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Top of Chapter
[-Galactosidase Deficiency (

B_Ga'acms'dos's): Gy 1. Hereditary deficiency of lysosomal acid B-galactosidase (B-
Gangliosidosis and Morquio .
B Disease galactosidosis) is expressed clinically as two different diseases, Gy,

CLINICAL AND GENETIC

ACDECTQ

gangliosidosis and Morquio B disease. The mode of inheritance is
autosornal recessive. Gy, gangliosidosis is a neurosomatic disease

occurring mainly in early infancy (infantile form; type 1). Developmt

View Contents in a

[ Separate Window arrest is observed a few months after birth, followed by progressive
neurologic deterioration and generalized rigospasticity with
‘@ Download book chapter sensorimotor and psychointellectual dysfunctions. Macular cherry-re
spots, facial dysmorphism, hepatosplenomegaly, and generalized
& print this page skeletal dysplasia are usually present in infantile cases. Cases of lat:

onset have been described as late infantile/juvenile form (type 2) or
adult/chronic form (type 3). They are observed as progressive
neurologic diseases in childhood or in young adults. Dysmorphic
changes are less prominent or absent in these clinical forms, althou¢
vertebral dysplasia is often detected by radiographic studies. No spe
neurologic manifestations are known for late infantile/juvenife patier
with G, gangliosidosis. Extrapyramidal signs of protracted course,

Search PubMed mainly presenting as dystonia, are the major neurologic manifestatis
PubMed @ in aduits with G,; gangliosidosis.

Search OMIM

Resources

OMIM 3 2. Morquio B disease is clinically a mild phenotype of Morquio A diseas:
Search GeneReviews is expressed as generalized skeletal dysplasia with corneal clouding,
Enter gene symbol (GO resulting in short stature, pectus carinatum (sternal protrusion),

platyspondylia, odontoid hypoplasia, kyphoscoliosis, and genu valgu
There is no central nervous system involvement, although spinal cot
compression may occur at the late stage of the disease. Intelligence
normal, and hepatosplenomegaly is not present. X-ray changes are

& AU
= pathognomonic significance.

3. There is diffuse atrophy of the brain in patients with early onset Gy,

gangliosidosis. Neurons are filled with numerous membranous
cytoplasmic bodies (MCB), and inclusions of other types are observe
glial cells: pleomorphic lipid bodies, membranovesicular bodies, or I
compact oval deposits. There are histiocytes with distended cytoplas
in visceral organs. Cytoplasmic inclusions observed under electron
microscopy are different from MCB in neurons. They are vacuoles fil
with fine granular, tubular, or amorphous osmiophilic material. Thes
changes are less prominent in cases of mild phenotypic expression.

4. Glycoconjugates with terminal f-galactose are increased in tissues a
urine from patients with Gy 9angliosidosis and Morquio B disease.
Ganglioside G, and its asialo derivative G,, accumulate in the Gy,

gangliosidosis brain. High amounts of oligosaccharides derived from
keratan sulfate or glycoproteins have been reported in visceral orga
and urine from Gy, gangliosidosis or Morquio B disease patients.

http://genetics.accessmedicine.com/server—java/Arknoid/amed/mmbid/co_chapt... 2007/02/26
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Undersulfated keratan sulfate has also been described.

5. Two lysosomal enzymes are known for hydrolysis of terminal B-linke

galactose at acidic pH in various giycoconjugates. One is an enzyme
usually called B-galactosidase (EC 3.2.1.23), catabolizing ganglioside

Gy, galactose-containing oligosaccharides, keratan sulfate, and oth

B-galactose—containing glycoconjugates (G, B’-galactosidase). The

enzyme activity is markedly reduced or almost completely deficient
cells and body fluids from patients with B-galactosidosis. Heterogene

kinetic or physicochemical properties have been found in the mutan!
enzymes. The degree of substrate storage and residual enzyme acti
is correlated with the severity of each clinical phenotype; infantile G

gangliosidosis shows the highest substrate storage and the lowest
residual enzyme activity as compared with other milder phenotypes.
The second genetically different B-galactosidase is galactosylceramic

(galactocerebrosidase; EC 3.2.1.46), catabolizing galactosylceramid:
galactosylsphingosine, and other lipid compounds. Genetic deficienc
this enzyme results in globoid cell leukodystrophy, which is another
neurometabolic disease.

6. The human B-galactosidase gene has been mapped on chromosome

(3p21.33). The cDNA codes for a protein of 677 amino acids, includi
putative signal sequence of 23 amino acids and 7 potential asparagi
linked glycosylation sites. The gene spans more than 60 kb, and
contains 16 exons. The promoter has the characteristics of a
housekeeping gene, with GC-rich stretches and 5 SP1 transcription
elements on the two strands. Molecular genetic analysis revealed
heterogeneous gene mutations in all clinical forms of P-galactosidosi

such as missense/nonsense mutation, insertion/duplication, and
insertion causing splicing defect. Neither the type nor location of
mutation in the gene is correlated to the clinical phenotype. Five
common mutations have been known: R482H in Italian patients witt
infantile Gy, gangliosidosis; R208C in American patients with infant

Gum1 gangliosidosis, R201C in Japanese patients with juvenile Gy,
gangliosidosis; I51T in Japanese patients with adult G, gangliosido

and W273L in Caucasian patients with Morquio B disease. Restrictior
analysis has been successfully performed for the diagnosis of the
common mutations in new patients.

7. Morphologic, pharmacologic, and biochemical aberrations have been
found in the brain of Gy; gangliosidosis patients and animals.

Meganeurites and ectopic dendrogenesis are observed in Gy
gangliosidosis, and the extent of meganeurite development is relate

the onset, severity, and clinical course of the disease. Various
pharmacologic abnormalities have been observed in feline Gy,

gangliosidosis, such as cholinergic dysfunction, neurocaxonal dystrop
in GABAergic neurons, and alteration of phospholipase C and adenyl
cyclase activities. These data suggest that morphologic and metabol
effects occur in the presence of excessive storage of ganglioside Gy

8. Gy gangliosidosis has been recorded in cats, dogs, sheep, and calv

These animals showed various central nervous system manifestatior
P-Galactosidase is deficient, and storage of Gy, and oligosaccharide:
has been confirmed. Furthermore, mouse models have been genera
by disruption of the P-galactosidase gene. The B-galactosidase-defici

knockout mouse presented with progressive neurclogic manifestatio
few months after birth. Clinical, pathologic, and biochemical analysis
indicated that this also is an authentic model of human Gy

http://genetics.accessmedicine.com/server—java/Arknoid/amed/mmbid/co_chapt.. 2007/02/26
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gangliosidosis. In addition, phenotype-specific model mice have bee
produced by introducing human mutant genes, resulting in various
clinical forms of B-galactosidosis (knockout-transgenic mice). These

mice models are used for new therapeutic approaches to human [~
galactosidosis patients.

9. The mouse model of juvenile Gy, -gangliosidosis expressing the R20

mutation was used for a new molecular therapy using a low-molecul
weight compound, N-octyle-4-epi-B-valienamine (NOEV). Orally fed

NOEV passed through the blood-brain barrier, enhanced the deficier

galactosidase activity, and induced degradation of Gyy and Gpq in tt

central nervous system. This new molecular therapy (chemical
chaperone therapy) will be useful for certain patients with -

galactosidosis and potentially other lysosomal storage diseases with
central nervous system involvement.

HISTORY

In 1959, Norman et al.X reported a patient with a specific form of amaurot
idiocy-"Tay-Sachs disease with visceral involvement." Clinical and patholog
findings resembled those of Tay-Sachs disease, but lipid-laden histiocytes
were observed in extraneural tissues. The stored material was ganglioside,
not sphingomyelin. Craig et al.2 also described an infant with clinical and
radiologic features suggestive of Hurler disease-"an unusual storage diseas
resembling the Hurler-Hunter disease." The "foam-cell" histiocytes that we
found in viscera did not contain mucopolysaccharides.

Subsequently, after a preliminary study of four patients with "pseudo-Hurl
disease,"2 Landing et al.2 established a new disease, called "familial
neurovisceral lipidosis," as a clinicopathological entity. Their eight patients
showed (a) clinical and radiologic findings suggesting those of Hurler disea
(psychomotor deterioration with dysmorphism); (b) pathologic features
resembling those of Niemann-Pick disease, but with certain distinctive
features, including involvement of glomerular epithelium; and (c)
histochemical properties of the stored material differing from those seen w
previously defined lipidoses. Biochemical analysis revealed generalized
accumulation of ganglioside G, in brain and viscera,? and the term

generalized gangliosidosis was proposed as a new inborn error of metaboli:
Clinical signs and symptoms developed in early infancy in all patients in th:
reports. The same disease was described as a biochemically special form o
infantile amaurotic idiocy,& Tay-Sachs disease with visceral involvement,Z
familial infantile amaurotic idiocy with visceral involvement,® Landing disez
generalized gangliosidosis of Norman-Landing type,*& and Gy

gangliosidosis.t

Later, cases were recognized of later onset ("late infantile systemic lipidosi
without distinctive clinical or radiologic features.122 Storage of G, was

remarkable in brain but not in viscera. The patients with this Gy, storage

disease were subsequently divided into two clinical forms on the basis of
clinical and biochemical data.!? Type 1 is characterized by the onset of
neurologic deterioration and visceromegaly before 6 months of age, associ
with dysmorphism and skeletal deformities, and type 2 by later onset (7 tc
months) without specific physical findings.

P-Galactosidase deficiency was demonstrated first by Okada and O'Brien
and then a widespread biochemical screening started. As a result, patients
with later onseti®7 and atypical cases in adults with more protracted clini
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coursesi® were found. Extrapyramidal signs and symptoms were the majol
manifestations in adults, starting around 10 years of age and progressing

slowly over 20 years.2€ Otherwise, there were no specific neurologic or
somatic abnormalities except for slight vertebral deformities (flattening).
Biochemical screening detected a specific deficiency of B-galactosidase in

leukocytes and serum. This disease was classified as the adult form of Gy;
gangliosidosis.18

On the other hand, spondyloepiphyseal dysplasia and somatic dysmorphisr
were found in a patient with F-galactosidase deficiency.12 Intelligence was
normal, and no signs of central nervous system involvement were detectec
was described as a Morguio-like syndrome in another report,2Y and a

conclusion was drawn for B-galactosidase deficiency in Morquio B disease a

primary genetic defect due to allelic mutation of the enzyme gene, 2t

The molecular basis of these phenotypic variations became evident when a
cDNA clone for human E‘—galactosidase was cloned and sequenced.2? Variot

mutations of the B—galactosidase gene were found in both Gy, gangliosidos

and Morquio B disease,232% with some overlap between them,22 and the te
$3-galactosidosis was proposed on the basis of these molecular genetic

observations.22
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Summary We propose a new molecular therapeutic ap-
proach to lysosomal diseases with severe neurological man-
ifestations. Some low-molecular-weight compounds, acting
as competitive inhibitors of a lysosomal enzyme in vitro,
were found to stabilize and restore catalytic activities of
the enzyme molecule as a molecular chaperone. We started
this trial first in Fabry disease (generalized vasculopathy)
using galactose and 1-deoxygalactonojirimycin, and then
in [-galactosidase deficiency disorders (p-galactosidosis)
with generalized neurosomatic and/or systemic skeletal man-
ifestations (GM;-gangliosidosis and Morquio B disease),
using a newly developed chemical compound N-octyl-4-
epi-f3-valienamine (NOEV). Administration of this chap-
erone compound resulted in elevation of intracellular en-
zyme activity in cultured fibroblasts from patients and ge-
netically engineered model mice. In addition, substrate stor-
age was improved after NOEV had been transported into
the brain tissue via the blood—brain barrier. We hope this
new approach (chemical chaperone therapy) will be use-
ful for certain patients with 3-galactosidosis and potentially
other lysosomal storage diseases with central nervous system
involvement.
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Introduction

GM; -gangliosidosis (OMIM 230500) is a neurogenetic dis-
ease caused by mutations of the gene GLB/ (3p21.33) that
codes for lysosomal 3-galactosidase (EC 3.2.1.23) with clin-
ical onset at various ages (Suzuki et al 2001). The forms are
classified as infantile, juvenile and adult forms. Another rare
systemic bone disease, Morquio B disease, is also known also
to be caused by different mutations of the same gene, result-
ing in (3-galactosidase deficiency. Glycoconjugates with ter-
minal (3-galactose residues accumulate in tissues and body
fluids from patients with these clinical phenotypes. Gan-
glioside GM; and its asialo derivative GA; accumulate in
the GM-gangliosidosis brain. High amounts of oligosaccha-
rides derived from keratan sulphate or glycoproteins are de-
tected in visceral organs and urine from GM; -gangliosidosis
and Morquio B disease patients.

At present only symptomatic therapy is available for
human {-galactosidosis patients. Allogeneic bone marrow
transplantation did not modify subsequent clinical course
or cerebral enzyme activity in a Portuguese water dog af-
fected with GM; -gangliosidosis (O’ Brien et al 1990). Amni-
otic tissue transplantation was not effective in a patient with
Morquio B disease (Tylki Szymanska et al 1985). Enzymere-
placement therapy conducted for Gaucher disease and other
lysosomal storage diseases is not available at present for -
galactosidosis. An experiment to inhibit GM; synthesis re-
sulted in reduction of the GM; content in the mouse brain, but
not of GA; (Kasperzyk et al 2004, 2005). More evaluation is
necessary for the therapeutic trial of this type.

We tried to develop a new therapeutic approach to lyso-
somal storage diseases, particularly with the central nervous
involvement. A molecular analysis revealed that some mu-
tant proteins expressed in culture cells from Fabry patients
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Fig.1 Structure of NOEV and HO
NOV. The compounds are
analogues of galactose and

glucose, respectively
i HO

N-Octyl-B-valienamine (NOV)

do not exhibit the catalytic activity because of molecular
instability of the molecule (Okumiya et al 1995a). Subse-
quently the unstable protein was found to have a defect
in molecular folding and rapid degradation after biosyn-
thesis (Ishii et al 1996). Zhang and colleagues (2000) re-
ported the same result in a study of the mutant enzyme
in an infantile GM,-gangliosidosis patient. The R148S [3-
galactosidase mutation resulted in a major conformational
change of the protein molecule with normal catalytic activ-
ity, and failed to reach the lysosome.

Simultaneously, trials to stabilize the mutant protein re-
vealed that galactose in the culture medium was able to
induce a high expression of the mutant x-galactosidase A
gene in cultured lymphoblasts in both classical and atypi-
cal (cardiac) form of Fabry disease (Okumiya et al 1995b).
This result prompted us to search for more potent induc-
ers of mutant gene expression among commercially avail-
able chemical compounds structurally similar to galactose.
1-Deoxygalactonojirimycin (DGJ) was found to be the best
candidate for a possible new molecular therapy of Fabry dis-
ease in cultured lymphoblasts and transgenic mice (Fan et al
1999).

Concept of chaperone therapy

There are three possible types of mutant gene expression in
somatic cells.

1. No biosynthesis of the mutant protein.

2. Extremely low or completely deficient activity of the ex-
pressed mutant protein.

3. Expression of unstable mutant protein with normal or
near-normal catalytic activity.

We tested these possibilities in Fabry disease, and found a
surprisingly high percentage of the third possibility in Fabry

@ Springer
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discase and B-galactosidosis, although the rate of effective-
ness depends on the definition of therapeutic effect in culture
cell experiments (Iwasaki et al unpublished data). These mu-
tant proteins are unstable at neutral pH in the endoplasmic
reticulum/Golgi apparatus, and are rapidly degraded without
appropriate molecular folding (Ishii et al 1996; Okumiya et al
1995a).

After galactose we found a commercially available com-
pound, DG, for induction of enhanced mutant gene expres-
sion and enzyme activity of «-galactosidase A (Fabry dis-
ease; Fan et al 1999). Next, new chemically synthesized
compounds were tried for this new approach: N-octyl-
4-epi-B-valienamine (NOEV) for -galactosidase (GM;-
gangliosidosis and Morquio B disease; Matsuda et al
2003) and N-octyl-B-valienamine (NOV) for 3-glucosidase
(Gaucher disease; Lin et al 2004) (Fig. 1).

Exogenous compounds that inhibit enzyme activity in
vitro bind to the mutant enzyme intracellularly around the en-
doplasmic reticulum/Golgi apparatus, resulting in formation
at neutral pH of a complex consisting of the mutant protein
and chaperone compound. The catalytically active mutant
gene is now stabilized, and the protein-chaperone complex
is safely transported to the lysosome. The complex disso-
ciates under the acidic conditions in the lysosome, and the
mutant enzyme remains stabilized and its catalytic function
is expressed (Fig. 2).

This strategy depends on the biological activity of the
chaperone compound available for the study. In a previous
study, we had to add a high dose of galactose (up to 200
mmol/L) in the culture medium of Fabry cells (Okumiya et al
1995b). This is obviously unnatural and deleterious to the
function of somatic cells for long-term treatment, although a
short-term human experiment demonstrated a positive thera-
peutic effect after high-dose intravenous galactose in a Fabry
patient (Frustaci et al 2001).
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Fig.2 Intracellular events induced by exogenous chemical chaperones
supplied to the cell

NOEV was more efficient than DGJ for expression of
B-galactosidase activity in GM;-gangliosidosis as compared
to x-galactosidase A activity in Fabry disease (Matsuda et al
2003; Tominaga et al 2001). Our calculation indicates that at
least 10% normal enzyme activity is necessary for washout of
the storage substrate in lysosomal diseases. The age of onset
in patients expressing the enzyme activity above this level
will be theoretically beyond the human lifespan (unpublished
data).

Determination of intracellular chaperone concentration is
technically not possible at present. We anticipate NOEV con-
centrations in human cells and animal tissues being much
lower than the ICsg of NOEV in vitro. In fact, the NOEV con-
centration in the tissue culture medium was approximately
equal to the ICsp in our cell culture experiments (Matsuda
et al 2003).

NOV and NOEYV: Chemical synthesis and
characterization

Fortunately we found a commercially available compound,
DGl, for possible chaperone therapy of Fabry disease (Fan
etal 1999). However, an extensive search for other galactose
derivatives and analogous compounds did not reveal any ma-
terial significantly active for 3-linked galactose substrates. I
happened to come across an inhibitor originally synthesized

for chemical analysis of enzyme reactions catalysed by glu-
cocerebrosidase (-glucosidase)—NOV (Ogawa et al 1994,
1996, 1998; Tsunoda et al 1995). Gaucher disease is caused
by deficiency of this enzyme. We then tried to develop chem-
ical compounds related to this glucose derivative.

First, NOV was synthesized by chemical modification of
the original glucocerebrosidase inhibitor, followed by re-
placing the ceramide moiety with simple aliphatic chains
(Ogawa et al 1996, 1998). Subsequently, NOEV was synthe-
sized by multistep epimerization of NOV at C4 (Ogawa et al
2002, 2004). Both NOV and NOEV (Fig. 1) were tested si-
multaneously, but characterization and evaluation of NOEV
were quicker than for NOV simply because we had more
experience in {3-galactosidase and collected more clinical
samples from patients with 3-galactosidase deficiency.

NOEYV is a potent inhibitor of lysosomal -galactosidase
in vitro. Addition of NOEV in the culture medium restored
mutant enzyme activity in cultured human or murine fibrob-
lasts at low intracellular concentrations, resulting in a marked
decrease of intracellular substrate storage (see below). Its
structure was assigned by a combination of COSY, TOCSY
and HSQC NMR spectroscopy (Matsuda et al 2003). NOEV
1s stable at room temperature, and a is strong inhibitor of hu-
man [3-galactosidase in vitro. It is freely soluble in methanol
or dimethy! sulfoxide, and soluble in water up to 3—5 mmol/L
atroom temperature. Its molecular weight is 287.40. The ICsq
is 0.2 pmol/L towards human f-galactosidase.

Effect of NOEV on cultured human and mouse
fibroblasts expressing mutant human genes

In human fibroblast experiments, cells derived from juve-
nile and infantile GM,-gangliosidosis patients expressed an
increase of {3-galactosidase activity after NOEV treatment
(Iwasaki et al, unpublished data). Under the conditions of
our study, we found two different types of response among
the cells for analysis. Some cells responded to NOEV maxi-
mally at 0.2 pmol/L, such as R457Q, and others at 2 pmol/L,
such as R201C and R201H. This result indicates that the
molecular interaction between the chaperone compound-and
mutant protein is mutation-specific.

Mouse tissues expressing mutant human f-galacto-
sidase showed essentially the same results (Matsuda et al
2003) (Fig. 3). However, the degree of enhancement was dif-
ferent in some mutations between the human and mouse cells.
A 5- to 10-fold increase was observed for the R427Q muta-
tion at 0.2 umol/L of NOEV in the culture medium. A higher
concentration (2 umol/L) was necessary to reach the same
degree with the R201C or R201H mutations (Iwasaki et al
unpublished data). About one-third of the cells from patients
with GM | -gangliosidosis responded to this treatment; almost
all patients with juvenile GM, -gangliosidosis, and some of
the patients with infantile GM;-gangliosidosis, responded
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Fig. 3 Effect of NOEV on f-galactosidase activity in mouse tissues.
Oral administration (ad libitum) of 1. mmol/L. NOEV to 5-week old
R201C mice for 5 weeks; each value is the mean of two experiments. The
enzyme activity increased remarkably i all tissues examined, including
cerebrum and cerebellum. Courtesy of Dr Junichiro Matsuda (National
Institute of Infectious Diseases, Tokyo; currently National Institute of
Biomedical Innovation, Osaka).

significantly. Almost the same or greater restorative effect
was achieved with NOEV at 50-fold lower concentration than
that with DGJ or N-butyldeoxygalactonojirimycin (Tomi-
naga et al 2001).

After adding the mixture of gangliosides to the culture
medium, intracellular GM; increased remarkably in R201C
cells, but only slightly in the cells expressing the normal
human gene. Incubation with NOEV significantly reduced
GM; storage in the cells expressing the mutation R201C
causing juvenile GM; -gangliosidosis (Matsuda et al 2003).

Chaperone therapy on genetically engineered
GM, -gangliosidosis model mice

The R201C mice, expressing the human R201C-mutant
B-galactosidase but lacking the endogenous mouse {3-
galactosidase (Matsuda et al 1997, 2003), had very low $3-
galactosidase activity in the brain (about 4% of the wild-
type activity). They exhibited an apparently normal clinical
course for the first 6 months after birth, followed by slowly
progressive neurological deterioration, such as tremor and
gait disturbance, during the next 9 months. Death occurred
around 15 months of age due to malnutrition and emaciation.

Table 1 Experimental data on biological activity of NOEV

Neuropathology revealed vacuolated or ballooned neu-
rons, less abundant than in the knockout mouse brain de-
scribed in our previous reports (Itoh et al 2001; Matsuda
et al 1997). Cytoplasmic storage materials were present in
pyramidal neurons and brainstem motor neurons, but not in
neurons in the other aveas of the brain.

Short-term oral administration of NOEV to the R201C
model mouse (Matsuda et al 2003) resulted in significant en-
hancement of the enzyme activity in all the tissues examined,
including the brain. Immunohistochemical staining revealed
an increase in B-galactosidase activity and a decrease in GM;
and GA, storage. However, mass biochemical analysis did
not show the substrate reduction observed histochemically
in these limited areas in the brain, probably because of the
brief duration of treatment and only localized substrate ac-
cumulation at the early stage of the disease in this experi-
ment. NOEV was found in significant amount in the central
nervous system by mass spectrometric analysis, at the 30%
level in the liver tissue in mice treated by oral administra-
tion of NOEV solution for 8 weeks (Kubo et al, unpublished
data).

The experimental data to date are summarized in Table 1.

Neurological examination of genetically engineered
GM,; -gangliosidosis model mice

We are currently trying to establish a system of neurologi-
cal examination in the GM;-gangliosidosis model mice that
we prepared for the chaperone therapy experiments. This is
essentially an application of the child neurology technigue
to the mouse species, using clinical observation, video mon-
itoring, manual manipulation, and apparatus-assisted exam-
ination developed for neurological evaluation of mice and
rats. We evaluate spontaneous movements, body and limb
postures, behavioural patterns in an open field, primitive
reflexes, postural reflexes, and equilibrium reactions. Data
are being collected for normal (wild-type), transgenic and
knockout mice, with or without NOEV administration. It is
hoped that this systematic approach will be useful for mon-
itoring the clinical course of a large number of genetically
engineered model mouse strains for evaluating physiological
roles of individual genes. Improvements of the posture and
movements have been observed in some mice after NOEV

e I ol

NOEYV inhibits -galactosidase activity in vitro at high concentrations.

NOEV induces expression of mutant B-galactosidase activity in situ at low concentrations.

The biological activity of NOEV is mutation-specific.

NOEYV is delivered through the blood-brain barrier by oral administration to disease model mice.

Oral administration of NOEV induces expression of mutant -galactosidase activity in the mouse brain.

Oral administration of NOEV results in degradation of storage substrates.

Oral administration of NOEV improves or prevents the ceniral nervous system manifestations (preliminary data).
Short-term oral administration of NOEV does not cause significant adverse effects to disease model mice.

@ Springer



I Inherit Metab Dis (2006) 29:471-476

475

administration for a few weeks in a preliminary experiment
(Ichinomiya et al, in preparation).

Prospects

Chaperorie therapy has two major advantages over enzyme
replacement therapy: oral administration and accessibility to
the brain. NOEV is a good candidate compound for this new
therapeutic approach, particularly for the central nervous sys-
tem pathology, as it is a small molecule that passes through
the blood-brain barrier from the bloodstream, stabilizes mu-
tant protein in neurons, and induces expression of enzyme
activity. Clinical evaluation has not yet been completed, but
we have some evidence that this compound could partially
improve the disease progress in some mice after even a few
months of low-dose administration in the early stage of the
disease (Suzuki et al, unpublished data). We need long-term
experiments to establish an optimal dose for prevention of
clinical manifestations, accompanied by reduction of sub-
strate storage, in these model mice. Possible adverse or toxic
effects should be carefully evaluated before human clinical
experiments are started.

We are aware that this new molecular approach is not
Justified for all patients with a single lysosomal enzyme defi-
ciency disorder. Biosynthesis of a catalytically active enzyme
is prerequisite in chemical chaperone therapy. Our initial sur-
vey indicates that 20-40% of 3-galactosidosis (mainly GM; -
gangliosidosis) patients express unstable but catalytically
active protein and respond to NOEV treatment in cultured fi-
broblasts. Patients of this type will be reasonable candidates
for chemical chaperone therapy.

This strategy is in principle applicable to all lysosomal
storage diseases if a specific compound is available for each
enzyme in question. Special drug design technology may
be needed to screen appropriate inhibitors. Bioinformatics
analysis will develop a new aspect of molecular pathology in
lysosomal storage diseases (Durand et al 2000; Fabrega et al
2000). '

This study started with a lysosomal disease, and a
number of related diseases became the target of this ap-
proach. Theoretically this principle can be applied to all
other lysosomal diseases. At present our study is focused
on diseases with storage of compounds with o«- or B-
linked glucose or galactose residues at the terminal end
of the carbohydrate chain in the substrate molecule: -
glucosidase deficiency (glycogenosis IT), f-glucosidase defi-
ciency (Gaucher disease), x-galactosidase deficiency (Fabry
disease), and (3-galactosidase deficiency (B-galactosidosis;
GM, -gangliosidosis and Morquio B disease). We hope to ex-
tend this approach to the other lysosomal diseases in future
if a specific chaperone compound is found for each disease.

Further, there may be other categories of diseases that
are good targets of this approach if the molecular pathol-
ogy in somatic cells has been studied and well understood
in detail regarding mutant gene expression, mutant protein
structure, intracellular transport of the protein, mechanism of
functional expression, etc. It is hoped that studies in this di-
rection will in future reveal new aspects of molecular therapy
for inherited metabolic diseases with central nervous system
involvement.
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