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Abstractrabry’'s disease is an X-
linked recessive Lysosomal Storage dis-
ease. The underlying metabolic defectis de-
ficiency of lysosomal enzyme ceramidetri-
hexosidase. The disease has multisystem
involvement. Neurological manifestations
include small-fiber polyneuropathy mani-
fested as painful distal extremities and an-
hidrosis. Fabry’s disease also presents with
both small-vessel and cortical multiple
cerebral infarcts. Enzyme-replacement ther-
apy has been found effective but expensive.
Gene therapy could evolve as the ultimate
therapeutic strategy.
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Preamble

Faby Disease (FD) is arareinherited
metabolic disorder with involvement of
skin, kidney, heart, blood vessels and ner-
vous system. The origina® description of
this disease was given by W. Anderson, a
dematologist in 1898 on apatient with un-
usud cutaneous abnormality and concomi-
tant proteinuria. Around the sametime, J.
Faby repoted a similar case’. The two
clinicians coined the term “angiokeratoma
corporis diffusum”. In time, the general -
ized nature of this disease was more clearly
recognized Sweeley and Kliosky* initially

and then later Roscoe Brady® elucidated

thepathophysology and naure of the un-
derlying metabolic lesion. Fabry disease

falls under the rubric of “Lysosomal

Storage disease”.

What is a lysosomal Storage disease?

In hedth, awiderange of complex intrecd-
lular and extracellular substances, namely
lipids, glycoprotens, mucopolysaccharides and
gycogen, undergo intrecellular degraddion in-
to ample substences in order to bereutilized
by cdls. Thisdegradation occursin thesubcd-
lular membrane bound particles cdlad “lyso-
somes” with the hdp of enzymes, the add hy-
drolases. In those disorde's cdled Lysosomal
Storage disesses, there & e ddiciencies of the
ebove enzymaic adivities leading to abnormal
subgtrate accumuldion in lysosomes with con-
sequent cell damage A ccording to the nature
of substrate accumulated, the Lysosomal
Storagedisesses’ aleclassfied (Tablel).

Pathology and biochemigtr

In FD, ceramidetrinexoside (globotriacsyl
ceramide) is the abmoal lysosomal lipid ac
cumulated; the underlying deficient enzyme
is ceramidetrinexosidase-Qgalactosidase A),
which isrequied to cleavetheterminal
galectose from the accumulated ceramidetri-
hexosidé The principal sowe of ceramide
trihexoside is globoside present in the ery-
throcytic stroma When red cells become
senescent, reiculoendothdia cdllsin liver
and spleen phagocytose the cells and degrade
the gobosideto yidd ceramidetrihexoside.
When ceramidetrinexosidase is deficient, the
lipid ceramiddrihexoside is depostad exces
svely and being soluble is trangported via
blood steam fom liver and spleen to be-de
posited in the various gans of the body
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Tab e I. Classification of lysosomal Storage diseases.

Types Substrate

Examples

I. Sphingolipidoses Sphingolipid

Il. Lipogranulomatosis Lipoglycopmotein

Ill.  MucopolysaccharidosesMucopolysaccharide

IV. Mucolipidoses

V. Glycopoteinoses Oligosaccharide

Glycoprotein

AcidmucopolysaccharideMucolipidosis |, II, 1lI, IV

Tay-Sechs Gauder, Febry, Sandhoff, Niemann-Pick,
Krabbe, Metaclamatic Leucodystphy

Farber disease

Hurler, Hunter Scheie, Sanfilipo, Mauio,
Maroteaux-Lamy

Fucosidosis, mannosidosis
Sialidosis

Ceramiddrihexoddeis found mainly in the
vescula daments, particulaly in the endothe-
lid, peithelial and smooth musde cells of the
arterid sysem. Also the histiocytes of reticu
loendothelial system and the cells of cardiac
muscle renal tubules and swea glands have
excess accumulation of the glycolipid.
Abnomal storegeof glycolipid is aso noted in
the neurons and ganglion cells of centrd ner-
vous sysem and in theganglion cells of thepe-
riphe d somatic and thesympaheicneves.

Clinical manifestations

FD isamultisysem disorder Being X-linked
recessve themothe nexdsto bethecaria for
theaffeded hemizygous mde child. Febry he-
erozygous femde may also have manifestaion
of thediseaseto avarying degree.

Cutaneous manifestations

Widespead cutaneous angiokeratomaisthe
hallmak of the disease (Figure 1), and hence
othe namefor this disorder is angiokeraoma
corporis diffusum. Angioke aoma aetdang-
iedasiaof the epidermis associaed with pro-
liferation of kerain and epidermal cells. These
lesons are located over the lower trunk, but-
tocks, perineum, scrotum and upper thighs'®,

Renal manifestations

Initidly there is albuminuria and inability to
concentrateurine Late in the courseof theill-
ness chronicrend falureprevals. Nephropathy
isthemajor causeof mortdity and death usud-
ly occursin themidto laeforties.
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Cardiac manifestations

Myocadial infarction & an early age and
hypetension ae also the principal compliea
tions of FD. In addition, there may be pro-
gressve hypetrophic/ infiltraive cadiomy
opathyvdvula abnormalities, arhythmias
and conduction disturbanées

Chronic airway obstruction

Chronic airway obstructionmay occur be
cause of lipid accumulation in the dvenlar
lining cell of lung paenchym#.

Ocular manifestations

The ocular changes typicdly do not im-
pair vision, but are unique and diagnostic.
Whorl-like corneal deposits are seen in al-
most al paients. Thelens shows cream-cal
ored anterior cgpsular deposits, someimes
in striking “propeller” distribution. A faint
but unique pogerior cgpsular opacity with a
branching radia pattern, aneurismal dila
tions of conjunctival vessd and retinal vas
cula tortuosty are seen. Unilateral blind-
ness may rarely occur as aresult of central
retind artery occlusion®.

Neurological manifestations
A wide range of newlogical disturbances

is seen in FD.

— Pain and burning sensation of hands and
feet in children and young adults is one of
the cardinal features of this disess€f. The
pain aggravates with change in tempera
ture and exertion and may become in-
tense at times meking the patient wheel
char bound. This phenomenon iscdled
“Fabiy crigs”. Clinically, reduced pinprick
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Figue 1. Typica cutaneous an-
giokeratoma in a patient of Fabr
disease.

sensation in stocking distribution is noted
but the strength of thediga extremities,
deep tendon reflexes and the other
modalities of sensations are intact with
absence of tectile dlodynia. The conven-
tional nerve conduction studies a e usual-
ly normal. Quantitative sensory testing
(QST) performed on FD patients showed
intact vibration threshold, but impared
themd threshold in disa extremitie$.
The cold sensory threshold was more ab-
nomd than warm deection thresholé-*3
Theresult dgnified “length-dependant
small fiber polyneuropathy” affecting
principaly the smdl myelinated A-delta
fibers and to some extent the unmyelinat-
el C-fibers'®. This prefeentia involve-
ment of small fibers with intact large
myelinaed nervefibers, confirmed by sur-
al nerve biopsy and also by means of
newre quantificaion in skin biopsy speci-
men$’, is an unique feaure of FD. The
exact mechanism is still unknown®.
Although the exact mechanism for neu-
ropathy in FD is gill unknown®, deposi-
tion of ébnormd glycolipid in dorsal root
gangliais probably the cause. Largefiber
neuppathy isencountered in FD when
theeis complicated rend falurewith ad-
ditional uremic polyneuropathyl ncreased
incidence of carpal tunnel syndromeis al-
so noted in FD*3.

— Hypohidosis/anhidrsis is auniversal
complaint in patients with FD. Lack of

A

sveating may bebecause of central auto-
nomic dysfunction'®, peripheral dysau-
tonomid&’ or dueto primary sweat gland
disoder’. Presevation of sympathetic
skin response (SSR) in the majority of
patients suggested that the sudomotor
sympathetic fibers were largdly intact
and hyperhidrosis was due to primary
sweat gland disorder®. In fact, the ec-
crine sweat glands and the surrounding
blood vessels had abnormal deposition of
glycolipid&.

Autonomic dysfunction is evident in FD
not only by impared sweaing mentioned
above, but aso by gastrointesina symp-
toms. Gastric stasis manifested as easy sati
ety and intestinal stasis with bacterial ever
growth manifested as diarrhea were
demonstrated In 50% of FD cases, ther
were impaied pupillay constriction to pi
locarpine, reduced salivaion and lacrima
tion'®. In al cases, the cutaneous flaere
gonse to scratch and intradermal hisga:
mine was diminished. &rmtus was not ex
perienced.

Other types of periphera neuropathy:
symptomatic auditory nerve imparments
do occur, dthough rare. However, investi-
gations fequently showed peripheral audi
tory and vestibular dysfunctiofis
Ceebnovascular manifestations: cerebral
infards are common complicaions in FD.
The glycolipid is stored in vascular en-
dothelid, perithelial and smooth muscle
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cells. This esults in vasculopathy and leads

to ischemic sroke typically occurring in

the late fouth through early sixth decades

of life?*?? (Figure 2).

A cargful study of 50 hemizygous Febry cas-
es with seria cerebrd MRI showed that
thee was progressivdy increasng burden
of cerebovascula ischemic changes with
age® OnT2-weighted MRI, 32% had no le-
son (mean age 33 years); 16% had gray
matte ischemic lesons only (mean age 36
years); 26% had lesonsin whitematte only
(mean age 43years) and 26% had lesionsin
both gray and white matter (mean age, 47
years). No patient younger than 26 years
had ischemic lesons on M RI whe eas all
paients ove the age of 54 yeas had cae-
brovascular involvement. Typically the
sndl vessdsweeinvolved first, but at ala-
g agethelagevessds also got affected and
coticd infarcts s& in?® The corticd lesions
usudly occurred in thevertebobaslar terri-
tory and this could be explaned by throm-
boembolism from ecgatic vertebobasilar
arterie¥. Recent investigations revealed
tha therewasno sructurd narrowing of fi-

bromuscular blood vessds in FD. Instead it
wes likely that functiona abnormdity in the
downsteam conductance vessels was the
causefor Fabry vasculopathy?>.

— Cognitivededine and epilegpsy may be seen
in the older FD cases, directly related to
ceebmovascular disease. Glycolipid accu-
mulation, however, takes place in the se
leded neurond cells of spind cord, brain-
sem, anygdala hypothdamus and cerebral
cottex, but neuronal glycolipid storageis
asymptométic. Nevertheless, cerebral pro-
ton magnetic resonance spectroscopy
demonstrated widespread corticd and sub
cotticd N-acetylaspataereduction sgnify-
ing sub clinicd diffuseneurond dysfunction
in FD%.

Investigations

To establish the diagnoss of FD, dimin-
ished enzymatic activity ai-galactosidase A
in washed leukocyteprepaation or in cul-
tured fibroblast isto be demonstrated?’:28
Detemination of educed enzymatic activity
in the above tissue samples is also helpful to
diagnose heterygous females; but if thigr
sult is equivocal, hair follicles may be used in
stead as the tissue soeff. FD can be diag
nosed prenatally by assaying a-galactosidase
activity in the cultued amniotic celfs.

Treatment

Phenytoin and carbameazepine are useful
to obtain some relief from periphed neuro-
pathic pain and paresthesia, but this re-
gponse has not been universd. Most of the
FD paientsrequie repeaed hemodialyss
because of rend dysfunction as they reach
thar forties. Rend transplantaion hdpead in
several patientsin rena failure®. Also,
many of theFD cases had relief from neuro-
pathic pain with partid restoraion of sweat-
ing whilethe implanted kidney was func-
tioning. The underlying mechanism is un-
clearlt appearsthat thereis reduction in ce
ramidetrinexos dein the circulation soon &f-

ter ope &ion, but this usually retuns to the
preoperativesate

Figure 2. Ceebra MR of ayoung Fabry patient
showing multiple sub ctical small vessel infants.
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Enzyme replacement therapy
for Lysosomal Storage diseases —
the new frontier in therapeutics

Way beack in the sxties when the various
enzyme deficiencies as causes of different
Lysosomal Storage disesses were being dis-
coveerd, Dr Rosoe Brady of N.I.H. pro-
posad “Enzyme Replacement Therapy” as a
therapeutic optioth. During that time, gluco
cerebrosidase, the enzyme deficient in
Gaucher disease, was purifiedrfr placental
extract and infused in this above disorder;
this resulted ineduction of abnanally accu
mulated hepatic glucoosboside but theer
sult was incons stent®2 Subsequently it was

leamt that maasphages have a lectin on the

surface that has a high fafity for mannose-
terminated glycoconjugat&s The glucoces

sense hea and old. Besdes, therend func-
tion sabilized in those with rend insufficiency
a thebeaginning of treatment. Therewerenor-
mdizations of sweating and improvement in
thelevd of energy and sense of well-being.
Enzyme replacement therapy is now an ac-
cepted mode of treatment in many western
oountries. Currently two typesof a-Gd A ae
commegialy available for treatment of FD,
namely Fabrazyme (agalsidase beta) and

Replagal (agdsid ase dpha)®.

The futue pospects

Enzyme replacement thergpy is now the ac
cepted definitive treatment for Lysosomal

broside enzyme of Gaucher disease was lateBorage disesse But the enormous expense of

modified into a mannose-terminated one to
make it more effectively targeted to

thistherapy for Gauche diseeseand Febry dis-
esse— seva d hundred thousand dollars per pa

maciophages than had been possible with thaient per yer — prompted atask forceto con-

previous native enzyme®*’. Consequently, in

dude “despite the success of enzyme the apy,

non-neuopathic Gaucher disease or Gauchertreatment islimited by thecost of the agent”“°.

disease type 1, this mannosesigrated gld
coceebosidase infusion lead to adramatic
improvement in clinical deficits*®*¢ The suc-

Theefore aternative ther apeutic srae-
gies are now being seriously consdered and
these ar as follows:

cess in the above therapy paved the path foll. Theddicient enzymatic activity of FD is

pursuing enzymereplacement in the treat
ment of the other lysosomal disers, name
ly, Fabry disease, Pompe disease Morquio
disease and Hunter disease.

A spaeof clinical trials demonstrated that
enzyme r eplacement with alphagdactosdase
A (0-Ga A) offered promise as an éfective
treatment for FD3*"3¢ This therapeutic ap-
proach with o-Gd A at adosage of 0.2 mgkg
administead intravenously evey othe week
showed to bewell toleraed and &fectivein
reducing levels of the stored globotriaosylce-
ramideand in nor mdizing many of the debili-
tating manifestations of the disorder A dou-
ble-blind placebo-controlled trid in 26 hem-
izygous male patients showed that egalsdase
afa (humean a-Gal A) sgnificantly reduced
neuopahic pan (p = 0.02), increasad creati
nine clearance (p = 0.02), improved glomeru-
la higology, reduced the QRS inteva on
ECG and increased wdaght gain. Postron
emisson tomogrgphy dso revealed normaliza
tion of the cerebovasaular flow. Afte the 6-
month controlled period, all paientshad are-
duction in neuropahic pan, and therewas a
significant improvement in their ability to

enhanced by increasing its stability with
“chemicd chaperones”, namely, |-deoxy-
galactonojirimycin and galactose that bind
to the active sites. For example, thedear
variant of FD has only cdrac dysfunction
but the other systemseaspagd. This has
mutation in the a-galactosidase A gene
tha encodad sufficient resdud enzymdic
activity to preclude the classic phenotype

Here galactose acts as a “chemical chaper
one” to enhance the stability of the mutant
enzyme. A study showed that patients with

cadiac variant of FD receivad gdectose
infusons aternate day for two years. The
infus on was well tolerated and there was
improvement in cardiac contractility, re-
duction of ventricular wall thickness and
dso reduction of cardiac mass after three
months of teatmertf.

2. Adminigration of selective glucosylce-
ramide synthaseinhibitors, 4'-hydioxy-P4
and ghelenedioxy-P4, are highly éfective
in the depletion of the substrate globo-
triaosylceramide t'm Faby cell lines and

these compounds have the potential thera

peutic utility in FO}*42
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3. The enzyme may be ddivered by genes, a6

in vector-mediated gene therapy*®. Gene
therapy has a srong potential to bethe
principd thergpy in FD in future By gene
tagding, a-Gd A ddicient mice (knock-
out Fabry mice) we e generated that dis-
played acomplete leck of aphaGa A ac-
tivity*®. A recombinant adeno-associaed vi-
ral vector encoding human a-Gal A
(rAAV-AGA) was congructed and injected
into the hepatic portd vein of Fabry mice.
Two weeks post injection, a-Gd A ectivity
in the livers of rAAV-AGA -injected Fabry
mice was 20-35% of that of the normal
mice. Thetransduced animds continued to
show higher alphaGd A levdsin liver and
in othe tissues compared with thosein the
untouched Fabry controls for aslong as 6
months after treatment was completed.
This finding suggested that AAV-mediated
genetransfer may be useful for the treat
ment of FD*. It seems now that in future
gene theapy will betheultimate treatment
graegy for FD as well as for many other
Lysosomal Storege disorders.
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