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Sl'MMARY

"",0 sibli ngs o f cons a ng u i no u s p a ren t s we r e no ted to ha ve a n e u r o l ogic
syndror-e e-er ke d by c'ev e I op nen te I de l ay , r e g r e s s i o n o f pa y ch oeo t o r pe r f o rrae nce ,
mark ed s pes t Lcd t y a nd p rog ress ive c ent r a l nervous syste m degene ratio n.
de l a ye d ne rve co nduct ion t .Ine s a nd a s u r a l ne rve hiop s y wh i ch deecns t r e t.c d
c ha n ge s t ypica l o f me tachroma ti c l e uko dys trophy (ML D) were eviden t. I mpai rmen t
o f sulfate d g lyco lip i d metabo lism was docunent .ed by a naly sis of glyco s p i n go
lipic in urinary se d iment , In spite o f these finc: i n gs, a cti v i t i e s of aryl
sulfatase" and c e r e b r o s i de sul f ati dase in white b l ood c e l l s and cul tured s kin
fibroblas t s ve r u ne a r normal . Howeve r , when intact g r owi ng fibrobla s t s we r e
l oaded wi t h 35S04-sul f a t i de a clear defect in s u lfa t i de c l e av ag e , compa rab l e to
t hat seen i n ML D pa t i e n t s , ....as o bse rve d . 't 'hus , t he s e p a t i e n ts rep r e s en t; a ne w
f o rm of su lfati de s to r a g e dis e a s e - !"I L [) c ha r ac t e r i z ed by i n t a c t enzyme a c tiv i t y
i n c e ll hon oqena t .es but de fecti ve sulfol i p i d n eta bolis m in v i vo a n d i n i n t a c t
fibroblas t s . - --

S PECCLA'J'I O!I

Si n ce cell homoq en a t e s f ror!l t h e s e pati ents can c leave s ul f atid e i n the
pre s en ce of de t e r q er.t; s while the p a t ients themse l.ves a nd thei r i ntac t c e ll s
c a nn o t , SOIre expl an a tio n o t h e r than d e c r e e a e d a c tivi t y o f t h e releva n t lyso s omal
e nzyne mus t be invoked t o ex pla in t hi s s eore ee disease . The t wo mos t plausible
hy pothe s e s are t h a t e i t he r the s e p a tients have a de t ect wh i c h preven t s e nzyme
a nd s ubs t r a t e i ntera c tio n in the p rope r subce l l u la r l o ca t i on, o r tha t t he s e
patients a re mi ss i n g t he p u ta tive g l ycop ro t e i n " a c t i vat i ng factor" n ece ssary
for sulfo lip i d h ydro l y s i s

INT ROOt:CTIQN

Hetachror.'lat i c leukodys t rop hy (ML O) is a well known e r r o r of sulfa t ed
glycosph ingo lip 1d metabolism( 8 ). Defi cien cy o f cer e b ros i de s u l f a tidase a c t i v
i ty i n affe c t e d patie nts l ead s t o t he i n tralys o s omal a c cumulation o f s u l f a t e d
g lycolip i ds in a n umbe r o f t.i ssues . Due t o the no nna lly s ub stan t i al co n t ent o f
s uch s ulfo lip i d s i n brain ",h i t e mat t er an d periphe r a l ne rve s , de f ects i n s u l
fa tide de g r adation l e a d t o t i s sue s to r a g e an d cons e q uen t ne uropathology
i n c l uding hemispher i c demyelina t i on as we ll as c hanges i n t he b a s al gang l i a ,
de ntate n ucle u s , a n d br-ed n s t em, Les I on s in the periphe r a l ne rvou s system a re
ch a r acte ri zed by int ra l ysosomal a c cumula tio n o f we t.e ch rom at. Lc mat e r i a l i n
Sc hwan n cells a n d mac b rophe ce s , a n d by pe r iphe r a l n e rve demye l i na t ion .

At l e a s t th ree d i s tinct c lin ica l s yn d romes o t MLD have been d e line a ted .
The se a re o f t e n c l assi fi e d by their ace o r o n s e t a s the late i n f antile f orm
(o ns et 1-4 ye a r s ), t he juvenile f o rti'. (ons et 4-1 2 y e ars), and the a dul t f o rm
(o n s e t in t he s econd decade o r l a t er]. ':'he f irs t t wo c lin i ca l types f eature
e a r l y norma l de ve lopme n t foll owe d by g a i t disturban co, l ong tract signs, i nc o
ordination, a taxia , peripheral ne u rop a t hy , and progressive dementia. In t he
adult fo rm o f MLD, psychosis and de men t i a may be first noted and motor s igns
may not app e ar un t i l much late r i n t he co u r s e o f the I'Usea s e .

Ce reb roside sulfat ida se a ctivity i n t i s sue s a nd hody fluids ha s been
equate d wi t h ary l s u l f a ta s e A ac tivi t y as a s s ayed wi th a rti fic i a l s ubs trate s (16 ) •

I n a ll we ll do cwnented cases ot metac h romatic l eukodystrophy a r udfed t o da te ,
tissue a cc umula t i o n o f s u I f a t ides end defic ien c y o f c e reb ros i d e s ul fatidase and
o f aryls ulfatase A activi ties ha ve been o b s e rved ( 1 ,17) . As with J'lan y o t he r
inbor n errors o f metaboli sm , ho weve r , bioch er.li c al a nd e e ne r .rc he t.e rccene Lt y i s
an tic i pated . We report he r e, the occur r e n ce o f metac hroma t i c l eukod ystrophy i n
two s ibl ings i n t h e fa ce o f n e a r no rm a l l eve l s of cer ebros ide s ulfatida se a nd
a ry l sul f a t a s e A acti.vi ties.

CASE REPORTS

r a s e In:
Y. F . , t he propo si t u s i n the f amily , f irs t prese nte d t o t h e Harbo r-UCLA

Medical Cente r at f ive years o f aq e f or evaluati on o f progr e s s i ve ne uro l og i c
de t e r i o r ation. The patient wa s the produ c t of a n ine mon th pregnancy to a
Gravida 6, Para 5 , AB 1, Mexican-Aznerican female . The patient's parents were
first cousi n s . La bo r and del ive ry, an d the neona t al p e r i od were unreee r kebke .
The pati e n t ha d an en t i r e l y b e n i g n early childhood with t he exceptio n o f a
q ue s t iona b l e febr i l e convuls i o n at t h r ee rron t .hs o f a ge . At approximately f ou r
an d one-ha l f year s o f a ge, the p at ient was f irst no t ed t o exhi b i t s everal be
ha v i oral abnonrali ties , s uc h a s gna s h i ng o f her t ee t h a nd wrinqing o f her ha nds .
Fo llowi ng thi s , reen 'te I regre s s i on p roc eeded f a i r l y rapi dly . she cou ld no t feed
he r s el f a s s he had do ne befo re . s he h a d di ffi c ul t y d r e s sinq he r s e lf, and she
b e c ame ve ry withdrawn an d hosti le t o o t he r chi ldren . She wa s no l on ge r able to
ride her t.i cycf e and she t -eca n to wa n de r o ff. by he r s el f. Cha nge s i n moto r
f unctio n were als o noted , i n tha l he r gai t became abno rroa L and a de c reas e i n
fi ne rro co r ab il ity wa s ap p r e c ia t e d . Flopp ine s s of t h e r i g ht a rt'1 was al s o
des c ribed. App r ox it'Ta t e ly t h r e e week s p r i o r to i nitia l eva l u a t ion , a r i9'ht
s i de d f ocal moto r se i zu r e wa s no t e d . I n itial phys ical examina tion demon s t r a ted
a well d e ve l oped , no nna l a ppearin l) f ema l e ch ild. Shp. wa s in t he 45 th percen 
tile for we i qh t and 10th p e r cent il e f Or he iqht. '!'he ge ne r a l physical ex amina
tio n was un r e N r k a ble. The p upi l !: reacted slowl y but e q ua lly a nd co nsensua lly
t o light a nd no funduscop ic a rnonMl i t i es were ap pre c i a t e d. She walk e d with a
slight shu f fl e a nd t e nde d t o ar.Lbul a t e on her toes. Cr a n i a l nerves and motOr
function were intac t and cerebe llar t esting was fel t t o b e nOrrr\al. Reflex e s
were 0.ecrease d t h rou ghou t . Ini t i a l l abo r a t o r y examinat i on, including hezro gram,
u r i na l ys is a nd blood chemis tri e s we r e unremarkarle. A lumbar puncture ....a s
performed wh i ch rev(!ale d a CSF p ro te i n o f 44 mg\, 33\ o f which was IgG globul in .
A b r a i n s ca n was no m a l a nd a n ele ctroencepha l og raI"l s howe d o n ly
s l owi ng . A co mpute ri z ed tomog r a ph ic b ra i n s ca n wa s normal. ourin g the ensuing
ye a r t he p a tien t de t eri orate c. dra r-a tl cally. The c hild stop ped walk i ng a nd

taU:in g e nd began having i nte rmittent gene ra lized motor s e i zure s ",h i c h we r e
relati ve l y r e s istan t t o ant iconvulsive t he r apy . By s i x ye ars o t age, compI e ee
re gre s s i on o f neurologic co r t i c a l fun c t ion t o l e ss t ha n a s i x l"lOnth old l eve l
wa s obse rved . Cr a n i a l n e rve s were g rossly in t a c t . Moto r ex amina t i on der-o n-
s t r a t e d a JT)4rked i ncrease in tone , espec ia lly i n t h e uppe r ex t remi ti es wi t h
fl e xio n con t r ac t u res being no ted . At t his t Iree , hyper r e f l ex i a wa s o bserved
but with flexo r - p l a n t a r r espons es . A nunbe r o f pr I ret t Ive co rtica l r e fl exes
we r e p r e s e n t. S l owe d ne r ve conduc t i on ....as e v i d e n t with condu c t ion velo ci t ies
o f 28. 5 em per s e cond in t he med i e n ne rve , ) 0 err. per seco nd in the u l na r ne rve ,
an d 28 em p e r seco nd i n the: pe roneal n e rve. A s ura l ne rve bi op sy was pe r f o rme d
un de r l ocal anesthesia.

Ca s e #2 :
E. F . is the ninete e n ye a r o l d brother o f Y. F . He was the p roduc t o f an

e n t i r e l y nonnal pregnancy a nd delivery a nd hi s e a r l y dev eIopr-e nt; was no zme L.
He was s aid t o h av e been i n good heal th a nd a chieved hi s early dev eI opa-e n t e I
milestones at appropriat e age s . At six yea r s of age he ha d a genera lized
seizure a nd began t o f orget things r ather e as i ly . Hi s dete riora tion was compa 
r able t o t hat desc ribed f or his s i s ter, ex cep t tha t it p roceede d scr-ev he t; e o r e
s lowl y . By a ge e leven he ha d l ost all a pp are n t i nte llec t ua l f un c tio n a nd was
i n s t itutio na lized. At nine t een years o f a ge t he pa tient ha d been unco mnumc a 
tive f o r more t ha n t e n ye a r s, was incontinent, no n- ambul a tory and to t a lly un a ble
t o r espo nd t o co rrsren ds • The p hys i c a l exami n a t i o n demon st r ated a J"\4 rkedly spa s 
tic , u nconrrunica t i ve male who a ppea red conside rably yo unge r t ha n h i s state d a c e ,
In t a c t c r a n i a l ne rve s , but ext .reree spasti ci t y with hyp e r re flexia wer e e vident
upo n exa mi na t ion . Due t o fani ly co ns i d e r a t i o ns t his patie n t v a s no t s tud ied
in a s muc h c e t ail as hi s youn ger s i b lin g .

MATERI ALS ArlO METHODS

A s e gmen t of sural ne rve was divided i nto t wo po r t i o n s I a ) a po r t i on fixed
in buffered fonnalin for p r ep a r a t i o n for light mi croscopic examinati on, and b)
a p ortio n fixed in cold 2 . 5\ g l u t a r a l d e hy de i n c a co dy l a t e buffer f o r e lec t r o n
mi cro s copy . The fonnali n-fixe d portion was div i ded into two p ar t s : o n e for
de hydratio n and embeddin g i n p a r affi n a n d the o the r for f rozen s ec t ion. Pa r a f 
f i n s ectio n!'> vere stained by heJflato xylin a nd eosin , pho sphotungs t ic a cid hema
toxylin, I'1ii s son's tric hrome , Kl uv e r-Ba r r e ra ' s l ux o l f a st bl ue , a nd Bodian 's
metho ds . F roze n s ection s we r e s tained wi th t o ludine b lue a nd a cid ified c r e s y l
vi ole t met hods f or meta ch romasia and photographed irrornediately . The specime n
f o r electron microscopy was de hy d r a t e d i n graded alco ho l and propylene oxide,
embedde d i n Epcn 812 , an d on e mi cron s e c t i o ns we r e s t a i ned wi t h tolui d ine bl ue.
Th i n sec t ion s we re exami ne d ....i th a Hi t a ch i Ht' llC' elec t ron mi c ros c ope.

Twen t y-fo u r hour excr e tion o f glyco sph ingo l i p i cls i n u rinary sed dr-en t; was
de t e rmined by t h e ne cho d s o t Desni c k , e t e I (5 , 4) . Th i s tec hnique invo l ve s
ex t raction o f t he s edime n t with c hlo ro fo rl'!l: me t hano l ( 2 : 1 ) , s e paration o f the
g l ycosph i ngolip id fracti o n by s i lic ic a c i d chroma t oqraphy, mild a lka line rnetha 
nolys is, s epara tion o f i ndividu a l by t hin - l aye r c h roma
togr aphy, a nd q uantitiation b y ga s - liq u id ch romat o g r a ph y o f the t rimet h y l s ily l
methyl g lyco s i de s .

Sk i n fibroblasts were obt a i ne d from 3-4 I'l1tt pu n c h biopsies by con ventional
methods . Ce l l s were grown e ith e r in Eagle' s Essential Me dium ( MJ'.M)

wi th 10' fe t a l c a l f serum as previously de s cribe d , o r i n IILPES bu ffe r e d l'lEM.
The HEPES b u f f e r e d (pH 7 . 4) cu ltu r e s were equilib r ate!! with a ir a nd i nc uba t e d
at 3 .,0 C. The o t h e r c u l t u res were mai nta i ne d in S\ CO

2
i n a ir (1 1) .

Arylsulratase A a ctiv ities were de t.e rrr une d in wh i te blood c e ll s and fibro
bla sts by rtIi nor mod i f i ca tio ns o f the metho ds o f Ba UlT' , e t a l (2 ) . Kine t ic
s t udi e s, p H-activ i ty profi l e s an d heat i na ctivat i o n kinetics were per fo rmed by
s t an dard tec hn i ques. po lyacrylamide ge l e l ectropho r e s i s, i s o e lec t ric f o c usin g
an d DEPoE cellulose c h r oma togr aphy we r e do ne as p r eviously de scr i b e d( :2) .
Enzyme ac tivity wi th 504_ c e rebros ide s u l f a t i de a s substra te were a ssaye d 1.0

f ibroblast in the p r e s ence o f t aurodeoxyc ho l ate by p ub lis hed p ro
5Sdu r e s (2 0 ) us ing S0 4_ sul f a tid e p r epa red f rom rat bra i n (1 0 ) . St ud i e s o f

RESULTS

Histopathologic examination of the prob and' s (Y. F.) sural ne rve biopsy
demo nstrated features o f met.echromatLc leuk ody strophy. Frozen s e ctio ns stained
with toluidine blue s howed t h e ne rve t o conta i n brownis h meta c hromat i c qranules
(Figure 1). Electron microscopic ex amination o f the same t issue reve al ed
myeloid bodies, granular Inc kue Ions o f store d ma teria l in Sc hwa nn c e ll c y to
p l asm, a nd concent r ic q r an u la r <,e g e ne r a t ion o f r ye l i n Lerse Ltae a long with p r e 
s erved excns , consis t e nt with a segmental de myel i na t i o n proce s s . I n table 1,
the res u l ts o f u rin e sedimen t q lycclipid a na l y s i s ( Y. I'".) is g ive n a lone; ....i t h
the va l ue s for two c l a ssi cal MLD p atien t s . a co ncu r ren t l y run co n t rol , a n d t he
no rma l r ange. Mono h ex o s yl a nd lactosl sulfatide a r e rr.a r kedly e Ieve t .ed i n
Y. F . 's s edimen t to l evels co mpa r ab l e to those i n known ¥.LO patie nts . Th e level
o f ecae othe r l ipid s are ne ar o r wi thi n t he no rma l r ange . Th e presence o f
leuk ocytes i n the s pecimen o b t a i ne d f rom Y. F . by c a the t e r i zation n.'ly a ccoun t
f o r the minimal elevati o n o f l a cto s yl ce r e wf de , ( F . besn I c k , unpubli s he d
o bse rva tion) •

Ni t roc atechol s u lfa t a s e A activ i t y o f l e uko c y t es an d f i bro bl a st honoqe -.
na tes i n both patients wa s cons i s t e n t l y b e low the no rma l range a n c1 ge ne r a ll y
corresponded to the i n t ermed iate values see n in !'IT,D he t e roayqot.ea wi thout
clinical syaptometolocy (table 2). Similar r e s ults were observed with the
natural s ubstrate, cerebrosi de sulfate, in t he p r e s e n ce of taurodeo xycholate
( table 3) . Enzyme a ctivity i n the paren ts wa s SOmewh a t reduce d a s well. All
of these s t udi e s were r epeated on several o cca s ions.

Sinc e there was a n appa rent discrepancy between t he c l i n ica l f e a t u res o f
the s e patients an d the ir a ryl s u l f a t ase A acti vi t i es, furthe r stu d i es were
undertaken t o c ha r a c t e r i ze the ir sulfatases i n a n ef f o r t to demo nst ra t e some
structu ra l abnormal i t y o f the en zyme molecules . As s een i n fi gure 2 a nd table
4, the aff inity f o r t he a rti fi c i al s ubs t ra t e nitroca t echo l s ulfa t e (a pp a r e n t
KIn), the p H-activ i ty p rof i l e , a n d t h e p H a nd hea t s t a b i lities o f t he patient ' s
ary l sulfatase A were a ll ccepe rebke t o co n t rols . Fu r t he rmo re , po lyacry l ami de
ge l e l e c t rophor e s i s at two di f fe r en t p H' s, i s oel e ctr i cal focuss i ng , a na DEJ\E
cellu l o s e c h roJ'1dt09 r a phy fai l ed t o any evirlence o f a st ructu r al muta 
tio n i n t he arylsulfatas e A qene. Experiments in whic h t he amou n t o f t auro
deoxycholate in the cerebroside s u l f a t i d ase ass ay were va ried , l i kew i s e did
no t d i s c rir.l inate between no rt'la l and patien t e n zyne . with tr'dXimUlT' a c t ivity being
reached at 50-70 J.Jg o f taurodeoxycholate pe r ass ay t ube in e a ch .

Pre vious studies have p r ovided eviden ce that there is a r edu ced rate of
sultatide hydrolysis by intact cultured fibroblasts derived frorr. individuals
wi th qenetically determined impairments of sulfat i de metabol i slft ( 21 ) . Such
k i ne tic studies can cle arly differentiate patients with meta chromat i c leuko
dy st rophy fram no rma l s or he t erozygotes. Furtherno re , the de g r ee o f i n v i t ro
abnormali t y can be co rre l a t ed wi t h the ag e o f onset o f s ymp t omatolo gy
Th e r a te of s u l f a tide hydroly s is was muc h r educ e d i n t he proba nd whe n studi e d
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on several occasions and gave data comparable to adult MLD patients (figure 3).
s i rni Ie r deficits in sulfatide hydrolysis were observed in F:.F. 's (case #2)
cells. In contrast, the mother of the propositi had a normal rate of sulfatide
degradation.

DISCLSSIO:-.l

In recent years, substantial progress has been r-ade in the e l uc Lde t ion of
the pathoqenesis of the Lysosoma I storage dtseaae s , In most instances, a ge
netically determined deficiency of a specific hydrolase has been identified as
being etiologically related to the accumulation of a given macromolecule.
few pe rp Iext nc di seases such as mucolipidosis II (I-cell disease), mucolipi-
do s i s I IT, and muI tiple sulfatase de f Lc Lency in which more than one enzyme
activity is reduced, remain to be fully e xp.l a Lr-e d .

It oene r a I Ly has been p.re sumed that when a mutation acts to lo......e r the
effective activity of a given lYSOSOMal enzyme below some critical point, such
that the step it catalyzes becomes rate-lil1"i ting in the pathway of degradation
of a macromolecule, then intralysosomal accumulation of that macromolecule may
ensue. seve reL recent observations, however, suggest tha t d i f f i cu I ties may be
encountered in applying this explanation to all observed clinical situations.
Several clinically normal heterozygotes for lysosomal storage disease genes
have heen recognized who have very low levels of in vitro enzyme activity,
similar to those seen in affected homozygotes Furthennore, numerous
discrepancies in enzyme activity when assays employing artificial substrates
are compared to those utilizing natural substrates, have been encountered
(19,24,6,23). The present cases call attention to the fact that a lysosomal
storage disease may occur in the presence of apparently functional enzymes.

Hcr-o zyqos i t.y of a mutant recessive gene seems likely as the cause of the
clinical abnormality in these two siblings whose parents are first cousins.
J'he neurologic abnormali ties and their progression in these children differed
from other HLD patients in that dementia and seizures were more prominent than
motor disturbances and that cerebrospinal fluid protein levels were not mark
edly elevated. Intralysosomal storage of sulfatide is apparent by h I s tocherrd-.
cal and e Iect.ronmi c roscop i c examination of sural nerve biopsy material and is
corroborated by the massive content of s u l fe t i de s in the urinary sediment. In
spi te of this, arylsul re t.ase A and ce rebros Lde s u.l fatidase assays in cell ho
mogenates were observed in a range which should not produce impairment of
sulfolipid met.ebot Lsm. Although an abnormally increased rate of sulfatide
synthesis, or the production of a structurally abnormal su Lfe t Lde resistant to
enzymatic hydro Iys i s are poas i b Ie explanations for these observations, a clear
defect in the dec r adat i.on of normal exogeneous sulfatide by the patient's cells
makes these considerations unlikely. An intrinsically abnormal enzyme which
fails to act at in vivo substrate concentrations but is active at the satu
rating levels of-;ubstrate used in the assay systems has also been ruled out by
appropriate studies.

The pr IncIpe I laboratory abnorma1i ty in these patients is impaired sulfa
tide hydrolysis in intact cells with relatively norr-e l enzymatic activities in
homoqena t.cs in the presence of detergent. At least two explanations may be
t nvokeo to explain these findings. '!'he first is that probl er- of intracellular
enzyme localization or transport of au Lf a t i de may be operative, such that
enzyme and substrate do not interact. A second hypothesis is that the defect
in these patients is the result of abnormal "activator-factor" action. A
number of intermediate molecular weight glycoproteins have been described which
appear to function as detergents or substrate solubilyzers of glycosphincrolipid
substrates and p resumabIy are required for natural substrate hydrolysis in vivo
(17,9, 12,14,18). Several such factors have been reported which appear toha;;
some specificity for particular enzymes and/or their substrates. A specific
activator factor for cerebroside suLfa t Lda se has been known for sor-e time.
Recently, Conzelmann and Sandhoff (3) have provided evidence that patients with

variant of GM
2

lack such a factor activity needed for
The absence of t.h.i s factor with preservation of enzyme activity would

account for the observed ability to hydrolyze substrate with cell horrocene te s
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Concentrations of Glycosphingolipids in Urinary Sediment
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