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INTRODUCTION
Fabry disease (MIM 301500) is an

X-linked inborn error of metabolism
with a high incidence of 1 in
1,250–4,000 male live births (1–3). In
Fabry disease, a deficiency of α-galac-
tosidase A (GLA) (MIM 300644; EC
3.2.1.22) activity causes the systemic ac-
cumulation of glycosphingolipids in-
cluding globotriaosylceramide (Gb3)
and globotriaosylsphingosine (lyso-
Gb3), and patients with the disease ex-
hibit progressive renal, cardiac and vas-
cular disorders (4–7).

So far, two different recombinant
human GLAs, agalsidase alfa (Replagal®;
Shire HGT, Cambridge, MA, USA) (8),
produced with cultured human fibrob-
lasts, and agalsidase beta (Fabrazyme®;
Genzyme, Cambridge, MA, USA) (9,10),
generated by Chinese hamster ovary
(CHO) cells, have been developed, and
they are used for enzyme replacement
therapy (ERT) for Fabry disease. These
recombinant GLAs are glycoproteins
having both complex type and high-
mannose type sugar chains produced by
cultured mammalian cells, and it is

thought that they are incorporated into
cells mainly via mannose 6-phosphate
(M6P) receptors in many organs (11) ex-
cept for the liver, in which uptake by he-
patocytes and Kupffer cells occurs
mainly through asialoglycoprotein recep-
tors and mannose ones, respectively (12).
The incorporated GLAs cleave the gly-
cosphingolipids deposited in Fabry or-
gans, and there have been many clinical
reports describing the efficacy of these
recombinant enzymes (13–16). However,
there are some disadvantages of produc-
ing recombinant enzymes using mam-
malian cells. Because mammalian cell
cultures usually require bovine serum or
a serum-free synthetic medium, the pro-
duction of recombinant enzymes is ex-
pensive and/or careful monitoring for
contamination by microbes is required to
exclude infectious diseases such as
bovine spongiform encephalopathy
(BSE). Furthermore, the efficacy of up-
take of the currently available recombi-
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nant GLAs by the kidneys is not so high
(17,18). As renal insufficiency is the most
significant disorder determining the
prognosis of Fabry disease, the economi-
cal production of a safe recombinant en-
zyme that can be highly incorporated
into the kidneys is urgently needed.

Previously, we produced a recombi-
nant human GLA using budding yeast
Saccharomyces cerevisiae and revealed that
the enzyme cleaved the Gb3 accumu-
lated in cultured Fabry fibroblasts and
organs from Fabry mice. However, the
productivity of the enzyme with the S.
cerevisiae strain was very low (0.1 mg per
1-liter culture) (19,20).

In this study, we used a methylotrophic
yeast, Ogataea minuta, in which the OCH1
gene is disrupted (21) and the Mnn4p
(MNN4) gene is overexpressed (22,23), as
host cells to produce a recombinant GLA
having mammalianlike, phosphorylated 
N-glycans, and examined its effects on
the organs of Fabry mice.

MATERIALS AND METHODS

Plasmid Construction and
Transformation of a Methylotrophic
Yeast

To prepare a human GLA expression
vector for a methylotrophic yeast, 
O. minuta, an open reading frame encod-
ing human GLA, was amplified using
primers Xb-GLA-F (5′-CCCTCTAGAA
AAATGCAGCTGAGGAACC-3′) and 
Ba-GLA-R (5′-GGGGGGATCC TTAAA
GTAAGTCTT-3′), with pCXN2Gal (24)
including the human GLA cDNA se-
quence as a template. The polymerase
chain reaction fragment obtained was di-
gested with XbaI and BamHI, and the re-
sultant DNA fragment was inserted be-
tween the XbaI and BamHI sites of the
pOMEU1 vector (21). On the other hand,
plasmid pOMEG-ScMNN4 (25) was used
for overproduction of ScMnn4p in O.
minuta. These vectors were cut with NotI
and used for transformation of the O.
minuta TK-3-A strain (Δoch1) (21), which
was provided by Kyowa Hakko Kirin
(Tokyo, Japan). Transformation of O.
minuta was performed as described pre-

viously (21,25). The correct integration
was confirmed by polymerase chain re-
action.

Expression and Purification of a Yeast
Recombinant Human GLA (yr-hGLA)

The transformed O. minuta was precul-
tured in 100 mL broth (1% yeast extract,
2% peptone, 0.2 mg/mL adenine, 2%
glucose [YPAD]) and then transferred to
6 L broth (6% peptone, 1% yeast extract,
1.34% yeast nitrogen base without amino
acids, 1% glycerol and 0.1 mmol/L
potassium phosphate, pH 6.0 [BMGY]) in
a jar fermentor. When the glycerol was
completely consumed, methanol was
added as a carbon source and inducer.
Methanol induction was performed at
28°C and continued until the GLA activ-
ity in the culture broth reached satura-
tion. The temperature and dissolved oxy-
gen concentration were monitored and
controlled by a computer during fermen-
tation. After induction, the supernatant
of the cultured medium was concen-
trated by ultrafiltration (Microza UF;
Asahi Kasei Chemicals, Tokyo, Japan)
and used as the crude enzyme.

Purification of GLA was performed at
4°C, with all of the column materials
being purchased from GE Healthcare
Bio-Sciences (Piscataway, NJ, USA). The
crude enzyme was precipitated by 55%
ammonium sulfate saturation, and the
precipitate was dissolved in 25 mmol/L
2-(N-morpholino)ethanesulfonic acid
(MES) buffer, pH 6.0. A sample was dia-
lyzed against the same buffer and then
applied to a HiLoad 16/10 Q Sepharose
HP column equilibrated with 25 mmol/L
MES buffer, pH 6.0. After the column
was washed, the GLA protein was eluted
with a linear gradient of NaCl, from 0 to
1 mol/L, in the same buffer. The frac-
tions containing the enzyme activity
were recovered, and then ammonium
sulfate was added to the solution to a
final concentration of 0.3 mol/L. The re-
sultant solution was applied to a HiLoad
16/10 Phenyl Sepharose HP column
equilibrated with 25 mmol/L MES
buffer, pH 6.0, containing 0.3 mol/L am-
monium sulfate. After the column was

washed, the GLA protein was eluted
with 25 mmol/L MES buffer, pH 6.0. The
fractions containing the enzyme activity
were pooled and concentrated by ultra-
filtration. This solution was applied to a
HiLoad 16/60 Superdex 200-pg column
using 0.2 mol/L NaCl in the same buffer.
The fractions containing the enzyme ac-
tivity were pooled. Treatment of the frac-
tions with a culture supernatant of the
Cellulomonas sp. SO-5 strain for exposure
of M6P residues on glycans was per-
formed as described previously (19,25).
After the treatment, a sample was further
purified with a Q Sepharose HP column
followed by a Superdex one under the
same conditions as those given above,
and the active fractions were collected.

Biochemical Analyses of yr-hGLA
To determine the purity and molecular

mass of yr-hGLA, sodium dodecyl
 sulfate–polyacrylamide gel electrophore-
sis (SDS-PAGE) followed by staining
with Coomassie brilliant blue R was per-
formed using yr-hGLA treated or not
treated with glycopeptidase F (PNGase F).
Deglycosylation of the enzyme was per-
formed with an enzymatic deglycosyla-
tion kit (Prozyme, San Lendodro, CA,
USA). Briefly, the enzyme proteins were
electrophoresed on a Tris-glycine poly-
acrylamide gel and then stained with
Coomassie brilliant blue R. Immunoblot-
ting analysis with anti-GLA antibodies
was performed as described previously
(24). As a control, agalsidase alfa was
used.

GLA activity was fluorometrically
measured with 4-methylumbelliferyl
(MU)-α-D-galactopyranoside (Cal-
biochem, La Jolla, CA, USA) as a sub-
strate in the presence of N-acetyl-D-
 galactosamine (Sigma-Aldrich, St. Louis,
MO, USA), a specific inhibitor of
N-acetylgalactosaminidase, in 0.1 mol/L
citrate-phosphate buffer, pH 4.6, as de-
scribed previously (26). The fluorescence
of 4-methylumbelliferone released on the
enzyme reaction was measured with a
Wallac 1420 ARVO MX Multilabel
Counter (PerkinElmer, Waltham, MA,
USA) at excitation and emission wave-
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lengths of 355 nm and 460 nm, respec-
tively. Protein determination was per-
formed with a Micro BCA Protein Assay
Kit (Thermo Scientific, Rockford, IL,
USA), using bovine serum albumin as a
standard. A kinetic experiment involving
yr-hGLA and various concentrations of
the substrate was performed to deter-
mine the Michaelis constant (Km) value.

Pyridylamine (PA)-labeled N-glycans
derived from yr-hGLA were separated by
high-performance liquid chromatography
(HPLC), and the percentage of phospho-
rylated N-glycans was calculated based
on the peak areas, as described previously
(25,27). Briefly, after PNGase F digestion,
the yr-hGLA N-glycans were PA-labeled
and fractionated on a normal-phase col-
umn, Shodex Asahipak NH2P-50 4E
(Showa Denko, Tokyo, Japan), to roughly
separate phosphorylated and nonphos-
phorylated glycans. Then, each fraction
was applied to a TSK-gel Amide-80 col-
umn (Tosoh, Tokyo, Japan), and the
amount of each fraction was calculated as
the percentage of the total peak area.

The percentage of phosphorylated
N-glycans was also confirmed by bacter-
ial alkaline phosphatase digestion. PA-
 labeled N-glycans derived from 10 μg 
yr-hGLA and agalsidase alfa were treated
with 2 units alkaline phosphatase from
Escherichia coli C75 (Takara Bio, Shiga,
Japan) in 50 mmol/L Tris-HCl, pH 9.5, at
37°C for 15 h. After boiling, the samples
were filtered and analyzed on a
 COSMOSIL 5C18-AR-II column (4.6 ×
250 mm; Nacalai Tesque, Kyoto, Japan).
Isocratic separation was performed with
10 mmol/L sodium phosphate, pH 3.8,
containing 0.075% 1-butanol for 30 min at
a flow rate of 1 mL/min at 55°C. Samples
before alkaline phosphatase treatment
were used as controls. When the reten-
tion times shifted on the treatment, the
fractions were judged to be phosphory-
lated N-glycans, and the amount of phos-
phorylated N-glycans was calculated as
the percentage of the total peak area.
Three independent experiments involv-
ing three independent preparations were
performed, and average values with ±
standard deviation (SD) are  calculated.

Examination of the Effects of yr-hGLA
on Organs of Fabry Mice

Mice were bred and maintained at
the Animal Center of our university.
Both male and female Fabry mice (GLA
knock-out mice denoted by T Ohshima,
et al. [28,29]) and wild-type C57BL/6
mice (14 months old) were used in this
experiment, which was approved by
the animal ethics committee of our
 university.

To determine the biodistribution of the
enzyme, a single dose (1.0 mg/kg body
weight) of yr-hGLA was injected into a
tail vein of three Fabry mice. As a con-
trol, agalsidase alfa was used. The mice
were sacrificed 1 h after administration
of the enzymes, and then the GLA activ-
ity in the kidneys, heart and liver was
measured. The mice were perfused with
phosphate-buffered saline (pH 7.4) be-
fore removal of the organs.

To examine cleavage of the glycosph-
ingolipids accumulated in the organs,
two groups of Fabry mice, each consist-
ing of three mice, were injected with yr-
hGLA or agalsidase alfa (1.0 mg/kg
body weight) separately every day for
4 d and were then sacrificed 24 h after
the last  injection.

For determination of the Gb3 levels,
tissues including the kidneys, heart and
liver were analyzed by means of high
performance thin-layer chromatography-
immunostaining with an anti-Gb3 mono-
clonal antibody (30), followed by densit-
ometry, as described previously (31).

For measurement of lyso-Gb3 in mouse
tissues, lyso-Gb3 was extracted and then
derivatized with o-phthalaldehyde (OPA)
reagent. The OPA-derivatized lyso-Gb3
was separated by HPLC and then quanti-
tated by fluorescence detection. A calibra-
tion curve for lyso-Gb3 was prepared by
the addition of authentic lyso-Gb3 to a
normal tissue homogenate (7). For mor-
phological analysis, mouse tissues were
analyzed electron microscopically, as de-
scribed previously (20).

Statistical Analyses
Data are expressed as mean ± SD. We

performed statistical analyses with a Stu-

dent t test. Values were considered statis-
tically significant at P < 0.05.

RESULTS

Production and Purification of yr-hGLA
To produce a recombinant human GLA

having mammalianlike, phosphomanno-
sylated sugar chains, we expressed
human GLA in a gene-manipulated O.
minuta strain with the OCH1 gene, which
encodes α-1,6-mannosyltransferase cat-
alyzing the initial reaction of the outer
sugar chain synthesis specific to yeast,
deleted and overexpressing the S. cere-
visiae MNN4 gene, which encodes a posi-
tive regulator of mannosylphosphate
transferase. The productivity of the yr-
hGLA was estimated to be 12 mg per 
1-liter culture.

Then, the enzyme was purified from
the culture medium by means of column
chromatography. The purification degree
was 5,230-fold, and the recovery of the
enzyme was 35%.

Characterization of yr-hGLA
yr-hGLA was detected as two or more

broad bands on SDS-PAGE, but it only
gave one band after deglycosylation.
This result suggested that yr-hGLA has
heterogeneous sugar chains (Figure 1).

The enzymological parameters of yr-
hGLA were determined using MU-α-D-
galactopyranoside, an artificial substrate
for GLA. The specific activity of yr-hGLA
was 2.0 mmol/h/mg protein, and its Km

value was 3.0 mmol/L, with these values
being almost the same as those of agalsi-
dase alfa (specific activity, 2.1 mmol/h/mg
protein; Km, 2.8 mmol/L).

The monosaccharide composition of
yr-hGLA was determined and then com-
pared with that of agalsidase alfa, which
had been reported previously (32). yr-
hGLA has mannose residues, but does
not contain any fucose, galactose or sialic
acid residues (data not shown). To deter-
mine the content of phosphorylated 
N-glycans, N-glycans derived from 
yr-hGLA and agalsidase alfa were PA-
 labeled and then separated by HPLC. For
agalsidase alfa, 15.3 ± 2.6% of the total 
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N-glycans was found to be phosphory-
lated; on the other hand, for yr-hGLA,
the phosphorylated N-glycan content
was 28.7 ± 2.7%.

Effects of yr-hGLA in Fabry Mice
We injected a single dose of yr-hGLA

into Fabry mice, and 1 h after the admin-
istration, the GLA activity in the kidneys,
heart and liver was measured. As a con-
trol, agalsidase alfa was used. The results
are shown in Figure 2. An apparent in-
crease in enzyme activity was observed
in the organs of Fabry mice after the yr-
hGLA administration. The increase in en-
zyme activity on the administration of
yr-hGLA was greater in the kidneys than
in the case of agalsidase alfa, although it
was apparently lower in the liver.

The effects of yr-hGLA and agalsidase
alfa on the degradation of Gb3 and lyso-
Gb3 that had been accumulated in or-
gans were examined separately after re-
peated administration. The results are
summarized in Figure 3. Both the en-
zymes decreased the Gb3 and lyso-Gb3
accumulated in the kidneys, heart and
liver. There were no differences in the de-
creases in the glycosphingolipid levels

between yr-hGLA and agalsidase alfa
under the experimental conditions. The
lyso-Gb3 level in the kidneys decreased
to approximately 30% of that in un-
treated Fabry mice, but the Gb3 level re-
mained at about 80% of that in untreated
Fabry mice.

Morphological analysis revealed that
many lamellar inclusion bodies resulted
from the accumulation of glycolipids in
the kidneys, hearts and livers of Fabry
mice and that the number of the inclu-
sion bodies markedly decreased after the
repeated administration of yr-hGLA, as
in the case of agalsidase alfa (Figure 4).

DISCUSSION
ERT with recombinant human GLAs

produced by mammalian cells has been
reported to have beneficial effects in
Fabry patients (alleviation of neuro-
pathic pain, improvement of sweat
function, regression of hypertrophic car-
diomyopathy and also stabilization of
kidney function), although it is not ef-
fective in the advanced stages of the dis-
ease (8–10,13–16). However, there are
various disadvantages of the production
of enzymes using mammalian cells (that

is, the high cost, the complicated proce-
dure and difficulty in performing a
large scale-up and the risk of infections
through cultivation in the presence of
bovine serum). Although there is no ex-
perimental evidence that the BSE infec-
tious agent is present in bovine serum,
both the Center for Biologics Evaluation
and Research of the U.S. Food and Drug
Administration and the European Medi-
cines Agency have issued guidelines for
the controlled use of materials of animal
origin to reduce the risk of BSE infection
(33,34). To overcome these problems, we
chose O. minuta cells as candidate host
cells for the production of a recombi-
nant GLA for ERT, because a methy-
lotrophic yeast is suitable for large-scale
and economic production of glycopro-
teins and does not require bovine serum
for culture.

In this study, we used an OCH1-
 disrupted strain to produce a recombi-
nant GLA having mammalianlike 
N-glycans. Because humans do not have
any β-linked mannose, α-1,3–linked

Figure 1. Coomassie brilliant blue R staining and immunoblotting of yr-hGLA. The purified
yr-hGLA and agalsidase alfa were separated on a Tris-glycine polyacrylamide gel and
then stained with Coomassie brilliant blue R (left). Before the electrophoresis, the enzyme
was treated (PNGase F+) or not treated (PNGase F–) with glycopeptidase F. Immunoblot-
ting with anti-GLA antibodies was performed (right).

Figure 2. GLA activity in organs from Fabry
mice treated with yr-hGLA or agalsidase
alfa. Fabry mice were injected with a
single dose (1.0 mg/kg body weight) of yr-
hGLA or agalsidase alfa separately and
sacrificed 1 h after the administration.
Then, the GLA activity in the organs was
measured. , Wild-type mice; , Fabry
mice; , Fabry mice treated with yr-hGLA;

, Fabry mice treated with agalsidase alfa.
Error bars represent mean ± SD (n = 3). 
*P < 0.05.
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mannose or mannose residue with phos-
phodiester linkage (Manα1-PO4-), they
could exhibit strong immunogenicity in
humans (35–37). However, glycoproteins
produced by O. minuta do not contain
any β-mannose or α-1,3-mannose
residues (21), and mannose attached to
phosphate residues would be removed
by the α-mannosidase treatment in the
procedure for exposure of M6P residues
on N-glycans. There have been reports
that there is no difference in antibody
production on ERT between agalsidase
alfa produced by human fibroblasts and
agalsidase beta produced by CHO cells
when they are administrated at the same
dose (38,39). Considering this, it is ex-
pected that the mammalianlike sugar
chains of yr-hGLA produced by the
gene- manipulated O. minuta do not ex-
hibit high antigenicity in humans. We ob-
tained a productivity level of >10 mg/L,
which will be increased by further im-
provement and scaling up of the culture
in the  future.

We examined the enzymological char-
acteristics of the recombinant human
GLA produced by the gene-manipulated
O. minuta cells. There is no large differ-
ence in enzyme activity or substrate
affinity between yr-hGLA and agalsidase

alfa. However, results of monosaccharide
composition analysis suggested that yr-
hGLA has high-mannose type sugar
chains but not complex type ones and
that its content of M6P residues is very
high. These features will be advanta-
geous for incorporation through M6P re-
ceptors into the cells of many organs, in-
cluding the kidneys.

Lee et al. (40) examined the biodistribu-
tion of agalsidase alfa and agalsidase beta
injected into tail veins of Fabry mice. The
results suggested that the enzymes are
predominantly incorporated into the
liver. Recombinant lysosomal enzymes
produced by mammalian cells usually
contain both complex type and high-
mannose type sugar chains, and most of
the infused enzymes are rapidly incorpo-
rated into hepatocytes and Kupffer cells
via asialoglycoprotein and mannose re-
ceptors, respectively. So, effective deliv-
ery of lysosomal enzymes to various or-

Figure 3. Levels of Gb3 and lyso-Gb3 in Fabry mouse organs. Fabry mice were repeatedly
injected with yr-hGLA or agalsidase alfa (1.0 mg/kg body weight) separately every day
for 4 d and sacrificed 24 h after the last injection. Then, the levels of Gb3 (left) and lyso-
Gb3 (right) in the organs were determined. , Wild-type mice; , Fabry mice; , Fabry
mice treated with yr-hGLA; , Fabry mice treated with agalsidase alfa. Error bars repre-
sent mean ± SD (n = 3). *P < 0.05. ND, not detected.

Figure 4. Morphological effects of repeated administration of yr-hGLA and agalsidase
alfa. yr-hGLA or agalasidase alfa was repeatedly injected into Fabry mice separately,
and then the kidneys, heart and liver were examined electron microscopically. The cir-
cles indicate pathological changes resulting from Fabry disease (inclusion bodies). Wild-
type, wild-type mice; Fabry, Fabry mice; Fabry + yr-hGLA, Fabry mice treated with yr-
hGLA; Fabry + Agalsidase alfa, Fabry mice treated with agalsidase alfa. The scale bar
represents 1 μm.
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gans except for the liver through M6P re-
ceptors should be compromised on rapid
clearance of administered enzymes by
asialoglycoprotein and mannose recep-
tors in the liver. Sly et al. (41) reported
that genetical  elimination of mannose re-
ceptors slowed the plasma clearance of
recombinant β-glucuronidase, resulting in
enhanced degradation of the accumu-
lated substrates in the kidneys. They also
reported that saturation of the mannose
receptor clearance system with high
doses of enzyme improved the targeting
to M6P receptor–containing tissues, in-
cluding the kidneys. Thus, inhibition of
uptake of lysosomal enzymes by the liver
should facilitate their incorporation into
the kidneys via M6P receptors. Our pres-
ent animal study also revealed that the
administration of agalsidase alfa greatly
increased the GLA activity in the livers of
Fabry mice. On the other hand, the in-
crease in enzyme activity in the liver was
moderate when yr-hGLA, which does not
have complex type sugar chains, was in-
jected. As with the kidneys, yr-hGLA ex-
hibited markedly increased enzyme activ-
ity compared with in the case of
agalsidase alfa. Because there should be
no difference in protein sequence be-
tween yr-hGLA and agalsidase alfa, the
difference in their biodistributions after
injection should be due to a difference in
their sugar chains. The mechanism un-
derlying the high incorporation of yr-
hGLA into the kidneys is unknown. But
low clearance of the enzyme by the liver
and/or a high content of phosphorylated
N-glycans of yr-hGLA may play a role in
the mechanism. Recently, Prabakaran et
al. revealed that at least three endocytic
receptors including M6P, megalin and
sortilin were related to GLA delivery in
human podocytes (Prabakaran et al. Re-
ceptor-mediated uptake of α-galactosi-
dase A in human podocytes in Fabry dis-
ease. The 11th European Round Table on
Fabry Disease, October 15, 2010, Istan-
bul). Considering the results, many re-
ceptors other than M6P are involved in
the uptake of GLA in the kidneys, and
they may play an important role in the
mechanism.

Takamatsu et al. (42) reported that a
recombinant fibroblast growth factor
produced by gene-manipulated yeast
cells was predominantly incorporated
into the kidneys after intravenous injec-
tion into mice. Glycoproteins with a spe-
cific sugar chain structure produced by
gene-manipulated yeast cells may be ap-
plicable to kidney-targeting enzyme
 incorporation.

As to the cleavage of glycosphin-
golipids accumulated in the kidneys,
heart and liver, there is no apparent dif-
ference between yr-hGLA and agalsidase
alfa on repeated injection every day for
4 d. Both the enzymes decreased the Gb3
and lyso-Gb3 levels in these organs. In
the kidneys, the levels of Gb3 and lyso-
Gb3 were reduced to approximately 80%
and 30% that of the basal levels, respec-
tively. The reason why the lyso-Gb3 level
decreased more impressively on adminis-
tration of the enzymes has not yet been
clarified, but the difference in their hy-
drophobicity might underlie the effect of
the hydrophilic enzyme. Morphological
analysis also showed pathological im-
provement of the organs including the
kidneys on the administration of yr-
hGLA, as in the case of agalsidase alfa.
There have been many reports that
highly phosphorylated enzymes used for
ERT are incorporated into the target or-
gans and degrade the accumulated sub-
strates more highly than normal enzymes
(43–45). An animal study involving low
doses of enzymes and long-term investi-
gation is required to determine whether
or not there is a difference in the cleavage
of glycosphingolipids accumulated in the
organs of Fabry mice between yr-hGLA
and agalsidase alfa.

CONCLUSION
In conclusion, we produced a recombi-

nant human GLA with a high content of
phosphorylated N-glycans using a
methylotrophic yeast. The enzyme was
well incorporated into the kidneys and
cleaved the glycosphingolipids accumu-
lated in them. Because an enzyme pro-
duction system involving a methy-
lotrophic yeast is economic and does not

require bovine serum for the procedure,
it should be useful for the development
of a new ERT for Fabry disease.
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