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Summary Gaucher disease (GD), deficiency of acid glu-

cosylceramidase (GlcCer-ase) is characterized by deficient

degradation of beta-glucosylceramide (GlcCer). It is well

known that, in GD, the lysosomal accumulation of uncleaved

GlcCer is limited to macrophages, which are gradually con-

verted to storage cells with well known cytology—Gaucher

cells (GCs). On the basis of previous studies of the disorder

and of a comparison with other lysosomal enzymopathies af-

fecting degradation of the GlcCer-based glycosphingolipid

series, it is hypothesized that in other cell types (i.e. non-

macrophage cells) the uncleaved GlcCer, in GlcCer-ase de-

ficiency, is transferred to other cell compartments, where it

may be processed and even accumulated to various degrees.

The consequence of the abnormal extralysosomal load may

differ according to the cell type and compartment targeted

and may be influenced by genetically determined factors,

by a number of acquired conditions, including the current

metabolic situation. The sequelae of the uncleaved GlcCer

extralysosomal transfer may range from probably innocent

or positive stimulatory, to the much more serious, in which

it interferes with a variety of cell functions, and in extreme

cases, can lead to cell death. This alternative processing of

uncleaved GlcCer may help to explain tissue alterations seen

in GD that have, so far, resisted explanation based simply on

the presence of GCs. Paralysosomal alternative processing
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may thus go a long way towards filling a long-standing gap

in the understanding of the molecular pathology of the dis-

order. The impact of this alternative process will most likely

be inversely proportional to the level of residual GlcCer-ase

activity. Lysosomal sequestration of GlcCer in these cells is

either absent or in those exceptional cases where it does oc-

cur, it is exceptional and rudimentary. It is suggested that

paralysosomal alternative processing of uncleaved GlcCer is

the main target for enzyme replacement therapy. The mech-

anism responsible for GlcCer transfer remains to be eluci-

dated. It may also help in explaining the so far unclear origin

of glucosylsphingosine (GlcSph) and define the mutual rela-

tion between these two processes.

Abbreviations
CCT CTP: phosphocholine cytidylyltransferase

ERT enzyme replacement therapy

GCs Gaucher cells

GD Gaucher disease

GlcCer beta-glucosylceramide

GlcSph glucosylsphingosine

The current state of knowledge on Gaucher disease

Gaucher disease (GD) is a disease defined by deficient

catalytic activity of acid glucosylceramidase (GlcCer-ase).

From the molecular genetics perspective, it is caused by a

mutation in the gene coding for the enzyme that interferes

with its production, catalytic activity and transport along its

secretory pathway. Additionally, the absence of the specific

activator of GlcCer-ase, saposin C, may be responsible for the

Gaucher phenotype. At the cellular and lipid biochemical lev-

els, GD is characterized by beta-glucosylceramide (GlcCer)

storage that is restricted to the lysosomes of macrophages.
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Therefore, GD is classified as a macrophage-specific gly-

cosphingolipidosis despite numerous tissue alterations de-

scribed, for example, in the central nervous system and epi-

dermis, especially in severe infantile variants (see below).

GlcCer storage is paralleled by an increase in its lysoderiva-

tive (GlcSph), the origin of which is still uncertain and which

is considered to be responsible cell degeneration in profound

GlcCer-ase deficiency. Further details together with descrip-

tion of the spectrum of phenotypes are summarized in a num-

ber of articles and monographs (Beutler et al 2001; Cox and

Schofield 1997; Desnick et al 1982; Ginzburg et al 2004; Ron

and Horowitz 2005; Schmitz et al 2005; Zhao and Grabowski

2002).

The persistent enigma of the cellular pathology
of GlcCer-ase deficiency

Despite being first described over one and a quarter cen-

turies ago, and recognized as a GlcCer storage disease

since 1934 (Aghion 1934), the cell pathology of GlcCer-

ase-deficient cells is intriguing and fundamentally differ-

ent from that of other lysosomal storage disorders. It is

important to realize that GlcCer and other glycolipids are

widely distributed in tissues (Suzuki 1982) and are con-

centrated mainly in the plasmalemma (http://www. glyco-

forum.gr.jp/science/word/glycolipid/GLA01E.html). At the

same time, GlcCer is the final step in the glycolipid (ganglio-,

globo-, lacto-, and haemato- series) degradative pathway

(Ginzburg et al 2004). It is clear, therefore, that its lyso-

somal turnover must be of very high order, most likely the

highest out of the entire glycosphingolipid family. It ratio-

nally follows that a deficiency in GlcCer-ase should manifest

itself by a high level of lysosomal storage of GlcCer with a

notable tendency towards generalization, producing a situa-

tion similar to that seen in the profound deficiency of acid

sphingomyelinase in classical Niemnann–Pick disease type

A (Elleder 1989; Schuchman and Desnick 2001).

However, a simple comparison with other lysosomal gly-

colipid storage disorders resulting from reduced degradation

of the glycosphingolipid series, with GlcCer as the ultimate

step in the degradation process, reveals striking differences.

For instance, Fabry disease (α-galactosidase deficiency) is

characterized by intensive Gb3Cer lysosomal storage in many

different types of cells, e.g. endothelium, smooth-muscle

cells, glomerular podocytes, cardiocytes, etc. This reflects

the high degradation rate of the globo series lipids in these

(and other) cells. The degradation of Gb3Cer is normally fol-

lowed by β-galactosidase, cleaving lactosylceramide, and

GlcCer-ase, cleaving GlcCer. Surprisingly, all these cells are

free from the lysosomal storage in GD (endothelial cells in

dermal capillaries studied in a case of infantile GD displayed

pronounced changes characterized as a combination of de-

generation and regeneration, without any lysosomal storage;

unpublished personal observations). Similarly intensive neu-

rolysosomal storage in both GM2 and GM1 gangliosidoses

points to high lysosomal turnover of this glycosphingolipid

series, again with GlcCer as a final step in the degradation

process. It is well known that neurons in GD are either unaf-

fected or degenerate with little or no sign of GlcCer lysosomal

storage (see below). All the existing data point to absence of

lysosomal storage in cells generally, except for macrophages,

irrespective of the severity of the defect (Mizukami et al 2002;

Tybulewicz et al 1992; Willemsen et al 1995; Xu et al 2003).

To conclude, GCs are considered to be the main pathological

event in GD (Beutler and Grabowski 2001; Lee 1982; Parkin

and Brunning 1982). However, the protean manifestations of

the disorder (Moran et al 2000; Sidransky 2004) is difficult

to explain by the mere presence of Gaucher cells (GCs).

Part of the tissue damage seen in GD is thought to be

explained by the toxic GlcCer lysoderivative GlcSph. This

compound, normally present in trace amounts, can increase

several hundred-fold in various tissues in GD (see below).

The proposed hypothesis

On the basis of the above-mentioned enigma, it is sug-

gested that besides the well-known lysosomal sequestration

of uncleaved GlcCer in GlcCer-ase deficiency, there must

be an alternative pathway for its disposal existing in all

other cells that have GlcCer lysosomal turnover. In these

non-macrophage cells the uncleaved GlcCer is believed to

be transferred from lysosomes to other cell compartments

where it may undergo processing or perhaps even be accu-

mulated to varying degrees (extralysosomal ’storage’). This

mechanism explains the general absence of detectable lyso-

somal storage of GlcCer in non-macrophage cells. It may

also be responsible for the plethora of symptoms that could

never be explained by the presence of GCs alone. The al-

ternative processing of the uncleaved GlcCer may include,

along with other mechanisms, induction of GlcSph produc-

tion. The relationship between the paralysosomal destination

of uncleaved GlcCer (not leading to lysosomal storage), the

mode of its processing and its lysosomal destination (leading

to lysosomal storage) may lead to a better understanding of

the ‘phenotypic complexity of this simple disorder,’ as aptly

described by Sidransky in a recent report (Sidransky 2004). It

should focus attention much more on studies of ’nonstoring

cells’ in GlcCer-ase deficiency.

According to the proposed hypothesis, the fate of the un-

cleaved GlcCer can follow one of two pathways—the newly

proposed one, characterized by its extralysosomal transfer

and alternative processing in nonlysosomal cell compart-

ments of non-macrophages, and the classic one characterized
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by its accumulation in the lysosomal compartment of

macrophages (Fig. 1). A discussion of both pathways follows.

Glucosylceramide transfer

The amount of translocated GlcCer, which is determined by

the degree of GlcCer-ase deficiency, may represent a spe-

cific and virtually permanent glycolipid load to cell com-

partments. The consequence of this abnormal load of Glc-

Cer is likely to differ based on cell type and the compartment

targeted and may also be influenced by genetically deter-

mined factors as well as by a number of acquired conditions,

including the current metabolic situation. The sequelae of

the translocation of uncleaved GlcCer may range from those

that have little or no effect (either positive or negative) to

those that are quite serious, interfering with cell biology and,

in extreme cases, leading to cell death. Under these condi-

tions, GlcCer is not stored within lysosomes but may instead

be accumulated only transiently extralysosomally, then ei-

ther degraded or used as substrate for the synthesis of more

complex glycolipids known to be increased in GD spleens

(Nilsson et al 1982).

The hypothesis fits well with experiments carried out on

cultured mutant fibroblasts from GD patients. These cells

were able to take up, but not to degrade, radioactively la-

belled GlcCer. At the same time, they avoided lysosomal

storage of GlcCer by transferring it to anabolic compart-

ments where it was converted into more complex glycosphin-

golipids (Barton and Rosenberg 1975; Saito and Rosenberg

1985). Similarly, GlcCer generated from radioactively la-

belled lactosylceramide degradation in rat liver lysosomes

was found to reach the Golgi apparatus where it underwent

glycosylation (Trinchera et al 1991). Moreover, results of

detailed biochemical analysis of neurons in neuronopathic

GD are suggestive of GlcCer exit from neurolysosomes

(see below).

The hypothesis presented helps in understanding many

symptoms of the GD phenotype that cannot be explained by

the mere presence of GCs; first of all the discrepancy be-

tween the severe symptomatology and organ damage espe-

cially in perinatal-lethal devastating variants of GD (Mignot

et al 2003; Sidransky et al 1992) and in the mouse model

of GD created by targeted disruption of GlcCer-ase gene

(Tybulewicz et al 1992), characterized by profound GlcCer-

ase deficiency.

In patients with types II and III GD neuronal degeneration

occurs without any or with a rudimentary degree of lysoso-

mal storage, even at the ultrastructural level (Adachi et al

1967; Cervos-Navarro and Zimmer 1990; Conradi et al 1991,

1988; Grafe et al 1988; Hernandez and Bueno 1973; Lloyd

et al 1956). I would like to stress the tendency to general

extensive proliferation of astrocytes independently of neu-

ronal degeneration and perivascular GCs (Cervos-Navarro

and Zimmer 1990). The neuronal degeneration has been

shown to be associated with increased levels of GlcCer in

the neuronal endoplasmic reticulum and with abnormally

enhanced agonist-induced calcium release from GD type

II brain microsomes, which served to make the neurons

more sensitive to glutamate-induced neurotoxicity. Similarly,

in the neuronal models of GD, it was shown that GlcCer

directly activated phospholipid synthesis by activation of

CTP:phosphocholine cytidylyltransferase (CCT), which was

shifted from cytosol to the endoplasmic reticulum (Bodennec

et al 2002; Korkotian et al 1999; Pelled et al 2005). All these

phenomena could be explained by the transfer of the un-

cleaved lysosomal GlcCer into the neuronal endoplasmic

reticulum (Bodennec et al 2002; Jmoudiak and Futerman

2005). The role of GlcSph in neuronal degeneration is men-

tioned below.

It should be stressed that the electron-microscopic studies

of GD II done in the past described significant alterations

in the neuronal endoplasmic reticulum and its suggestive

connection with the discrete lysosomal storage compartment

(Adachi et al 1967). Similar connections were observed in

neurons in mouse experimental GD induced by conduritol B

epoxide storage (Adachi and Volk 1977).

The permanent influx of GlcCer into the endoplasmic

reticulum–Golgi complex may lead to dysregulation of the

‘glycosphingolipid-dependent cell fate program in cancer
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and stem cells’ (Bieberich 2004). This may explain the B

lymphocyte stimulation and increased incidence of myeloma

(Fox et al 1984; Zimran et al 2005) and offer evidence of

the pro-mitogenic effect of translocated, uncleaved GlcCer.

The B cell hyperproliferation described in experimentally

induced GD in adult mice is in accordance with these obser-

vations (Mizukami et al 2002). The growth-promoting effect

of GlcCer described in various experiments, leading to its

increased cellular content (Bieberich 2004; Datta and Radin

1988; Hara and Radin 1979; Marsh et al 1995; Shayman et al

1991; Uchida et al 2002), may help to explain the large in-

crease in the volume of organs which, in infantile variants,

cannot be explained purely by presence of GCs (Cox 2001;

Zhao and Grabowski 2002).

It should be mentioned that the serum markers for GD

(Cox 2005; Deegan et al 2005) are considered to be pro-

duced and secreted by GCs (Hollak et al 1994), with the

exception of the hex B marker, which has been suggested to

come from hepatocytes (Casal et al 2002) altered by GlcCer-

ase deficiency. It is worth noting that a massive systemic

inflammation syndrome was induced in adult mice carrying

the GD L444P mutation, which at the same time showed

only minimal storage of GlcCer. This suggests a substantial

degree of independence of the described cytokine storm of

GCs (Mizukami et al 2002).

There are several other examples of organ damage in

various forms of GD where the proposed effects of the

paralysosomal translocation of uncleaved GlcCer may play

an important role. It is likely to play a role in the serious

skin symptomatology seen in perinatal GD, described as

‘collodion baby’ (Lipson et al 1991) or ichthyosis (Sherer

et al 1993), which is currently explained as being caused

by a decrease in ceramide normally released from GlcCer

in the terminal part of epidermis by GlcCer-ase. The altered

ratio of GlcCer to ceramides leads to an alteration of the

hydrophobic barrier, decreased keratinocyte desquamation

(Eblan et al 2005; Holleran et al 1994; Sidransky et al 1992)

and their increased proliferation (Marsh et al 1995). Fur-

ther, the myocardial involvement observed in GD (Platzker

et al 1985; Torloni et al 2002) has been explained solely

by the infiltration of the heart by GCs (Edwards et al 1983;

Smith et al 1978), while the syndrome of pulmonary hyper-

tension is thought to be caused by GCs occupying the lu-

mina of the alveolar capillaries or alveoli (Mistry et al 2002),

although this syndrome has been described in the absence

pulmonary GCs (Theise and Ursell 1990). Lastly, bone in-

volvement leading to ‘bone crises’ (Beighton et al 1982) is

also awaiting an explanation that goes beyond the mere pres-

ence of GCs (Fiore et al 2002; Stowens et al 1985; Wenstrup

et al 2002). The enhanced expression of cysteine proteinases

in GCs and other cells might contribute to lytic bone le-

sions (Moran et al 2000). The effect of the paralysosomal

GlcCer load is worth exploring in the repeatedly reported

atypical complex and atypical phenotypes of GD (Bodamer

et al 2002; George et al 2001; Inui et al 2001; Stone et al

2000; Uyama et al 1992; Wilson et al 1985) and even in the

evolution of Parkinson syndrome in GD (Tayebi et al 2003;

Wong K et al 2004). Further manifestations of the expand-

ing phenotypic spectrum are mentioned in a recent survey

(Sidransky 2004).

The only present mechanism of tissue damage in GD

is considered to be GlcSph, which differs from the stored

GlcCer by absence the fatty acid. This compound with well-

recognized toxicity (reviewed by Orvisky et al 2002), present

in normal tissues in trace amounts, can increase several

hundred-fold in various tissues in GD (Nilsson et al 1982;

Orvisky et al 2000, 2002). Its accumulation is considered

to be responsible for the devastating clinical course of pa-

tients with the infantile type of Gaucher disease (Orvisky et al

2000, 2002), especially for the neuronal damage (Schueler

et al 2003). Its levels, however, are considered to be be-

low those required for induction of the reported toxic ef-

fects related to GlcCer. As such, the observed neurotoxic-

ity must involve a different mechanism (Lloyd-Evans et al

2003). The exact site of its origin, lysosomal deacylation

or deficient acylation in the endoplasmic reticulum, is still

not clear (Orvisky et al 2000). Both pathways were sug-

gested to be responsible (Yamaguchi et al 1994). The ori-

gin of an analogous toxic lysoderivative, galactosylsphingo-

sine, in Krabbe disease has been interpreted as aberrant syn-

thesis in the endoplasmic reticulum (Mitsuo et al 1989) by

UDP-galactose:ceramide galactosyltransferase (CGT) which

synthesizes not only galactocerebroside but also galac-

tosylsphingosine (Morell and Radin 1969). Comparison

with Niemann–Pick disease type A featuring by extensive

neurolysosomal storage of sphingomyelin showed signif-

icant increase in sphingosylphosphorylcholine (lysosphin-

gomyelin) comparable with fetal types of GD II (Rodriguez-

Lafrasse and Vanier 1999). However, the neuronal stor-

age pattern is diametrically different from that in GD II

(see above)

Intralysosomal retention of uncleaved
glucosylceramide

Macrophages seem to be a remarkable exception in GD,

based on their ability to retain the uncleaved GlcCer in their

lysosomes and then to display the phenomenon of lysoso-

mal storage. It should be stressed that the lysosomal storage

compartment of GCs differs notably from that in storage cells

in the broader group of lysosomal storage disorders. In ad-

vanced stages, the lysosomal storage compartment in GCs

(containing the typical twisted storage tubules embedded in

a matrix of varying density) is composed of flattened cis-

ternae enlarged by predominantly 2D distension. These fre-
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quently express slender tubular expansions of their limiting

membrane, suggesting its active propagation throughout the

cytosol. In GCs exhibiting a lesser degree of storage, the stor-

age compartment is in the form of narrow cistern-like net-

work of varying density (unpublished personal observation).

This arrangement means that induction of the GC structural

phenotype does not passively reflect the storage itself (pas-

sive 3D volume expansion) but is controlled by factors inher-

ent in the molecular pathology of GlcCer-ase deficiency and

is specific for the monocyte–macrophage lineage. The role

of the additional (glyco)protein component demonstrated in

purified storage tubules (Ebato et al 1980), which contributes

to in the storage tubule appearance (Elleder and Smid 1977),

remains to be established.

Gaucher cells display a peculiar activation/secretion activ-

ity (Hollak et al 1994) and by this, it is suggested, they make

a significant contribution to the phenotype (Cox 2001), even

if some of the serum factors are produced by other cells (see

above). In this way they also differ from storage macrophages

in classical lysosomal storage disorders (Elleder and Jirasek

1981). It is tempting to speculate that GlcCer translocation

to other cell compartments, especially to the endoplasmic

reticulum, might be responsible.

It is generally accepted that the lysosomal load of potential

substrates is realized through constitutional phagocytosis of

senescent blood elements rich in GlcCer precursors (Brady

and King 1973; Naito et al 1988), a mechanism that does

not exist in other types of cells. The only analogy may be

retinal pigment epithelium, which is permanently active in

removing the tips of retinal photoreceptors by phagocytosis

(Williams 1995). Its worth mentioning in this connection that

retinal pathology has been observed in some GD patients

(Gonzalez Rodriguez et al 1992; Rosenthal et al 2000; Wang

et al 2005). However, a single report on retinal ultrastructure

in GD, showed the presence of GCs but absence of storage

in the retinal pigment epithelium (Ueno 1980).

GlcCer lysosomal storage in other cell types has not been

described with the exception of rudimentary findings in neu-

rons in GD type II (see above). Discrete lysosomal membra-

nous inclusions (differing from GlcCer tubules) in the respi-

ratory epithelium were described recently in GD II (Shebani

et al 2003) and these observations have been personally con-

firmed (unpublished data). There was a single observation

on the excess of ceroid in spleen sinus endothelium and in

smooth-muscle cells generally (Yamadori et al 1990). The

GlcCer-ase inhibitor, conduritol B epoxide, has been shown

to induce lysosomal deposits in cultured cells of human

neuroblastoma cell line (SH-SY5Y), but these cells lacked

the specific Gaucher morphological phenotype (Prence et al

1996). Despite all these rudimentary findings, the partial se-

questration of uncleaved GlcCer in the lysosomes of non-

macrophage elements cannot be excluded. It might start after

failure of the extralysosomal transfer of GlcCer.

Enzyme replacement therapy (ERT)

It is suggested in this report that the positive effect of ERT

on organ volume, improvement of patients’ quality of life

and the elimination of life-threatening consequences of the

disease (Rosenthal et al 1995; Weinreb et al 2002) is explain-

able mainly through the inhibition of the GlcCer transloca-

tion mechanism. This means that the cells that are positively

affected during ERT do not have a monocyte/macrophage

origin, as already suggested (Sato and Beutler 1993). This

suggestion is based on the fact that monitoring of the effect

of ERT in patients with GD reveals the persistence of GCs

(Elleder et al 2005a). Resistance of GCs to ERT might be due

to low uptake of the applied enzyme (Sato and Beutler 1993),

explainable by the loss of their mannose receptors during the

course of their storage transformation (Boven et al 2004). The

number of the mannose receptor is not high even in storage-

unaffected macrophages, in which it can be increased by

dexamethasome (Zhu et al 2004). It is suggested here that all

other cells, owing to absence of lysosomal storage, may re-

tain their critical receptor equipment and, therefore, preserve

their effective receptor-mediated endocytosis. As for the rela-

tionship between ERT and GC, it is suggested here that ERT

represents prevention of GC induction by its positive influ-

ence on monocytes able to endocytose effectively the applied

enzyme (Sato and Beutler 1993). This is in accord with the

observation of decreased number of GCs during ERT (Rudzki

et al 2003). The effect of ERT on the monocyte-histiocytic

lineage could thus be better evaluated by measuring the in-

creasing proportion of nonstorage macrophages.

Future studies

Attention needs to be focused on the mechanisms responsible

for the extralysosomal transport of the undegraded GlcCer,

which may be identical to the GlcCer recycling pathway

from lysosomes to the Golgi apparatus (Trinchera et al 1991).

These mechanisms may include some of those suggested for

vesicular or intercompartmental glycosphingolipid transport

(Holthuis et al 2001; van Meer et al 2003), the latter possibly

involving defined roles for specific transport proteins (Metz

and Radin 1980; Wong M et al 1984; Yamada and Sasaki

1982).

It is worth exploring whether the NPC1 protein known to

be engaged in lipid trafficking and the deficiency of which

leads to a variant Niemann–Pick disease (Scott and Ioannou

2004; Vanier and Millat 2003) is upregulated in GlcCer-ase

deficiency.

Future studies should specify both the fate of the extralyso-

somal GlcCer and the mechanisms of its processing, espe-

cially the role of neutral non-lysosomal GlcCer-ase, recently

identified and characterized (Boot et al 2006), which is not
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deficient in GD (Overkleeft et al 1998; van Weely et al 1993).

These studies should specify the relation between the hypoth-

esized GlcCer transfer and the production of its lysoderiva-

tive and define the possible role of glucosylceramide dea-

cylase shown to exist in human epidermis (Ishibashi et al

2003)

Future studies should also define factors responsible

for retention of uncleaved GlcCer in the lysosomes of

macrophages and explain the unique phenotype when GCs

are absent (Wenger et al 1983). This so far unique (or misdi-

agnosed?) variant of GD suggests the existence of the enzyme

deficiency without significant lysosomal sequestration of un-

cleaved GlcCer but with a phenotype based solely, or predom-

inantly, on its transport from lysosomes (GD without GCs).

A recent case report of perinatal GD with absence of bone

marrow storage cells might belong to this category (Roth et al

2005). Recognition of factors responsible for the lysosomal

retention of uncleaved GlcCer might help explain the ab-

sence, or exceptional presence, of typical Gaucher cells in ex-

perimentally induced GD (Beutler et al 2002; Mizukami et al

2002; Xu et al 2003). According to the hypothesis presented

herein, experiments that induce GD should not be limited to

the evaluation of induced GlcCer storage, but should always

involve the additional evaluation of signs of extralysosomal

manifestation of GlcCer-ase deficiency. Also, the evaluation

of loading tests, carried out with cultured fibroblasts, should

take into account the extralysosomal transfer of uncleaved

GlcCer and the extent of its further processing, which should

not be interpreted as ‘residual’ GlcCer-ase activity. Gener-

ally speaking, the presented hypothesis may lead to series

of experiments evaluating dysfunctions induced by GlcCer

transfer in various cell types in GlcCer-ase deficiency.

In the reverse situation, block of GlcCer translocation in

GlcCer-ase deficiency should manifest as generalized lyso-

somal GlcCer storage. This partially resembles the situation

in prosaposin deficiency and in Niemann–Pick type C. How-

ever, in the former, caused by multiple sphingolipid hydrolase

deficiency, due to the absence of all sphingolipid activator

proteins (Saps), the high level of GlcCer storage in the vis-

ceral region might be explained by the presence of numerous

storage macrophages (Elleder et al 2005b), which may even

be transformed into Gaucher-type cells (Harzer et al 1989;

Hulkova et al 2001). Studies on the distribution of GlcCer in

storage-affected cell types in this disorder may bring a final

resolution, as it is highly probable that GlcCer is restricted to

macrophages. However, different behaviour of storage lyso-

somes in this complex disorder cannot be excluded.

Studies on extralysosomal transfer of undegraded lipids

stored in lysosomes should be extended to other lysoso-

mal storage disorders. In Krabbe disease, galactocerebroside

transfer might explain the early death of oligodendrocytes

(Wenger et al 2001). In other lysosomal storage disorders,

such studies may help to verify whether there is any sig-

nificant non-degradation-based turnover of the stored lipids

and undegraded nonlipid compounds. A recent report on the

unfolded protein response in the endoplasmic reticulum, as-

sociated with GM1 lysosomal storage, suggests an impor-

tant pathogenetic association between storage lysosomes and

other cell compartments (Tessitore et al 2004). Studies of this

type may contribute to a better evaluation of the biology of

storage lysosomes, which seems to be notably different from

that of their normal counterparts.
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