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Therapeutic chaperone effect of a valienamine derivative N-octyl 4-epi-B-valienamine (NOEV) was studied in
Gmi-gangliosidosis model mice. Phamacokinetic analysis revealed rapid intestinal absorption and renal ex-
cretion after oral administration. Intracellular accumulation was not observed after continuous treatment.
NOEV was delivered to the central nervous system through the blood-brain barrier to induce high expression
of the apparently deficient B-galactosidase activity. NOEV treatment starting at the early stage of disease
resulted in remarkable arrest of neurological progression within a few months. Survival time was significant-
ly prolonged. This result suggests that NOEV chaperone therapy will be clinically effective for prevention of
neuronal damage if started early in life hopefully also in human patients with Gy-gangliosidosis.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Gui-gangliosidosis (OMIM 230500) is one of the lysosomal diseases
caused by mutations of the gene GLB1 coding for B-galactosidase ((3-gal)
(EC 3.2.1.23) [1] with storage of ganglioside Gy, keratan sulfate, and
glycoprotein-derived oligosaccharides, presenting clinically with pro-
gressive neurological deterioration mainly in infancy (infantile form)
and childhood (juvenile form), and rarely in adults (adult form) [2].
Morquio B disease (OMIM 253010) is another rare disease with skeletal
manifestations without involvement of the central nervous system.
These clinical forms are caused by different mutations of the same
gene GLB1 [3,4]. There is a correlation between the residual enzyme ac-
tivity and severity of clinical phenotype, particularly the age of onset [5].

Abbreviations: 3-gal, 3-galactosidase; NOEV, N-octyl 4-epi-pB-valienamine; DGJ, 1-
deoxygalactonojirimycin; WT, wild type; KO, knockout; Tg, transgenic; LC, liquid chro-
matography; MS/MS, tandem mass spectrometry; LLOQ, lower limit of quantification;
GOT, glutamic-oxalacetic transaminase; GPT, glutamic-pyruvic transaminase; BUN,
blood urea nitrogen; PBS, phosphate-buffered saline; BSA, bovine serum albumin.

* Corresponding author at: International University of Health and Welfare, Graduate
School, 2600-1 Kita Kanemaru, Otawara 324-8501, Japan. Fax: 481 287 24 3229,
E-mail address: suzukiy@iuhw.ac,jp (Y. Suzuki).

1096-7192/% - see front matter © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.ymgme.2012.02.012

This finding led us to search for a molecular strategy to restore the ap-
parently lost function of the mutant enzyme molecule. Soon a molecular
instability was found in some mutant enzymes at relatively high envi-
ronmental temperature and high pH [6,7].

Then a paradoxical phenomenon was found wherein a high amount
of free galactose enhanced remarkably the intracellular mutant o-
galactosidase A enzyme activity in cultured lymphoblasts from Fabry
disease patients [8]. This observation was confirmed in a short-term
human experiment [9]. A galactose analog 1-deoxygalactonojirimycin
(DGJ) also was found to be effective in Fabry disease cells and tissues
[10]. We concluded that low molecular weight competitive inhibitors
could serve as chemical chaperones to induce expression of catalytic ac-
tivities of mutant enzymes after stabilization and successful intracellular
transport to the lysosome in somatic cells [11].

Subsequently we developed two derivatives of a newly synthe-
sized organic compound valienamine, N-octyl 4-epi-B-valienamine
(NOEV) and its epimer N-octyl 3-valienamine as chemical chaper-
ones for mutant R-galactosidase and R-glucosidase proteins, respec-
tively, to restore the enzyme activities in somatic cells from patients
with Gwmi-gangliosidosis and Gaucher disease {12,13]. We focused
our interest on NOEV for treatment and prevention of brain damage
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in Gy-gangliosidosis, a classical neurogenetic disease in children
{14]. In this article we report our experimental results of the thera-
peutic chaperone effect of NOEV on Gy;-gangliosidosis model mice.
A preliminary result was published previously in a short report [15].

2. Materials and methods
2.1. NOEV synthesis and characterization

NOEV was synthesized essentially by the method described in a
previous report [14]. In short, a glucocerebrosidase inhibitor [16,17]
was modified by replacing the ceramide moiety with simple aliphatic
chains [12,18] and multi-step epimerization at C-4 [13] to produce 4-
epi-R-valienamine. In this study we used its N-octyl derivative, NOEV,
for chaperone therapy experiments in murine Gy;-gangliosidosis. Its
structure was assigned by a combination of COSY, TOCSY and HSQC
NMR spectroscopy [14]. Then physicochemical properties were ex-
amined of molecular stability, solubility, and reactions with acids. In
addition, analogous derivatives with various carbohydrate side chains
were synthesized in order to evaluate relative chaperone activities.

2.2. Gpy-gangliosidosis model mice

We maintained a P-gal knockout (KO)-based transgenic (Tg)
mouse strain overexpressing p.R201C mutant human B-gal, causing
juvenile Gyi-gangliosidosis in humans (R201C Tg mouse; residual
enzyme activity 4% of control) [14,19]. The genotype of newborn an-
imals was confirmed by genomic analysis [14]. Wild-type (WT) mice
(C57BL/6Cr) were purchased from Japan SLC (Shizuoka, Japan). The
animals were kept in a temperature-controlled room (2341 °C)
that was illuminated between 08:00 h. and 20:00 h. Commercial ro-
dent chow and tap water were provided ad libitum. Body weight
and fluid intake were regularly monitored.

All procedures were carried out in accordance with the Guide for
Care and Use of Laboratory Animals by the National Institutes of
Health, and were approved by the Animal Experiment Ethical Com-
mittees of National Institute of Biomedical Innovation, International
University of Health and Welfare, Tottori University, National Insti-
tute of Neuroscience, and Seikagaku Corporation.

2.3. NOEV administration to model mice

An aqueous solution of NOEV (0.1-10 mM) was given ad libitum
orally to the R201C Tg mouse. In some experiments the NOEV solu-
tion was given by gavage. The dose of daily NOEV administration
was estimated by the body weight and amount of daily fluid intake.
The mouse was clinically assessed regularly till the time of natural
death or sacrifice followed by postmortem analysis.

2.4. NOEV determination

Tissue homogenates (20% w/v in water) were deproteinized with
methanol. The supernatant was separated by centrifugation, and sub-
jected to a combined liquid chromatography (LC) and tandem mass
spectrometry (MS/MS) system (LC-MS/MS), consisting of an Agilent
1100 series quaternary pump and a thermostated column compart-
ment at 40 °C (Agilent Technologies, Palo Alto, CA), HTS Autosampler,
(Model 3133; Shiseido, Tokyo), and 4000 QTRAP mass spectrometer

Fig. 1. NOEV loading (1 mM oral, ad libitum) up to 7 days, followed by chase with water
up to 7 days (WT mice, N=2). NOEV concentrations were determined in the brain (A),
liver (B), kidney (C), plasma (D), and urine (E). Each value is the mean concentration of
two mouse tissues. LLOQ was 26.3 ng/ml (brain, liver, kidney}), 5.25 ng/mg (plasma), or
506 ng/ml (urine). 0 d/0 d=no NOEV load, 3 d/0 d=NOEV load for 3 days without
water chase, 7d/0d=NOEV load for 7 days without water chase, 7 d/4 d=NOEV
load for 7 days followed by water chase for 4 days, 7 d/7 d = NOEV load for 7 days fol-
lowed by water chase for 7 days.
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(AB SCIEX, Foster City, CA). LC separation was carried out on a C18
(Atlantis dC18, particle size 5um; 50x2.1 mm) column (Waters,
Milford, MA) with the mobile phase of methanol/10 mM ammonium
formate (45/55 or 50/50, v/v). The flow rate was 0.2 ml/min, and the
injection volume was 5 pl. The LC-MS/MS analyses were performed
using a turbo ion spray interface and the positive ion multiple reac-
tion monitoring mode. The lower limits of quantification (LLOQ) are
indicated in Fig. 1 and Table 2.

2.5. B-Gal assay

The tissues were collected and directly frozen at — 80 °C before use.
-Gal was assayed using 4-methylumbelliferyl R-galactopyranoside
(Nacalai Tesque, Kyoto) {20]. Tissues were homogenized with 0.1% Tri-
ton X-100 in dH,0. After centrifugation to remove insoluble materials,
10 Wl of Iysates with 20 pl of the substrate solution in 0.1 M citrate buffer
(pH 4.5) was incubated at 37 °C for 30 min, and the reaction was termi-
nated by adding 0.2 M glycine-NaOH buffer (pH 10.7). The liberated 4-
methylumbelliferone was measured with a fluorescence plate reader
(excitation 340 nm; emission 460 nm; Infinite F500, TECAN Japan, Ka-
wasaki, Japan). Protein concentration was determined using a Protein
Assay Rapid Kit (Wako, Tokyo, Japan).

2.6. Clinical assessment

We used three motor assessment tests in this study (Table 1): tail
posture, tail suspension [21], and misstep on wire mesh to judge grip-
ping power and strength [22]. They are easy to perform without spe-
cial equipment for testing. Each test was scored into 4 grades (0-3)
based on severity of abnormality. The highest total score was 9 for
those with the most severe neurological abnormalities. Reliability
and reproducibility of this test method were established [23]. Graph-
Pad Prism 5 (GraphPad Software, La Jolla, CA, USA) was used for sta-
tistical analysis of two-way ANOVA (neurological course) and Gehan-
Breslow-Wilcoxon Test (survival time).

2.7. Blood chemistry and urinalysis

Blood was collected by cardiac puncture in a heparinized tube,
and plasma was separated by centrifugation. Urine was collected by
external pressure or direct puncture of the bladder. The samples
were kept frozen at — 80 °C before use. Plasma was analyzed using
FUJI DRI-CHEM 3000V (Fuji Film, Tokyo) for glutamic-oxalacetic
transaminase (GOT), glutamic-pyruvic transaminase (GPT), lactate
dehydrogenase, blood urea nitrogen (BUN), creatinine, total protein,
albumin, leucine aminopeptidase, alkaline phosphatase, total glycer-
ide, total cholesterol, glucose, creatine kinase, and calcium. Urinalysis
was performed using Uro-Labstix SG-L (Bayer Medical Ltd., Tokyo) for
specific gravity, pH, protein, glucose, ketone bodies, urobilinogen, oc-
cult blood, and leukocytes.

2.8. General pathology and neuropathology

The animals were deeply anesthetized with diethyl ether before
dissection and body fluid collection. For morphological studies, they

Table 1
Motor assessment of Gy;-gangliosidosis model mice.

were perfused through the heart with 4% phosphate-buffered para-
formaldehyde. Then the tissues were collected for general pathology,
neuropathology and immunohistochemistry [14,15].

Semi-quantitative histochemical assessment of ganglioside Gy
was performed as reported in a previous study [14]. Brain tissue sec-
tions were permeabilized with 0.25% Triton X-100 in phosphate-
buffered saline (PBS) for 15 min at room temperature, blocked with
1% bovine serum albumin (BSA) in PBS for 1 h at room temperature,
and incubated with monoclonal anti-Gyy; antibody (clone GMB16)
(Seikagaku, Tokyo, Japan) at 4 °C overnight. The sections were washed
with 1% BSA in PBS 3 times for 5 min each at room temperature. They
were then incubated with FITC-conjugated anti-mouse IgM, washed
with PBS 3 times for 5 min each, and mounted on a slide glass {24].
Randomly selected 10 microscopic areas (500 x 500 um?) were sub-
jected to fluorometric analysis, using Leica Confocal Software (Leica,
Heidelberg) operated on the TCS SP2 confocal laser spectroscope
(Leica, Wetzlar). Results of pathological examination were graded
into 4 or 5 scores according to severity of findings in each tissue
(Table 4).

3. Results
3.1. Physicochemical properties of NOEV

NOEV is an N-octyl derivative of galacto-type 4-epimer of valiena-
mine, with N instead of O at C-1, and binding between C-1 and C-5
with C instead of O in the galactose core structure [5,13,25]. The
chemical formula is C;5H,9NO4 and molecular weight is 287.40.

It is an optically active unitary substance; colorless, oily, and hy-
groscopic; stable at dark place at room temperature and in vacuum;
soluble in water, methanol, and ethanol; not soluble in chloroform.
It reacts with CO, to form carbonate salt, and reacts with acids to
form hydrochloride, sulfate, acetate, and citrate salts. The hydrochlo-
ride salt is white powder and hygroscopic. In this study we used the
hydrochloride salt for all experiments. We tested compounds with
carbohydrate chains of various lengths. N-octyl derivative showed
the highest chaperone effect among them (data not shown).

3.2. Blood NOEV concentrations after single dose administration

Two different doses were given to WT mice for the time course study
of blood concentrations after single gavage of 3 mg/kg (10 mi/kg) or
1.5 mg/kg (5 ml/kg) each of 1 mM free NOEV or hydrochloride salt
solution (Table 2). Pharmacokinetic parameters were calculated,
indicating that Cpax and AUC were higher in the 3 mg/kg groups as
compared to the 1.5 mg/kg groups. Higher water solubility of the hy-
drochloride salt resulted in more effective absorption as compared to
free NOEV in the blood of mice in this study.

3.3. Tissue NOEV concentrations

Tissue distribution of NOEV was studied in WT mouse tissues
and body fluids after short-term ad libitum oral administration of
1 mM NOEV (hydrochloride) solution (Fig. 1). NOEV was loaded for
3-7 days, followed by washout by administration of water without

Test Tail posture

Tail suspension

Misstep

Handling and observation Rigidity and elevation

Score 0 Normal

Score 1 Slight elevation <20°

Score 2 Persistent elevation 20-45°
Score 3 Persistent elevation >45°

Response of hind limbs similar to parachute reflex in
human infants

Normal extension and abduction of hind limbs >45°,
Hind limb abduction <45°

Minimal response of extension and abduction
Persistent flexion and adduction of hind limbs

Stepping and walking on horizontal
wire mesh for 30 52

No misstep for 30 s

Misstep at 21-30s

Misstep at 11-20 s

Misstep at <10 s

2 Mesh size 23.5x23.5 cm; mesh 2x2 cm.
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Table 2
Pharmacokinetics of NOEV administration.
Crnax Tenax Ty AUCo- AUC/D MRTg-
(ng/ml) (min) (min) (ng-min/ml) (ng-min-kg/ml/ng) (min)
Free NOEV (3 mg/kg, N=2) 501.5 60.0 86.5 94,703 0.03 149.0
HCl salt (3 mg/kg, N=4) 664.0 60.0 1123 144,037 0.05 186.5
Free NOEV (1.5 mg/kg, N=2) 259.2 30.0 76.0 45,996 0.03 127.1
HCl salt (1.5 mg/kg, N=2) 368.6 45.0 779 50,346 0.03 121.2

Crmax = peak blood concentration; Tpax = time to reach Cmax; Ty = elimination half-life; MRT =mean residence time; AUC=area under the blood concentration-time curve; AUC/D =

AUC/dose. LLOQ = 24.6 ng/ml.

NOEV up to 7 days. NOEV was saturated in the brain, liver and kidney
within 3-7 days. NOEV in these tissues and body fluids (plasma and
urine) disappeared within 4-7 days after chase with water without
NOEV. The level of NOEV concentration remained essentially
unchanged in a small number of mice during the experimental period
up to 6 months (Fig. 2). The NOEV concentration in the brain was
about 10% of that in the liver and kidney. Plasma concentration
remained low, and NOEV was mainly secreted in the urine after con-
tinuous NOEV administration for 6 months (data not shown).

3.4. B-Gal activity

In parallel with the NOEV concentration, B-gal activity remained
stable in Tg mouse tissues during the course of NOEV treatment
(1 week-6 months) (data not shown). B-Gal activity in the Tg
mouse brain was enhanced to 20-25% of the WT mouse brain after
treatment with NOEV for 2-5 months (Fig. 3). The enzyme activity
was elevated to the normal level in the kidney, and significantly
higher than normal in the liver.

3.5. Clinical effect

The NOEV treatment was started at 1-2 months after birth (Fig. 4).
Dose-dependent changes of assessment scores were observed in the
three Tg mouse groups in this study; 0.1 mM NOEV (low dose;
N=11), 0.3 mM NOEV (medium dose; N=12) and 1 mM NOEV
(high dose; N=6). The roughly calculated daily NOEV dose was
6.5 mg/kg/day, 20 mg/kg/day, and 65 mg/kg/day, respectively.
Among the three groups, the high-dose NOEV group showed a re-
markable arrest of the increase in assessment scores as compared to
the water group within a few months after starting treatment. The
other two groups also showed highly significant effects with less re-
markable arrest of progression.

Survival time was significantly prolonged in the 0.1 mM and
0.3 mM groups as compared to the water group (Table 3). However,
the 1 mM group showed no significant prolongation in spite of a re-
markable clinical effect as shown in Fig. 3. Further, higher doses of

Ho/g
61 Brain -
=3 Liver
3 Kidney
4
2 4
0

Om 2m 4m &m

Fig. 2. Tissue concentrations during long-term NOEV treatment. R201C Tg mouse tis-
sues (n=2) were subjected to NOEV determination every two months as described
in Section 2.4. Some variations were observed in individual samples. However, no re-
markable chronological changes were noted in the brain, liver or kidney.

NOEV administration (3 mM and 10 mM) resulted in apparently
shorter survival time, but statistical analysis was not performed be-
cause of small mouse numbers.

3.6. Blood chemistry and urinalysis
GOT and GPT were high in some WT, Tg, or KO mice with or with-

out 1 mM NOEV treatment. They were not correlated with the geno-
type, clinical course, age, or NOEV treatment. BUN and creatinine,
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Fig. 3. 3~Gal activity in the brain (A), liver (B), and kidney (C) of Tg and WT mice with
or without NOEV treatment (1 mM solution orally ad libitum). Tg(0) = Tg mice with-
out NOEV treatment (age 7-14 months, N=8), Tg(1) =NOEV-treated Tg mice (age
7-14 months, NOEV treatment for 2-5 months, N=8), WT=WT mice without NOEV
treatment (age 7-14 months, N=5). Each column indicates mean + SEM. Enzyme ac-
tivity is expressed as nmol of 4-methylumbelliferone/mg protein/h. Statistical analysis:
p=0.0002 for Tg(0) vs Tg(1), and p=0.0016 for T(1) vs WT in the brain; p=0.0009
for Tg(0) vs Tg(1), and p=0.0043 for Tg(1) and WT in the liver; p=0.0002 for
Tg(0) vs Tg(1), and p=0.1274 for Tg(1) vs WT in the kidney.
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Fig. 4. Neurological assessment of NOEV-treated Gpy;-gangliosidosis model mice
(R201C Tg mice). After starting oral NOEV administration ad libitum at 1-2 months
after birth, the three assessment tests were performed every month in individual
mice, and total scores were recorded. The scores for each treatment group were com-
pared with those for the non-treatment (water) group of the same age. Each value indi-
cates mean + SEM. Statistical analysis (two-way ANOVA) revealed p<0.0001 for water
mice (N=16) vs 0.1 mM (low dose) NOEV mice (N=11) (A); p<0.0001 for water mice
(N=16) vs 0.3 mM (medium dose) NOEV mice (N=12) (B); and p<0.0001 for water
mice (N=16) vs 1 mM NOEV (high dose) mice (N=6) (C). NOEV dose was estimated
on the basis of body weight and mean daily water intake: 6.5 mg/kg/day in 0.1 mM
NOEV mice, 20 mg/kg/day in 0.3 mM NOEV mice, and 65 mg/kg/day in 1 mM NOEV
mice.

urinary protein and occult blood, and other markers related to renal
function were all normal (data not shown).

3.7. Pathology and immunohistochemistry

Neuronal cell degeneration was significantly improved in the mice
treated with 1 mM NOEV for 2-7 months (Table 4). One case of
10 mM NOEV administration also showed a marked arrest of degen-
eration within 2 months of NOEV therapy. Immunohistochemical
stain revealed a marked decrease in Gy, storage in NOEV-treated Tg

Table 3

NOEYV effect on survival time.
NOEV N Survival (median) Effect?
0 mM 26 5-16m (11m) -
0.1 mM 11 11-22m (14 m) S(0.1)>S(0) (p==0.0090)
03 mM 12 11-18 m (14 m) $(0.3)>$(0) (p=0.0082)
1mM 7 8-16m (10m) S(1)=S(0) (p=0.2102)
3mM 3 8-10m (8m) 5(3) <S(0)°
10 mM 2 2-3m (2.5m) $(10)<S(0)°

R201C Tg mice on various concentrations of NOEV were compared.
S(0) = survival on water, S(0.1) = survival on 0.1 mM NOEV, $(0.3) = survival on 0.3 mM
NOEV, 5(1) = survival on 1 mM NOEV, S(3) = survival on 3 mM NOEV, S(10) = survival
on 10 mM NOEV.

2 Gehan-Breslow-Wilcoxon test.

b No statistical analysis because of small sample numbers.

mice, although the statistical analysis was not performed because of
small numbers of cases (Table 4).

General pathology showed no specific changes in NOEV-treated
mouse tissues as compared to those from non-treated mice. Repre-
sentative results are summarized for the liver, kidney, pancreas, and
thymus (Table 4). Degeneration of hepatic cells, renal tubular cells,
Langerhans cells, and thymus was observed in some mice in both
treated and non-treated groups. We noticed a slight increase of tubu-
lar degeneration in the kidney of mice treated with 1 mM NOEV for
5-7 month, whereas a remarkable tubular degeneration was ob-
served in a high-dose treatment mouse (10 mM NOEV for 2 months).

4. Discussion

Gmi-gangliosidosis is a relatively rare disease. The incidence was
estimated to be 1:100,000-200,000 live births [26,27]. It is the 4th
common sphingolipidosis in Turkey [28]. The chaperone effect is
gene mutation-specific. After our report on the -gal cDNA cloning
[1], more than 160 mutations have been identified [2,27,29-31]. Mu-
tations in Gy;-gangliosidosis patients are heterogeneous and com-
plex. No ethnic prevalence has been known although some common
mutations have been identified: p.R482H in Italian patients with in-
fantile Gy;-gangliosidosis; p.R208C in American patients with infan-
tile Gumi-gangliosidosis; p.R201C in Japanese patients with juvenile
Gmi-gangliosidosis; and p.I51T in Japanese patients with aduit Gy;-
gangliosidosis [2]. Another mutation p.W273L is known to cause Mor-
quio B disease [4].

Table 4
Semi-quantitative pathological scores after NOEV treatment {R201C Tg mouse).
NOEV 0mM 1mM 10 mM Score
range
Neuropathology Neuron® 4.80 (n=10) 3.57 (n=7)" 3 (n=1) 1-5
Gmr® 3.00(n=3) 125(n=4) - 1-5
General pathology Liver® 050 (n=10) 071 (n=7) 1(n=1) 0-3
Kidney® 040 (n=10) 057 (n=7) 3(n=1) 0-3
Pancreas® 0.20 (n=10) 057 (n=7) 1(n=1) 0-3
Thymus® 030 (n=10) 114 (n=7) 2(n=1) 0-3

NOEV treatment (p.o., ad libitum) for 2-7 months (1 mM; age 4-11 months) or
2 months (10 mM; age 4 months). Each figure indicates the mean score in each
group. **p=0.0013 (0 mM vs 1 mM). No statistical difference or not tested in other
groups.

@ Neuronal degeneration: O=normal, 1= vacuolation/degeneration <25%, 2=
vacuolation/degeneration <50%, 3 = vacuolation/degeneration <75%, 4= vacuolation/
degeneration <100%, 5=extreme neuronal loss and gliosis/severe vacuolation and
degeneration of remaining neurons.

> G storage: 0= no storage (normal), 2 = slight storage, 3 = moderate storage (TG
mouse level at the end stage), 4 = high storage, 5 = extremely high storage (KO mouse
level at the end stage).

¢ Liver: degeneration of hepatocytes, kidney: degeneration/dilatation of renal
tubules, pancreas: degeneration of Langerhans cells, thymus: atrophy with loss of
lymphocytes. Four semi-quantitative grades based on regular microscopic observa-
tions: O=normal, 1=slightly abnormal, 2=moderately abnormal, 3=highly
abnormal.
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Various experimental therapeutic approaches have been reported
toward Gy;-gangliosidosis. A thiol protease inhibitor prolonged the
effect of exogenous R-gal in human Gyj;-gangliosidosis fibroblasts
[32]. The effect was enhanced when the enzyme was supplied as lipo-
somes. Enzyme replacement of cultured cells from cats with G-
gangliosidosis was tried with the liposome-entrapped enzyme, and
the storage of glycopeptides decreased [33]. Allogeneic bone marrow
transplantation was performed in a Portuguese water dog affected
with Guy-gangliosidosis using a dog leukocyte antigen-identical sib-
ling as donor [33]. B-Gal activity in leukocytes of the transplanted
dog was similar to that in the donor. However, neither the subse-
quent clinical course nor the enzyme activity was modified. Beneficial
effects of substrate reduction therapy were obtained in a mouse
model of Gy;-gangliosidosis [34]. Galactose has been reported to be
a potential chemical chaperone in some Gui-gangliosidosis muta-
tions as well as in Fabry disease [35].

At present no clinical therapeutic trial has been reported for G-
gangliosidosis. We have tried to develop a molecular therapeutic
technology based on a new concept (chaperone therapy) toward a
few lysosomal diseases as first examples [8,10,14,36]. An exogenous
competitive inhibitor of a lysosomal enzyme binds to the mutant en-
zyme protein to form a stable complex at neutral pH of the rough en-
doplasmic reticulum-Golgi compartment. The enzyme-chaperone
complex is safely transported to the lysosome, and dissociated
under the acidic condition and in the presence of excessive storage
of the substrate. The mutant enzyme remains stabilized, expressing
catalytic function [5].

First we used cultured cells from Fabry patients with generalized
vasculopathy [6,8,10], and then turned our attention to Gy;-ganglio-
sidosis, a classic neurogenetic disease mainly occurring in infancy and
childhood [14]. We started an extensive survey of chaperones for 3-
gal, but no commercially available compound was found to be suffi-
ciently effective to B-gal. DGJ was effective to some extent, but we
needed a much higher dose for Gy1-gangliosidosis than for Fabry dis-
ease [37]. Then we found a new galacto-type valienamine derivative
produced by organic synthesis as a 3-gal inhibitor [13]. It exhibited
potent inhibitory and chaperone activities toward the human enzyme
[14]. The octyl derivative NOEV showed the highest chaperone activ-
ity, and its hydrochloride salt was found to be easily soluble in water.
We used the water solution of NOEV hydrochloride for subsequent
experiments.

Molecular modeling of human p-gal protein was reported on the
basis of Penicillium sp. enzyme structure with some theoretical insight
on mutant proteins and enzyme-chaperone interactions [30,38,39].
Our preliminary computational calculation indicated that the binding
free energy between NOEV and enzyme is higher at acidic pH in the
lysosome than that at neutral pH in the endoplasmic reticulum-
Golgi apparatus [5,23,38], thus suggesting that the enzyme protein
is more easily dissociated from the enzyme-chaperone complex in
the lysosome, stays stable, and exhibits catalytic activity. Recently
three-dimensional crystal structure of the human enzyme was
reported [40]. We expect that this information will further promote
our understanding of chaperone biology in the near future.

After preliminary studies on culture cells, we chose 1 mM NOEV
solution for chaperone therapy experiments on Gy-gangliosidosis
model mice {14]. Oral administration of NOEV demonstrated deliv-
ery to the central nervous system through the blood-brain barrier
to enhance the R-gal activity and to reduce the substrate storage
in this study as well as in previous preliminary studies [14,15] with-
in a few days after starting oral administration. NOEV disappeared
within a few days after cessation of oral administration. There was
no tendency of intracellular accumulation. The data in this report
suggests that NOEV is largely excreted in the urine through the kid-
ney possibly without structural modification of the compound mol-
ecule, although its metabolites were not specifically searched for in
this study.

— 31

In parallel with an increase of NOEV in neural and non-neural tis-
sues, [3-gal activity increased remarkably to normal or even higher
level, particularly in the liver. The enzyme activity reached 20-25%
of normal level in the brain. We have no data on the molecular mech-
anism of delivery of this galactose analog compound to the brain. The
molecule is small in size, with both hydrophilic and hydrophobic
structures, and any of the galactose transporters may well be involved
in delivery through the blood-brain barrier.

For clinical assessment of the chaperone effect on experimental
model mice on NOEV treatment, we developed simple motor and re-
flex testing methods that can be used manually without any special
instruments. At first we took 11-16 different tests [23], then selected
the three more specified tests avoiding overlaps of the test results in
this study. Tail posture is a very sensitive sign of early brain damage
(data not shown). Tail hanging demonstrated hind limb extension
equivalent to a well-documented parachute reflex in normal human
infants and children [21]. Further we examined missteps (formerly
horizontal wire netting [15]) on a horizontally placed wire mesh. It
was a sensitive method to detect abnormality in equilibrium and re-
flex grasping strength after the mid-stage of the disease. This is a
test similar to that described by Papaiocannou [22]. We calculated
total scores of these three tests, which were reliable and reproducible
to estimate progression of the reflex-motor aspect of the brain dam-
age in Gy;-gangliosidosis mice. We did not try to evaluate the higher
cortical function. In this assessment system, a relatively high dose of
1 mM NOEV treatment showed a remarkable effect for arrest of the
disease progression within a few months after starting NOEV admin-
istration. Treatment of lower doses (0.1 mM and 0.3 mM) resulted in
less impressive results, although all these three doses gave highly sig-
nificant differences statistically as compared to non-treated mice.
Neuropathology and immunohistochemistry supported these clinical
findings, indicating less severe neuronal degeneration and decrease of
Gwm storage. Early treatment was absolutely necessary to achieve
such a dramatic result. Treatment at the late stage of the disease
was clinically not effective. We did not start the treatment in the neo-
natal period immediately after birth for technical reasons to feed the
water solution before weaning.

In spite of these neurological findings, effects on survival time
were less remarkable particularly in the high-dose group (1 mM
NOEV =75 mg/kg/day) as compared to the medium-dose group
(0.3mM NOEV=20mg/kg/day) or low-dose group (0.1 mM
NOEV = 6.5 mg/kg/day). In order to investigate the reason of this ap-
parent discrepancy between the neurological effect and survival time,
we analyzed carefully pathological and clinical laboratory data. Renal
tubular changes were the only noticeable abnormality we could de-
tect in general pathology in one case of very high dose NOEV treat-
ment (10 mM NOEV =650 mg/kg/day). This may have affected the
life survival in large dose mouse groups.

In conclusion NOEV is definitely effective to prevent the progres-
sion of brain pathology at low doses, although we need to evaluate
the possible subclinical adverse effect(s) on extraneural tissues in
more detail, particularly on the renal tissue at high-dose treatment.
Still, low-dose NOEV treatment will be sufficient to prevent disease
progression of the central nervous system in Gy;-gangliosidosis if
started early in life. Judging from the data in this study we suggest
that the daily dose of 30-50 mg/kg or less will be appropriate in
mice. Also intermittent administration, such as alternate day therapy,
will be practically more feasible for reduction of the treatment dose,
as the chaperone effect of NOEV lasts at least 2 days without supple-
mentation. Prenatal chaperone therapy may be possible to supply the
intrauterine fetus with NOEV through the placenta by its administra-
tion to the pregnant mother. There is no experimental data on this
therapeutic possibility at present. We hope that chaperone therapy
will be a new molecular therapy for prevention of progressive
brain disease among a large number of human genetic diseases, as
no effective therapy has been documented at present for any primary
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neurogenetic disease. This is the first scientific approach to a rare but
theoretically significant neurogenetic disease in children.
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Research on admission of the persons with severe motor and intellectual disabilities (SMID)
depending on medical cares, including the children with prolonged hospitalization in NICU wards
to residential hospitals for persons with SMID.

s P I . j . 3 £ 3 ] o 4
Yuji Iwasaki ¥, Kazuhiro Kamuro 4 Tukeshi Miyanomae”, Takuya Kurasawa™, Tatsuo Masuyama ) Masanori Tamura®

1) Tokyo Metropolitan Tobu Medical Center jor Persons with Developmental/ Multiple Disabilities, Koto, Tokyo
2} Yamabiko Medical and Welfare Center for Persons with Severe Motor and Intellectual Disabilities, Kagoshima,
Kagoshima
3) National Hospital Organization(NHO) Minami-Kyoto Hospital, Joyo, Kyoto
4) Center of Maternal, Fetal and Neonatal Medicine, Saitama Medical Centey, Saitama Medical University, Kawagoe,

Saitama

The number of children admitied to NICUs for long-term hospitalization to receive anificial respiration and other
treatments is on the rise. More and more children with severe or profound disabilities are being admitted to residential
hospitals for SMID, bringing greater challenges. We investigated the acceptance circumstances for admission to each
residential hospital for SMID including of children admined to NICUs for long-term hospitalization and long- and short-
term admission of patients who are dependent on artificial respiration, in order to clarify the actual situation and challenges.
Questionnaires were administered to 74 hospitals run by the National Hospital Organization that had a ward for children
(people) with SMID and 120 public and private residendal hospitals for patients with SMID. A wotal of 3.9% of all patients
admitted required some types of respiratory assistance, and 33% of facilities had 10 or more children (people) admitted
who were dependent on artificial respiration. A total of 971 people (457 children and 514 adulis) were on the waiting list
for long-term admittance o a facility according to residential hospitals. A total of 678 patients were admitted to residential
hospitals for long-term hospitalizetion during FY2007-2008, including 74 long-term hospitalized children in NICUs, and
128 children in pediatrics wards. There are many patients on the waiting list for admittance to residential hospitals, and many
people expressed concern about differences in the guelity of the healtheare environment even if admitted. To increase the
acceptance rate, there is a need to procure more staff and consider equipment and facilities as well as transitional facilities.
Concrete plans for regional cooperation must also be considered.






