
What is a Lysosomal Storage disease?

In health, a wide range of complex intracel-
lular  and extracell ular substances, namely
lipids, glycoproteins, mucopolysacchar ides and
glycogen, undergo intracellular  degradation in-
to simpler substances in order to be re u t i l i z e d
by cells. This degradation occurs in the subcel-
lular membrane bound particles cal led “lyso-
somes” with the help of enzymes, the acid hy-
d rolases. In those disorders called Ly s o s o m a l
Storage diseases, there are deficiencies of the
above enzymatic activit ies leading to abnorm a l
substrate accumulation in lysosomes with con-
sequent cell damage. A ccording to the nature
of  substrate accumulated, t he L y s o s o m a l
Storage diseases6 a re classif ied (Table I).

Pathology and biochemistry

In FD, ceramidetrihexoside (globotriaosyl-
ceramide) is the abnormal lysosomal lipid ac-
cumulated; the underlying deficient enzyme
is ceramidetrihexosidase (α-galactosidase A),
whi ch i s re q u i red t o cleave t he term i n a l
galactose from the accumulated cerami detri-
hexoside5. The principal source of ceramide-
tr ihexoside i s globoside present i n the ery-
t h rocyti c stroma. When red cell s become
senescent, reti cul oendothel ial cell s i n l iver
and spleen phagocytose the cells and degrade
the gl oboside to yiel d cerami detrihexoside.
When ceramidetrihexosidase is deficient, the
lipid ceramidetrihexoside is deposited exces-
si vel y and being sol uble is transpor ted via
blood stream from liver and spleen to be de-
posited in the various organs of the body. 
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A b s t r a c t :F a b r y ’ s  d ise ase is  an  X-
l in ked  r ecess i ve L ysos oma l S t or ag e d is -
ease. Th e underly ing met abo l ic  defec t i s d e-
f ic iency  of  ly soso mal  enzyme cer amidet r i -
h exos id ase. The disease has  mu lt is ys t em
i nvo lvemen t . Neur ol og ical  man if es t at io ns
i nc l ud e smal l- f ib er  po lyn eu ro pat h y  man i-
f est ed as  painf ul  dis tal  ex tr emit ies and an-
hid ros is.  Fabry ’s disease also  presen ts  w it h
b o t h  s ma l l -v ess el  a nd  co r t i cal  mu l t i pl e
cereb ral  i nfarc ts . Enzyme-replacement  ther-
apy  has  been f ound  eff ect ive but  expen sive.
Gene t herap y could  evolve as  t he u l t imate
t herapeu tic  s tr at eg y. 
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Preamble

F a b ry Di sease (FD)  i s a rare i nher ited
met aboli c di sorder  wi th i nvol vement  of
skin, k idney, heart, bl ood vessels and ner -
vous system. The or igi nal1 descr ipti on of
this disease was given by W. Anderson, a
d e rmatol ogist in 1898 on a patient with un-
usual  cutaneous abnormali ty and concomi -
tant protei nur ia. Around the same time, J.
F a b ry re p o rted a si milar  case2.  The t wo
cl ini cians coined the term “angiokeratoma
corpor i s di ffusum” . In t ime, the general -
i zed nature of this disease was more clear ly
re c o g n i z e d3. Sweeley and Kliosky4 i n i t i a l l y
and then later  Roscoe B rady5 e l u c i d a t e d
the pathophysi ology and nature of the un-
der l ying met abol i c lesi on. Fabry di sease
f al l s under  t he ru br i c of  “ L y s o s o m a l
Storage di sease” . 
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Ceramidetrihexoside is found mainly in the
vascular elements, particularly in the endothe-
lial, perithelial and smooth muscle cells of the
a rterial system. A lso the histiocytes of re t i c u-
loendothelial system and the cells of card i a c
muscle, renal tubules and sweat glands have
excess accumulati on of t he gl ycol ipi d.
A b n o rmal storage of glycolipid is also noted in
the neurons and ganglion cells of central ner-
vous system and in the ganglion cells of the pe-
ripheral somatic and the sympathetic nerv e s .

Clinical manifestations

FD is a mult isystem disord e r. Being X-linked
recessive, the mother needs to be the carrier for
the affected hemizygous male child. Fabry het-
e rozygous female may also have manifestation
of the disease to a varying degre e .

Cutaneous manifestations
Wi d e s p read cutaneous angiokeratoma is the

hallmark of the disease (Figure 1), and hence
other name for  this disorder is angiokeratoma
corporis diffusum. Angiokeratoma are telang-
iectasia of the epidermis associated with pro-
liferation of keratin and epidermal cells. These
lesions are located over the lower trunk, but-
tocks, per ineum, scrotum and upper thighs7 , 8.

Renal manifestations
Init ially there is albuminuria and inability to

concentrate urine. Later  in the course of the ill-
ness chronic renal failure prevails. Nephro p a t h y
is the major cause of mortality and death usual-
ly occurs in the mid to late fort i e s .

Cardiac manifestations
M y o c a rdial infarction at an earl y age and

hypertension are also the principal complica-
ti ons of FD. In addit ion, there may be pro-
g ressive hyper t rophic/ infil trative card i o m y-
o p a t h y, valvular  abnormalit ies, ar rh y t h m i a s
and conduction disturbances9.

Chronic airway obstruction
C h ronic ai rway obstru c t i o nmay occur  be-

cause of lipid accumulation in the al veolar
lining cell of lung parenchyma10.

Ocular manifestations
The ocular changes typical ly do not i m-

pair  vision, but are uni que and diagnostic.
Whorl-l ike corneal deposits are seen i n al-
most all patients. The lens shows cre a m - c o l-
o red anterior capsular deposits, someti mes
in stri king “propeller” distr ibution. A faint
but unique posterior capsular opacity with a
branchi ng radial pattern, aneur ismal  dila-
t ions of conjuncti val vessel and retinal vas-
cular  tor tuosi ty are seen. Uni lateral bli nd-
ness may rarely occur  as a result of central
reti nal  art e ry occlusion1 1.

Neurological manifestations
A wide range of neurological disturbances

is seen in FD.
– Pain and burning sensation of hands and

feet in children and young adul ts is one of
the cardinal features of this disease6. The
pain aggravates wi th change in tempera-
t u re and exer ti on and may become i n-
tense at t imes mak ing the patient wheel
chai r bound. This phenomenon i s cal led
“ F a b ry cr isis”. Cli nically, reduced pinpr ick
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Table I. Classification of Lysosomal Storage diseases.

Types Substrate Examples

I. Sphingolipidoses Sphingolipid Tay-Sachs, Gaucher, Fabry,  Sandhoff, Niemann-Pick, 
Krabbe, Metachromatic Leucodystrophy

II. Lipogranulomatosis Lipoglycoprotein Farber disease

III. MucopolysaccharidosesMucopolysaccharide Hurler, Hunter, Scheie, Sanfilipo, Morquio, 
Maroteaux-Lamy

IV. Mucolipidoses A c i d m u c o p o l y s a c c h a r i d eMucolipidosis I, II, III, IV

V. Glycoproteinoses Oligosaccharide Fucosidosis, mannosidosis
Glycoprotein Sialidosis



sweating may be because of central auto-
nomi c dysfuncti on1 6, per ipheral dysau-
t o n o m i a1 7 or  due to pr imary sweat gland
d i s o rd e r1 7. Pre s e rvati on of sympat heti c
ski n response (SSR) i n the major ity of
patient s suggested that the sudomotor
sympathet ic f ibers were largel y intact
and hyperh i d rosis was due to pr imary
sweat  gland di sord e r1 3. I n fact , t he ec-
cr ine sweat glands and the sur ro u n d i n g
bl ood vessels had abnormal deposit ion of
g l y c o l i p i d s1 8.

– Autonomi c dysfuncti on i s evident in FD
not onl y by impaired sweating mentioned
above, but also by gastroi ntestinal symp-
toms. Gastric stasis manifested as easy sati-
ety and intestinal stasis with bacterial over-
g rowt h manif est ed as diar rhea were
demonstrated19. In 50% of FD cases, there
were impaired pupillary constriction to pi-
locarpine, reduced salivation and lacrima-
t i o n1 6. In all cases, the cutaneous f lare re-
sponse to scratch and i ntradermal hi sta-
mine was diminished. Pruritus was not ex-
perienced16.

– Other  types of per i pheral  neuro p a t h y :
symptomatic audi tory nerve impairm e n t s
do occur, although rare. However, investi-
gations frequently showed peripheral audi-
tory and vestibular dysfunctions20.

– C e re b rovascular manifestations: cere b r a l
i n f a rcts are common complications in FD.
The gl ycoli pid is stored i n vascular en-
dothelial , per ithel ial and smooth muscle

sensation in stock ing distri bution is noted
but the strength of the distal extre m i t i e s ,
deep t endon reflexes and t he ot her
modal it ies of sensati ons are intact with
absence of tactile all odynia. The conven-
tional nerve conduction studies are usual-
ly normal. Quantitati ve sensory testing
(QST) perf o rmed on FD patients showed
intact vibrati on threshold, but impai re d
t h e rmal  threshold in di stal extre m i t i e s1 2.
The cold sensory threshold was more ab-
n o rmal than warm detecti on thre s h o l d1 2 , 1 3.
The result si gnif ied “ lengt h-dependant
small  f i ber  polyneuropat hy ”  af f e c t i n g
pri nci pally the smal l myeli nated A -delta
fibers and to some extent the unmyelinat-
ed C-fibers1 4. This pre f e rential  invol ve-
ment of  smal l  f i bers wi t h i ntact larg e
myelinated nerve fibers, confirmed by sur -
al  nerve bi opsy and al so by means of
n e rve quanti fi cation in ski n biopsy speci-
m e n s1 5, is an unique feature of FD. The
exact mechani sm i s sti l l  unknown6.
Although the exact mechanism for  neu-
ropathy in FD is sti ll unknown6, deposi -
tion of abnormal glycolipi d in dorsal ro o t
ganglia i s probably the cause. Large fiber
n e u ropathy i s encountered i n FD when
t h e re is compl icated renal fail ure with ad-
dit ional uremic polyneuro p a t h y. I ncre a s e d
incidence of carpal tunnel syndrome is al-
so noted in FD1 3.

– H y p o h i d ro s i s / a n h i d rosis is a uni versal
complaint i n patients with FD. L ack  of
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F i g u re 1. Typical cutaneous an-
giokeratoma in a patient of Fabry
disease.
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cells. This results in vasculopathy and leads
to ischemic stroke typicall y occur ri ng in
the late fourth through early sixth decades
of life21,22 (Figure 2). 
A careful study of 50 hemizygous Fabry cas-
es with ser ial cerebral  MRI  showed that
t h e re was pro g ressively increasing burd e n
of cere b rovascular  ischemic changes wi th
a g e2 3. On T2-weighted MRI, 32% had no le-
sion (mean age, 33 years); 16% had gray
matter  ischemic lesions only (mean age, 36
years); 26% had lesions in white matter only
(mean age, 43 years) and 26% had lesions in
both gray and white matter  (mean age, 47
years) . No patient younger than 26 years
had ischemic lesi ons on M RI whereas all
patients over  the age of 54 years had cere-
b rovascular invol vement. Ty p i c a l l y, the
small vessels were involved f irst, but at a lat-
er age the large vessels also got affected and
c o rt ical infarcts set in2 3. The cortical lesions
usually occurred in the ver t e b robasilar terr i-
t o ry and this could be explained by thro m-
boembol ism from ecstatic ver t e b ro b a s i l a r
a rt e r i e s2 4. Recent investigati ons re v e a l e d
that there was no structural narrowing of f i-

b romuscular blood vessels in FD. Instead it
was likely that functional abnormality in the
d o w n s t ream conductance vessels was the
cause for Fabry vasculopathy2 5. 

– Cognit ive decline and epilepsy may be seen
in the older  FD cases, directly related to
c e re b rovascular  disease. Glycolipid accu-
mulati on, however, takes place in the se-
lected neuronal cells of spinal cord, brain-
stem, amygdala, hypothalamus and cere b r a l
c o rtex, but neuronal glycolipid storage i s
asymptomatic. Never theless, cerebral pro-
ton magnet i c resonance spectro s c o p y
demonstrated widespread cortical  and sub
c o rt ical N-acetylaspartate reduction signify-
ing sub clinical diffuse neuronal dysfunction
in FD2 6.

Investigations

To establish the diagnosi s of FD, dimin-
ished enzymatic activity of α-galactosidase A
in washed leukocyte preparati on or  in cul-
t u red f i broblast i s to be demonstrated2 7 , 2 8.
Determination of reduced enzymatic activity
in the above tissue samples is also helpful to
diagnose heterozygous females; but if this re-
sult is equivocal, hair follicles may be used in-
stead as the tissue source29. FD can be diag-
nosed prenatally by assaying α- g a l a c t o s i d a s e
activity in the cultured amniotic cells27.

Treatment

Phenytoi n and carbamazepi ne are useful
to obtain some relief from peripheral neuro-
pathic pai n and paresthesia, but t hi s re-
sponse has not been universal . Most of the
FD patients re q u i re repeated hemodialysi s
because of renal  dysfunction as they re a c h
their  fort ies. Renal transplantation hel ped in
several patient s i n renal  fail ure3 0. A lso,
many of the FD cases had relief from neuro-
pathic pain with par tial  restoration of sweat-
ing while the implant ed k idney was func-
t ioni ng. The under lyi ng mechanism is un-
c l e a r. I t  appears that there is reduction i n ce-
ramidetrihexosi de in the circulation soon af-
ter operation, but this usually re t u rns to the
p reoperative state.
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F i g u re 2.  C e rebral  M R I of a young Fabry patient
showing multiple sub cortical small vessel infarcts.



sense heat and cold. Besides, the renal func-
tion stabilized in those with renal insuff i c i e n c y
at the beginning of treatment. There were nor-
malizations of sweating and improvement in
the level of energy and sense of well-being.
Enzyme replacement therapy is now an ac-
cepted mode of treatment in many western
countries. Curre n t l y, two types of α-Gal A  are
c o m m e rcially available for  treatment of FD,
n a m e l y, Fabrazyme (agal sidase beta)  and
Replagal (agalsidase alpha)3 9.

The future prospects

Enzyme replacement therapy is now the ac-
cepted definit i ve treatment for  Ly s o s o m a l
Storage disease. But the enormous expense of
this therapy for Gaucher disease and Fabry dis-
ease – several hundred thousand dollars per pa-
tient per year – prompted a task force to con-
clude, “despite the success of enzyme therapy,
t reatment is limited by the cost of the agent”4 0.

T h e re f o re alternati ve therapeutic strate-
gies are now being seriously considered and
these are as follows:
1. The deficient enzymatic activity of FD i s

enhanced by increasing i ts stabil ity wi th
“chemi cal  chaperones”, namely, l-deoxy-
galactonojirimycin and galactose that bind
to the active sites. For example, the cardiac
variant of FD has only cardiac dysfunction
but the other systems are spared. This has
mutati on in the α-galactosidase A  gene
that encoded suff icient residual enzymatic
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
c a rdiac var iant of FD received galactose
infusions alternate day for  two years. The
infusi on was well tolerated and there was
i m p rovement i n cardiac contractil ity, re-
ducti on of ventr icular wall  thickness and
al so reduction of cardiac mass after thre e
months of treatment40.

2. A dmini st rat ion of selecti ve gl ucosyl ce-
ramide synthase i nhibi tors, 4′- h y d ro x y - P 4
and ethelenedioxy-P4, are highly eff e c t i v e
in the depleti on of the subst rate gl obo-
triaosylceramide from Fabry cell lines and
these compounds have the potential thera-
peutic utility in FD41,42.

Enzyme replacement therapy 
for Lysosomal Storage diseases – 
the new frontier in therapeutics

Way back in the si xt ies when the vari ous
enzyme deficiencies as causes of di ff e re n t
Lysosomal Storage di seases were being dis-
c o v e red, Dr  Roscoe B rady of N.I .H. pro-
posed “Enzyme Replacement Therapy”  as a
therapeutic option31. During that time, gluco-
c e re b rosi dase, the enzyme defi cient i n
Gaucher disease, was purified from placental
extract and infused in thi s above disord e r ;
this resulted in reduction of abnormally accu-
mulated hepatic glucocerebroside but the re-
sult was inconsi stent3 2. Subsequently it  was
learnt that macrophages have a lectin on the
surface that has a high affinity for mannose-
terminated glycoconjugates33. The glucocere-
broside enzyme of Gaucher disease was later
modif ied into a mannose-terminated one to
make i t more eff ecti vel y t argeted to
macrophages than had been possible with the
p revious native enzyme3 4. Consequently, in
non-neuropathic Gaucher disease or Gaucher
disease type 1, this mannose-terminated glu-
c o c e re b rosidase infusion lead to a dramati c
i m p rovement in clinical deficits3 5 , 3 6. The suc-
cess in the above therapy paved the path for
pursui ng enzyme replacement in the tre a t-
ment of the other lysosomal disorders, name-
l y, Fabry di sease, Pompe disease, Morq u i o
disease and Hunter disease.

A spate of clinical trials demonstrated that
enzyme replacement with alpha-galactosidase
A (α-Gal A) off e red promise as an eff e c t i v e
t reatment for  FD3 7 , 3 8.  This therapeutic ap-
p roach with α-Gal A at a dosage of 0.2 mg/kg
a d m i n i s t e red intravenously every other  week
showed to be well tolerated and effective in
reducing levels of the stored globotriaosylce-
ramide and in normalizing many of the debili-
tating manifestations of the disord e r. A dou-
ble-blind placebo-controlled trial  in 26 hem-
izygous male patients showed that agalsidase
alfa (human α-Gal A)  signif icantly re d u c e d
n e u ropathic pain (p = 0.02), increased cre a t i-
nine clearance (p = 0.02), improved glomeru-
lar  hi stol ogy, reduced the QRS interval on
ECG and increased wei ght gain. Posi tro n
emission tomography also revealed norm a l i z a-
t ion of the cere b rovascular f low. A fter the 6-
month controlled per iod, all patients had a re-
duction in neuropathic pain, and there was a
signif icant i mprovement i n their  abi lity to
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3 . The enzyme may be delivered by genes, as
in vector-mediated gene therapy4 0. Gene
therapy has a strong potential to be the
principal therapy in FD in future. By gene
t a rgeting, α-Gal A  deficient mice (knock-
out Fabry mice) were generated that dis-
played a complete lack of alpha-Gal A  ac-
t i v i t y4 3. A recombinant adeno-associated vi-
ral  vector  encoding human α-Gal A
( r A AV-AGA) was constructed and injected
into the hepatic portal vein of Fabry mice.
Two weeks post injection, α-Gal A activity
in the livers of rAAV-AGA -injected Fabry
mi ce was 20-35% of that of the norm a l
mice. The transduced animals continued to
show higher alpha-Gal A levels in liver and
in other ti ssues compared with those in the
untouched Fabry controls for as long as 6
months after  treatment was completed.
This f inding suggested that AAV- m e d i a t e d
gene transfer may be useful for the tre a t-
ment of FD4 4. I t seems now that in future
gene therapy will be the ult imate tre a t m e n t
strategy for FD as well as for many other
Lysosomal Storage disord e r s .
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