting in 
the detection of 24 diíFerent mutations, 11 described 
for the first time. Clinical findings were also studied to 
explore the genotype-phenotype correlations. In addi-
tion, linkage disequilibrium between the most common 
mutations and an intragenic polymorphic site was evalu-
ated and flanking STR markers were used to establish 
a putative ancestral haplotype, in which the common 
N370S mutation could have first occurred. 

MATERIALS AND METHODS 
Patients 

Fifty-three unrelated Spanish G D patients with 
different clinical subrypes (42 type I, 8 type II, and 3 
type III) were studied. They originare firom different 
locatíons in continental Spain and the Canary islands. 
A clinical evaluation was provided by the patient's 
physician, in most cases including physical examina­
tion, routine hematological and laboratory tests, and 
radiological and neurological studies. In all cases, the 
GD diagnosis was confirmed by demonstration of low 
p-glucocerebrosidase activity in leukocytes or cul­
tured fibroblasts. Some of these patients are described 
elsewhere (Chabás et al., 1995, 1996; Cormand et 
al., 1995,1996). Several Argentinian patients (sub-
mitted) were included for the analysis of haplotypes 
associated with mutation N370S. Appropriate in-
formed consent was obtained ft-om all patients. 

Enzymatic Analyses 
The P-glucosidase activity was measured with N-

stearoyldihydroglucosylceramide (1 mM) or 4-
methylumbelUferil-P-glucopyranoside (4.5 mM) in 
the presence of sodium taurocholate (1.5% w/v) and 
Tritón X-100 (0.2% v/v), as previously reported 
(Cormand et a l , 1995). 

DNA Isolation 
Genómic D N A was prepared from harvested skin 

fibroblasts, peripheral blood leukocytes, or spleen, 
using a standard method (Miller et a l , 1988). 

Detection of Nine Previously Described 
GBA Mutations 

All patients were screened for eight known muta­
tions in theGBA gene (N370S, L444P [1448T-^CJ, 
D409H (I342G->C], R463C [1504C^T)] , 84GG, 
IVS2+1, RecTL and RecNciI). The genómic samples 
were amplified by polymerase chain reaction (PCR) 
and examined by either allele-specific oligonucleotide 
(ASO) hybridization or restriction analysis (Cormand 
et al., 1995). The gene/pseudogene recombinant ai-
leles were analyzed by determining the presence of 
the point mutations L444P (1448T->C), A456P 
(1483G^C) and V460V (1497G-»C) for RecNcil, 
and D 4 0 9 H (1342G-^C) , L444P (1448T->C), 
A456P (1483G->C), and V460V (1497G-»C) for 
RecTL. In addinon, the 1263del55 mutation was 
screened by gene-specific PCR amplification of a 476-
bp firagment [sense primer, nt 5569-5588; antisense 
primer, nt 6025-6044; sequence numbering accord­
ing to Horowitz et al. (1989)]; and separation of the 
products on a 2% agarose gel. 

PCR Amplification and SSCP Analysis 

PCR and single-strand conformation polymor­
phism (SSCP) analysis of 14 D N A firagments cover­
ing the 11 exons of the GBA gene, the flanking 
inaonic junctíons, part of the promoter región, in­
cluding the TATA box, and the first poiyadenylation 
signal, was performed fi-om genómic D N A of the pa­
tients. The size of the PCR fragments used ranged 
firom 139 bp to 292 bp, in order to achieve oprimal 
results in the SSCP analysis (Orita et al., 1989). All 
primer pairs were chosen to ampliíy the gene, and not 
the highly homoiogous GBA pseudogene, except in 
exon 11, for which this was not possible. For gene - spe -
cific amplification of this last exon, a nested PCR was 
performed from a larger, gene-specific PCR fiagment. 
Information on primers is available firom the authors. 

Although many primers presented several mis-
matches with the pseudogene sequence, in sbc of the 
pairs one of the primers was nonspecific while the 
other presented only oncmismatch in the last nucle­
otide (3 ' ) , in relation to the pseudogene sequence. 
In these cases, the G/T heteroduplex was avoided, 
as it is relatively stable (Kwok et al , 1994). Never-
theless, before the systematic mutation scanning, 
each of the 14 fragments was amplified on genómic 
D N A firom a normal individual, cloned, and se­
quenced. The sequences of 15 clones firom each prod­
uct showed that, in all cases, only the gene, and not 
the pseudogene, was amplifed. 

For all fragments, the PCR reaction was performed 
under the following conditions: 100 ng of témplate 
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DNA, 1 U of Dynaiyme D N A polymerase (Finn-
zymes Oy, Finland), 200 |xM dNTPs, 20 pmol of each 
primer, in the recommended buffet in a final volume 
of 50 \ú. The PCR program ccnsisted of 35 cydes of 
denaturation ac 94°C for 30 sec and a single anneal-
ing/extension step at 55°C for 30 sec. 

SSCP analysis was performed as descñbed in 
Connand et al. (1997a). Four SSCP conditions were 
cested for each firagmenc, combining different poly-
acrylamide concentrarions (8% or 12% acrylamide-
bisacrylamide 29:1), different glycerol concentrarions 
in the gel (0% or 5% glycerol), and two running con­
ditions (RT at 200 V, or 4°C at 300 V, always 16 hr). 

Cloning and Sequencing 
Samples showing abnormal SSCP pattems were 

reamplified from genomic D N A and the new PCR 
reactions were subsequently purified by Wizard™ 
PCR Preps (Promega, Madison, WI) and cloned into 
pUC18 vector using the SureClone™ Ligarion Kit 
(Pharmacia Biotech, Gaithersburg, MO). In each 
case, 6 - 1 0 clones were sequenced by fluorescent 
dideoxy cycle sequencing (ABI 373A Fluorescent 
D N A Sequencer, Perkin Elmer, Norwalk, CT). Al-
temarively, in four cases, to analyse each alíele inde-
pendently avoiding the time-consuming subcloning 
steps, ene of the abnormal SSCP bands was cut out 
of the gel after silver staining and eluted in 50 pl of 
water for 2 hr at 50°C; 20 \ú was used in a 100-[ll 
PCR reaction. The PCR fragments were column-pu-
rified and sequenced. 

Mutations P391L (-Avall) , G389E {+MboII), 
R359Q i-Taql), Y313H {-Kpnl), G202R (-MspI), 
G195E (+Hm/1), R120W (-Mspl), and 1451delAC 
(-Hgal) were confirmed by digestión of the corre-
sponding PCR producís with the indicated enzyme. 
The remaining rare GD alíeles were confirmed by 
direct sequencing of PCR-amplified fragments. 

Protein Secondary Structure 
The secondary structure for the normal and mu-

tant proteins were predicted by the method of Chou 
and Pasman (1978) , using the GCG package 
(Devereux et al., 1984). 

Analysis of the 6144A-»G GBA Polymorphism 
The 6144A—>G polymorphism in intron 9 of the 

GBA gene was analyzed by Hhal digestión of a PCR-
amplified product. Gene-specific primers (sense: nt 
5904-5923 , antisense: 6655-6690) were used to 
amplify a 787-bp fi-agment (Sidransky et al., 1992). 
The alíeles were designated + (Hhal site present) or 
- (Hhal site absent), according to the method of 
Beutlerstal . (1992). 

The association of the N370S and L444P alíeles 
with either the + or the - variants of the intragenic 
6144A—>G polymorphism was studied. In double 
heteroz^'gous patients, phase was established either 
by genotyping the parents or by cloning a D N A frag-
ment containing both the mutation and the polymor-
phic site. 

Haplotype Analysis 

Several microsateUite markers ( D 1 S 2 1 4 0 , 
D1S2777. D1S2721, D1S2624, and D1S305) (Fig. 
1) located dose to the GBA gene (Cormand et al., 
1997b) were used to genotype 24 N370S chromosomes. 
These markers belong to the MapPairs set (Research 
Genetics, Huntsville, AL) and were analyzed accord­
ing to the manufkcturer's recommendations. 

Statistícal Analyses 
AUel ic associat ions be tween the diallel ic 

6144A->G polymorphism and the common N370S 
and L444P mutations were evaluated using the D ' 
= D/Dma, standardized linkage disequilibrium coef-

D1S2777 

D1S2140 

1.6 cM 
(CEN) — © -

D1S2721 

1.6 cM 

D1S305 
(TEL) 

D1S2624 

GBA 

FIGURE 1. Genetic map of microsateUite markers used for link­
age disequilibrium and haplotype analysis at lq21. The ge­
nomic reglón spanned by D1S305 at the centromeric 
boundary and D1S2624 at the tetomeric boundary with the 

corresponding genetic distances (Dib et al., 1996) is shown 
schematically. The glucocerebrosidase iocus (GBA) was re-
cently mapped by the authors cióse to markers D1S2140, 
D1S2777, and D1S2721 (Cormand et a!.. 1997b). 



2 9 8 C O R M A N D ET A L . 

ficient (Lewontin, 1988). The significance of asso­
ciation was tested by a one-sided %̂  test. 

For markers with múltiple alíeles, saturated hier-
archicai log-linear models were fitted to the data 
(Fañanás et al., 1992; E. Monrós and J. Bertranpetit, 
unpublished data). The X interacnon parameter is an 
estímate of the degree of association benveen each al­
íele of a marker and the presence or absence of the 
disease mutation. The significance of this association 
was measured through the normalized valué (z) of X, 
obtained by dividing lambda by its standard error. An 
association was considered significant at the 0.05 level 
if I : I > 1.96. Because of the large number of compari-
sons undertaken, the Bonferroni correction according 
to Rice (1989) has been used. The SPSS statistical pack­
age versión 6.01 was used to fit log-linear models. 

The homozygosity (j) at the GBA locus in a given 
population was determined by 

where Xj is the frequency of the ith aiiele (Guldberg 
et al., 1996). As the identification of G D mutations 
is not 100% in most populations studied, we have 
calculated máximum and mínimum valúes of the ho­
mozygosity index, either considering all the uniden-
tified alíeles as a single one or defining the unknown 
alíeles as having a frequency of 1/N, where N is the 
total number of mutant chromosomes studied. 

RESULTS 
Cünical Manifestations 

The clinical characteristics of GD among 42 type 
I patients are summarized in Table 1. Patients are 
grouped according to genotype. The age of presenta­
tioñ is shown for all patients (if known) , while the 
age at evaluation is only indicated for those pa­
tients whose age at first symptom presentatioñ was 
unknown or for those with early manifestations of 
the disease. Phenotypes of patients 1.1-1.26, docu­
mentad previously (Cormand et a l , 1995), are 
Usted for comparison with the remaining patients 
and because additional clinical signs are indicated 
in some cases. 

Spienomegaly was noted in ail type I patients, 
except patient 1.26, aithough his affected sibling 
presented with hepatosplenomegaly. At the age 
of 40, patient 1.26 had been diagnosed of an arypi-
cal parkinsonian syndrome because of hypokine-
sia, rigidity and tremors affecting mainly the right 
side, and a poor response to conventional anti-
parkinson therapy. Two patients with early mani­
festations of GD in childhood (1.31 and 1.38) had 
short stature, a sign that has been associated with 

massive spleen enlargement in children. Hepa-
tomegaly was present in' 23 out of the 42 type I 
patients (54.7%). Liver disease was encountered 
in patients 1.4, 1.27, and 1.31 and was probably 
cause of death in patient 1.32. Various degrees of 
bone involvement were found in 13 type I patients 
(31%). They showed widening of the distal femurs 
(Erlenmeyer flasks deformiry) or hip osteoarthritis 
as the most freqüent signs. In type I GD patients, 
thrombocytopenia was the most common cytopenia 
(15 parients, 35.7%); 5 patients had anemia and 9 
patients had pancytopenia. 

Table 2 shows the clinical findings of 11 parients 
with the neuronopathic forms of the disease. The time 
of onset ranged ftom birth to age 11 months in type 
II patients. Case II.2 was a fetus that was aborted 
following prenatal diagnosis. The parents had previ­
ously had an affected child, who was diagnosed for 
the first time at the age of 8 months with persisten! 
emesis and rectal bleeding. Significant clinical signs 
were hepatosplenomegaly with abdominal pain, gen-
eralized eczema, and modérate thrombocytopenia. 
Microcephaly, deafhess, and spasricity were also ob­
served. Massive bleeding from birth was also present 
in patients II.7 and II.8. Case III.3 is the only indi­
vidual alive among the type III parients so far ana­
iyzed. His neurological condition has not further 
deteriorated at the present age of 13, while spienom­
egaly has progressed with severe thrombocytopenia. 

Mutation Analysis 
We have anaiyzed 106 Spanish GD chromosomes 

by digestión with restriction enzymes, ASO hybrid­
ization, SSCP analysis, and sequencing, and we have 
identified 24 different mutarions in the GBA gene 
that account for 95.3% of all Spanish GD alíeles. 

All the mutarions idenrified and their genomic 
localizarion are shown in Figure 2. The genorypes of 
the parients included in this study are given in Tables 
1 and 2. 

Two amino acid substitutions, N370S and L444R 
account for 66.1% of the total number of alíeles, while 
the other 22 mutations are represented at freqüén­
cies lower than 5%. Mytatíon D409H (4.7%) is the 
third most common G u alíele in this group of pa­
tients (Table 3). Three patients carry the RecNcil 
mutation, a crossover between the GBA gene and 
its closely linked pseudogene (Zimran et al., 1990b). 
This systematic screening revealed 14 novel muta­
rions, including 8 amino acid substitutions (G113E 
[ 4 5 5 G - » A ] , R 1 2 0 W [ 4 7 5 C - ^ T ] , T134P [517 
A ^ C ] , Y313H [ 1 0 5 4 T ^ C ] , G 3 8 9 E [1283GH.A], 
P391L [1289C->T] , N392I [1292A->T], Y412H 
[ 1 3 5 1 T ^ C ] ) , 3 stop codons (W(-4)X (108G->A], 
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TABLE 1. Patients and Genotypes: Type I Patients 

Patient subtype/No. Genotype Age" Clinical signs 

1.2.1.7,1.9,1.12. N370S/N370S 27, 68. 4. 56, 58, 82 All S but not H; three asymptomatic; most 
1.17,1.36 very mild 

1.4.1.10.1.14. !.16.1.19, N370S/L444P 2 (32), 33. 29. 25. 19, All S. 6 patients also H. 7 with pancytopenia. 4 
1.20,1.21,1.23.1.25, 48. 7 (31). 5, 24. with bone disease; one (1.39) asymptomatic at 
1.34. 1.37.1.39 inf (23). 60. 3 present age of 5 yr 

1.13,1.30.1.31 N370S/RecNdI 28, 42, 13 1.13: SH, thrombocytopenia. cystalgla; 1.30: S. 
thrombocytopenia. leukopenia, chronic dianhea. 
skin pigmentatlon; 1.31: SH. thrombocytopenia. 
leukopenia. stature and pubertal development 
delayed; portal hypertension; irregularity of right 
humeras 

1.8.1.24 N370S/P391L 31.27 Both: SH, epistaxis; 1.8: pancytopenia, fémur de-
formity. 1.24: thrombocytopenia 

1.1 N370S/? 7 S only 
1.3 N370S/? 3 SH; macrocephaly 
1.5 N370S/ 15 S, thrombocytopenia, anemia, bone pain 

1451delAC 
S, thrombocytopenia, anemia, bone pain 

1.6 N370SA'313H 10 SH. thrombocytopenia 
1.11 N370S/1098insA 3(9) SH. leukopenia. spicnectomy at 9 yr 
1.15 N370S/R359Q 35 SH. epistaxis, easy bruising. fémur deformity. con-

junctival pingueculae 
1.18 N370S/1263del55 5 SH, fémur infarcts 
1.26 N370S/500insT 47 No SH; atypical parkinson** 
1.27 N370S/ri34P ?(39) SH, digestive hemorrhagia, ulcus gastroduodenal. 

hepatopathy, skin pigmentation, bone deformities 
1.28 N370S/W(.4)X 4 SH. mild pancytopenia. epistaxis, bone crisis. 

fémur deformity, skin pigmentation 
1.29 N370S/G113E 7m(4) SH, anemia, bone disease 
1.33 N370S/G202R 25 S, pancytopenia. bone deformity. aseptic necrosis 
1.35 N370S/IVS5+1 ?(24) Data not available 
1.38 N370S/G195E 8(36) SH, anemia, thrombocytopenia, stature 

development delayed. Jaundice. skin pigmentation 

1.40 N370SA'412H ?(26) S. thrombocytopenia, familial factor IX deficiency*̂  
1.41 N370S/R257X 6 SH. pancytopenia 
1.42 N370S/Q169X ?(87) SH, epistaxis, pancytopenia 
1.22 D409H/E326K 2.5 SH only (present age 14 yr) 
1.32 ?/? ?(76) SH; hepatopathy. cardiomegaiy, hip osteoarthritis. 

vitíligo, palé skin 

S, splenomegaly; H, hepatomegaly; inf. infancy. 
*At presentation {yearsj. Age at evaluation Is indicated in parentheses for patients with an early or unknown age of disease presentation. 
''Affected brother (46 yr) with SH, thrombocytopenia, and pingueculae. 
'Affected sibling (23 yr) with same symptoms plus bone disease. 

Q169X [622C-*T], R257X [886C->T]), two 1-bp 
insertion (SOOinsT, 1098insA) , and one donor 
splice-site mutation (IVS5-I-1G->T). Data on 
mutations R120W, Y313H, and 1098insA are re­
ported elsewhere (Chabás et al., 1996; Cormand 
ec a l , 1996), and the rare G202R {721G-^A) , 
E326K (1093G-^A) , and R 3 5 9 Q ( 1 1 9 3 G ^ A ) 
have already been detected in non-Spanish pa­
tients once before (Kawame et al., 1992; Beutler 
et al., 1994). Very recently, two of the mutations 
detected in this work, G195E [701 G ^ A ] and 
H S l d e l A C , were described for the first time 
(Grace et al., 1997). It should be noted that the 
Spanish patient bearing the 145 IdelAC mutation, 
described by these authors, is our patient 1.5 who 
received treatment at Mt. Sinai Hospital. Most of 
these new or rare mutations were found only once 

in this panel of patients. Only mutations P391L and 
G195E were found twice. 

Screening of 80 normal chromosomes failed to 
detecr any of the 24 mutations described in this study. 
After this systematic screening, five GD alíeles re-
mained unidendfied. Three of them were present in 
heterozygosis wit[i a known GD alíele in padents 1.1, 
1.3, and II.4 (Tables 1,2), whereas no mutation was 
identified in patient 1.32. Patient 1.3 was ininally 
genotyped as N370S/N370S in a previous study 
(Cormand et al., 1995), but further analysis of the 
parents showed that only the mother was a carrier of 
the mutation. Eight polymorphic microsatellite mark­
ers in different chromosomes were used to confirm 
patemity, and Southern blot analysis after BamHI 
digestión (data not shown) showed a band pattem 
different firom that of wild-type individuáis, indicat-
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TABLE 2. Patients and Genotypes: Type H and III Patients 

Patient subtype/No. Genotype 
Age at 

presentatlon/death Clinical slgns 

L444Pil.444P I m/S.Sni SH, thrombocytopente, anemia, seizures, head 
retroflection, hyperreílexia 

L444P/L444P 2 m/3m SH, grourth retardation, thrombocytopenia. 
massive bleeding, coagulopathy, 
bronchoaspiration 

L444P/L444P birth/2.5 m SH, low-welght neonate, anemia, thrombocyto­
penia, rectal bleeding, ascites, hcpatocellular 
damage, cholestatic jaundice 

L444P/G195E f^ttis 
L444P/R120W 5 m/9 m SH, generalized hypertonia, neck hyperextension, 

opisthotonos, strabismus, osteoporosis, 
pulmonary fibrosis 

G389E/? 6 m/lO m SH, myoclonic seizures, hypertonia, psychomotor 
retardation 

L444P^392i 6 m/12 ta SH, hypertonia, opisthotonos, strabismus, head 
retroflection 

D409H/R120W 11 m/20 m SH, generalized spasticity. psychomotor retarda­
tion 

L444P/L444P 3 yr/7.5 yr SH, respiratory complications, bone pain, and 
fractures 

D409H/D409H ?/19 yr SH. epistaxis, strabismus. ophthalmoplegia, pes 
cavus. cardiovascular disease* 

L444P/D409H 3 yr SH, strabismus, ophthalmoplegia, thrombocyto-
penia (present age: 13 yr) 

II.1 

11.7 

11.8 

II.2 
11.3 

U.4 

II.5 

n.6 

I ILl 

I IL2 

ni.3 

S, spienomegaly; H, hepatomegaiy. 
•One affected sibling without H (see Chabás et al.. 1995, for further details). 

ing that a deletion, or another tvpe of rearrangement, 
could be the cause of this erroneous assignraent, simi­
lar to the case described by Beutler and Gelbart 
(1994). Further analyses on this case are currently 
being undertaken. 

Heterogeneity in the GBA Gene in 
Different Populations 

In order co compare the mutation heterogeneity 
at the GBA locus between the Spanish and other 
populations, we used alíele freqüéncies to calcúlate the 
homozygosity as in Gulberg et al. (1996) (Table 3). We 
chose those populations for which at least 70% of the 
mutated alíeles were identified. Norrbottnian GD pa­
tients are all homozygous for the same mutation 
(L444P) (Dahl et ai., 1990), giving a homozygosity valué 
of 1. Ashkenazi Jewish patients are also quite homo-
geneous (0.50-0.59) due co the high frequency of 
mutations N370S and 84GG (Horowitz et al., 1993; 
Baiicki and Beuder, 1995). The Spanish disease popu­
lation has an intermediate valué of 0.24, higher than 
most non-Jewish GD populations. 

Linkage Disequilibrium Between the 6144A-4G 
Intragénic Polymorphism and Mutations N370S 
and L444P 

We analyzed the 6144A-»G intragénic polymor­
phism in intron 9 of the GBA gene in all 53 Spanish 
GD patients. In addition, 44 nonaffected Spanish 

individuáis were genotyped in order to determine the 
frequency of the two alíeles in the Spanish popula­
tion. The + alíele accounts fot 29.5% (26 of 88) of 
the chromosomes studied and the - alíele for 70.5% 
(62 of 88), in agreement with previous reports (Sorge 
et a l , 1985; Glenn et a l , 1994). As die 12 polymor­
phic sites described within the GBA gene have been 
reported to be in complete linkage disequilibrium 
(Beutler et a l , 1992b), we analyzed only one of them, 
the 6144A-^G (Hhal) site. 

Our data revealed that mutation N370S was 
always associated with the common - variant in 
these patients (46 of 46) . Mutation L444P was 
found associated with both the -h (15 of 24) and 
the - (9 of 24) alíeles. However, there was a clear 
overrepresentation of L444P alíeles in the context 
of the less freqüent + alíele. Significant linkage 
disequilibrium valúes were obtained in both cases 
(N370S: D = 0.067, D ' = 1, P < 0.001; L444P: 
D = 0.055, D ' = 0.408, P < 0.005). 

Hapiotype Analysis of N370S Chromosomes 

In order to study identity by descent by shared 
hapiotype analysis, five microsateüite markers closely 
linked to the GBA gene on chromosome lq21 were 
analyzed in 24 chromosomes bearing the common 
N370S mutation. We studied 6 unrelated Spanish 
GD patients with genotype N370S/N370S (1.2,1.7, 
1.9,1.12,1.17, and 1.36) and 3 heterozygous for N370S 
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(1448T-+a L444P 

(13S1T-+C) Y412H* 
a34ZG-.C) D409H 
<1292A-»T) N392I * 
(1289C-»T) P391L* 
(1283G-»A) G389E* 
(1226A-»G) N370S 

(1193G-+A) R359Q 
(1093G-*A) E326K 
a054T-+O Y313H 

(721G->A) 
(701G-»A) 

G202R 
G195E 

(517A-»C) T134P» 
(475C->T) R120W 
(4SSG->A) G113E" 

1451delAC 
RecNcil 

1263del55 

1098insA 

R257X* (886C^T) 

Q169X* (622C-»T) 

IVS5+IG-.T * 
SOOinsT * 

II 
W(-4)X * Í108G-+A) 

nGURE2. Schematic representation of the mutations identified 
in the p-giucocerebrosidase gene in Spanish Gaucher disease 
patients. Missense mutations are depicted on the ieft; gene/ 
pseudogene recombinations. insertions, deietions, aberrant 
spiice sites, and nonsense mutations are shown on the ríght. 
Novel mutations are indicated by an asterísk (*). In brackets, 
the cDNA position of the nudeotide change; ahaded boxes, 
untranslated regions, and numbers correspond to exons. 

(1.6,1.11, and 1.18). Addinonally, we analyzed 9 chro­
mosomes, bearing the N370S alíele, from Argentin-
ian patients. Three of these chromosomes were found 
in rwo patients of Ashkenazi jewish origin. 

FuU haplotypes for the five loci were established. 
One major haplotype, 1-4-3, for markers D1S2777, 
D1S2140, and D1S2721, respectively, was present in 
16 of 24 (66.7%) of the N370S chromosomes analyzed 
(Table 4). Eight chromosomes, belonging to individu­
áis 1.6,1.11,1.18,1.36, and to three of the Argentinian 
patients, bore other allelic combinations: 1-4-7 (1.6), 
1-4-6 (1.11), 1-4-1 (LIS), 6/1-1/4-2/1 (1.36, phase un-
known) and 1-3-8,1-6-1,1-4-1 (Argentinian patients). 
Interestingly, the Spanish consensus haplotype is iden-
tical to the haplotype present in the 3 chromosomes of 
known Ashkenazi Jewish origin. 

In order to measure the d e p e e of allelic associa-
tion between each marker and the N370S mutation, 
we applied hierarchical log-linear models. Table 4 
summarizes the results of this analysis. Significant 
valúes of association (| z | > 1.96) were obtained for 

alíeles 1 ,4 ,3 , and 5 of markers D1S2777, D1S2140, 
D1S2721, and D1S2624, respectively. 

DISCUSSION 
Mutation Analysis 

The prevalence of GD is at its highest in the 
Ashkenazi Jewish population, thus most studies have 
focused on this ethnic group. Most of the studies of 
mutations causing GD carried out on non-Jewish 
parients were performed on individuáis of diverse 
ethnic (Beutler and Gelbart, 1993) or nonspecified 
origin (Horowitz et al., 1993). By contrast, the stud­
ies on specific non-Jewish populations were limited 
to the analysis of a relarively small group of previ­
ously described mutations (Walley et al., 1993; 
Cormand et al., 1995; Michelakakis et al., 1995; 
Amaral et al., 1996; Tylki-Szymanska et al., 1996; le 
Coutre et al., 1997). Here we repon an exhaustive 
search for the mutations present among Spanish GD 
patients, which allowed the Identification of 95% of 
the mutant alíeles in the 53 patients analysed. Mu­
tations N370S, L444I? D409H. and RecNcil account 
for around 73% of the total number of GD chromo­
somes, while the remaining 27% is accounted for by 
at least 20 different mutations, induding 14 novel, 
three of them already reported by us (Chabás et al., 
1996; Cormand et al., 1996). After extensive SSCP 
screening covering the 11 exons of the GBA gene, 
all the spiice sites and part of the 5 ' and 3 ' untrans­
lated regions, ohly 5 mutant alíeles remained uni-
dentified. 

Five of the 11 novel variants described in this pa-
per are undoubtedly disease-causing mutatíons, as 
they créate a frameshift (500insT), premature stop 
codons (W(-4)X, Q169X, R257X), or give rise to 
abnormal splicing (IVS5-HG—>T). Mutation 
I V S 5 - M G ^ T was the only noncoding alterarion 
found. Although the effect of this substitution in the 
first nucleoride of intron 5 was not studied in the 
patient RNA because no sample was available, this 
position is 100% conserved in the vertébrate donor 
splice-site consensus (Padgett et al , 1986). The other 
6 new mutations are amino acid substiturions, and 
several findings strcjngly suggest that they are also 
disease-causing mutations: (1) after exhaustive ex-
amination of the GBA gene, no other mutation was 
found in any of the patients; (2) the changes were 
not present in 80 normal chromosomes analyzed; (3) 
all the amino acid residues involved are conserved 
in murine and human GBA, indicating functional/ 
structural relevance; and (4) prediction of protein 
secondary structure indicates that all mutations 
except for Y412H may produce conformational 
changes in the matute enzyme. Moreover, all these 
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T A B L E 4 . Allellc Association Between the N370S Mutation and Markera on Chromosome lq21 

No. of alíeles/ Associated alíele % ofN370S % of control 
Marker heterozygoslty* Designation'' Sequence chromosomes chromosomes' X P* 

D18305 9/0.86 7 (AC),7 12.5% (3/24) 3.6% (2/56) 0.70 1.72 <0.09 
D1S2777 9/0.57 1 (AC),6 95.8% (23/24) 57.1% (32/56) 0.57 2.13 <0.04 
D1S2140 7/0.71 4 (AT)6...(TATC),i 87.5% (21/24) 30.4% (17/56) 0.83 3.16 <0.002 
D1S2721 8/0.65 3 (AOis 66.7% (16/24) 23.1% (12/52) 0.70 2.69 <0.008 
D1S2624 5/0.71 5 (AC)2o 16.7% (4/24) 1.8% (1/56) 0.92 2.24 <0.03 

•DIb et al. (1996). 
''According to CEPH-Génétlion nomenciature. 
"CEPH-Généthon data. 
*Ml valúes are significant atP < 0.05, except for alíele 7 of marker D1S305. 

subscitutions involve a change ir\ the polarity or 
charge of the residue (G113E, T134P, G389E, 
N392I , Y412H) or are structurally disruptive 
(P391L). However, further characterization of the 
products expressed from each mutant alíele is 
needed to confirm these assumptions. 

Our results show that the 15 mutations leading to 
amino acid substitutions are mostly coníined to a few 
exons, while nonsense, frameshift and splice-site 
mutations are widely distributed throughout the gene 
(Fig. 2). The clustering of naturally occurring mis-
sense mutations in exons 8 and 9 (9 of 15) and in 
exons 5 and 6 (5 of 15) of the GBA gene is consis-
tent with previous data (Beutler and Gelbart, 1996), 
and confirms the important structural/functional roles 
of these regions, as deduced from biochemical analy­
ses (Grace et al., 1990,1994; Ohashi et a l , 1991). 

In order to enhance the sensitivity of the SSCP 
method, we assayed a battery of different conditions 
such as polyacrylamide and glycerol concentration 
in the gel and running temperature, and we chose 
the best four combinations for each amplified se­
quence. The importance of varying the experimen­
tal parameters is demonstrated by the finding that 
some of the mutations described here were detected 
in only one or two of the four conditions assayed. 
The intrinsic limitations of the SSCP technique or 
the presence of mutations outside the regions ana­
lyzed may explain why four mutated alíeles were 
not detected (the fifth missing alíele is the un-
characterized deletion of patient 1.3). Complete se­
quencing of the GBA gene or the c D N A from 
patients bearing these unidentified alíeles may reveal 
the underlying mutations. Interestingly, patient 1.32, 
with clear symptoms of GD, is the only one with two 
unidentified mutations, and this leaves open the un-
likely possibility of a different genetic cause for the 
disease. The low P-glucocerebrosidase activity rules 

'Ut the prosaposin gene as responsible for GD. 
The complete mutation analysis performed on the 

Spanish GD patients provides interesting data for 
molecular diagnosis. The detection of the most preva-
lent mutations in this population, N370S, L444P 
D409H, and RecNcil, allows full identification of 
nearly half of the genotypes (47.2%). Moreover, an-
other 35.8% is partially covered by this analysis, as 
they are heterozygous for N370S, which provides es-
sential Information fot the prognosis of the disease. 

Genotype/Phenotype Corielations 
The large heterogeneity observed in clinical mani-

festations of GD results, in part, from the large num-
ber of mutations in the GBA gene. However, many 
unrelated or related patients with the same genotype 
have been described with significantly distinct clini­
cal features, indicating that other factors may play 
an important role. 

The presence of the N370S mutation, either in 
homozygosity or in heterozygosity, always predudes 
development of neurological manifestations in our 
patients, in agreement with previous data (Beutler 
and Grabowski, 1995). However, the phenotypic ex-
pression is highly variable. Those with genotype 
N370S/N370S are the least severe, induding three 
asymptomatic, individuáis (see Table 1). The age of 
onset varies within this group from 4 to 82 years. 
Parients with genotype N370S/L444P present more 
severe symptoms and the average age of onset (23.2 
± 18.0 years) is significantly lower than that of pa­
tients who are homozygous forN370S (49.2 ± 26.1). 
Phenotypic variation is also observed among the three 
patients with genotype N370S/recNdI and between 
the two patients with N370S/P391L. 

It is well established that homozygosity for the 
L444P mutation causes severe disease with neuro­
logical involvement, but the clinical expression ranges 
from the juvenile form or type III to the infantile 
neuronopathic form or type II (Beutler, 1995). Inter­
estingly, some japanese L444P/L444P patients have 
been found among the non-neuronopathic form of 
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GD (Ida et al., 1995). Four unrelated Spanish GD 
parients have been genotyped as L444P/L444P (Table 
2). Three of these patients represent the type II of 
the disease, and the other was classified as type III. 

Recentiy the association between the D409H/ 
D409H genotype and a unique clinical presentatioñ 
consisting of cardiovascular abnormalities and ocu-
lomotor apraxia (Abrahamov et al., 1995; Uyama et 
a l , 1997) has been reported. This association is il-
lustrated in our group of patients by individual III.2 
and her two sisters, described in detall eisewhere 
(Chabás et al., 1995). 

Only two of the 24 mutarions described in this 
study could be classified as mild: the most prevalent 
N370S and E326K. Mutations 1451delAC, 1263-
del55,500insT, I098insA, W(-4)X, Q169X, R257X, 
and IVS5G->Tbelong to the "lethal" group, and mu­
tarions R I 2 0 ^ GI95E, G389E, N392I, D409H, and 
L444P to the "severe" group, according to the classifi­
cation by Beuder et ai. (1994). Eight mutations could 
not be assigned to any group because they were found 
together with the common mild N370S mutation, 
which is always associated with a type I phenotype. 

Linkage Disequilibrium, Haplotype, 
and Population Analyses 

From our data it is reasonable to conclude that 
the L444P mutation aróse more than once in this 
group of patients, since it appears in the context of 
both the 4- and - variants of the intragénic polymor­
phism. It is significant that this mutation is present 
in the normal pseudogene sequence, suggesting that 
gene conversión events could be responsible for these 
recurrent changes. Howevet significant linkage disequi­
librium was observed between this mutation and the 
less common 4- alíele (D = 0.055, D ' = 0.408, P < 
0.005), suggesting expansión of an ancestral alíele. 

The N370S alíele is invariably associated with the 
- alíele in our group of patients, in agreement with 
previous data from the Ashkenazi Jews (Beutier et 
al., 1992b) and from other populations (Amaral et 
a l , 1996). These results are consistent with a com­
mon origin for the panethnic N370S GBA alíele. 
However, because the - alíele is about twice as com­
mon in the general popularion, as the 4- (Zimran et 
al., 1990a), recurrent mutations cannot be forraally 
ruled out firom these data. 

We have recentiy mapped the GBA gene generi-
cally (Cormand et al., 1997b). The analysis of three 
microsatellite markers, known to be very cióse to the 
gene, in 24 N370S alíeles firom Spanish and Argen­
tinian parients, showed that one major haplotype was 
present in 66.7% of the chromosomes. The same 
haplotype was found in the three Ashkenazi Jewish 

chromosomes anaiyzed bearing N370S. It would be 
interesting to study more chromosomes firom the Jew­
ish population to evalúate the possibility of a com­
mon origin for the Spanish and the Ashkenazi Jewish 
N370S mutation. 
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INTRODUCCIÓ 

La malaltia de Gaucher és un trastorn 
degut a la disfunció del sistema lisosómic. 
Les maialties lisosómiques es classifiquen 
segons la via metabólica afectada i la natu­
ralesa química del substrat acumulat. En el 
cas de la malaltia de Gaucher la deficiencia 
afecta el catabolisme deis esfingolípids i és, 
per tant, una esfingolipidosi. És l'esfingoli-
pidosi prevalent. 

La simptomatologia associada a la ma­
laltia de Gaucher presenta els següents trets 
distintius: increment de la mida del fetge i 
de la melsa (hepatoesplenomegalia); substi­
tució progressiva de la meduMa óssia per 
macrófags carregats de lípids (céMules de 
Gaucher) que comprometen la prodúcelo 
d'eritrócits i de plaquetes (anemia, trombo-
citopénia); degenerado osteolítica de l'es­
quelet que pot ocasionar crisis óssies, i en 
una minoría de pacients una degenerado 
progressiva del sistema nervios central. 

Les manifestadons clíniques de la malal­

tia de Gaucher son molt heterogénies. S'ha 
classificat en tres subtipus clínics d'acord 
amb l'abséncia (tipus l) o presencia i grave-
tat (tipus I I i I I I ) de les alteracions neurológi-
ques (Beutler i Grabowski, 1995). 

El tipus l, forma no neuropática ( M I M 
230800), és el mes freqüent, amb una inciden­
cia d'entre 1/40.000 i 1 / 60.000 en la població 
general. La incidencia s'eleva a d'entre 
1/400 i 1 / 600 en la població jueva asquenasi-
ta. Es caracteritza per l'abséncia d'afectació 
del sistema nervios central i la seva presenta­
d o és molt variable tant pel que fa a l'edat 
d'aparició deis primers símptomes com a la 
gravetat i progressió de la malaltia. 

El tipus I I , forma neuropática agu­
da ( M I M 230900), té una incidencia de 
1/100.000 naixements, sense predomini ét­
nic. És la forma mes greu a causa de l'acu­
mulació neurovisceral rápida de lípids que 
provoca la mort durant els dos primers anys 
de vida. Les manifestacions neurológiques 
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FíGURA 1. Localització cromosómica i estructura del gen de la P-glucocerebrosidasa (GBA) i del seu pseudogén. 

iniciáis son generalment anomalies oculo-
motores. 

El típus III, forma neuropática subaguda 
(MIM 231000), es manifesta amb una gra-
vetat intermedia entre els tipus I i II. De 
progressió menys rápida i amb afectado 
neurologica mes tardana, permet la super­
vivencia fins a l'edat adulta. La seva in­
cidencia varia entre 1/50.000 i 1/100.000 
naixements i, tot i que no presenta predomi-
ni étnic, és particularment prevalent a la re­
gió de Norrbottnia, al nord de Suécia. 

La malaltia de Gaucher presenta una 
herencia autosomica recessiva i és deguda 
en la major part deis casos a una deficiencia 
en l'enzim p-glucocerebrosidasa (Brady et 
al, 1965). La p-glucocerebrosidasa és una hi-
drolasa acida lisosómica que catalitza la 
hidrolisi de glucosilceramida a ceramida i 

glucosa en presencia d'una proteína activa-
dora anomenada saposina C o SAP-C. El 
mal funcionament de la p-glucocerebrosi­
dasa provoca l'acumulació de glucosilcera­
mida (o glucocere;brósid) a 1'interior deis 
l isosomes deis maqrdfags en el sistema reti-
culoendotelial, sobretot a la melsa, el fetge i 
la meduMa dssia. 

El gen que codifica la P-glucocerebrosi­
dasa (GBA), una glicoproteina de membra­
na de 497 aminoácids i uns 65 kDa, ha estat 
clonat i localitzat en el brag Uarg del cromo­
soma 1, a lq21 (Ginns et al, 1985). Té onze 
exons i deu introns i cobreix una regió geno-
mica d'unes 7 kb. Els introns 2 ,4 ,6 i 7 conte-
nen seqüéncies Alu (figura 1). S'ha identifi-
cat un pseudogén a unes setze kilobases en 
direcció 3' respecte al gen funcional, que es 
transcriu pero no es tradueix a proteína. La 
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seva identitat amb el gen peí que fa a 
seqüénciaésdel96 % (Horowitzeífl/.,1989). 
El pseudogén té una estructura d'exons i in-
trons semblant al gen pero no conté les 
seqüéncies Alu i presenta diverses muta-
cions que impossibiliten la síntesi d'una 
proteína funcional (figura 1). 

S'han descrit tretze polimorfismes en el 
gen GBA, dotze en zona no codificant que 
están en desequilibri de Iligament entre ells 
i donen lloc a dos haplotips majoritaris 
(Beutlereífl/.,1992). 

En la majoria deis casos la malaltia de 
Gaucher és deguda a niutacions en el gen 
GBA. Només en dos malalts s'ha trobat el 
defecte en el gen que codifica la proteina ac-
tivadora SAP-C (Christomanou et al, 1986; 
1989), situatal0q21-22. 

S'han descrit fins ara mes de cent muta-
cions en el gen de la glucocerebrosidasa que 
donen lloc a la malaltia de Gaucher. Aqües­
tes alteracions inclouen mutacions puntuáis 
de canvi d'aminoácid i sense sentit, inser-
cions, delecions, mutacions de la madurado 
per tall i unió i reordenaments entre el gen i 
el pseudogén (Balicki i Beutler, 1995; Beutler 
i Gelbart, 1997). Aquests reordenameiits ori­
ginen al-lels complexos que contenen diver­
ses mutacions com a resultat d'entrecreua-
ments desiguals o de fenómens de conver-
sió génica. 

De les moltes mutacions que s'han iden-
tificat en el gen GBA, poques teñen una pre-
valenga elevada, pero la seva freqüéncia re­
lativa varia segons el grup étnic. En els jueus 
asquenasites, la mutació N370S, un canvi 
d'asparagina a serina en la posició 370 de la 
proteína, és la mes frequent i está present en 
un 68-77 % deis al-lels mutats. La segona 
mutació mes frequent és una inserció d'una 
guanina en la posició 84 del c D N A (84GG), 
que representa un 10-13 %. Només quatre 
mutacions (N370S, 84GG, L444P i IVS2+1) 
expliquen el 89-96 % deis defectes molecu-
lars responsables de la malaltia en aquesta* 

població (Beutler et ai, 1992; Horowitz etai, 
1993;Sibille etal., 1993). 

En les poblacions no jueves d'origen eu-
ropeu les mutacions mes freqüents son les 
substitucions N370S (23-54 %) i L444P (13-
57 %) (Beutler et ai, 1992; Horowitz et ai, 
1993; Dahl et al, 1990; Tuteja et al, 1993; Wa-
lley et al, 1993; Cormand et al, 1995; Miche-
lakakis et al, 1995; Amaral et al, 1996; Tylki-
Szymanskaeífl/.,1996). 

S'han observat correlacions clares entre 
algunes mutacions i l'expressió fenotípica 
de la malaltia. Aixó té importancia práctica 
de cara al consell genétic i a la terapia. La 
presencia de la mutació N370S, tant en ho-
mozigosi com en heterozigosi, va invaria-
blement associada a un diagnóstic no neu-
ronopátic i, per tant, al tipus I de la malaltia. 
En canvi, l'aMel L444P (en abséncia de 
N370S) es correlaciona amb les formes neu-
ronopátiques de la malaltia (Tsuji et al, 
1988; Theophilus et al, 1989). Recentment 
s'ha observat una associació entre el genotip 
D409H/D409H i un fenotip caracteritzat 
per calcificacions cardiovasculars i apraxia 
oculomotora (Chabás et al, 1995; Abraha-
mov etal, 1995). 

S'han desenvolupat diverses estratégies 
terapéutiqués per a la malaltia de Gaucher, 
a causa de l'existéncia d'una forma no neu-
ropática de gran prevalenga. El trasplanta-
ment de molí de l'os s'ha substituit per la te­
rapéutica enzümática de substitució, que 
consisteix en la infusió de glucocerebrosida­
sa modificada (ceredasa) dirigida ais macró-
fags (Barton et al, 1991). Aquesta terapéuti­
ca fou introdui'da l'any 1991 i actualment 
s o n ja m e s de mil les persones sotmeses a te­
rapéutica de substitució enzimática al món. 
Si bé la majoria d'aquests pacients ha expe-
rimentat una clara millora en molts deis 
símptomes, el tractament és extremada-
ment car i comporta una dependencia de les 
infusions de per vida. La terapéutica génica 
constitueix una nova estrategia per al tracta-
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ment de la malaltia de Gaucher ja que les 
céMules principalment involucrades son els 
macrófags, que deriven de les céMules mare 
hematopoétiques. Actualment s'estan duent 
a terme proves clíniques iniciáis seguint els 
primers protocols aprovats (Dunbar et al, 
1996). 

En aquest capítol descrivim alguns as-
pectes del treball realitzat peí nostre grup de 
recerca sobre la malaltia de Gaucher: la 
identificació de les mutacions en pacients 
espanyols (i també en un grup de pa­
cients argentins i italians), l'estudi de corre­
lacions genotip-fenotip, el mapatge genétic 
deis gens GBA i PSAP, el disseny d'una es­
trategia de diagnóstic molecular de la ma­
laltia i la determinació del possible hapiotip 
ancestral de la mutació N370S. Els malalts 
han estat diagnosticats de malaltia de Gau­
cher mitjangant l'análisi previa de l'activitat 
glucocerebrosidasa en céMules com leuco­
cits o fibroblasts cultivats. El diagnóstic deis 
malalts espanyols es realitza a l'Institut de 
Bioquímica Clínica, que rep les mostres pro­
cedents de diferents hospitals d'arreu d'Es-
panya. 

DETECCIÓ DE LES MUTACIONS 
RESPONSABLES DE LA MALALTIA DE 
GAUCHER 

Quan vam iniciar el nostre treball no hi 
havia dades de mutacions responsables de 
la malaltia de Gaucher en la població espa­
nyola, i la informació sobre altres pobla­
cions no jueves era prácticament inexistent. 
S'havien descrit mutacions en pacients no 
jueus, pero no s'havien realitzat análisis ex-
haustives en poblacions especifiques. El 
coneixement de les mutacions particulars 
d'una població és una eina molt important 
per dissenyar estratégies de diagnóstic mo­
lecular de la malaltia. 

El nostre primer treball va consistir en 

l'análisi de la presencia en pacients espa­
nyols de mutacions prevalents descrites amb 
anterioritat en altres poblacions (Cormand 
et al, 1995), mitjangant amplificado per PCR 
i digestió amb un enzim de restricció o bé 
utilitzant la técnica d'hibridació amb oligo-
nucleótids específics d'al-lel (ASOH). Poste­
riorment hem analitzat exhaustivament la 
regió codificant del gen, tots el llocs de spli­
cing, part deis introns i regions a 5' i a 3' del 
gen. Per aixó hem amplificat aqüestes re­
gions mitjangant PCR i a continuació hem 
utilitzat la técnica de SSCP que permet de­
tectar canvis puntuáis en fragments curts de 
DNA. Aquest estudi ens ha permés identifi­
car la mutació en cent-un de cent-sis aMels 
mutats, que representen més del 95 % del 
cromosomes estudiats (figura 2). En total 
hem trobat vint-i-quatre mutacions dife­
rents, catorze de les quals no havien estat 
mai descrites (Cormand et al, 1996; 1998fl; 
Chabás et al, 1996). 

Aquests darrers anys s'han realitzat es­
tudis sobre altres poblacions, com ara l'an-
glesa (Walley et al, 1993), la portuguesa 
(Amaral et al, 1996), 1' australiana (Lewis et 
al, 1994; Nelson et al, 1995), la grega (Mi-
chelakakis et al, 1995), la polonesa (Tylki-

Desconegudes (5) 

A l t r e s (23) 
2 1 , 7 % 

RecNcíI (3) 
2,8 %• 

D409H (5) 
4,7 % 

N370S (46) 
• 43,4 % 

L444P (24) 
22,7 % 

F I G U R A 2. Freqüéncia relativa de les mutacions de la P-glu-
cocerebrosidasa en cinquanta-tres pacients de Gaucher es­
panyols. Entre paréntesi s'indicael nombre d'al-lels. 
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Szymanska et ai, 1996) i l'alemanya 
(Lecoutre et al, 1997). Aquests estudis, pero, 
s'han íimitat a l'análisi d'algunes mutacions 
prevalents préviament descrites. Dos fets 
destaquen en la comparació de les freqüén­
cies de les mutacions entre la poblado es­
panyola i altres poblacions: per una banda, la 
mutació prevalent a l'Estat espanyol és la 
N370S (43,4 %), la mateixa que entre els 
jueus asquenasites (i també a Portugal), 
mentre que en altres poblacions aquest can-
vi és menys freqüent, per exemple un 27 % a 
Anglaterra o un 25 % a Australia. És per 
aixó que vam decidir estudiar el possible 
origen comú d'aquesta mutació en la pobla­
ció espanyola i en la jueva (veure mes avall). 
L'altre fet a destacar és que la tercera muta-
ció mes freqüent a Espanya és la D409H, que 
és molt menys habitual en altres poblacions. 

Recentment hem realitzat l ' es tQdi d'una 
població de malalts de Gaucher d'Argenti­
na (Cormand et al, 1998&). H e m analitzat 
trenta-un pacients no emparentats i hem 
i d e n t i f i c a t la mutació responsable de la ma­
laltia en cinquanta-vuit deis seixanta-dos 
al-lels mutats (94 %) mitjangant una meto­
dología similar a la utilitzada amb els pa­
cients espanyols. La mutació N370S és 
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F I G U R A 3 . Freqüéncia relativa de les mutacions de la P-glu-
cocerebrosidasa en trenta-un pacients de Gaucher proce-
dents d'Argentina. Entre paréntesi s'indica el nombre 
d'al-lels. 
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F I G U R A 4. Localització genética i citogenética del gen de la 
p-glucocerebrosidasa (GBA) en el cromosoma 1. En negreta 
s' indiquen els marcadors tipus microsatél-lit que es troben a 
O cM del gen. S'inclouen també altres marcadors propers i 
les distancies relativos en cM. 

també la m e s freqüent en aquesta població, 
pero en aquest cas va seguida de l'al-lel re-
combinant anomenat RecNcil (figura 3). 
Aquesta mutació, originada a partir del 
pseudogén, s'ha analitzat en detall tal com 
es descriu m e s avall. En els pacients argen­
tins hem identificat tretze mutacions dife­
rents, incloent-hi tres canvis descrits per pri­
mera vegada. 

CORRELACIÓ GENOTIP-FENOTIP 

El coneixement de les mutacions pre­
sents en cada pacient pot aportar una in­
formado molt important per al diagnóstic 
prenatal, per aí consell genétic i per al tracta­
ment. N o obstant aixó, en molts casos no hi 
ha una correlació clara entre el genotip i el 
fenotip. En la malaltia de Gaucher l'única 
correlació ben establerta és l'associació en­
tre la presencia de la mutació N370S, en un o 
en els dos al-lels, i el tipus I de la malaltia, és 
a dir, les formes no neuronopátiques. Beu­
tler et al (1994) han classificat les mutacions 
en «Ileus», quan no hi ha afectació neu­
rológica (el principal exemple és el canvi 
N370S); «greus», quan.produeixen neuro­
patía, i «letals», quan no s'han trobat mai en 
homozigosi i no produeixen protéína fun-
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cional. Gairebé tots els pacients del tipus l 
teñen la mutació N370S. Per aixd es molt 
difícil identificar noves mutacions lleus. 

Nosaltres hem identificat una mutació 
Ileu en la població espanyola, la substitució 
aminoacídica E326K, present en un pacient 
de catorze anys sense neuropatía i amb el 
genotip E326K/D409H (Chabás et al, 1996). 
La mutació D409H és greu i per tant el canvi 
E326K ha de ser el responsable de Y abséncia 
d'afectació neurologica. També hem identi­
ficat dues noves mutacions lleus en analit-
zar dos pacients italians (Cormand et al, 
1997a). Els dos pacients son del tipus I i ho-
mozigots per mutacions no descrites pré-
viament,I402TiV375L. 

La novetat mes interessant referent a la 
correlació genotip-fenotip que vam trobar 
fou el cas de tres germanes amb el genotip 
D409H/D409H que presentaven un fenotip 
particular amb calcif icacions vasculars i mo­
derada visceromegália (Chabás et al, 1995). 
Poc després, altres autors varen publicar la 
presencia de símptomes similars en pacients 
homozigots per a la mutació D409H, la qual 
cosa va reforjar aquesta nova correlació ge­
notip-fenotip (Abrahamov et al, 1995; Beu-

10q21 

DIOS 16881 

DIOS 1650=1 
DIOS 1694 

DIOS 556 

DIOS 569 

DIOS 605 i 

DIOS 607 J 

1,6 cM 

7,6 c M - ^ - P r o s a p o s i n a 

0,6 cM 

F i g u r a 5. Localització genética i citogenética del gen de la 
prosaposina (PSAP) en el cromosoma 10. S'indica la posi-
ció de! gen en relació a marcadors tipus microsatéi-lit i les 
distancies relatives en cM. 

tier et al, 1995; Uyama et al, 1997). Recent-
ment hem identificat un nou pacient homo-
zigot per la mutació D409H que té només 
dos mesos i que está ja rebent tractament de 
substitució enzimática (Chabás et al, 1998). 
En aquest cas es podrá avaluar la prevenció 
de les calcificacions cardíaques peí tracta­
ment primerenc si assumim que el pacient 
hauria desenvolupat aquest símptoma com 
tots els altres malalts amb el genotip 
D409H/D409H descrits fins ara. 

MAPATGE DELS GENS GBA IPSAP 

S'havia localitzat el gen GBA al cromoso­
ma lq21 mitjangant hibridació in situ (Ginns 
et al, 1985), pero no s'en coneixia la localit­
zació en relació a marcadors de tipus micro-
satél-lit altament polimórfics. Amb l'objec-
tiu de fer el mapatge fi del gen, hem realitzat 
l'análisi de Iligament de dos punts i multi-
puntual entre un polimorfisme intragénic i 
diversos microsatél-lits del brag llarg del 
cromosoma 1 (Cormand et al, 19971?). Hem 
mapat també el gen PSAP que codifica la 
prosaposina, precursora de la saposina C, i 
que és el responsable de la malaltia de 
Gaucher en un hombre redui't de casos. Els 
resultats del mapatge d'aquests dos gens es 
mostren en les figures 4 i 5. El mapatge del 
gen GBA ens ha yermes dissenyar una es­
trategia de diagnóstic molecular indirecte, i 
també identificar l'haplotip ancestral en el 
qual probablement va teñir Uoc la mutació 
Ñ370S i estudiar el possible origen comú 
d'aquesta mutació en les poblacions espan-
yolaijueva. 

DIAGNÓSTIC MOLECULAR 
INDIRECTE 

A partir de l'estudi de l'espectre de les 
mutacions responsables de la malaltia de 
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N370S/+ D409H/ + 

N370S/m N370S/ + D409H/m D409H/m 

m 
D1S2140 D1S2777 

F IGURA 6. Análisi de cosegregació de la malaltia de Gaucher amb marcadors tipus microsatél-lit del cromosoma lq21 en 
dues famílies (a i b). Els productes de l'amplificació per PCR s'han separat en un gel de poliacrilamida al 6 % no desnatura-
litzant i s'han tenyit amb bromur d'etidi. + = al-lel normal; m = al-lel amb una mutació desconeguda. 

Gaucher en la població espanyola, Tlnstitut 
de Bioquímica Clínica, com a centre d'abast 
nacional per al diagnóstic d'aquesta malal­
tia lisosómica, ha incorporat de manera 
rutinaria la detecció molecular de les tres 
mutacions més freqüents (N370S, L444P i 
D409H). Si algim deis al-lels és portador 
d'una mutació diferent d'aqüestes, s'ha de 
fer una análisi exhaustiva de tota la regió co-
dificant per identificar la mutació mit-
jan^ant les técniques que s'han descrit més 
amunt. Aquesta análisi no té cabuda dins de 
la rutina d'un laboratori de diagnóstic a cau­
sa del seu elevat cost, tant económic com de 
temps. Per aixó hem dissenyat una estrategia 
de diagnóstic molecular indirecte que consis-
teix a analitzar les tres mutaciones més 
freqüents i, si cal, estudiar posteriorment al-
guns deis marcadors tipus microsatél-lit pro-
pers al gen per fer el diagnóstic d'afectat, por­
tador o sa (Cormand et al, 1998c), U n exem-
ple d'aquest tipus d'análisi es mostra a la 
figura 6. 

MUTACIONS ÚNIQUES 
O RECURRENTS? HAPLOTIP 
ANCESTRAL 

U n element molt important per conéixer 
la historia natural d'una mutació és saber si 
es tracta d'un esdeveniment que ha tingut 
lloc una única vegada (o poques vegades) o 
si, contráriament, es tracta d'un fet que es 
produeix amb una relativa freqüéncia. En el 
primer cas, ima regió genómica més o 
menys extensa al voltant de la mutació ha 
de ser idéntica en tots els cromosomes por-
tadors, perqué 1'alterado és heretada d'un 
ancestre comú. Aquesta identitat es detecta 
per l'existéncia de desequilibri de Uigament 
entre la mutació i marcadors polimórfics 
propers al gen, que portarien majoritária-
ment al-lels presents en el cromosoma origi­
nal en qué es produí el canvi. 

Mitjangant 1'análisi deis cromosomes 
que porten la mutació N370S hem pogut 
confirmar que aquesta mutació té un origen 
únic a la població espanyola i hem pogut 
reconstruir el probable haplotip ancestral 
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WT Al A11 A IS A16 A17 A22 A44 A47 A48 ASO A55 A57 A59 

b Gene Pseudogene 
L 4 4 4 P A 4 5 6 P 

1 8 kb 1 2 kb 
S S 

L444P A 4 5 6 P L444P A 4 5 6 P 

1 8 kb 
S S 

1 2 kb 

L444P A 4 5 6 P 

kb 

F IGURA 7. a) Análisi mitjan9ant transferencia de Southem de mostres de D N A genómic digerides amb Sspl. El carril de l'es-
querra ( W T ) correspon a un control normal amb dues bandes d'aproximadament 18 i 12 kb respectivament. Els pacients 
A17, A22, A50, A57 i A59 presenten el patró normal de dues bandes. Els pacients A l , A l 1, A15, A l ó , A44 (i el seu germá, 
A47) i A55 presenten una banda extra de 16 kb. En la mostra del pacient A48 es veuen les bandes de 18 i 12 kb mes una ban­
da addicional de 14 kb. b) Possibles models per ais diferents al-lels RecNcil. Els que presenten el patró amb les bandes de 18 
i 12 kb (esquerra) es podrían haver formatper conversió génica mentre que l'aMel que presenta la banda de 14 kb (dreta) po­
dría ser un gen de fiísió resultan! d'un entrecreuament desigual. 

(Cormand et al, 1998fl). Així mateix, hem 
comprovat que l'haplotip conservat a l'en-
tom de la mutació N370S en els pacients es­
panyols és semblant al deis pacients jueus 

asquenasites (trebail en preparado). N o hi 
ha dades sobre els jueus sefardites, origina-
ris de la península Ibérica, pero les nostres 
dades suggereixen que la mutació a Espa-
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nya podría teñir 1'origen en un cromosoma 
jueu. Si aixd es cert, els jueus sefardites por­
tadora de la mutació N370S haurien de teñir 
el mateix haplotip, i per tant la mutació 
s'hauria originat abans de la separació entre 
les dues branques deis jueus. 

L'análisi deis haplotips al voltant de les 
mutacions L444P (Cormand et al, 1998ÍZ) i 
D409H (Chabás et al, 1998) demostra que 
aquests canvis van teñir lloc repetidament, 
és a dir, que es tracta de mutacions recu-
rrents. El fet que aqüestes mutacions esti-
guin presents en el pseudogén fa pensar en 
un procés reiterat de transferencia de ma­
terial genetic del pseudogén cap al gen, 
potser per un mecanisme de conversió gé-
nica. 

AL-LELS REC, RECOMBINACIÓ 
O CONVERSIÓ GÉNICA? 

S'han descrit alguns al-lels complexos 
que contenen diverses mutacions que están 
normalment presents en el pseudogén. Els 
más frequents son l'aMel RecNcil (amb les 
mutacions L444P i A456P i el canvi silen­
cios V460V, 1497G->C en l'ámbit nucleotí-
dic) i l'al-lel RecTL (amb els mateixos can-
vis que RecNcil más la mutació D409H). 
Aquests al-lels podrien haver-se originat 
mitjangant un procés d'entrecreuament de­
sigual entre gen i pseudogén o per conver­
sió génica. En aquest darrer cas 1'estructura 
genómica al voltant del gen, que es pot ana-
litzar utilitzant enzims de restricció i Sout­
hern, no variarla, mentre que un procés de 
recombinació alterarla el patró de bandes 
que s'obtenen mitjangant aqüestes técni-
ques. 

En general s'anomena «Rec» ais mutants 
que contenen els canvis nucleotídics esmen-
tats sense teñir en compte el mecanisme mit-
janqant el qual s'ha produít la mutació. En 
l'estudi deis pacients argentins (Cormand et 

al., 1998&) hem identificat un elevat nombre 
d'al-lels RecNcil. En l'análisi per Southern 
d'aquests al-lels s'observen tres patrons di-
ferents (figura 7a). Alguns deis pacients 
portadors de l'al-lel RecNcil presenten un 
patró similar al deis individus sans, compa­
tible amb una hipótesi de conversió génica 
com a mecanisme generador de la mutació 
(figura 7b). D'altra banda, un deis pacients 
presenta una banda extra en el Southern 
que suggereix la presencia d'un producte 
de fusió generat per un procés de recombi­
nació entre gen i pseudogén. Sorprenent-
ment, alguns pacients presenten un tercer 
patró de bandes diferent deis anteriors no 
descrit fins ara. Actualment estem estu-
diant 1'estructura molecular d'aquest al-lel 
mutant i el possible mecanisme que l'ha ge­
nerat: 

PERSPECTIVES FUTURES 

Actualment estem posant a punt les téc-
niques d'expressió deis al-lels mutats. L'ob-
jectiu és caracteritzar la p-glucocerebrosi-
dasa mutada i comparar-ne les propietats 
bioquímiqúes amb les de Tenzim normal. 
En el cas de^ mutacions noves, aquest estudi 
ens permetrá confirmar que el canvi trobat 
és realment la mutació causant de la malal-
tia. A mes, cdnéixer les característiques de 
l'enzim pot resultar útil per a la prognosi 
de la malaltia. Per a l'expressió estem utilit­
zant d'una banda el sistema de báculo-
virus, caracteritzat per una gran eficiencia 
de producció de proteína heteróloga, i de 
l'altra, hem comengat a utilitzar adenovirus 
com a vectors. Aquest darrer métode utilit-
za cél-lules humanes en cultiu i, en con-
seqüéncia, pot resultar interessant de cara a 
possibles aplicacions futures relacionades 
amb la terapia génica com a alternativa ais 
protocols actuáis, basats en sistemes re-
trovírics. 
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