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Abstract We compared two recombinant ¢-galactosid-
ases developed for enzyme replacement therapy for Fabry
disease, agalsidase alfa and agalsidase beta, as to specific
a-galactosidase activity, stability in plasma, mannose 6-
phosphate (M6P) residue content, and effects on cultured
human Fabry fibroblasts and Fabry mice. The specific
enzyme activities of agalsidase alfa and agalsidase beta
were 1.70 and 3.24 mmol h™' mg protein~', respec-
tively, and there was no difference in stability in plasma
between them. The MO6P content of agalsidase beta
(3.6 mol/mol protein) was higher than that of agalsidase
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alfa (1.3 mol/mol protein). The administration of both
enzymes resulted in marked increases in o-galactosidase
activity in cultured human Fabry fibroblasts, and Fabry
mouse kidneys, heart, spleen and liver. However, the in-
crease in enzyme activity in cultured fibroblasts, kidneys,
heart and spleen was higher when agalsidase beta was
used. An immunocytochemical analysis revealed that the
incorporated recombinant enzyme degraded the globo-
triaosyl ceramide accumulated in cultured Fabry fibro-
blasts in a dose-dependent manner, with the effect being
maintained for at least 7 days. Repeated administration
of agalsidase beta apparently decreased the number of
accumulated lamellar inclusion bodies in renal tubular
cells of Fabry mice.

Keywords Fabry disease - a-Galactosidase -
Globotriaosyl ceramide - Enzyme replacement
therapy - Fabry mouse

Introduction

Fabry disease (MIM 301500) is an X-linked genetic dis-
ease arising from a deficiency of «-galactosidase (EC
3.2.1.22) activity (Desnick et al. 2001). The enzyme
cleaves terminal o-D-galactosyl residues from glycolipids,
primarily globotriaosyl ceramide (GL-3), in lysosomes.
The enzyme defect results in lysosomal accumulation of
GL-3, which is recognized as characteristic lamellar
inclusion bodies by electron microscopy. Male patients
with classic Fabry disease develop pain in the peripheral
extremities, hypohidrosis, angiokeratoma, renal disor-
ders, and cardiovascular and cerebrovascular involve-
ment. The incidence of classic Fabry disecase has been
estimated to be 1 in 40,000 male newborns. Patients with
variant form Fabry disease have milder clinical mani-
festations, which are sometimes limited to the heart. Al-
though the incidence of the variant form of Fabry disease



has not been determined yet, 7 out of 230 Japanese males
with left ventricular hypertrophy were found to have
variant Fabry disease (Nakao et al. 1995). Furthermore, a
recent survey has revealed that many Fabry heterozygous
females can be affected similarly to hemizygous males
(Mehta et al. 2004). Taking this into account, the number
of Fabry patients requiring treatment is now thought to
be much larger than previously expected.

Two different human recombinant o-galactosidases
have been developed for enzyme replacement therapy
for Fabry disease (Desnick et al. 2003). One is agalsidase
beta (trade name Fabrazyme; Genzyme Therapeutics,
Cambridge, MA) produced in Chinese hamster ovary
(CHO) cells (Eng et al. 2001b). Agalsidase beta has been
approved in Europe, the United States, and Japan, and,
so far, approximately 1,200 Fabry patients have been
treated with this drug. The other is agalsidase alfa (trade
name Replagal; Transkaryotic Therapies, Cambridge,
MA) generated in human fibroblasts (Schiffmann et al.
2000). Agalsidase alfa has been approved in Europe, and
about 500 Fabry patients have been treated with this
drug. In Japan, a clinical trial of agalsidase alfa has been
completed and it is under evaluation for approval by the
Ministry of Health, Labor and Welfare of Japan, and
patients who were involved in the clinical trial have
continued to be treated with agalsidase alfa with the
permission of the Ministry.

In view of this background, strong requests have been
made by physicians involved in the treatment of this
disease for investigation of the differences in biochemical
characteristics and effects between these two re-
combinant enzymes. However, little information is
available because different endpoints and dosing regi-
mens were used in the clinical trials of these drugs. Lee
et al. (2003) reported the biochemical and pharmaco-
logical examination of these two preparations. However,
considering that these authors are employed by Gen-
zyme, requests have been made for comparison of the
effects of these drugs by a third party that is not affiliated
with either of the manufacturers.

For this study, we obtained agalsidase alfa and
agalsidase beta for administration to Fabry patients in
Japan and compared them in terms of specific enzyme
activity, stability in plasma, sugar chain monosaccharide
composition, and the increase in a-galactosidase activity
in cultured human Fabry fibroblasts and organs of Fa-
bry mice upon administration of agalsidase alfa and
agalsidase beta. Furthermore, we examined the effect of
agalsidase beta on cleavage of the accumulated GL-3 in
cultured Fabry fibroblasts and kidney tissues of Fabry
mice.

Materials and methods
Agalsidase alfa and agalsidase beta

Agalsidase alfa, as a liquid formulation with a concen-
tration of 1 mg/ml, was provided by Sumitomo Phar-
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maceuticals (Osaka, Japan). Agalsidase beta, as a
lyophilized powder, was purchased from Genzyme Japan
(Tokyo, Japan), and was reconstituted according to the
manufacturer’s instructions to a concentration of 5 mg/
ml, and then diluted to 1 mg/ml before use. The a-galac-
tosidase activity of these enzyme preparations was deter-
mined immediately after we obtained them.

a-Galactosidase assay

a-Galactosidase activity was measured fluorometrically
with 4-methylumbelliferyl-a-p-galactopyranoside (Cal-
biochem, San Diego, CA) as a substrate and N-acetyl-p-
galactosamine (Sigma, St. Louis, MO) as an inhibitor
for a-N-acetylgalactosaminidase according to the meth-
od previously reported (Mayes et al. 1981). Protein
determination was performed with a DC assay kit (Bio-
Rad, Richmond, CA), using bovine serum albumin
(BSA) as a standard.

Stability of agalsidase alfa and agalsidase beta in plasma

Agalsidase alfa and agalsidase beta were separately
added to human plasma to give 1.6-1.7 pmol h™' ml~!
activity, and the plasma was then kept at 37°C. Subse-
quently, o-galactosidase activity in the plasma was
measured at 10 min intervals until 120 min after enzyme
addition. Taking the o-galactosidase activity in the
plasma at time zero as 100, the stability of agalsidase
alfa and agalsidase beta in the plasma was expressed as
the ratio (%) of a-galactosidase activity at each time
point to the time zero value.

Monosaccharide analysis

Agalsidase alfa and agalsidase beta were hydrolyzed
with 2 M trifluoroacetic acid and r-rhamnose as an
internal standard at 100°C for 2 h, and monosaccharides
derived from the sugar chains were analyzed by means
of capillary electrophoresis using a P/ACE MDQ
equipped with a laser-induced fluorescence detector
(Beckman Coulter, Fullerton, CA) according to the
method previously reported (Takashiba et al. 2004).
Authentic monosaccharides were used as standards for
quantitation. The results were compared with those
previously reported (Lee et al. 2003).

a-Galactosidase activity increase in cultured human
Fabry fibroblasts on administration of agalsidase
alfa and agalsidase beta

Cultured fibroblasts from a patient with Fabry disease
and a normal control subject were established and
maintained in our laboratory. The cells were cultured in
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Ham’s F-10 medium containing 10% fetal calf serum
and antibiotics at 37°C in a humidified incubator flushed
continuously with a 5% CO,-95% air mixture. The
study involving the cultured fibroblasts was approved by
the Ethical Committee of our institute.

Agalsidase alfa and agalsidase beta were adjusted and
added to the culture medium of Fabry fibroblasts to a
concentration of 1 pg/ml or to give an enzyme activity of
1.6-1.7 pmol h™' mI™'. After 3 days incubation, the
cells were harvested mechanically, washed three times
with phosphate-buffered saline (PBS), pH 7.4, and then
collected as a pellet by centrifugation. An appropriate
amount of water was then added to the pellet, the cells
disrupted with ultrasonic waves, and the cell-associated
a-galactosidase activity in the cell homogenate was
determined.

a-Galactosidase activity increase in organs of Fabry
mice upon administration of agalsidase alfa
and agalsidase beta

Wild type C57BL/6 mice (wild type group) and Fabry
mice (a-galactosidase knock-out mice, donated by A.B.
Kulkarni; Ohshima et al. 1997, 1999) were used in this
experiment according to the rules drawn up by the Ani-
mal Care Committee of our institute. Fabry mice were
divided into five groups, i.e., an untreated Fabry group
(Fabry/untreated group), a Fabry group administered
agalsidase alfa and another administered agalsidase beta
at 0.5 mg/kg body weight (Fabry/agalsidase-alfa/0.5
group and Fabry/agalsidase-beta/0.5 group, respec-
tively), and a Fabry group administered agalsidase alfa
and another administered agalsidase beta at 3.0 mg/kg
body weight (Fabry/agalsidase-alfa/3.0 group and Fa-
bry/agalsidase-beta/3.0 group, respectively). Each group
consisted of three mice. The indicated dose of the enzyme
was injected into the tail veins of mice belonging to
the Fabry/agalsidase-alfa/0.5, Fabry/agalsidase-beta/0.5,
Fabry/agalsidase-alfa/3.0, and Fabry/agalsidase-beta/3.0
groups. The mice in each group were sacrificed at 2 h
after administration of the enzyme, and their kidneys,
hearts, spleens and livers were collected. Tissue samples
were then homogenized in citrate—phosphate buffer,
pH 4.6, centrifuged, and the supernatants assayed for
a-galactosidase activity.

Examination of the effect of agalsidase beta
on degradation of GL-3 accumulated in cultured
Fabry fibroblasts

Fabry fibroblasts were cultured with culture medium
containing 3.0 pg/ml agalsidase beta for 0, 1, 3, 5, and
7 days. Alternatively, fibroblasts were cultured with
culture medium containing agalsidase beta at a con-
centration of 0, 0.5, 1.0, 2.0, or 3.0 pg/ml for 3 days.
Following culture, immunocytochemical analysis of GL-
3 and a-galactosidase was performed. Cells grown on a

chamber slide (Nunc, Naperville, IL) were fixed with 2%
paraformaldehyde in PBS, pH 7.4 for 10 min, followed
by blocking with 5% BSA in PBS for 1 h. The cells were
then reacted with a mouse monoclonal antibody to GL-
3 (IgG isotype, Kotani et al. 1994) and rabbit polyclonal
antibodies to a-galactosidase (diluted 1:100; IgG isotype,
Ishii et al. 1994) for 1 h. After washing, the cells were
further reacted for 1 h with a fluorescent isothiocyanate-
conjugated goat anti-mouse IgG F(ab’), (diluted 1:200;
Jackson Immuno Research, West Grove, PA) and a
rhodamine-conjugated goat anti-rabbit IgG F(ab’), (di-
luted 1:400; Jackson Immuno Research). The stained
cells were observed under a microscope (Axiovert 100M;
Carl Zeiss, Oberkochen, Germany) equipped with a
confocal laser scanning imaging system (LSM510; Carl
Zeiss).

Electron microscopy

A morphological study was performed to examine the
incorporation of the enzyme into kidney tissues in this
study, because kidneys are one of the organs affected in
Fabry disease and a previous study revealed that enzyme
uptake by kidney tissues was not high (Thunberg et al.
2002). Three milligrams of agalsidase beta/kg body
weight was injected into Fabry mice every week for
4 weeks, and the mice were killed 6 days after the last
injection. Kidney tissues from untreated and treated
Fabry mice were collected, cut into small pieces, and
fixed in cold 2.5% glutaraldehyde and 2% paraformal-
dehyde in PBS. The specimens were rinsed in PBS
overnight, and then postfixed with 2% osmium tetra-
oxide in 0.2 M sucrose in PBS for 1 h, and dehydrated
with ethanol and glycidyl n-butylether. After dehydra-
tion, the specimens were embedded in Epon. Sections
(0.1 pum thick) were then prepared, stained with 2%
uranyl acetate in 50% ethanol, and counterstained with
Reynold lead citrate for 3 min, and finally examined
under an electron microscope (Hitachi H-7100; Hitachi,
Tokyo).

Results

Specific enzyme activity of agalsidase alfa and agalsidase
beta

The specific enzyme activities of agalsidase alfa and
agalsidase beta determined by the fluorescent method
using 4-methy1umbelliferyl—oc—D-galactoPyranoside as
substrate were 1.70 and 3.24 mmol h™' mg protein~',
respectively.

Stability of agalsidase alfa and agalsidase beta in plasma

A time course of changes in enzyme activity of agalsi-
dase alfa and agalsidase beta in plasma at 37°C revealed
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Fig. 1 Time course of a-galactosidase activity of agalsidase alfa
and agalsidase beta in plasma at 37°C

that there was no difference in stability between agalsi-
dase alfa and agalsidase beta under these conditions

(Fig. 1).

Monosaccharide composition of the sugar chains
of agalsidase alfa and agalsidase beta

The monosaccharides in the sugar chains of agalsidase
alfa and agalsidase beta, especially their mannose
6-phosphate (M6P) residue content, were analyzed and

Table 1 Monosaccharide analysis. M6P Mannose-6-phosphate,
GlcNAc N-acetylglucosamine

Lee et al. 2003
(mol/mol protein)

Our study®
(mol/mol protein)

Agalsidase alfa

M6P 1.3£0.1 1.8+£0.0
Galactose 9.1+1.9 122+1.0
Fucose 4.7+0.1 3.0+£0.3
Mannose 27.6+0.1 27.6+0.5
GIcNAc 7.3+2.2° 225423
Sialic acid ND¢ 6.94+0.6
Agalsidase beta

M6P 3.6+0.3 3.1+0.1
Galactose 6.4+0.2 8.0+0.4
Fucose 2.1+0.1 1.8+0.1
Mannose 25.7+0.9 25.7+1.8
GIcNAc 7.9+0.1° 18.4+0.4
Sialic acid ND¢ 7.0+1.0

“Values are expressed as mean +SD, n=23 (agalsidase alfa) and 6
(agalsidase beta)

"Hydrolysis of GlcNAc residues bound to asparagine residues is
probably not complete under the conditions employed in this
experiment

“Not determined
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compared with previously reported values (Lee et al.
2003). The MO6P content was apparently higher in
agalsidase beta than in agalsidase alfa (Table 1). The
values determined for monosaccharides, including M6P,
galactose, fucose, and mannose, were almost the same as
those reported by Lee et al. (2003) except for the value
for N-acetylglucosamine (GIcNAc). The difference is
probably due to the fact that GIcNAc binds strongly to
asparagine and hydrolysis of GIcNAc residues bound to
asparagine residues was not complete under the condi-
tions employed here. Unfortunately, the amount of
agalsidase alfa donated was small and so we could not
reexamine this. We did not determine the sialic acid
content.

Increase in a-galactosidase activity in cultured human
Fabry fibroblasts upon administration of agalsidase
alfa and agalsidase beta

Agalsidase alfa and agalsidase beta were separately ad-
ded to the culture medium of fibroblasts derived from a
patient with Fabry disease so that the final concentra-
tion of the protein or the enzyme activity was the same.
After incubation in this medium for 3 days, the cells
were harvested and the cell-associated o-galactosidase
activity determined. The a-galactosidase activity in un-
treated Fabry fibroblasts was almost nil, and cell-asso-
ciated a-galactosidase activity apparently increased
when agalsidase alfa or agalsidase beta was added to the
culture medium (Table 2). The increase in cell-associated
a-galactosidase activity was always higher in the pres-
ence of agalsidase beta, regardless of whether enzyme
protein concentration or enzyme activity was main-
tained constant.

Increase in a-galactosidase activity in organs
of Fabry mice upon administration of agalsidase
alfa and agalsidase beta

Following injection of agalsidase alfa and agalsidase
beta into the blood vessels of Fabry mice, the increases
in o-galactosidase activity in the kidneys, heart, spleen
and liver were compared between the different groups.
The a-galactosidase activity in the organs of untreated
Fabry mice was markedly lower than that in those of
wild type mice (Fig. 2). The a-galactosidase activity in
each organ of Fabry mice increased in a dose-dependent
manner upon intravascular administration of agalsidase
alfa and agalsidase beta. After injection of agalsidase
alfa and agalsidase beta at 0.5 mg/kg body weight, the
enzyme activity in the kidneys, heart, spleen and liver
increased by about 40-70, 80-120, 30-60, and 300-
340%, respectively, compared to levels in wild type mice.
Administration of the enzymes at 3.0 mg/kg body
weight markedly increased the enzyme activity in these
organs to several times the levels in wild type mice.
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Table 2 Effects of agalsidase alfa and agalsidase beta on cultured Fabry fibroblasts

Substance added to

Final concentration

Cell-associated a-galactosidase
activity (nmol h~! mg™")

the culture medium

(ug/ml) (umol h™" mI™")
Normal fibroblasts - - - 57
Fabry fibroblasts - - - 1
Agalsidase alfa 1 1.70 3.80x10°
Agalsidase beta 0.5 1.62 4.61x10°
Agalsidase beta 1 3.24 8.40x10°

When the effects of agalsidase alfa and agalsidase beta
were compared, the increase in a-galactosidase activity
in the kidneys, heart and spleen was always greater after
agalsidase beta administration than after agalsidase alfa
administration. However, hardly any difference was
observed in the liver.
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Fig. 2 Effects of agalsidase alfa and agalsidase beta on Fabry mice.
Two doses of agalsidase alfa or agalsidase beta, i.e., 0.5 and
3.0 mg/kg body weight, were separately injected into the blood
vessels of Fabry mice. The mice were sacrificed 2 h after injection,

a-Galactosidase activity (nmol/h/mg)

Degradation of GL-3 accumulated in cultured Fabry
fibroblasts upon administration of agalsidase beta

We examined incorporation of agalsidase beta into cul-
tured Fabry fibroblasts, and its effect on degradation of
GL-3 accumulated in the cells. As the amount of agalsi-
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and a-galactosidase activity in the kidneys, heart, spleen and liver
was determined. Enzyme activities in untreated wild type and
Fabry mice were also determined as controls. Values are expressed
as means. Bars Standard deviation
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Fig. 3a,b Immunostaining for GL-3 and «-galactosidase in  to o-galactosidase (red); lower panels merge/phase contrast,
Fabry fibroblasts after addition of agalsidase beta. Upper panels  overlapped images with the two fluorescent probes and phase-
GL-3 stained with a monoclonal antibody to GL-3 (greem), contrast images. a Time-course, b dose-dependency. Bars 50 pm
middle panels o-galactosidase, stained with polyclonal antibodies
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dase alfa supplied was small, we could not compare its
effect with that of agalsidase beta. The result of the time-
course analysis is shown in Fig. 3a. In untreated Fabry
fibroblasts, strong immunofluorescence of GL-3 was ob-
served, although no immunofluorescence of a-galactosi-
dase could be detected. In this experiment, agalsidase beta
was added to the culture medium at a concentration of
3 ug/ml. After 1 day of culture, a-galactosidase immu-
nofluorescence could be detected and that of GL-3 was
apparently decreased. Maximum o-galactosidase immu-
nofluorescence was observed after 3 days of culture, with
immunofluorescence gradually decreasing with time
thereafter. Cleavage of the accumulated GL-3 was
maintained for at least for 7 days after the addition of
agalsidase beta. The result of the dose-dependency anal-
ysis is shown in Fig. 3b. Fabry fibroblasts were cultured
for 3 days with culture medium containing agalsidase
beta at various concentrations. Double staining for o-
galactosidase and GL-3 was then performed. Degrada-
tion of GL-3 in response to incorporation of agalsidase
beta occurred in a dose-dependent manner.

Cleavage of lamellar inclusion bodies in renal tubular
cells upon repeated administration of agalsidase beta

Agalsidase beta was repeatedly injected into Fabry mice,
and their kidneys were then analyzed morphologically.
Many lamellar inclusion bodies were observed in renal
tubular cells of untreated Fabry mice (Fig. 4a), and their
number markedly decreased with repeated administra-
tion of agalsidase beta (Fig. 4b).

Discussion

The phase 3 clinical trial of agalsidase alfa evaluated its
effect in terms of reduction of Fabry-associated pain in
the peripheral extremities, and a dose of 0.2 mg agalsi-

dase alfa/kg body weight every 2 weeks was injected
(Schiffmann et al. 2000). On the other hand, in the phase
1/2 clinical trial of agalsidase beta, five doses of the
enzymes, i.e., 0.3, 1.0, and 3.0 mg/kg body weight bi-
weekly, and 1.0 and 3.0 mg/kg body weight every
2 days, were separately injected (Eng et al. 2001a). The
phase 3 clinical trial evaluated the histological clearance
of accumulated GL-3 in microvascular endothelial cells,
and a dose of 1.0 mg agalsidase beta/kg body weight
every 2 weeks was chosen (Eng et al. 2001b). Thus, the
differences in the endpoint and doses of the drugs make
it difficult to compare the effects of agalsidase alfa and
agalsidase beta. In animal experiments, four doses of
agalsidase beta, i.e., 0.3, 1.0, 3.0, and 10.0 mg/kg body
weight, were injected every 2 days into Fabry mice (Io-
annou et al. 2001).

In this study, we examined the biochemical charac-
teristics and effects of these drugs using preparations for
Fabry patients in Japan as samples. When the o-galac-
tosidase activities of agalsidase alfa and agalsidase beta
were compared, that of agalsidase beta was higher than
that of agalsidase alfa. According to the report by Lee
et al. (2003), who used agalsidase alfa and agalsidase
beta samples available in Europe in their comparative
study, there was not much difference between them.
Since the enzyme activity of agalsidase beta reported by
Lee et al. (2003) was almost the same as that determined
by us, the enzyme activity of the agalsidase alfa prepa-
ration obtained in this study was probably decreased to
some extent, although the reason for this has not yet
been determined. As both enzyme proteins are derived
from human c«-galactosidase cDNA, and the protein
sequence is almost the same for both products, differ-
ences in formulation might have affected their stability.
As to the stability in plasma, there was no difference
between the two enzymes under the incubation condi-
tions used in this study.

For enzyme replacement therapy for Fabry disease,
targeting of the enzyme to affected organs is very

Fig. 4a,b Morphological effect of repeated agalsidase beta admin-
istration on renal tubular cells of Fabry mice. Three milligrams
agalsidase beta/kg body weight was injected into Fabry mice every
week for 4 weeks; the mice were killed 6 days after the last

injection and kidney tissues were examined by electron micros-
copy. a Untreated—many lamellar inclusion bodies can be
observed in the renal tubular cells. b Treated—the number of
lamellar inclusion bodies is apparently decreased. Bars 2 pm



important. Fabry disease affects mainly the kidneys and
heart, and most lysosomal matrix enzymes, including
a-galactosidase, are incorporated into these organs and
cultured fibroblasts via M6P receptors on the plasma
membrane (Kornfeld and Sly 2001). However, asialo-
glycoprotein receptors are involved in the uptake of
these enzymes in the liver (Rosenfeld et al. 1986). Thus,
successful targeting of a-galactosidase in Fabry disease is
strongly dependent on the presence of M6P residues on
the sugar chains of the enzyme preparations. We
examined the M6P residue content in our agalsidase alfa
and agalsidase beta samples, and found that the M6P
content in agalsidase beta is higher than that in agalsi-
dase alfa. This result is in agreement with that reported
by Lee et al. (2003).

We next examined the increase in a-galactosidase
activity in cultured human Fabry fibroblasts upon
administration of agalsidase alfa and agalsidase beta.
When the enzymes were added to the culture medium,
the activity of cell-associated o-galactosidase, which
comprises that bound to cell membranes as well as that
incorporated into cells, was apparently increased in both
cases. However, the increase was always higher for
agalsidase beta than for agalsidase alfa.

We also examined the increase in o-galactosidase
activity in organs of Fabry mice upon administration of
agalsidase alfa and agalsidase beta. Considering previ-
ously reported analytical results obtained for Fabry mice
(Lee et al. 2003; Ioannou et al. 2001), we chose 0.5 and
3.0 mg/kg body weight as the low and high doses for
injection, respectively. We adjusted the amount of en-
zyme protein and administered the same amounts of
enzymes to Fabry mice. A marked increase in a-galac-
tosidase activity was observed in all organs examined in
both cases, but agalsidase beta apparently exhibited a
higher enzyme activity increase in the kidneys, heart and
spleen. The higher M6P content of agalsidase beta is
thought to have been beneficial for uptake by these or-
gans. As for the liver, an almost identical level of uptake
of enzyme protein was observed in both cases. Accord-
ing to the results of monosaccharide analysis by Lee
et al. (2003), the sialic acid/galactose ratio of agalsidase
alfa (0.56) is lower than that of agalsidase beta (0.88),
suggesting that agalsidase alfa contains more asialylated
complex type sugar chains (Lee et al. 2003). This may
explain why no difference was found between the
agalsidase alfa and agalsidase beta samples as to the
degree of enzyme activity increase in the liver, although
the original enzyme activity in the agalsidase alfa sample
obtained for this study was lower than that in the
agalsidase beta sample.

The effect of agalsidase beta on degradation of
accumulated GL-3 in cultured Fabry fibroblasts was
examined. An immunocytochemical analysis revealed
that the incorporated enzyme protein degraded GL-3
accumulated in cultured Fabry fibroblasts in a dose-
dependent manner, and that the effect was maintained
for at least 7 days after the addition of agalsidase beta.
Cleavage of accumulated GL-3 in renal tubular cells
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upon repeated injection of agalsidase beta was also
observed morphologically. Thus, the effect of the
recombinant a-galactosidase was demonstrated.

In conclusion, we compared the biochemical charac-
teristics and the effects of agalsidase alfa and agalsidase
beta on cultured Fabry fibroblasts and Fabry mice. The
administration of these drugs caused marked increases
in o-galactosidase activity in human Fabry cells and
Fabry mouse tissues. However, the enzyme activity in-
creases in cultured fibroblasts, kidneys, heart and spleen
were higher for agalsidase beta than for agalsidase alfa.
This may have resulted from differences in M6P residue
content in the sugar chains of the two preparations.
Agalsidase beta was incorporated into cultured Fabry
fibroblasts and successfully cleaved accumulated GL-3
in the cells.
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