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glycosidase inhibition profiles of different mutations at neutral and
acidic pHs, chaperone activity and cytotoxicity in human GD
fibroblasts, and the chaperone activity of ten mutants (located in
domain [, Il and III) transiently transfected into COS cells.

Materials and methods
Materials

Dulbecco’s Modified Eagle's Medium (DMEM), fetal bovine serum
(FBS) and Lipofectamine reagent were obtained from Invitrogen Life
Technologies Inc. NOV was synthesized in our laboratory (Central
Research Laboratories, Seikagaku Co.). Anti-Flag M2 affinity gel and
rabbit polyclonal anti-Flag antibody were purchased from Sigma.

Construction of B-Glu expression plasmids

Human B-Glu cDNA (a kind gift from Dr. S. Tsuji, Tokyo University)
was subcloned into a mammalian expression vector pCAGGS. A Flag-
epitope was introduced at the C-terminus of the cDNA by PCR. The
mutations [16-24] were introduced by using the Quick Change site-
directed mutagenesis kit (Table 1). All the mutations were confirmed
by direct sequencing [14].

Cell culture

Human skin fibroblasts and COS cells were cultured in DMEM/10%
FBS at 37 °C in a humidified atmosphere at 5% CO,. For fibroblasts, we
used three control cell lines (H8, H22, and H37) and seven GD cell
lines. Six cell lines carried the B-Glu mutations F213[/F2131, G202R/
L444P, N188S/G193W, F2131/1444P, 1444P/RecNcil and L444P/
L444P. These cells were from Japanese patients. The other line of GD
cells that carried the N370S homozygous mutation was derived from
Caucasian patients (from Profs, Kaneski C. and Brady R.0.). Culture
medium was replaced every 2 days with fresh media supplemented
with or without NOV at the indicated concentrations. COS cells were
plated on 100-mm dishes and transfected with B-Glu ¢cDNA using
Lipofectamine according to the manufacturer's instructions. Cells
were collected and seeded at 4x 10° cells/well in 6-well plates 24 h
post-transfection, ensuring consistent transfection efficiencies among
wells. Cells were treated with or without the NOV at the indicated
concentrations 36 h post-transfection and incubated for 24 h [14].

Immunoprecipitation and immunoblotting

All procedures were carried out at 4 °C. COS cells were lysed by
sonication in PBS supplemented with 1% Triton X-100 and a protease
inhibitor cocktail (Boehringer). After a brief centrifugation to remove
insoluble material, the supernatant was precleared with an aliquot of
agarose beads. For immunoprecipitation of Flag-3-Glu, the lysates
(500 pl from 1 well of the 6-well plate) were incubated for 16 h with

Table 1 3
The B-Glu mutations introduced with the Quick Change site-directed mutagenesis kit.
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Fig. 1. Effects of NOV on lysosomal glycosidase activities in lysates from control human
fibroblasts. The in vitro lysosomal enzyme assay is described in the Materials and
methods section. NOV caused no inhibition of other lysosomal enzymes including o~
Glu, a-Gal, B-Gal and B-Hex in the same cell lysates, suggesting that NOV is a specific
inhibitor of B-Glu. Each point represents the mean of triplicate determinations in a
single experiment. Values are expressed relative to activity in the absence of NOV
(100%).

anti-Flag M2 agarose beads (20 pl of 50% slurry). The beads were
washed with PBS/1% Triton X-100 and rinsed with H,0 and the final
volume of the precipitates was adjusted to 40 pl with H0. For the
enzyme assay, 4 pl of the precipitates was used as described below. For
immunoblotting, bound proteins were eluted by incubation of 20 pl of
precipitates with the same volume of 2 x SDS-PAGE sample buffer at
100 °C for 3 min. SDS-PAGE and Western transfer were carried out as
previously described [13,14]. The blots were probed with rabbit
polyclonal anti-Flag antibody and developed using an ECL kit
(Amersham Pharmacia).

In vitro enzyme assay

Lysosomal enzyme activities in cell lysates were determined as
previously described [25-28]. Briefly, cells were scraped into ice-cold
H,0 (10° cells/ml) and lysed by sonication. For preparation of lysates,
tissue was lysed by homogenization in 0.1 M citrate buffer, pH 5.2,
supplemented with sodium taurocholate (0.8% w/v). Insoluble
materials were removed by centrifugation and protein concentrations
were determined with a BCA microprotein assay kit (Pierce). Ten
microliters of the cell lysates was incubated at 37 °C with 20 pi of the
substrate solution in 0.1 M citrate buffer, pH 4.5. The substrates were
4-methylumbelliferone-conjugated o-p-glucopyranoside (for o-glu-
cosidase), a-p-galactopyranoside (for a-galactosidase), (3-p-galacto-
pyranoside (for R-galactosidase), and N-acetyl-3-p-glucosaminide
(for B-hexosaminidase). B-Glu activities in the lysates, (cell and
tissue) or immunoprecipitates were determined by using 4-methy-
lumbelliferone-conjugated B-p-glucopyranoside as a substrate [26].
Anti-Flag immunoprecipitates were prepared as described above. Ten
microliters of lysates or immunoprecipitates was incubated at 37 °C

Table 2
Inhibitory activities (ICso, pM) of B-Glu in lysates from normal and mutant human
fibroblasts (means of three independent determinations) for NOV at acidic and neutral
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Fig. 2. Chaperone activities of NOV on mutant B-Glu in human fibroblasts, (a) Cells were cultured for 4 days in the absence or presence of increasing concentrations of the
compounds. Lysosomal B-Glu activity was estimated in intact cells. Each bar represents the mean + SEM of three independent determinations done in triplicate. #p<0.01 compared
to the values in the absence of NOV (t test). (b) Time course. Cells were cultured in the presence of 3 UM NOV for up to 10 days (®). A subset of cells was cultured with different
chaperones for 4 days, washed and further cultured without the drug for 6 days (O). @-Glu activity in cells was determined in triplicate at the indicated time.

with 20 pl of the substrate solution in 0.1 M citrate buffer, pH 5.2 or pH buffer (pH 10.7). The liberated 4-methylumbelliferone was measured
7, supplemented with sodium taurocholate (0.8% w/v). The reactions ~ with a Perkin Elmer Luminescence Spectrometer (excitation wave
were terminated by adding 0.2 ml of 0.2 M glycine sodium hydroxide length: 340 nm; emission: 460 nm). One unit of enzyme activity was

Fig. 3. Effects of NOV on recombinant 3-Glu expressed in COS cells. COS cells were transfected with Flag-tagged 3-Glu constructs and later treated with or without NOV for 24 h. (a)
Basal activities of B-Glu in cell lysates (left panel) and anti-Flag immunoprecipitation (IP) products (right panel) are shown. The activities are expressed relative to that of the wild-
type protein (100%). (b, c) Effects of NOV on protein levels and activities of recombinant B-Glu in anti-Flag IP products. In panel b, cells were treated with or without increasing
concentrations of NOV and the IP products were subjected to the in vitro enzyme assay or anti-Flag immunoblotting, as described in the Materials and methods section
(representative examples are shown). Molecular weights are given in the left (kDa). The data with NOV concentrations at 0 and 10 uM are depicted in a bar graph in panel c,
compared to the NOV effects on individual mutants. In panels a-c, each bar or point represents the mean 4 SEM of three or more determinations. * p< 0.01compared to the values in
the absence of NOV (t test).
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defined as the quantity (nmol) of 4-methylumbelliferone released per
hour and normalized to the amount of protein contained in the
lysates.

Intact cell enzyme assay

3-Glu activities in live cells were estimated by the methods
described by Sawkar et al. [29], with some modifications. Briefly, cells
in 96-well assay plates were treated with the compounds for 4 days.
After washing with PBS, the cells were incubated in 8 pl of PBS and 8 pl
of 0.2 M acetate buffer (pH 4.0). The reaction was started by adding
10 pl of 4-methylumbelliferyl-R-p-glucoside (5 mM), followed by a 1-
h incubation at 37 °C. The reaction was stopped by lysing the cells
with 200 ul of 0.2 M glycine buffer (pH 10.7) and the liberated 4-
methylumbelliferone was quantified. Every experiment was per-
formed in parallel with cells that had been pre-incubated with or
without conduritol B epoxide (CBE, Toronto Research Chemicals) at
0.5 mM for 1 h. The CBE-sensitive component was ascribed to
lysosomal B-Glu, whereas the CBE-insensitive component was
attributed to non-lysosomal p-Glu.

Cytotoxicity assay

The cytotoxicity assay was performed using the colorimetric assay
reagent TetraColor One (Seikagaku, Tokyo, Japan) [30], according to
the manufacturer's instructions. Fibroblasts were seeded on a 96-well
assay plate at a density of 3.0x 10 cells/ml in medium and incubated
for 4 days with NOV. Then 10 pl of TetraColor One reagent was added
to each well, and cells were incubated for an additional 2 h. The
absorbance at 450 nm was then measured (reference wavelength:
630 nm) in the microplate reader. Measurements were repeated in
triplicate and averaged for each sample.

Results
Glycosidase inhibition profiling

It was previously shown that NOV strongly inhibited acid 3-Glu
but did not inhibit two other lysosomal enzymes, a-glucosidase, and
B-hexosaminidase, in lysates from normal human fibroblasts [13].
Here, we confirmed that NOV is a very specific inhibitor of @-Glu and
additionally showed that NOV does not inhibit a-galactosidase and 3-
galactosidase (Fig. 1).

Next, we studied the inhibitory activity of NOV on mutant acid -
Glu and normal fibroblasts including F2131/F213], N370S/N370S and
1444P/1444P. The ICso values for F213[/F213] and L444P/1444P
mutants were similar to those measured for normal B-Glu, whereas
that for the N370S/N370S mutant was about one order of magnitude
higher (Table 2). We also investigated the ICsos of NOV at neutral pH.
As summarized in Table 2, NOV strongly inhibited F213I, N370S,
L444P and normal B-Glu at both neutral and acidic pHs. The 3-Glus
were much more sensitive to NOV at pH 7 than at pH 5.2.

Chaperone activity and cytotoxicity in human fibroblasts

In our previous study, the chaperone activity of NOV was evaluated
in GD fibroblasts for 4 days using the in vitro B-Glu assay [14]. Since
the intact cell enzyme assay was more sensitive than the vitro enzyme
assay for detecting chaperone effects, we used the former to evaluate
the chaperone activity of NOV on three control cell lines and seven GD
cell lines at various concentrations (0, 0.3, 1, 3, 10 and 30 uM) for 4
days. The results are basically consistent with the previous study. NOV
showed good chaperone activity with F2131/F213], G202R/L444P,
N188S/G193W, N370S/N370S, and F2131/L444P, but no effects were
observed with the L444P/RecNcil and L444P/1444P mutant cells or
any of the three control cell lines (Fig. 2a).

An additional 10-day time course analysis of chaperone activities
was carried out at the optimal inhibitor concentration chosen from
the results presented above, i.e., 3 uM for NOV. For the F213I/F213I
and N370S/N370S cells in the presence of NOV, B-Glu activity
increased and plateaued on day 5 at a level of 250%-300% of the
baseline. When cells were deprived of the chemical chaperones on
day 4, the activity gradually decreased to the basal level within 2-
3 days. No effects were observed in the L444P/1444P and normal cell
lines (Fig. 2b).

To evaluate the cytotoxicity of NOV, we cultured F2131/F213],
N370S/N370S and 1444P/L444P mutant and normal human fibro-
blasts in the presence of various concentrations of NOV for 4 days, and
then assayed cell viability. The results showed that the viabilities of all
four fibroblast lines were unchanged after incubation with NOV, even
at the maximum concentration of 30 pM.

Chaperone activity of NOV on recombinant mutant 3-Glu expressed in
COS cells

We used heterologous expression of recombinant B-Glu in COS
cells [14]. To eliminate the effects of endogenous R-Glu activity in COS
cells, we placed a Flag-epitope at the C-terminus of recombinant B-
Glu and determined the enzyme activity recovered in anti-Flag
immunoprecipitates. As shown in Fig. 3a, the immunoprecipitates
from mock-transfected cells contained no activity, whereas those
from cells transfected with mutant Flag-B-Glu showed various levels
of activity. The relative activity levels the in immunoprecipitates (Fig.
3a) consistently reflected the relative levels in lysates, suggesting
similar efficiencies of immunoprecipitation between the different
constructs.

The immunoprecipitation/enzyme assay allowed us to evaluate
chaperone effects of NOV on the wild-type and ten kinds of 3-Glu
mutants. We found dose-dependent, positive effects with the domain
[II mutant, T369M only; all lines with domain I and II mutations
showed negative effects. However, not all mutants in domain IIl were
responsive to NOV, such as R120W, R359Q, and S366N. Anti-Flag
Western blotting of immunoprecipitation products showed that NOV
caused dose-dependent increases in the protein levels of the T369M
mutant (Figs. 3b and c).

Discussion

Our laboratory has been investigating the chaperone activity of
NOV since 2002. With the development of chaperone therapy, we
identified some important characteristics of NOV that were not
explored in our previous studies [13,14]. First, we increased our
knowledge of its lysosomal glycosidase inhibition profile, showing
that in addition to o-glucosidase and B-hexosaminidase [13], NOV
does not inhibit a-galactosidase and B-galactosidase and thus, is a
very specific inhibitor of B-Glu. Ideal chaperones could bind to 3-Glu
in the ER, assisting in folding and enhancing transport out of the ER,
then dissociating from the complex in the lysosome. For this reason,
they should have lower ICsgs at the neutral pH in the ER than at the
acidic pH in the lysosome. This feature has been previously reported
for chaperones such as isofagomine [31]. We found that NOV strongly
inhibits F2131, N370S, L444P and normal B-Glu at both neutral and
acidic pH. All the acid B-Glus were much more sensitive to NOV at the
neutral than at the acidic pH. The results from intact cellular assays
performed on GD fibroblasts were consistent with the in vitro enzyme
assay used in our previous study [14]. NOV exhibited chaperone
activities in GD cell lines with the F213I/F213], N188S/G193W,
G202R/1444P, N370S/N370S and F2131/L444P mutations at 0.3, 1, 3,
10, and 30 UM concentrations. However, it was ineffective in cells with
the mutations [444P/L444P and L444P/RecNcil. Persistent, good
chaperone activities in F2131/F2131 and N370S/N370S fibroblasts
were observed during long-term treatment with NOV. In addition,



Z. Luan et al. / Blood Cells, Molecules, and Diseases 44 (2010) 48-54 53

NOV showed no cytotoxicity on normal and F213I/F213I, N370S/
N370S and L444P/L444P mutant GD fibroblasts, even at the maximum
concentration of 30 pM. Cumulatively, these results confirmed that
NOV is an excellent chaperone for mutant B-Glu.

NOV showed mutation-dependent chemical chaperoning profiles.
Recently, X-ray crystallography of human B-Glu revealed that it
consisted of three structural domains [15]. All the mutations that gave
positive responses to NOV (N188S, G202R, F213], and N370S) were
located in domain I, the catalytic domain of human B-Glu, whereas
those with negative responses, L444P and D409H, were located in
domains [ and II, respectively [14]. Since NOV is considered as a
structural mimic of the substrate, it is expected that it would bind to
domain IIl. Therefore, we thought that chaperone activity of NOV
might require domain III (catalytic domain). To confirm this theory,
we analyzed more mutations. In this study, we evaluated the
chaperone activities of NOV in COS cells transiently expressing ten
new recombinant B-Glu mutants located in domain I, II and III. We
found positive effects only for the domain IIl mutation, T369M, and
negative effects for all mutants in domains I and II. These findings are
consistent with our theory that localization of the mutations in
domain III might be a prerequisite for pharmacological rescue of the
mutant proteins by NOV. Nevertheless, this feature does not warrant
the rescue of all mutations located in domain III, such as G193W [14],
R120W, R359Q or S366N, which responded negatively. NOV may
stabilize misfolded proteins produced by mutations in domain IIL.
However, for those mutations in domains I and II, though NOV can
bind to the catalytic domain of mutants like L444P [14], G389E,
V398L, D409H, D474Y, S488P or T491], the chaperones may not be
able to alleviate the misfolding and instability of these domains.
Thus far, no chaperone activities have been observed for the known
mutations [29,32,33]. It may be necessary to develop chaperones
that can correct the misfolding of these mutants by binding to
domain I or II, protecting these proteins from ER-associated protein
degradation.

We are in the process of developing transgenic mice that lack the
endogenous wild-type enzyme but express a mutant human B-Glu.
This strategy will be used to confirm the chaperone activity of NOV for
mutant B-Glu in vivo.

Our laboratory has previously demonstrated the effectiveness of
chemical chaperone therapy in Gy;-ganglosidosis [25,34], Gaucher's
disease [13,14,] and Fabry's disease [35]. We recently found that
NOEV, an isomer of NOV, can act as a pharmacological chaperone for
mutant B-galactosidase in the prevention of neurological deteriora-
tion due to Gy;-gangliosidosis in a mouse model expressing the
R201C human B-galactosidase mutation [36]. Other researchers have
experimentally confirmed the effectiveness of chaperone therapy in
Gaucher's disease [37], Gu2-gangliosidosis [38] and Pompe's disease
[39]. Theoretically, this principle can be applied to other lysosomal
diseases, if a specific chaperone compound becomes available for each
target enzyme. Our work with NOV provided evidence of its catalytic
domain-specific chaperone activity. These properties confer a poten-
tial therapeutic value to the chaperone for the treatment of Gaucher's
disease due to B-Glu mutations in the catalytic domain, which result
in neuronopathies.
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Abstract

Gaucher disease (GD), mainly caused by a defect of acid p-glucosidase (B-Glu), is the most common sphingolipidosis. We have
previously shown that a carbohydrate mimic N-octyl-B-valienamine (NOV), an inhibitor of B-Glu, could increase the protein level
and enzyme activity of various mutant B-Glu in cultured GD fibroblasts, suggesting that NOV acted as a pharmacological chaper-
one to accelerate transport and maturation of this mutant enzymes. In the present study, the NOV effect was evaluated for B-Glu
activity, tissue distribution and adverse effects in normal mice. We measured the B-Glu activity in tissues of normal mice which
received water containing increasing concentrations of NOV ad libitum for 1 week. Fluid intake and body weight were measured
periodically throughout the study. Measurement of tissue NOV concentration, blood chemistry and urinalysis were performed at
the end of the study. The results showed that NOV had no impact on the body weight but fluid intake in the 10 mM NOV group
mice decreased and there was a moderate increase in blood urea nitrogen (BUN). No other adverse effect was observed during this
experiment. Tissue NOV concentration increased in all tissues examined with increasing NOV doses. No inhibitory effect of NOV on
B-Glu was observed. Furthermore, NOV increased the B-Glu activity in the liver, spleen, muscle and cerebellum of the mice signif-
icantly. This study on NOV showed its oral availability and wide tissue distribution, including the brain and its lack of acute tox-
icity. These characteristics of NOV would make it a potential therapeutic chaperone in the treatment of GD with neurological
manifestations and selected mutations.
© 2009 Elsevier B.V. All rights reserved.

Keywords: B-Glucosidase; Gaucher disease; Chaperone therapy; N-octyl-B-valienamine

1. Introduction ing acid B-glucosidase (B-Glu; glucocerebrosidase EC

3.2.1.45) [1]. The mutations in this gene lead to protein

Gaucher disease (GD) is the most prevalent lysosomal
storage disorder caused by mutations in the gene encod-
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misfolding in the endoplasmic reticulum causing reduced
enzyme trafficking to the lysosome [2]. The deficiency of
lysosomal B-Glu results in progressive accumulation of
glucosylceramide in macrophages which often leads to
hepatosplenomegaly, anemia, bone lesions, respiratory
failure and central nervous system (CNS) involvement.
At present, there are two therapeutic strategies for
GD: enzyme replacement by intravenous administration
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of macrophage-targeted recombinant B-Glu [3] or sub-
strate reduction by oral administration of N-butyl-
deoxynojirimycin, which inhibits glucosyltransferase
and decreases substrate biosynthesis [4]. Both therapies
have been proven to be effective for visceral, hemato-
logic and skeletal abnormalities [5-7], but the efficacy
of these therapies with regard to neurological manifesta-
tions is limited [8-11].

We proposed chemical chaperone therapy for neur-
onopathic Gaucher disease and found a carbohydrate
mimic N-octyl-B-valienamine (NOV), an inhibitor of
B-Glu as a potent pharmacological chaperone that
increases the protein level and enzyme activity of
F2131, N370S, G202R and N188S mutant -Glu in cul-
tured cells [12-15]. Since we do not know whether NOV
can work as a pharmacological chaperone in whole ani-
mals, the NOV effect was evaluated for B-Glu activity,
tissue distribution (especially in brain) and adverse
effects in normal mice.

2. Materials and methods

2.1. Animals

All procedures were carried out in accordance with
Guide for Care and Use of Laboratory Animals by the
National Institutes of Health and were approved by
the Animal Ethics Committee of Tottori University.
Studies were performed in normal male C57BL/6N mice
(20 mice, 8 weeks old). The animals were housed in a
room with a 12 h light schedule (12 h light/12 h dark)
and an ambient temperature maintained at 20 °C.

2.2. NOV administration and determination

The mice were divided into five groups (four in each
group) provided 0, 0.3, 1, 3 and 10 mM aqueous solution
of NOV ad libitum, respectively, for 1 week. We recorded
the fluid intake every day and measured the body weight
every 2 days during the week. At the end of the week, eight
kinds of tissues (cerebrum, cerebellum, heart, lung, liver,
spleen, kidney and muscle) were collected by sacrificing
the animals. The NOV concentration in tissue was deter-
mined by combined liquid chromatography and tandem
mass spectrometry system [16].

2.3. Tissue f-Glu activities assay

Tissue B-Glu activities were determined by using
4-methylumbelliferone-conjugated B-p-glucoside as a
substrate [17]. For preparation of lysates, tissue was
lysed in 0.1 M citrate buffer, pH 5.2, supplemented with
sodium taurocholate (0.8% w/v) by homogenizer. Insol-
uble materials were removed by centrifugation and pro-
tein concentrations were determined with a BCA
Microprotein Assay Kit (Pierce, Rockford, IL, USA).

Four microlitres of the lysate was incubated at 37 °C
with 8 uL of the substrate solution in 0.1 M citrate buf-
fer, pH 5.2, supplemented with sodium taurocholate
(0.8% w/v). The reaction was terminated by adding
0.4 mL of 0.2 M glycine sodium hydroxide buffer (pH
10.7). Liberated 4-methylumbelliferone was measured
with Perkin Elmer Luminescence Spectrometer (excita-
tion wave length: 340 nm, emission: 460 nm). One unit
of enzyme activity was defined as nmol of 4-methylum-
belliferone released per hour and normalized for the
protein content of the lysate.

2.4. Blood chemistry and urinalysis

Blood was collected by cardiac puncture and centri-
fuged. Plasma was analyzed using FUJI DRI-CHEM
3000V (Fuji Film, Tokyo, Japan) for seven test items,
including aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
lactate dehydrogenase (LDH), creatine kinase (CK),
glucose and blood urea nitrogen (BUN). Urine was col-
lected by external pressure or direct puncture of the
bladder, and analyzed using multistix SG urine test
strips (Bayer, Tokyo, Japan) to analyze for urobilino-
gen, blood, ketone, glucose, protein and pH.

3. Results

3.1. The effect of NOV treatment on daily drink volume
and body weight of mice

NOV had no impact on daily fluid intake and
the body weight of the mice except that the fluid
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Fig. 1. The daily fluid intake during NOV treatment for 1 week. NOV
had no impact on the fluid intake of the mice except that of 10mM
NOV group. #P < 0.01, compared with the control group ( test).
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Fig. 2. NOV concentration in mice after NOV treatment for 1 week. (a) NOV concentration increased in the cerebrum, cerebellum, heart, lung, liver,
spleen, kidney and muscle of the mice provided NOV aqueous solution. With increasing doses, tissue NOV concentration increased. (b) NOV

concentrations in blood and urine also show dose-dependence.

intake decreased slightly in the 10 mM NOV group
(Fig. 1).

3.2. Tissue distribution of oral administered NOV

Following the treatment with aqueous solution of
NOV ad libitum on mice for 1 week, we measured the
NOV concentration in the tissues. Oral administered
NOV was distributed in all tissues examined including
the cerebrum and cerebellum. The NOV concentration
increased in the cerebrum, cerebellum, heart, lung, liver,
spleen, kidney and muscle of the mice provided with
NOV aqueous solution. With increasing doses, tissue
NOV concentration increased (Fig. 2a). NOV concen-
trations in blood and urine were also dose-dependent
(Fig. 2b).

3.3. The effect of NOV on tissue B-Glu activity in mice

B-Glu activity increased significantly after high-dose
treatment for 1 week, in the heart, liver, spleen, muscle
and cerebellum of the mice. Especially, in the cerebel-
lum, B-Glu activity in high-dose treated mice was
increased 50-60% when compared to the control group
(Fig. 3). In addition, B-Glu activity in the cerebrum of
high-dose groups was increased 40% but the increase
was not statistically significant. No inhibitory effect of
NOV on B-Glu activity was observed in all groups.

3.4. Blood chemistry and urinalysis

Blood chemistry and urinalysis were normal in all
mice examined. Worthy to be mentioned, BUN level
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Fig. 3. B-Glu activity in normal mice tissues after NOV treatment for 1 week. NOV enhanced the B-Glu activity in liver, spleen, muscle and
cerebellum of the mice significantly. *P <0.05, P <0.01, compared with the control group (7 test).

increased in the 3 and 10 mM groups. However, the
increase remained in the normal range (Table 1).

4. Discussion

We already elucidated the excellent chaperone activ-
ity of NOV at the cellular level [13,14] The present
study addresses a few important aspects of NOV namely
its oral availability, tissue distribution (especially brain),
excretion and toxicity in normal mice.

Orally administered NOV was distributed in all tis-
sues examined, including the brain. Tissue NOV concen-
tration increased with increasing doses. Thus, NOV may
be of particular therapeutic value in the neuronopathic
GD, since there is no established therapy against GD
brain lesions [8-11]. The NOV concentration in urine
was 100-fold higher than that in blood, which suggests
that NOV is predominantly excreted in urine.

Because NOV is an inhibitor of B-Glu, we wondered
whether high doses of NOV treatment produced an
inhibitory effect on tissue B-Glu activity. If so, that
would attenuate and possibly even overwhelm the chap-
erone activity. In none of the groups an inhibitory effect

Table 1
Results of mice blood chemistry.

of NOV on B-Glu activity was observed. The fact that
NOV increased the B-Glu activities in most tissues
examined including the cerebellum, heart, liver, spleen
and muscle provides evidence that NOV, penetrating
the blood-brain barrier, exerts its chaperone activity
on B-Glu in the brain without inhibitory effect.

No significant adverse effect was observed during
NOV administration. NOV had no impact on daily fluid
intake and the body weight of the mice except that the
fluid intake decreased slightly in the 10 mM NOV
group. There were neither obvious abnormalities in the
blood chemistry and urinalysis during NOV administra-
tion nor acute toxicity even at high doses.

Our study on NOV showed its oral availability and
wide tissue distribution, including the brain in mice;
and its lack of acute toxicity in mice even at high doses.
Therefore, these characteristics of NOV would make it
more likely to have a potential therapeutic clinical value
for the neuronopathic Gaucher disease.

We already demonstrated effectiveness of chemical
chaperone therapy in GMI-ganglosidosis [16,18,19],
Gaucher’s disease [13,14,20,21] and Fabry’s disease
[22]. Especially, we recently found that NOEV, an iso-

Groups (mM)  AST (TU/L) ALT (IU/L) ALP(IU/L)  LDH (IU/L) CK (IU/L) Glu (mg/dL)  BUN (mg/dL)
0 1203 +£24.80 3524202 116.4+9.81 803.9+121.87  1993.8 + 828.64 156 + 19.66 22.5+5.80
03 91.9+£17.93 33.9 +4.17 124.6+559 633 +120.01 116394+ 32004 140542462  22.7+4.27

1 131.1+£4227  31.9+3.61 11564642  960.4+270.53  1921.1+ 141494  140.7+2224  242+£5.79

3 110542328 3254257 120.2 +9.31 6223 £151.38  1581.8 + 698.47 1102+13.14 312+ 1707
10 105.7 + 6.47 31.4 +3.83 104.1+11.84  511.3+71.72 1199.3 + 204.41 139.54+13.89  32+3.46

Values are expressed as means = SEM, n=4.
* P <0.05, compared with 0 mM group (¢ test).
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mer of NOV, as a pharmacological chaperone for
mutant B-galactosidase, can prevent neurological deteri-
oration of Gy-gangliosidosis model mice expressing
the R201C mutant human B-galactosidase [16,18]. Other
researchers confirmed the effectiveness of chaperone
therapy in experimentally Gaucher’s disease [23], Gyp-
gangliosidosis [24] and Pompe’s disease [25]. Theoreti-
cally, this principle can be applied to other lysosomal
diseases, if a specific chaperone compound becomes
available for each target enzyme. In general mutant
enzymes are expected to respond to chaperones more
than normal enzyme. Actually we are developing trans-
genic mice that lack the endogenous wild-type enzyme
and express a mutant human B-Glu. The strategy will
be used to determine whether NOV works as a pharma-
cological chaperone for mutant B-Glu in the near future.
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A Fluorescent sp*-Iminosugar With Pharmacological
Chaperone Activity for Gaucher Disease: Synthesis and
Intracellular Distribution Studies

Zhuo Luan,™? Katsumi Higaki,**™ Matilde Aguilar-Moncayo,' Linjing Li,
Haruaki Ninomiya,® Eiji Nanba,® Kousaku Ohno,”! M. Isabel Garcia-Moreno,
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Carmen Ortiz Mellet,*“ José M. Garcia Ferndndez,*¥ and Yoshiyuki Suzuki*™

Gaucher disease (GD) is the most prevalent lysosomai-storage
disorder, it is caused by mutations of acid B-glucosidase (ﬁ—gld-
cocerebrosidase; B-Glu). Recently, we found that biCyc!ic hojiri—
mycin (NJ) derivatives of the sp*iminosugar type, including
the 6-thio-N-octyl<(5N,65)-octyliminomethylidene derivative
(65-NOI-NJ), behaved as very. selective competitive inhibitors of
the lysosomal B-Glu and exhibited remarkable chaperone activ-
ities for several GD mutations. To obtain information about the
cellular uptake pathway and intracellular distribution of this
family of chaperones, we have synthesized a fluorescent ana-
logue that maintains the fused piperidine-thiazolidine bicyclic
skeleton and incorporates a dansyl group in the N'-substituent,
namely  6-thio-{5N,65)-[4-(N'-dansylamino)butyliminomethyli-

introduction

Gaucher disease (GD), the most prevalent lysosomal storage
disorder, is caused by mutations in the gene encoding for acid
B-glucosidase (3-Glu; glucocerebrosidase, EC 3.2.1.45)." These
mutations lead to significant protein misfolding during transla-
tion in the endoplasmic reticulum and then to a reduction in
enzyme trafficking to the lysosome.” The deficiency of lysoso-
mal B-Glu results in progressive accumulation of glucosylcera-
mide in macrophages, which often leads to hepatosplenome-
galy, anemia, bone lesions, respiratory failure, and, in the most
severe manifestations of the disease, central nervous system
(CNS) involvement.

At present there are two therapeutic strategies for GD
namely, enzyme replacement therapy (ERT) and substrate re-
duction therapy (SRT). ERT has been achieved by intravenous
administration of macrophage-targeted recombinant {-Glu.”
SRT however, can be realized by oral administration of N-(n-
butyl)-1-deoxynojirimycin (NB-DNJ, miglustat, Zavesca®), which
inhibits glucosylceramide synthase and thereby decreases the
biosynthesis of glucosylceramide, the natural substrate of [>-
Glu® Both therapies have been proven to be effective for vis-
ceral, hematologic, and skeletal abnormalities.”” However, the
efficacy of these therapies for neurological manifestations is
limited.*"" Bone marrow transplantation can also reverse the
disease, but thus far gene therapy strategies have been unsuc-
cessful.

© o

ChemBioChem 2010, 11, 2453 - 2464

deneJnojirimycin (6S-NDI-NJ). This structural modification does
not significantly modify the biological activity. of the glycomi-
metic as a chemical chaperone. Our study showed that 6S-NDI-
NJ is mainly located in lysosome-rélated organelles in both
normal and GD fibroblasts, and the fluorescent intensity of 6S-

'NDI-NJ in the lysosome is related to the B-Glu® concentration

level. 65-NDI-NJ also can enter cultured neuronal cells and act
as a chaperone. Competitive inhibition studies ‘of 65-NDI-NJ
uptake in fibroblasts showed that high concentrations of b-
glucose have no effect on chaperone internalization, suggest-
ing that it enters the cells through glucose-transporter-inde-
pendent mechanisms.
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It has been recently found that compounds that act as in-
hibitors of a lysosomal glycosidase can also stabilize the prop-
erly folded structure of the enzyme, thus rendering them suita-
ble for an alternative therapeutic concept, namely chemical
chaperone therapy. Active-site-directed chemical chaperones

stabilize mutant forms of lysosomal enzymes, such as 3-Glu, as

they pass through the secretory pathway, evading endoplas-
mic-reticulum-associated degradation (ERAD). Once at the lyso-
some, the excess of substrate displaces the chaperone from
the active site and the enzyme recovers its hydrolytic activi-
ty!"? Several years ago we proposed the carbasugar-type glu-
comimetic N-octyl-B-valienamine (NOV), a potent inhibitor of
B-Glu, as-a potential chemical chaperone for the treatment of
neuronopathic GD.*' NOV could increase the protein level
and enzyme activity of mutant B-Glu in cultured cells with
several mutation profiles, including homozygotic F2311, N188S,
N3705, and G202R mutants. Nitrogen-in-the-ring glucomi-
metics of the iminosugar or 1-azasugar families, such as N-(n-
nonylnojirimycin - (NN-DNJ) or isofagomine, respectively
(Scheme 1), have also shown great promise as chemical chap-
erones although they have been proposed. in general for non-
neuronopathic forms of GD (type 1 GD)I'*** Compounds
having chemical structures that are unrelated to carbohydrates
have been additionally added to the list of potential chemical
chaperones,!

OH OH

Ho/m HO :
Ho oH HO NH

HO isofagomine
NN-DNJ
HO H
HO j L WP N
OH

NOV
XY"' T a4
X =0, NOI-NJ
HO X =§; 65-NOI-NJ

OH  X=NH, BN-NOI-NJ

Scheme 1. Chemical structures of chaperones for i-Glu.

Recently, we found that bicyclic sugar-shaped compounds
that incorporate a pseudoamide-type {isourea, isothiourea, or
guanidine) endocyclic nitrogen atom with substantial sp® char-
acter {(sp™iminosugars), such as 5N,60-[N'-(n-octyl)iminomethy-
lydenelnojirimycin (NOI-NJ) or its 6-thic or 6-amino-6-deoxy
analogues (65-NOI-NJ and 6N-NOI-NJ),?#" behaved as very
selective competitive inhibitors of human lysosomal -Glu and
exhibited remarkable chaperone activities for several Gaucher
mutations.” Interestingly, a comparative study with the classi-
cal iminosugar NN-DNJ indicated that spiminosugars are sig-
nificantly more efficient for mutations associated with neuro-
nopathic forms of GD (types 2 and 3 GD), which was ascribed
to their ability to bind to the mutant -Glu with a considerably
higher affinity at neutral rather than at acidic pH.*" It was as-
sumed that these compounds would act by rescuing the
mutant enzyme at the endoplasmic reticulum thus facilitating
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trafficking and finally dissociating at the lysosome. To substan-
tiate this hypothesis we have now synthesized a fluorescent
sp*iminosugar analogue bearing a dansyl group namely, 6-
thio-(SN,65)-[4-(N'-dansylamino)butyliminomethylidenelnojiri-
mycin (65-NDI-NJ; see Scheme 2), as a probe to unravel the
cellular uptake mechanisms and intracellular distribution of
this: type of glycomimetic. It has been previously shown that
the introduction of fluorescent probes-such as dansyl residues
onto lateral chains in classical iminosugars results in com-
pounds that might exhibit similar or even enhanced glycosi-
dase-inhibitory activity.?'** The utility of the fluorescently la-
beled iminosugar inhibitors for the construction of sensors to
detect glycosidase binding® and as chemical chaperones™
has been demonstrated, illustrating the potential of the ap-
proach in glycobiology.

Results

65-NDI-NJ can bé synthesized from a p-glucofuranose pre-
cursor following the general method disclosed for bicyclic
sp*-iminosugars

The coupling reaction of 5-amino-5-deoxy-u-p-glucocofura-
riose derivative 1% with 4-(tert-butyloxycarbonylamino)butyl
isothiocyanate afforded the corresponding thiourea adduct,
which was transformed into the desired vic-thioureidoalcohol
2 by removing the tetrahydropyranyl protecting group at O-6.
Activation of the primary hydroxyl in 2 by formation of the
corresponding methanesulfonate ester resulted in. spontane-
ous cyclization to the key aminothiazoline pseudo-C-nucleo~
side precursor 3. Simultaneous acid-catalyzed removal of the
tert-butoxycarbonyl and isopropylidene groups and final neu-
tralization afforded the bicyclic NJ derivative 4, which bears a
terminal free amino group. at the exocyclic substituent and
was characterized as the corresponding hydrochloride salt.
Finally a sulfonamide-forming. reaction with dansyl chloride
afforded the target compound 6S-NDI-NJ in 98% yield
{(Scheme 2).

6S-NDI-NJ shows a lysosomal glycosidase inhibition profile
similar to that of 65-NOI-NJ

The inhibitory activity of 65-NDI-NJ was first checked on lyso-
somal glycosidases by- using lysates from normal human fibro-
blasts. Strong inhibition of B-Glu and no or weak inhibition of
other lysosomal enzymes, such as o-glucosidase, a-galactosi-
dase, [-galactosidase, and f-hexosaminidase, was observed
(Figure 1). We next analyzed the inhibitory potencies on F2131/
F213I, N3705/N370S, and L444P/L444P mutant B-Glu. The IC;,
values of 65-NDI-NJ on F2131/F213|, L444P/L444P and normal
B-Glu were very similar, whereas the corresponding 1G5, value
on N3705/N370S mutant f-Glu turned out to be ‘significantly
higher. A comparison of B-Glu inhibition at pH 7.0 and 5.2 indi-
cated that, although 65-NDJ-NJ strongly inhibits F2131, N370S,
L444P, and normal acid B-Glu at both neutral and acidic pH, all
of the 8-Glu were more sensitive to inhibition at pH 7.0 than at
pH 5.2 (Table 1). Overall, these results indicate that the behav-

ChemBioChem 2010, 11, 2453 - 2464
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Scheme 2. Synthesis of 6-thio-(5N,65)-[4-(N'-dansylamino)butylliminonojirimycin (65-NDI-
NJ). ) Et;N, py; b} TsOH, 70%; ) MsCl, py, 78%; d) TFA/H,0 (9:1); ) OH" resin, 82%;

i DMF, Et;N, 98%.
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Figure 1. Effects of 65-NDI-NJ on lysosomal enzyme activities in lysate from
human normal fibroblasts. Enzyme activity in normal cell lysates was deter-
mined in the absence or presence of incréasing concentrations of chaper-
ones. Each point represents means of triplicate determinations obtained in
a single experiment. Values were expressed relative to the activity in the
absence of compounds {100%)}.

Table 7. Inhibition of nomal and ml%t'ant B-Glu by 65-NDIFNJ at neutral
and acidic pH.

Cell lysates ICso (pH 5.2) [um] 1Cso (pH 7) [un]
H37 1.287 037
F2131/F2131 2.221 093
N370S/N3705 29.38 115
L444P/L444P 2318 21

ChemBioChem 2010, 11, 2453~ 2464 © 2010

ior of 65-NDI-NJ towards lysosomal glycosidasés and
mutant B-Glu is very similar to that previously ob-
served far 6S-NOI-NJ.

65-NDI-NJ showed no cytotoxicity on GD cells

To evaluate the cytotoxicity of 65-NDI-NJ, we cultured
normal and GD human fibroblasts and neuronal cells
in the absence and presence of 65-NDI-NJ at 0.3, 1.0,
3.0, 10, and 30 pm concentrations for four days, and
then the cell viabilities were assayed. The results indi-
cated the absence of cytotoxicity inall cases, even at
the maximum-concentration of 30 um.

6S-NDI-NJ enhances $-Glu activity in human GD fi-
broblasts

To evaluate the enzyme activity enhancement of 65-
~ NDI-NJ, normal as well as F2131/F2131, N3705/N370S,
and L444P/L444P mutant human fibroblasts were cul-
tured in the absence and presence of 65_-NDI~NJ, at
0.3, 1.0, 3.0, 10, and 30 pm for four days before per-
forming the intact cell lysosomal §-Glu assay (Fig-
ure 2a). Contrary to the B-Glu inhibition assay, which
is carried out in cell lysates, in intact cells, the chemi-
cal-chaperone-promoted ERAD-evading mechanism
might operate. The measured enzyme activities then
represent the balance between the chemical chaper-
one and the enzyme inhibition activities of 6S-NDI-NJ at each
concentration: In F2131/F213] mutant celis, treatment with 10
and 30 pm MTD111 resulted in 100-2009% increase of B-Glu ac-
tivity, In N370S/N370S mutant fibroblasts, treatment with
30 M 65-NDI-NJ resulted in about 70% increase of B-Glu activ-
ity. Lower concentrations of the fluorescent sp*iminosugar
failed to improve enzyme activity in both mutant cells. No
effect was observed either in the L444P/L444P mutant or the
normal cell line H37.

The optimal concentration of 65-NDI-NJ from the above re-
sults (30 um) was selected to carry out a ten-day time-course
analysis of chaperone activities by using H37 {normal) and
F2131/F2131, N3705/N370S and L444P/L444P (mutant GD)
human fibroblasts. For F2131/F213[ and N370S/N370S cells, -
Glu activity increased in a time-dependent manner in the pres-
ence of the fluorescent chaperone; it reached a peak on
days 3-5, then decreased slightly and came to a plateau at
about 50-100% increase in the last few days. When cells were
deprived of 6S-NDI-NJ on day 4, the activity gradually de-
creased to the basal level within 1-4 days. No effects were ob-
served in the L444P/L444P cell line. In normal H37 cells, the -
Glu activity slightly increased in the first few days in the pres-
ence of 30 um 65-NDI-NJ, then dropped back to the basal level
(Figure 2 B).

To investigate the specificity of the chaperone activity of 65-
NDI-NJ among lysosomal glycosidases, mutant Gaucher and
normal fibroblasts were treated with 30 um 65-NDI-NJ for four
days, and then the cell lysates were screened for a-glucosi-
dase, B-glucosidase, u-galactosidase, {-galactosidase, and [3-
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Figure 2. Chaperone activities of 65-NDI-NJ on mutant [-Glu in fibroblasts.
A} Intact cell enzyme assay. Cells were cultured for 4 d in the absence or
presence of increasing concentrations of 65-NDI-NJ, Lysosomal -Gl activity
was estimated in intact cells as described in Experimental Section, Fach bar
répresents the mean - S.EM. of 3 determinations each done In triplicate.
“p< 0,01 highly significantly statistically different from the values in the ab-
sence of the compaund [t test) B) Time course. Cells werg cultured in.the
presence of 30 pm 65-NDI-NJ up to 10 d respectively {e). A subset of cells
was -cultured with chaperones for 4 d, washed and further cultured without
the drug for 6 d (). [-Glu activity in cells was determined at the Indicated
time in triplicate. C) The influence of chemical chaperones on activity of ly-
sosomal enzymes. Mutant Gaucher and normal fibroblasts were treated with
30 um 6S-NDI-NJ for 4 d, and cell lysates were screenad for w-glucosidase, i
glucosidase, u-galactosidase, fi-galactosidase, and [i-hexosaminidase in trip-
licate. The activity of treated cells was normalized against the activity of un-
treated cells; Data shown are the average of triplicate wells for a representa-
tive experiment; and the error bars correspond to the standard deviation;
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hexosaminidase activities. For F2131/F213) and N3705/N370S
GD cells, an increase in the activity of fi-Glu was observed,
whereas the activities of the other lysosomal enzymes re-
mained essentially unaffected. 6S-NDI-NJ did not influence the
activity of either of the lysosomal enzymes in [444P/L444P
mutant and normal cell lines (Figure 2C). Western blot experi-
ments further supported that treatment of F213l/F213l and
N3705/N370S GD. cells with 30 um 6S-NDI-NJ for four days
caused a significant increase in the protein level of mutant -
Glu (data not shown).

6S-NDI-NJ attenuated pH arid heat-depéendent loss of
mutant B-Glu activity in vitro

Sawkar etal. reported that efficient chemical chaperones are
capable of preventing pH-dependent in vitro degradation of
several mutant B-Glu* We also observed a similar effect for
NOV on F2131 mutant §-Glu./"*'3 Here, we compared- stability
at pH7 and 37°C and heat-dependent stability at 48 C of
F2131/F213l, N370S/N370S, L444P/L444P and normal [3-Glu in
the absence and in the presence of 65-NDI-NJ (Figure 3). When
F2131/F2131 cell lysates were incubated at 37°C at pH7,
mutant B-Glu activity rapidly diminished to less than 60% of
the initial level after 1 h. In stark contrast, only marginal de-
creases of mutant [-Glu activity occurred in N370S/N370S cell
lysates, with more than 90% activity retained after 1 h incuba-
tion at pH 7, whereas the (-Glu activity in normal and L444P/
L444P mutant cell lysates remained unaltered under identical
conditions, The decreases of F2131/F2131 and N370S/N370S
mutant -Glu activities at neutral pH were attenuated by 65-
NDI-NJ in a dose-dependent manner.

In separate experiments, the lysates were heat-denatured
(48°C) at neutral pH and assayed for residual enzyme activity.
All B-Glu variants lost activity to some extent under thermal
denaturation, with only 20-30% of the initial activity remaining
for F2131/F213] and N3705/N370S mutants and 40-50% for
L444P/L444P and H37 [3-Glu after 1 h. At 10 us concentration
6S-NDI-NJ fully prevented the heat-induced loss of [i-Glu activi-
ty in the lysates of L444P/L444P and H37 cells, whereas 30 um
65-NDI-NJ was needed in the case of N370S/N370S mutant f3-
Glu and just 70% activity was retained for F2131/F213! after 1 h
heating at 48 °C under the same conditions (Figure 3).

6S-NDI-NJ can be internalized in and released from living
fibroblasts

The rate of internalization and release from the cells is expect-
ed to be an important parameter for the identification of good
chemical chaperones for pharmacological applications. After
four days incubation with 30 um 65-NDI-NJ, the concentration
of the fluorescent sp™iminosugar in the cells increased gradu-
ally for all F2131/F2131, N3705/N370S, L444P/L444P (mutant),
and H37 (normal) fibroblasts. We found that after replacing the
culture medium, the intensity of fluorescence in the living cells
rapidly decreased with time. Most of the fluorescent chaper-
one was already released into the external medium after one
day (Figure 4}, and fluorescence was almost undetectable in
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Figure 3. Effects of 65-NDI-NJ on time-dependent loss of mutant B-Glu activity in vitro

at pH 7 at 37 and 48 “C. Cell lysates were incubated in 0.1 m citrate-phosphate buffer at
pH 7 and at 37 and 48°C for the indicated time. Each point represents mean values of
triplicate determinations obtained in a single experiment. Values are expressed as relative
to the activity before the incubation {100%). ¢ 0, @: 0.3, ©::1.0, e 3.0, 2 100, m: 30 um

65-NDI-NJ.

the cells after six days. These data suggest that 65-NDI-NJ can
enter and be released from living GD and normal fibroblasts
depending on its concentration in the external medium.
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65-NDI-NJ co-localizes in lysosomes in human GD
fibroblasts

To explore the intracellular distribution of the chaper-
one, we have used organelle markers for the endo-
plasmic reticulum {ER) and the lysosome in combina-
tion with confocal microscopy. We found that 3-Glu
immunoreactivity in F2131/F2131, N3708/N370S, and
L444P/L444P mutant fibroblasts are significantly
lower than in normal cells. Normal -Glu co-localized
with the lysosomal-related organelle marker LAMP2,
which is consistent with its expected localization
mainly in the lysosomes. A similar analysis suggested
that very few mutant B-Glu localized in- the lyso-
somes of F2131/F213], N370S/N370S; and L444Pf
L444P fibroblasts {Figure 5A).

We further examined the intracellular localization
of 65-NDI-NJ in GD and niormal fibroblasts after incu-
bation for four days by using a 30 uM concentration,
In all cases it was found that the fluorescent sp*imi-
nosugar co-localized with f-Glu (Figure 5A) and
LAMP2 (Figure 5B). In contrast, no co-localization was
observed with calnexin, a protein marker for the ER
(Figure 5B). This suggests that the intemalized fluo-
rescent chaperone is essentially bound to the en-
zyme and that the 6S-NDI-NJ:-Glu complex is mainly
distributed in lysosome-related organelles. The high
affinity of 65-NDI-NJ towards -Glu probably triggers
internalization of the chemical chaperone, which is
probably the reason for the much lower concentra-
tion of 65-NDI-NJ detected in the chaperone-insensi-
tive L444P/L444P mutant fibroblasts. Thus, 65-NDI-NJ
could increase the fluorescent intensity of B-Glu in
F2131/F213! and N370S/N3705 fibroblasts, but did not
affect L444P/L444P mutant fibroblasts (Figure SA),
which is consistent with. the results from the B-Glu
activity assay and the Western-blot. High 65-NDI-NJ-
specific fluorescent intensities were observed in
F2131/F213I, N3705/N3705, and normal fibroblasts
but not in L444P/L444P fibroblasts after the four-day
treatment (Figure 5B). Most probably, the intensity of
the 65-NDI-NJ specific fluorescence in the. lysosome
is related to the B-Glu protein level in this organelle.

65-NDI-NJ exhibits chaperone activity on neuronal
cells

Chaperone therapy with sp*iminosugars was mainly
proposed for neuronopathic GD. Thus, previous re-
sults with the parent compound NOI-NJ evidenced
good properties regarding oral availability and ability
to enhance the B-Glu activity in tissues, including

brain, as well as the lack of acute toxicity at high. doses in
normal mice.”” We have now examined the effects of 65-NDI-
NJ on normal neuronal cells, which were differentiated from

P19 mouse embryonic carcinoma cells by retinoic acid. Blll-Tu-
bulin and MAP2 antibodies were used to identify immature
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