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Abstract. Lysosomes are ubiquitous, acidic intracellular compartments that fulfil a crucial role in
degradation of macromolecules in cells. Specific lysosomal catabolic reactions may be impaired due
to inherited defects in specific hydrolases, resulting in gradual intralysosomal accumulation of
corresponding endogenous substrates. Such lysosomal deficiencies may ultimately result in
devastating clinical symptoms, the so-called lysosomal storage diseases. Many of the inherited
lysosomal storage disorders show phenotypic variants in which neurological complications are
prominent as the result of pathological storage formation in cells inside the brain, for example
perivascular macrophages, microglia or neuronal cells. In this chapter new developments and present
limitations regarding therapy of (neuronopathic) lysosomal storage diseases are reviewed. © 2005
Published by Elsevier B.V.
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1. Introduction

1.1. Lysosomes

A prerequisite for trie longevity of the higher eukaryotic cell is its ability to continuous
recycle macromolecular constituents. Degradation of endogenous macromolecules is an
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intrinsically risky process that has to be well controlled and contained. For this purpose
mammalian cells possess single membrane-enclosed compartments in which a variety of
biological macromolecules can be safely and efficiently degraded. Based on their lytic
function, these acid organelles have been named lysosomes [1], Substrates for lysosomal
degradation enter in a controlled manner the organelles via different routes, such as
endocytosis, pinocytosis, phagocytosis and autophagy. Lysosomes are equipped with a set
of about sixty acid hydrolases and a dozen of accessory proteins that allow sequential
degradation of almost all natural macromolecules, including lipids, glycosaminoglycans,
oligosaccharides, proteins and nucleic acids. Mediated by specific carriers in the lysosomal
membrane, the products of catabolism are exported to the cytoplasm where they can be re-
utilized. The lysosomal membrane is effectively protected against self-digestion by the
presence of a glycocalix formed by transmembrane proteins with large, highly
glycosylated intralysosomal domains [2]. It is secured by various precautions that the
lytic action of lysosomal hydrolases is contained to the lysosomal/endosomal compart-
ments. Firstly, all lysosomal hydrolases show a truly acidic pH optimum, being hardly
enzymatically active at near neutral pH. Secondly, various lysosomal hydrolases are only
intralysosomally activated by proteolytic modification or by association with additional
co-factors that are required for optimal catalytic activity. Thirdly, lysosomal hydrolases are
very selectively and efficiently delivered into lysosomes via a lectin-based mechanism [3].
The oligosaccharide chains of newly formed lysosomal enzymes acquire mannose-6-
phosphate moieties that act as specific recognition signal. Selective binding of lysosomal
enzymes to mannose-6-phosphate receptors (MPRs) allows their segregation from the
secretory proteins in the trans Golgi network and subsequent delivery to lysosomes. The
same mechanism also allows uptake of misdirected, secreted lysosomal hydrolases.
Extracellular hydrolases are bound to MPRs present at the cell surface and delivered to
lysosomes via receptor-mediated endocytosis. It has become clear that besides the MPR-
mediated routing alternative mechanisms for delivery of hydrolases to lysosomes exist.
For example, the lysosomal enzyme glucocerebrosidase does not acquire at all
phosphomannosyl-moieties in its glycans but is nevertheless efficiently targeted to
lysosomes [4]. The lysosomal targeting of lysozyme and chitotriosidase in macrophages is
also independent of lectin receptors since these enzymes completely lackN-linked glycans
[5]. Moreover, investigations on patients suffering from I-cell disease, in which formation
of phosphomannosyl-moieties is impaired, have indicated that in hepatocytes and
lymphocytes efficient intracellular sorting of newly formed soluble acid hydrolases
occurs. The precise mechanisms of mannose-6-phosphate independent targeting of acid
hydrolases are yet unknown, but appear to involve a transient membrane-association in the
Golgi apparatus [6].

1.2. Lysosomal storage disorders

The physiological importance of catabolic processes in lysosomes is unequivocally
demonstrated by the existence of over forty distinct inherited diseases, the so-called
lysosomal storage disorders [7—9]. Most of these diseases are caused by a deficiency in a
single lysosomal enzyme or accessory protein required for optimal activity of an enzyme
and result in the lysosomal accumulation of one or sometimes several natural compounds.
Some lysosomal storage disorders are not single enzymopathies, but based on defects in
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transport of hydrolytic products across the lysosomal membrane, deficiencies in
nonlysosomal proteins involved in lysosome biogenesis or posttranslational modification
of lysosomal enzymes or inherited abnormalities in intracellular membrane flow.
According to the prevailing stored compound, the lysosomal storage diseases are grouped
in categories such as mucopolysaccharidoses, sphingolipidoses, mucolipodoses, lipidoses,
glycoproteinoses, glycogenosis, lipofuscinoses and mucopolysaccharidoses. The overall
incidence of the total group of lysosomal storage disorders is at least 1 in 5000 to 10,000
newborns. The incidence of the more prominent individual lysosomal diseases is between
1:20,000 and 1:100,000 [10,11]. Unusual high incidences of specific lysosomal storage
diseases are encountered in some populations, for example Gaucher and Tay-Sachs disease
among Ashkenazim and aspartylglucosaminuria, Salla disease and infantile neuronal
ceroid lipofuscinosis in Finland [12], Selective pressures imposed by carrier advantages,
genetic drift or founder effects may have lead to this.

The clinical picture of most lysosomal storage disorders is remarkably heterogeneous.
This contributes to the limited awareness about these diseases, even among clinicians. Age
of onset, type and progression of symptoms can considerably vary among individual
patients suffering from deficiency in the same catabolic step. Such phenotypic variability
within a single disease is linked to the individual patient's degree of functional deficiency.
The exact nature of the underlying genetic defect (the patient's genotype) is obviously an
important contributor to this. In the case of most lysosomal enzymopathies a strict
correlation exists between residual enzyme activity and severity of disease manifestation.
However, in some lysosomal storage disorders external genetic or environmental factors
markedly influence the flux through the defective pathway and therefore also have a major
impact on disease manifestation. The genotype/phenotype relation is not very strict in
these cases.

Common to all lysosomal storage disorders is the phenomenon that accumulation of
storage material differs among cell types. The likelihood that a particular cell type is
involved in storage formation is determined by the actual flux of substrate (the metabolic
demand) and the residual capacity to perform the catabolic reaction in different cell types.
In general, increasingly more cell types accumulate storage material with increasing
severity of the underlying mutation, i.e. degree of deficiency in a lysosomal reaction. In
patients with relative benign mutations in a lysosomal enzyme gene, and consequently
showing a relatively high residual enzyme activity, storage occurs in fewer cell types.
Heterogeneity in residual degradative capacity among patients explains why some storage
disorders may manifest as relatively benign non-neuropathic variants as well as
devastating neuropathic variants. In the latter case storage is not restricted to cells in
visceral tissues but also involves cells inside the brain. The outlined, general principles of
lysosomal storage disorders are nicely illustrated by a closer look at one prototypical
lysosomal storage disorder.

2. Gaucher disease (glucosylceramidosis)

2.1. Clinical manifestations

Gaucher disease is the most frequently encountered lysosomal storage disorder in man
[13,14], In 1882 the clinical features of the disease were firstly described in detail by the
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French medical student Philippe C.E. Gaucher, reporting the presence of large unusual
cells in a 32-year-old female with an enlarged spleen. Already at the beginning of the last
century it was suggested that the disease was a familial disorder. In 1934 the primary
storage material in Gaucher disease was finally identified as glucocerebroside (gluco-
sylceramide). The glycosphingolipid glucocerebroside is the common intermediate in the
synthesis and degradation of gangliosides and globosides. In 1965 Patrick and Brady et al.
showed independently that the primary defect in Gaucher disease is a marked deficiency in
activity of the lysosomal enzyme glucocerebrosidase (E.G. 3.2.1.45) [15,16]. Inherited
deficiencies in glucocerebrosidase predominantly result in accumulation of its lipid
substrate in the lysosomal compartment of macrophages in various visceral tissues. With
decreasing residual glucocerebrosidase activity, lipid storage also occurs in brain
perivascular macrophages, neuronal cells and the skin epidermis, respectively. Complete
deficiency in glucocerebrosidase activity results in major skin permeability abnormalities
with lethal consequences either prenatally or shortly after birth. This so-called collodion
manifestation has only been recently recognized as being the most extreme variant of
Gaucher disease. Most prevalent is the most benign variant: the non-neuronopathic form,
named type 1 Gaucher disease. The age of onset and clinical manifestations of type 1
Gaucher disease are highly variable. The most common symptoms include splenomegaly
with anaemia and thrombocytopenia, hypersplenism, hepatomegaly and bone disease.
Type 1 Gaucher disease is relatively common in all ethnic groups. It is prevalent among
Ashkenazim with a carrier frequency as high as about 1 in 10 and an incidence of about 1
in 450. The most common mutation in the glucocerebrosidase gene of Caucasians,
including Ashkenazim, encodes the amino acid substitution N370S. The heteroallelic
presence of the N370S mutation is always associated with a non-neuronopathic course. It
has been demonstrated that the N370S glucocerebrosidase is normally produced and
present in lysosomes. Its catalytic activity is only severely impaired at pH values above
5.0, illustrating the subtle nature of the mutation [17]. Most, but not all, homozygotes for
the N370S mutation do not develop significant clinical symptoms. Twin studies and the
poor predictive power of phenotype-genotype investigations in Gaucher disease have
clearly pointed out that epigenetic factors also play a key role in Gaucher disease
manifestation [18-20].

Neuronopathic manifestations of Gaucher disease also occur. Type 2 Gaucher disease,
the acute neuronopathic variant, is characterized by infantile onset and severe neurological
involvement. Oculomotor apraxia is usually the first neurological sign, followed by bulbar
signs, limb rigidity and lethal seizures within the first 2 years of life [14]. Type 3 Gaucher
disease, the sub-acute neuronopathic variant, shows similar neurological symptoms but
with a later onset and relatively less severity. In some cases the neurological symptoms
only become manifest in the juvenile period or even early adulthood. In brain autopsies of
type 2 and 3 Gaucher patients lipid-laden, perivascular macrophages, gliosis, microglia
proliferation and neuronal loss are observed. In the case of very severely affected patients
storage material in neuronal cells has also been reported.

2,2. Lipid-laden macrophages (Gaucher cells)

Although glucocerebrosidase is present in lysosomes of all cell types, Gaucher
disease patients are particularly prone to develop storage of glucocerebroside in cells
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of the mononuclear phagocyte system. It is believed that the storage material stems
from the breakdown of exogenous lipids derived from the turnover of blood cells and/
or lipoproteins. The glucocerebroside-laden cells show a characteristic morphology
with a 'wrinkled paper'-like appearance of their cytoplasm which contains lysosomal
inclusion bodies; these cells are referred to as Gaucher cells. In the last decades it has
become apparent that Gaucher cells are not inert containers of storage material but
viable, chronically activated macrophages that secrete various factors that contribute to
the diverse clinical manifestations of Gaucher disease. Increased circulating levels of
several pro-inflammatory cytokines (TNF-alfa, IL-1 beta, IL-6 and IL-8), the anti-
inflammatory cytokine IL-10, and M-CSF and the chemokine CCL18/PARC have been
reported [21—24]. It has been hypothesized that cytokine abnormalities play a crucial
role in the development of common clinical abnormalities in Gaucher patients such as
osteopenia, activation of coagulation, hypermetabolism, gammopathies and multiple
myeloma and hypolipoproteinaemias. Local release of cathepsin K by Gaucher cells
may contribute to the osteolysis in Gaucher disease [25]. The presence of perivascular
lipid-laden macrophages in brain of types 2 and 3 Gaucher patients is likely to
stimulate pathological gliosis, microglia activation and neuronal loss.

3. Therapy

The elucidation of the primary defects underlying various lysosomal storage disorders
has rendered rational approaches for therapeutic interventions. This had led in some cases
in promising developments in the clinic, however concomitantly the presently existing
limitations to intervene pharmacologically in processes that occur inside the brain have
also become apparent. This is again best illustrated by focussing attention to the current
situation regarding Gaucher disease.

3.1. Therapy of Gaucher disease

Type 1 Gaucher disease has generally been considered to be the most attractive
candidate among the inherited lysosomal storage disorders for developing effective
therapeutic interventions. Firstly, the molecular basis of the underlying genetic defect
had been already established in detail at gene and protein level. Secondly, just a single
cell type, the tissue macrophage, is primarily implicated in the pathophysiology of the
disorder. The rationale for therapeutic intervention of type 1 Gaucher disease is therefore
relatively simple: correction (or prevention of ongoing formation) of Gaucher cells. This
could either be accomplished by supplementation of macrophages with the enzyme
glucocerebrosidase (enzyme replacement therapy), by reduction of glycolipid synthesis
with specific inhibitors (substrate deprivation or substrate balancing therapy) or by
introduction of glucocerebrosidase cDNA in haematopoietic progenitors of macrophages
(gene therapy).

3.1.1. Bone marrow transplantation and gene therapy
Since tissue macrophages are derived from the bone marrow it is logical that curative

bone marrow transplantations have been reported for some patients with Gaucher disease
[26], The risks of allogenic transplantation, however, do not justify this approach in
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patients with milder forms of the disease. The observed efficacy of bone marrow
transplantation has stimulated the pursuit of gene therapy for Gaucher disease. Three
independent studies of gene transfer to the haematopoietic cells of Gaucher patients have
been conducted but none produced encouraging results [27]. Low transduction
efficiencies of CD34 cells and no sustained expression of glucocerebrosidase in white
blood cells have contributed to this. The development of gene therapy strategies to
correct hematological and genetic disorders has been hampered by the low levels of
gene transfer into human stem cells using vectors derived from oncoretrovirases. Much
interest has been recently focused on vectors derived from lentivirusses that have been
shown to transduce a variety of nondividing cells, including haematopoietic cells.

3.1.2. Enzyme replacement therapy (ERT)
The pioneering work of Brady, Barranger et al. at the National Institutes of Health

(Bethesda, USA), as well as valuable contributions by many others, has led to a highly
effective treatment of type 1 Gaucher disease based on chronic intravenous administration of
human glucocerebrosidase [28]. Use is made of a modified 'mannose-terminated'
glucocerebrosidase that is selectively delivered to lysosomes upon interaction with the
mannose receptor. This receptor is particularly present on macrophages [29]. In 1990,
Barton et al. firstly demonstrated unequivocally in a study with 12 type 1 Gaucher patients
that two-weekly intravenous administration of Ceredase (130 lU/kg/month) resulted in
marked improvement in organomegaly and corrections of haematological abnormalities
[30]. The spectacular clinical response to enzyme replacement therapy has led to a rapid
application worldwide. At present close to 5000 type 1 Gaucher patients benefit from
therapeutic intervention with Cerezyme, the recombinant form of glucocerebrosidase that
has superseded the placenta derived Ceredase [31]. The efficacy of therapy can be
conveniently and accurately monitored by analysis of plasma biomarkers of storage cells
[21,23].

Interestingly, recent studies have indicated that mature Gaucher cells actually express
relatively little mannose-receptor. Tissues lesions of Gaucher cells are surrounded by
activated macrophages, presumably attracted by chemoldnes produced by Gaucher cells.
The incoming macrophages markedly express mannose-receptor [24]. It is conceivable that
therapeutic enzyme is initially endocytosed by activated macrophages that subsequently
deliver the active glucocerebrosidase to mature Gaucher cells by their fusion with the true
storage cells. Consistent with this hypothesis of macrophage-mediated enzyme delivery is
the finding that Gaucher cells are often multi-nucleated.

Systemically administered glucocerebrosidase, a glycoprotein of about 52 kDa, is unable
to pass the blood-brain barrier. The outcome of enzyme replacement therapy for acute
neuronopathic (type 2) and severe forms of chronic neuronopathic (type 3) Gaucher disease
is disappointing [32]. Several clinical investigations have revealed that in the severe
neuronopathic Gaucher patients the effects of enzyme replacement therapy on visceral and
haematological symptoms are good, but the fatal neurological deterioration continues.

3.1.3. Substrate reduction therapy
An alternative approach for therapeutic intervention of type 1 Gaucher is substrate

reduction therapy. This approach aims to reduce the rate of glycosphingolipid
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biosynthesis to levels which match the impaired catabolism. It is conceived that patients
who have a significant residual lysosomal enzyme activity could gradually clear
lysosomal storage material and therefore should profit most from reduction of substrate
biosynthesis. Platt and Butters at the Glycobiology Institute in Oxford were the first to
recognize the ability of Af-butyldeoxynojirimycin (Zavesca) to inhibit glycosylceramide
synthesis at low micromolar concentrations [33]. In an open-label phase I/II trial 28
adult type 1 Gaucher patients received three times daily 100 mg JV-butyldeoxynoji-
rimycin improvements in visceromegaly and hematological abnormalities as well as
corrections in plasma levels of glucosylceramide and biomarkers of Gaucher disease
activity were observed [34]. The positive findings led to registration of AT-butyl-
deoxynojirimycin (Zavesca) for treatment of moderately affected type 1 Gaucher disease
patients unsuitable to receive enzyme replacement therapy [35]. At present the value of
substrate reduction therapy with Zavesca for treatment of type 3 Gaucher disease is
investigated. The ongoing clinical study will have to reveal whether in this manner the
formation of perivascular storage cells in the brain can be adequately prevented or even
can be corrected. The ability of iminosugar to effectively pass the blood brain barrier
appears of crucial importance in this respect.

It has to be mentioned that 7V-butyl-deoxynojirimycin is the first-generation drug
employed in substrate reduction therapy of one glycosphingolipidoses. Future drug
improvement can be easily envisioned. For example, alternative iminosugars showing
higher specificity and potency have already been identified and are presently studied in
animal models. Examples are JV-butyl-galactonojirimycin [36] and 7V-pentyl-adamantane-
deoxynojirimycin [37]. It is presently also actively investigated whether a category of
ceramide-analogues [38] might also be applicable for substrate reduction therapy of
glycosphingolipidoses.

As compared to enzyme replacement therapy, substrate reduction therapy with small
compounds offers a number of advantages. It can be applied as oral therapy with little risk
for immunological complications such as neutralizing antibodies. Moreover multiple
diseases in one catabolic pathway could be potentially treated by a single drug (see below).

3.2. Therapies of other lysosomal storage disorders

3.2.1. Enzyme replacement therapies
The clinical success of enzyme replacement therapy of type 1 Gaucher disease has

stimulated similar approaches for other lysosomal storage disorders. This has already
led to the registration of comparable enzyme replacement therapies for Fabry disease
and Mucopolysaccharidosis type I (Hurler/Scheie disease). Clinical trials are presently
conducted for Mucopolysaccharidosis type II (Hunter disease) and type VI (Ma-
roteaux-Lamy disease), Pompe disease and Niemann Pick disease types A and B. In
all these therapies use is made of phosphomannosyl-containing recombinant enzymes
to allow delivery of therapeutic enzyme to multiple cell types. For example, in Fabry
disease (globotriaosylceramidosis due to deficient alfa-galactosidase A activity), storage
material accumulates concomitantly in endothelial cells, podocytes, fibroblasts and
cardiomyocytes. The required correction of multiple cell types poses a major
challenge.
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3.2.2. Substrate reduction therapies
Several inherited lysosomal diseases are caused by deficiencies in lysosomal break-

down of glycosphingolipids. Examples are GM1 gangliosidosis, GM2 gangliosidosis (Tay
Sachs disease, Sandhoff disease, GM2 activator protein deficiency), Fabry disease and
Gaucher disease. Moreover, pathological accumulation of glycosphingolipids occurs in
Niemann Pick type C disease. Iminosugars can reduce the biosynthesis of all
glycosphingolipids by virtue of inhibiting the first step in their synthetic pathway, the
transfer of the glucosyl-moiety from UDP-glucose to ceramide. It has therefore been
proposed that iminosugar-mediated substrate reduction therapy may be applicable for
various glycosphingolipidoses [39]. Proof of concept has indeed been obtained in mouse
models of Fabry disease with different types of small compound inhibitors of
glycosphingolipid biosynthesis. Promising responses in neurological symptoms following
oral administration of iminosugar have been reported for mouse models of Tay Sachs
disease, Sandhoff disease, GM1 gangliosidosis and Niemann Pick type C disease. Clinical
studies with Zavesca are presently undertaken for these disorders. More adequate
reduction of glycosphingolipid biosynthesis in the brain may be accomplished by the use
of alternative iminosugars (7V-butylgalactonojirimycin, 7V-pentyl-adamantane-deoxynoji-
rimycin) that are most likely better tolerated given their higher specificity.

It has to be mentioned that the mode of action of iminosugars in amelioration of
neurological manifestations in glycosphingolipidoses mouse models is topic of debate.
Only very low concentrations of Zavesca are detected in brain and cerebral spine fluid
upon oral administration of the maximal tolerated iminosugar amount. These concen-
trations can in principle only result in marginal local inhibition of glycosphingolipid
production. Zavesca is known to result in acute body weight loss and it has therefore been
argued that caloric deprivation, rather than reduction of glycosphingolipid biosynthesis,
may underlie the observed beneficial effects of iminosugars on neurological symptoms.
Another explanation is also conceivable. It has already been documented a decade ago by
Aerts et al. that iminosugars exert a potent anti-inflammatory effect by interfering with
chronic activation of macrophages. This effect has recently been described in detail for a
mouse model of induced ulcerative colitis exposed to 7V-pentyl-adamantane-deoxynojir-
imycin [40]. Recent elegant studies by Proia, Tifft et al. [41-43] have revealed that
activation of perivascular macrophages and microglia may be instrumental in the
neuronopathic course of various glycosphingolipidoses. The beneficial effects noted for
iminosugars in mouse glycosphingolipidoses may thus be attributable to prevention of
ongoing invasion of activated macrophages in the brain rather than local reduction of
glycosphingolipid biosynthesis.

4. Blood-brain barrier

Enzyme replacement and substrate reduction approaches offer innovative and
successful ways to intervene in pathological storage formation in inherited lysosomal
storage diseases. A major obstacle in treatment of neuronopathic variants of lysosomal
storage disorders is however still posed by the blood-brain barrier. In the case of type 3
Gaucher disease the quality of life is markedly improved by enzyme replacement therapy
due to prevention of debilitating visceral symptoms; however the devastating neurological
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symptoms are not effectively prevented so far. The delivery of therapeutic enzymes or
small compound inhibitors of storage material biosynthesis to cells inside the brain is still
far from optimal. Entirely novel delivery approaches, as discussed in other chapters of this
book, are urgently needed to allow better treatment of neuropathic variants of storage
disorders. It is conceivable that such type of approaches will be also useful to allow better
correction of cells behind other endothelial barriers such as cardiomyocytes.
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Discussion

Du Souich
Do you know if other sugars or disaccharides would have the same effect as your amino

sugars?
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Aerts
No, there is specificity. We know quite a lot about that because a lot of different variants

of imino sugars have been made and tested. The anti-inflammatory effect is really related
to the inhibition of glycolipid synthesis, we know that for sure. So any sugar analogue that
would inhibit glycolipid synthesis would have a similar effect.

Du Souich
Another question is how fast in your clinical studies could you see clinical

differences? Was it a matter of weeks, months? How long have you had to treat your
patients?

Aerts
The nice thing about Gaucher disease is that there we have identified perfect

biomarkers. So we can really measure very accurately what happens to storage cells, by
looking into the plasma and looking into the CSF. And with these biomarkers you can
already detect changes within days. To see a clinical improvement obviously takes longer.
To give an idea, in the case of Gaucher, it is quite common to have a 30% reduction of
spleen volume in 3 months. So that's a loss of 2 kg of spleen volume in 3 months.

Du Souich
A further question related to the first one. There are other compounds, like glucosamine

or chondroitin sulfate which are long chains of disaccharides and are used in the clinic for
other types of inflammation. Could these two products, which also act by inhibiting the
production of pro-inflammatory cytokines, work in this kind of diseases?

Aerts
I'm not familiar enough to give a good answer to that. I think in general in the case of

storage disorders, an agent which has anti-inflammatory action has a beneficial effect, hi
some storage diseases the involvement of activated microglia in the pathophysiology is
quite crucial.

De Boer
Could you explain why so many patients with those mutations are still asymptomatic?
Aerts
Yes, this is just a borderline between a mutation and a polymorphism. It is clear that

a person that has this genotype (N370S homozygous) is at risk if he suffers from a
major chronic infection. Then there is so much turnover of white blood cells that the
individual probably will develop a storage disease. But only if the person undergoes
such an event. Actually we have observed in the case of family with several (N70S/
N370S) siblings that only one developed the disease, hi that particular case it was a
chemotherapy, which also resulted in a major white blood cell turnover, and
subsequently he developed Gaucher disease. All the other (N370S/N370S) siblings
didn't.

Scherrmann
You raised a very nice question of the brain uptake of imino sugars. Do you have other

experimental evidence than the CSF concentrations?
Aerts
The only thing that has been done has been to measure uptake rate.
Scherrmann
Were these data obtained in mice?
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Aerts
Also in man there are CSF values known now. But I should mention in that case it is

absolutely unknown whether the blood-brain barrier is functioning normally in patients
suffering from these disorders. There are data from patients that suggest that the
concentration is about 20% of the levels in serum.'

Whittle
Because of the differential in the blood and the CSF levels, with the drug being

relatively toxic, has any work been done on Sandhoff mice using intracerebroventricular
infusions?

Aerts
No, not yet.
Galla
The amount you have to administer is pretty high, so if I calculate that for man is 50 g

per day.
Aerts
It is less in man. To reach the same plasma concentration, one requires less.
Galla
As a biochemist I would expect that you disturb the whole metabolism of glycolipids as

well as glycoproteins, so what are the side effects?
Aerts
Yes, we made compounds that are far more specific, and these type of compounds

have quite a lot of side effects on other pathways. But the surprising thing is that
inhibiting glycolipid synthesis by up to 50% doesn't cause any problem at all. Actually,
there are known individuals that are carriers for the deficiency in the synthesis of a
ganglioside, and they also have a completely normal life expectancy. So an inhibition of
up to 50% seems to be no problem.

Galla
In the survival rate of the animals there was an almost parallel shift when you applied

the imino sugars, but the animals died. But it was just a shift by two weeks, and then
another two weeks, do they adapt to the administration of the amino sugars, because it was
almost identical? But just shifted on the tune axis?

Aerts
Yes. To be honest it shows you the limitations because, why did the animals die? The

onset of the disease caused by activated microglia was probably stopped, but the storage in
that model is also actual storage in the neuronal cells and that went on, also in the MTB1-
alpha deficient. So I think the animals ultimately died because of a problem inside the
neuronal cells themselves. And that is just developing as well. But the cause of the disease
has changed. And just a last remark in that respect, activated microglia make pro-
inflammatory cytokines and these pro-inflammatory cytokines actually induce glycolipid
synthesis in neuronal cells. So actually activation of microglia promotes formation of
storage material for neuronal cells. So it is a very bad thing if microglia become activated
when you already have a problem in degrading glycolipids.

Kreuter
You talked about the Type 1 diseases, and there seem to be some advances in the

treatment with enzyme replacement therapy, but you didn't say much about Type 2
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Gaudier diseases. It appears that there is not only the neural/brain problem but, also, there
seem to be problems in general, as I understand.

Aerts
In Type 1 diseases there are only visceral macrophages involved. So there's no

neurological problem. In Type 2 Gaucher's disease there's neuronal storage as well as
prominent storage in perivascular macrophages. The intermediate form is the Type 3
Gaucher's disease where there are largely perivascular macrophages but less neuronal
storage, and the problem that we encounter is the correcting of the neuronal lipid
accumulation. We have not accomplished that at all so far. With perivascular macrophages
there is improvement, but still not optimal. But the other visceral macrophages can be
corrected well, so the ideal thing about Gaucher disease is that, actually, few cell types are
involved in the pathology. In most of all these other diseases several cell types are
involved and, of course, drug targeting gets much more difficult, like for xxx disease
where you want to reach the principle endothelial cells, but you also want to reach
cardiomyocites and certain other cell types. It's far more difficult to do.




