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A METHOD FOR DETECTING LY¥SOSOMAL STORAGE DISEASES

TECHENICAL FIELD
The present invention relates to a method for

detecting lysosomal storage diseases and to a kit therefoxr.

BACKGROUND ART
The following abbreviations are used throughout the
present specification:

GAG: glycosaminoglycan

Ks: keratan sulfate
HS: heparan sulfate
Cs: chondroitin sulfate

CS-4S: chondroitin—-4-sulfate
CS-6S: chondroitin-6-sulfate
DS: dermatan sulfate (also called chondroitin sulfate
B)
GSD I: glycogen storage disease type 1
GSD II: glycogen storage disease type 2 (Pompe disease)
Hep: heparin
HA: hyaluronic acid
LIPO: lipefuscinoses
MPS: mucopolysaccharidoses
MIL: mucolipidoses
MLD: metachromatic leukodystropy
NP: Niemann-Pick diseases
TS: Tay-Sachs disease
Lysosomal storage diseases are diseases caused by

abnormality of enzymes present in lysosomes.
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Mucopolysaccharidoses are kinds of lysosomal storage
diseases and form a class of hereditary diseases caused by
deficiency of enzymes (lowered activity of enzymes) involved
in degradation metabolism of GAGs. In accordance with the
species of the defective enzyme, GAG of a specific species is
known to be accumulated in tissues and excreted into body
fluids. Clinical manifestations of mucopolysaccharidoses are
diversified, but most cases involve coarse facial expresasion,
dysostosis multiplex, and visceromegaly. In gome cases,
hypacusia, cardiovascular disorders, and mental retardation
are also cbserved. '

Table 1l-1 shows the known relations between types of
mucopolysaccharidoses and corresponding GAGs that are
accumulated (=mee, for example, "The Metabolic and Molecular
Bases of Inherited Disease", 7th edn., Scriver CR, Beaudet AL,
Sly WS, Valle D (eds.), 1995, McGraw-Hill, New York).
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However, until the present invention, it has remained
unknown that each case of the mentioned mucopolysaccharidoses
not only involves excretion in body fluids of the GAG species
shown in Table 1-1, but also involves excretion in body
fluids of large amounts of othex species of GAGs.

Japanese Patent Application Laid-Open (kokai) No. 10-
153600 discloses an assay method in which a solid phase to
which a first receptor (anti-GAG antibedies such as anti-KS$
antibody, anti-CS antibedy, anti-HS antibody oxr the like) is
immoebilized is brought into contact with a specimen
containing a first ligand (GAG such as KS, C8, HS or the
like), and formation of a complex between the first receptor
and the first 1ligand is detected by a first-labeling-
substance-labeled first receptor, to thereby assay the first
ligand contained in the specimen. This publication also
discleses that the method facilitates primary screening of
GAG-related diseases (including mucopoly=zaccharidoses such as
Morquioc's syndrome and Hurler's syndrome).

However, Japanese  Patent Applicaﬁion Laid-Open
(kokai) No. 1l0-153600 neither discloses nor suggeaests that
each case of the aforementioned mucopolysaccharidoses
involves, in addition to the GAG species shown in Table 1-1
being excreted, excretion into body fluid of large amounts of
othaer species of GAGS, Moreover, this publication neither
discloses nor suggests whether measurement of GAG of a single
species enables detection of all types of
mucopolysaccharidoses, regardless of the classification
(type) of mucopolysaccharidoses.

Mucolipidoses are also kinds of lysosomal sgtorage

diseases and are diseases that show similar clinical symptoms
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to those of mucopolysaccharidoses. It is known that types of
the mucolipidoses are as shown in Table 1-2.

Also, GM1l gangliosidoses and fucosidoses are also
kinds of lysoscmal storage diseases. GM1l gangliosidoses are
diseases in which GM1l ganglioside and p-galactose residue-
containing eoligosaccharides and glycoproteins are accummlated
due to impediment in fp-galactosidasa, and fuccsidoses are
diseases in which oligosaccharides and glycoproteins having
a-fucose residues are accumulated due to impediment in a-
fucosidase.

In addition, ¢galactosialidoses are also kinds of
lysosomal storage diseases and are diseases in which
sialyloligosaccharides and substances similar to the case of
@M1 gangliosidoses are accumulated due to impediment in P-
galactosidase and o-neuraminidase, and impediment in
cathepsin A which is involved in the stabilization of thase
enzymes.

Furthermore, the following diseases are also kinds of
lysosomal storage diseases.

Metachromatic leukodystrophy is a disease in which
sulphatides are accumulated due to impediment in
arylsulfatase A.

Niemann-Pick diseases are diseases in which
sphingomyelin is accumulated. Niemann-Pick type B is due to
impediment in acid sphingomyelinase, and Niemann-Pick type C
igs due to cholesterol esterification defect.

Tay-Sachs disease is disease in which GM2 ganglioside
is accumulated due to impediment in a~subunit of N-acetyl-p-

D-glucosaminidase A.
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Sandhoff disease is disease in which GM2 ganglioside
is acocumulated due to impediment in B-subunit of N-acetyl-f-
D-glucosaminidase A and B. .

GM2 gangliosidoses are diseases in which GM2
ganglioside is accumulated due to impediment in GM2 activator
protein.

Krabbe disease is disease in which galactocerebroside
ig accumulated due to impediment in PB-D-galactocersebrosidase.

Fabry disease is disease in which globosides are
accumulated due to impediment in a-D-galactosidase.

Gaucher diseaseas are diseases in which
glucosylceramide is accumulated due to impediment in [-D-
glucocexrebrosidase.

GBlycogen storage disease type 1 is disease in which
glycogen is accumulated due to impediment in glucose—6-
phosphatase.

Glycogen storage disease type 2 (also called Pompe
diseasa) is disease in which glycogen is accumulated due to
impediment in ca-bD-glucosidase.

Lipofuzcinoses are caused by impediment in palmitoyl-
protein thicesterase or tripeptidyl amino peptidase-I.

It has not been known that GAG is also discharxged in
a large amount into body fluids in these diseases.

Hereinafter, mucopolysaccharidoses, mucolipidoses,
GM1 gangliosidoses, fucosidaosas, galactosialidoses,
metachromatic leukodystropy, Niemann-Pick diseases, Tay-Sachs
disease, Sandhoff disease, GM2 gangliosidoses, Krabbe disease,
Fabry disease, Gaucher diseases, glycogen storage diseases
and lipofuscinoses are referred to as "mucopolysaccharidoses,

etc."
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In general, mucopolysaccharidoses, etc. are
agymptomatic in newborns, but onset thereof becomes clear by
manifestations including arrested height gain, abnormal
development of bones, and growth of shaggy hair during
infancy or childhood. 1In some cases, although subjects are
normal during neonatal periods, mental retardation gradually
progresses over yvyears. Therefore, diagnosis of
mucopolysacchafidoses, etec. in an early newborn stage during
which no eclinical syndromes are manifested may possibly
prevent mental retardation, etc., through early enzyme
replacement therapy, genetic treatment, or bone marrow
transplantation. Therefore, diagnosis of
mucopolysaccharidoses, etc. is desirably performed for all

newbhorns.

Howaver, in Japan, for example, the number of
newborns per year exceeds 1,000,000, and the frequency of
onset of mucopolysaccharidoses, etc. is as low as one per
40,000 to 50,000, and since current diagnesis therefor, which
detectg deficiency or abnormality of enzymes, is cumbersome
and expensive, demand exists for an accurate screening method
to be performed before such an expensive diagnoszis. In other
words, if there can be provided a method for detecting
patients suffering mucopolysaccharidoses, etoc. with high
accuracy, with high sensitivity, conveniently, quickly, and
at low cost, without overlooking any patients of
mucopolysaccharidoses, etec,, prasence or absence of
mucopolysaccharidoses, etc. can be detected in all newborns,
and thus precise, definite diagnosis of every patient of
mucopolysaccharidoses, etc. can be attained at an earxly stage

of the disease.
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DISCLOSURE OF THE INVENTION

Accordingly, an object of the present invention is to
provide a very accurate, sensitive method for detecting
lysosomal stoxage diseases which can be performed
conveniently, quickly, and at low cost. Another object of
the invention is to provide a kit for detecting lysosomal
storage diseases.

The present inventors have carried out extengive
regaarch in an attempt to attain the above ocbjects, and have
found the following: in spite of conventicnal understanding
that, in accordance with the type (classification) of
mucopolysaccharidosis, only ‘GAG of a specific species is
excreted into bedy fluids in large amounts, in reality other
species of GAGs are also excreted abundantly. Moreover, the
present inventors found that GAG is also excreted into body
fluids in large amounts in mucopolysaccharidoses,
mucolipidoses, GM1 gangliosidoses, fucosidoses,
galactosialidoses, metachromatic leukodystropy, Niemann-Pick
diseases, Tay-Sachs disease, Sandhoff disease, GM2
gangliosidoses, Krabbe disease, Fabry disease, Gaucher
diseases, glycogen storage diseases and lipofuscinoses. On
the basiz of this finding, the inventors have achieved a
highly accurate, highly sensitive, convenient, effective,
inexpensive methocd and kit for detecting lysosomal storage
diseases, thus leading to completion of the invention.

Accordingly, the present invention provides a method
for detecting lysosomal storage diseases, comprigsing the
steps of performing an assay for GAG of a single species
contained in a specimen, and correlating results of the assay
with lysosomal storage diseases (hereinafter the method is

called "the method of the invention" or "the present method").
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Preferably, the "lysosomal storage diseases" are at
least one disease selected from mucopolysaccharidoses,
mucolipidoses, GM1 gangliosidoses, fucosidoses,
galactogialidoses, metachromatia leukodystropy, Niemann-Pick
diseases, Tay—-Sachs .disease ’ Sandhoff disease, M2
gangliosidoses, Krabbe disease, Fabry disease, Gaucher
diseases, glycogen storage diseases and lipofuscinoses.

Preferably, the specimen is a body fluid, with urine
or blood being more preferred.

Preferably, the assay of the mentioned single species
of GAG is performed by use of a peolypeptide that is capable
of specifically binding to a GAG-containing molecule.

Preferably, the assay comprises the following steps
(1) and (2):

(1) a =step for forming a sandwich-like complex by
bringing "a solid phase to which a first polypeptide capable
of specifically binding to a GAG-containing molecule is
immobilized", "a specimen", and "a second polypeptide capable
of specifically binding to a GAG~containing molecule” into
contact with one another, the sandwich-like ocomplex being
constituted by "said first polypeptide iwmmobilized onto the
solid phase -~ GAG-containing molecule in the specimen -
second polypeptida"; and

(2) a step for detecting the sandwich-like complex
formed in step (1).

More preferably, the assay comprises the following
steps (1), (2), and (3):

. (1) a satep for forming a complex by bringing "a
solid phase to which a £first polypeptide capable of
specifically binding to a GAG-containing molecule is

immobilized" into contact with "a specimen®, the complex
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being constituted by "first polypeptide immobilized onto the
solid phase - GAG-containing molecule in the specimen”;

(2) a step for forming a sandwich-like complex by
bringing the above-described solid phase into contact with "a
second polypeptide capable of specifically binding to a GAG-
containing molecule"”, the sandwich-like <complex being
constituted by "said first polypeptide immobilized onte the
solid phase ~ GAG-containing molecule in the specimen -
second polypeptida"; and

(3) a step for detecting the sandwich-like complex
formed in step (2).

Preferably, the "second polypeptida" is labeled with
a labeling substance or, alternatively, is capable of being
labeled with a labeling substance.

Preferably, the assay comprises the following steps
(1) and (2):

(1) a step for forming first and second complexes by
bringing "a third polypeptide capable of specifically binding
to a GAG-containing molecule"™, "a specimen", and "a solid
phase to which a GAG-containing molecule is immobilized" into
contact with one another, the first complex being constituted
by "GAG-containing molecule immobilized onte a solid phase -
third polypeptide" and the seacond complex being constituted
by "GAG-containing molecule in the specimen -~ third
polypeptida"; and

(2) a step for detecting at least one of the
complexes formed in step (1), the first complex being "GAG-
containing molecule immcbilized onto a solid phase -~ third
polypeptide" and the second complex being "GAG-containing

molecule in the specimen - third polypeptide."”
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More preferably, the assay comprises the following
steps (1) to (3):

(1) a step for forming a first complex by bringing
into contact "a third polypeptide capable of specifically
binding to a GAG-containing molecule" and "a specimen", the
first complex being constituted by "third polypeptide - GAG-'
containing molecule in the specimen®;

(2) a step for forming a second complex by bringing
"the solid phase to which a GAG-containing molecule is
immobilized” into contact with a mixture resulting from step
(1) which contains "the first complex" and "a thirxd
polypeptide that participated in formation of the first
complex", the second complex being constituted by "GAG-
containing molecule immobilized onto the solid phase - thizd
polypeptide"; and

(3) a step for detecting the second complex formed
in step (2).

Detection of thé second complex is preferably carried
cut by use of a fourth polypeptide capable of being

" specifically binding to the third polypeptide and having been
labeled with, ox being capable of being labeled with, a
labeling substancae.

Any of the polypeptides employed in the above methods
is preferably an antibody or a polypeptide having an antigen-
binding site of an antibody.

In the method of the present invention, preferably,
the "GAG of a single species" is a GAG having a sulfate group.
The GAG having a sulfate group is p:eferably KS, HS, CSs, or
DS. In the present method, preferred are the cases where the
"GAG having a sulfate group" is KS, and simultaneously, the

"mucopolysaccharidoses" are of one or more types selected
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from among mucopolysaccharidosis types I, II, III, VI, and
VII. Al=o preferred are the cases where the "GAG having a
sulfate group" is KS, and the mucolipidoses are of one or
more types selected from among mucolipidosiszs types II and IIXT.
Also preferred are the cases where the "GAG having a sulfate
group"” is HBS, and simultaneouzly, the "mucopolysaccharidoses”
are of one or more types zalected from among
mucopolysaccharidosis types IV and VI; the cases where the
"GAG having a sulfate group" is HS, and the lysoscmal storage
diseases are of one or more diseases selected from among
mucolipidoses, metachromatic leukodystropy, Niemann-Pick
diseases, Tay-Sachs disease, Sandhoff diseasa, GM2
gangliosidoses, Krabbe disease, Fabry diseasze, Gaucher
diseases, glycogen storage diseases and lipofuseinoses; the
cases where the "GAG having a sulfate greoup" 4is €S, and
simultaneously, the "mueopolysaccharidoses" are of one or
more types selected from among mucopolysaccharidoszis types I,
II, III, IV, and VI; and the cases where the "GAG having a
sulfate group" is DS, and simul taneously, the
"mucopolysaccharidoses”" are of one or more types selected
from among mucopolysaccharidosis types III and IV.

The present invention also frovides a kit for
detecting at least one disease selected from
nucopolysaccharidoses, mucoclipidoses, GM1L gangliosidoses,
fucosidoses, galactosialidoses, metachromatic leukodystropy,
Niemann-Pick diseases, Tay-Sachs disease, Sandhoff disease,
GM2 gangliosidoses, Krabbe diseasae, Fabry disease, Gaucher
diseases, glycogen storage diseases and lipofuscincses
comprising the following components and used for detecting at
lcast one disease selected from mucopolysaccharidoses,

mucolipidoses, GM1I gangliosidoses, fucosidosges,
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galactogialidoses, metachromatic leukodystropy, Niemann-Pick
diseases, Tay-Sachs disease, Sandhoff disease, GM2
gangliosidosas, Krabbe disease, Fabxry disease, Gaucher
diseases, glycogen storage diseases and lipofuscinoses on the
basis of assay results of GAG of a single species contained
in a specimen (hereinafter the kit is called "the kit of the
invention" or "the present kit"):

(A) a solid phase to which a first polypeptide
capable of specifically binding te a GAG-containing molecule
is immobilized; and

(B) a second polypeptide capable of specifically
binding teo a GAG-containing molecule and having been labeled
with, or being capable of being labeled with, a labeling
substance.

Alternatively, the kit of the present invention may
comprise the following components:

{(A) a solid phase to which a GAG-containing molecule
is immobilized;

(B) a third polypeptide capable of specifically
binding to a GAG-containing meolecule; and

{€) a fourth polypeptide capable of specifically
binding to the third polypeptide, and having been labeled
with, or being capable of being labeled with, a labeling
substance.

Preferably, any of these polypeptides is an antibody
or a polypeptide having an antigen-binding site of an
antibody.

In the kit of the present inventicn, preferably, the
"GAG of a single species" iz a GAG having a sulfate group.
The GAG having a sulfate group is preferably KS, HS, CS8, or

DS. In the present kit, preferred are the cases where the
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"GAG having a sulfate group" is KS, and simultaneously, the
"mucopolysaccharidoses" arxe of one or more types selected
from among mucopolysaccharidosis types I, II, III, VI, and
VII. Also preferred are the cases where the "GAG having a
sulfate group" is K8, and the mucolipidoses are of one or
more tyvpes selected from among mucelipidesgis types II and III.
Also preferred are the cases where the "GAG having a sulfate
group” is HS, and simultaneously, the "mucopolysaccharidoses"
are of one or more types selected from among
mucopolysaccharidosis types IV and V1; the cases where the
"GAG having a sulfate group" is HS, and the diseases are of
one or more diseases selected f£from among mucolipidoses,
metachromatic leukedystropy, Niemann-Pick diseases, Tay-Sachs
diseasgsa, Sandhoff disease, GM2 gangliosidoses, Krabbe disease,
Fabry disease, Gaucher diseases, glycogen storage diseases
and lipofusecinocses; the cases where the "GAG having a sulfate
group"” is CS, and simultaneously, the "mucopolysaccharidoses”
are of one oxr more types selected from among
mucopolysaccharidosis types I, II, III, IV, and VI; and the
cases where the "GAG having a sulfate group" is DS, and
simultaneously, the "mucopolysaccharidoses" are of one or
more types selected from among mucopolysaccharidosis types
IITI and IV.

Various modes of the present invention will next be

described.

<1> Method of the Present Invention
The present invention contemplates a detection method
for lysosomal storage diseases, and comprises the steps of

measuring GAG of a single species contained in a specimen and
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correlating the measurement results with lysosomal storage
diseases.

Preferably, the present invention contemplates a
detection method for at least one disease selected £from
mucopolysaccharidoses, mucolipidoses, GML gangliosidoses,
fucosidoses, galactosialidoses, metachromatic leukedystropy,
Niemann-Pick diseases, Tay-Sachs disease, Sandhoff disease,
GM2 gangliosidoses, Krabbe disease, Fabry disease, Gaucher
diseases, glycogen storage diseases and lipofuscinoses and
comprises the steps of measuring GAG of a single species
contained in a specimen and correlating the measurement
results with at least one disease saelected from
mucopolysaccharidoses, mucclipidoses, GMl1 gangliosidoses,
fucosidoses, galactosialidoses, metachromatic leukodystropy,
Niemann-Pick diseases, Tay-Sachs disease, Sandhoff disease,
GM2 gangliosidoses, Krabbe disease, Fabry disease, Gaucher
diseases, glycogen storage diseases and lipofuscinoses.

A characteristic feature of the method of the present
invention resides in the detection of mucopolysaccharidoses
through measurement of GAG of "a single species”, rather than
through measurement of GAG of "a plurality of species®

contained in a specimen. It has hitherto been accepted that

depending on the classification (type) of
mucopolysaccharidoses, different species of GAGs are
accumalated and excreted. Therefore, quite naturally,

accoxrding to conventional understanding, even when the
measurement of a certain species of GAG (e.g., KS) 1is
negative, presence of mucopolysaccharidoses cannot be denied
until measurements of other species of GAG (e.g., HS, CS, DS
or the 1like) support the negative results. That is,

conventionally, in order to detect mucopolysaccharidoses, a
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plurality of species of GAGs must be measured for a single
specimen.

In contrast, the method of the present invention
enables correlation with mucopolysaccharidoses to be
e@stablished by the measurement of only GAG of a single
species. Furthermore, the method of the present invemtion
enables correlation with not only mucopolysaccharidoses but
also at least one disease selected from mucolipidoses, GML
gangliosidosas, fucosidoses, galactosialidoses, metachromatic
leukedystropy, Niemann-Pick diseases, Tay-Sachs disease,
Sandhoff disease, GM2 gangliosidoses, Krabbe disease, Fabry
disease, Gaucher diseases, glycogen storage diseases and
lipofuscinoses.

Although ro particular limitation is imposed on the
specimen that can be used in the present invention, body
fluid is preferred. No particular limitation is imposed on
the body fluid, so long as it contains, or possibly coqtains,
GAG accumulated as a result of lysosomal storage diseases.
Examples of the body f£fluid include urine, blood (as used
herein, the term "blood" is used to encompasses serum and
plasma), saliva, sweat, tears, synovial fluid,. cartilage
extracts, and supernatants of cell cultures. Of these, urine
and blood are preferred, as they are easily collected from
newborns and in fact are routinely collected for wusual
newborn health check items.

When blood is used as the body fluid, the collected
blood sample may be used as is without any treatment, ox
serum or plasma derived from the collected blood sample may
be used. Preferably, serum or plasma is employed.
Alternatively, hydrophilic components may be extracted from
the blood sample, after which GAG contained in the extract is
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measured. No particular limitation is imposed on the method
for extracting hydrophilic components; for example, a droplet
of a blood sample is added onto commercial filter paper, and
hydrophilic components are extracted from the filter paper.
Extraction of ¢the hydrophilic components from the filter
paper may be conveniently performed by soaking, in an aqueocus
solption, the filter paper bearing the droplet of the blood
sample.

No particular limitation is imposed on the subjects
from which body fluids are collected, so long as they are
individuals having chances of suffering £from Ilysosomal
storage diseases. Preferably, such individuals are nammals,
and more preferably the mammals are humans. In particular,
humans ranging in age from just-delivered newborans to about
6-month infants are preferred.

The "GAG of a single species" to be wused in the
method of the present invention should be understood in its
literal meaning; i.e., one species of GAG. There may be
cases where such a single species of GAG is linked with other
components to thereby form a complex, and in such cases, the
expression "GAG of a single specieé" is used to mean that a
single species of GAG is present in the complex. For example,
when GAG is bound to a protein and forms proteoglycan, "GAG
of a single species" refers to the case where a single
species of GAG is present in the proteoglycan.

Examples of "GAG" include KS, HS, €S, DS (which is
sometimes called chondroitin sulfate B), Hep, and HA.
Preferably, GAG has a sulfate group. In particular, GAG is
preferably Ks, HS, CS, or DS, more preferably KS or HS, most
preferably KS.
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Examples of '"proteoglycan" formed up of GAG and
protein attached thereto include, but are not limited ¢to,
decorin (DS is attached to the core pxrotein), aggrecan (CS
and K8 are attached to the core protein), wversican (DS is
attached to the core protein), kexatocan (KS is attached to
the core protein), syndacan (CS and HS are attached to the
core protein), and perlecan (HS is attached to the core
protein) .

No particular limitation iz imposed on the method for
the '"measurement" of any s8ingle species of these GAGs
contained in a specimen, so leong as the method enables
detection of the single species of GAG. As used hexein, the
word "measurement” (or Tassay") encompasses not only
quantitative detection of GAG but also qualitative detection
(i.e., detection of presence or absence of GAG).

Measurement of GAG of a single species (or in other
words, measurement of a certain GAG species) may be performed
through any of the following methods:

i) a method amploying a polypeptide capable of
specifically binding to the GAG;

ii) a method for analysis using various
chromatography. The method using chromatography 4is not
particularly limited, and includes various chromatography
methods such as a gas chromatography methed and a liquid
chromatography. Examples include a method in which a
degradation enzyme capable of specifically reacting with a
certain species of GAG is caused to react with the GAG
contained in a specimen, to thereby obtain a degradation
product (disaccharide), and through high perxformance Iliquid
chromatography (HPLC) the elutien time of the product from

the ion exchange column is analyzed (disaccharide analysis);



WO 03/092601 PCT/US03/13517
20

iii) a method in which a degradation enzyme capable
of specifically reacting with a certain species of GAG is
caused to react with the GAG contained in a specimen, and the
presence or abszence, as well as the degree, of degradation of
the GAG is determined by use of a dye capable of reacting
with the GAG;

iv) a method in which a degradation enzyme capable
of specifically reacting with a certain species of GAG is
caused to react with the GAG contained in a specimen, and the
presence or absence, as well as the degree, of degradation of
the GAG is determined by use of a polypeptide capable of
specifically binding to the GAG. The method iv) 4is also
described hereinbelow in Example 1; and

v) a method for analysis using a mass spectrometry.
The method using a nass spectrometer is not particularly
limited, and includes various mass spectrometry methods such
as a tandem mass spectrometry method (MS/MS) and a
MATLDI/TOFMS mnethod. .

Of these methods, those employing a polypeptide
capable of specifically binding to GAG are preferred.

Preferably, the "polypeptide" is an antibody or a
polypeptide having an antigen-binding site (Fab) of an
antibody. The "polypeptide having an Fab of an antibody" may
be a fragment containing an Fab of an antibeody. The Fab-
containing fragment may be produced by treating an antibedy
with a protease (such as plasmin, pepsin, papain or the like)
that does not degrade Fab. Examples of the Fab-containing
fragment also include Fabe, (Fab')z and the like, in addition
to Fab.

The "polypeptide having an Fab of an antibody" may be

a chimera antibody having an Fab of interest. When the
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nucleotide sequence of a gene coding for the antibody or the
amino acid sequence of the antibody is determined, there can
be genetically produced a chimera antibody having an Fab of
interest or a fragment containing an Fab of interest.

The "polypeptide" is preferably purified in advance.
When the polypeptide is an "antibody" and the immunoglobulin
class thereof i= IgG, the polypeptide can be purified by
means of affinity chromatoegraphy making use of protein A oxr
Protein G. When the immunoglobulin class of an antibody is
IgM, the polypeptide is purified by meang of gel filtration
column chromatography.

No particular limitation is imposed on the "antibody"
employed in the present invention, so long as it is capable
of specifically binding to a GAG of a single species and
either of monoclonal antibodies and polyclonal antibodies may
be used. From the viewpoints of specificity, homogeneity,
reproducibility, and productivity in sustainable abundance,
monoclonal antibodies are preferred.

The "antibody" may be produced by a known method (for
example, for anti-KS antibody, see J. Biol., Chem,, 258, 8848-
8854 (1983); and for anti-CS antibody, see J. Biol. Chem.,
262, 4146-4152 (1987)). Alternatively, the "antibody" may be
produced by following either of the below-described general
methods.

1) Method for Producing a Polyclonal Antibody

An antigen is administered to  animals for
immunization, such as mice, rats, guinea pigs, rabbits, goat,
sheep, horses, pigs, dogs, cats, or chickens under the skin
(subcutaneously), into the abdominal cavity

(intraperitoneally), or in a footpad.
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Usae of an adjuvant during immunization of animals is
preferred, since adjuvants activate antibody-producing cells.
When the animals receive boosters in a usual manner two to
three weeks following the initial immunization, a;ltisera of
high titer can be obtained. 2About one week following the
final immunization, blood is collectad and serum is separated.
The serum is treated with heat +to thereby deactivate
complenents. Immuneglobulin fractions may be purified
through a conventional purification method employed for

antibodies.

2) Method for Producing a Monoclonal Antibody

A monoclonal antibody may be prapared by the method
of Kohler and Milstein (Nature, 256, 495-497 (1975)).

For example, an antigen is administered to animals
for immunization, such as mice, rats, guinea pigs, rabbits,
goat, sheep, horses, pigs, dogs, cats, or chickens
intraperitoneally, subcutaneocusly, or in a footpad.

From the immunized animals, spleen cells, lymphocytes,
pé:ipheral blood, etc. are collected, and subjected to cell
fusion with myeloma cells (which are of tumor cell line), to
thereby prepare hybridomas. The myeloma cells to be used in
cell fusion may be obtained from various cell 1lines of
mammals., Preferably, cell lines from animals of the same
species as the immunized animals are employed. Also
preferably, the myeloma cells bear a marker for discernment,
after cell fusion, between unfused cells and fused cells, to
thereby enable growth of only hybridomas, while preventing
survival of unfused myeloma cells. Also, in order to
facilitate collection of antibodies of interest from a

culture supernatant of hybridoma, the myeloma cells are
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preferably of a cell line which does not secrete inherent
immunoglobulins,

- The obtained hybridomas are continuously grown, and
subsequently, hybzridoma cell lines which continuously produce
antibodies caﬁable of apecifically binding to antigens are
selactad through screening.

The thus-selected hybridoma cell line is cultured by
use of a suitable medium, to thereby obtain monoclonal
antibodies in the medium. It is also possible to mass-
produce monoclonal antibodies by culturing said hybridoma
call line in a living body; e.g., in the abdominal cavity of
a mouse, and then separating the hybridoma cell line from the
ascites. The thus-obtained monoclonal antibodies may be
purified through a conventional purification method employed
for antibodies.

Although no particular limitation is imposed on the
immunoglobulin class of the antibodies, IgG is preferred.
Antibodiaes whose immunoglobulin elass is IgG can be obtained
through screening by use of an anti-IgG antibedy.

The definition of "GAG of a single species" has
already been provided hereinabove. Thus, the Ypolypeptide
capable of specifically bkinding to GAG" i=s preferably a
polypeptide capable of specifically binding to a GAG having a
sulfate group; more preferably a polypeptide capable of
specifically binding to KS, HS, C5, or DS; even more
praferably a polypeptide capable of specifically binding %o
KS or HS; most preferably a polypeptide capable of
specifically binding to KS.

The "polypeptide capable of specifically binding to
GAG" may be, but is not limited to, the commercial products

described below, The descriptions in parentheses indicate
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animals from which the immunoglcbulins are obtained and the
immunoglobulin classes.
Polypeptide capable of specifically binding to KS:

Anti-KS antibody "5D4" (mouse, IgGl}). "5D4" is a
monoclonal antibody which specifically binds to KS.
Peolypeptide capable of specifically binding to HS:

Anti-HS antibodies "HepSS-1" (mouse, IgM), "F58-10E4"
(mouse, IgM), "HK-249" {(mouse, IgM), "F69-3G61l0" (mouse,
IgG2b), "JM403" (mouse, IgM (Diabetologia, 37(3), 313-320
{(1994))). These are all monoclonal antibodies which
specifically bind tp HS.

Polypeptide capable of specifically binding to DS and CS:

Anti-CS antibodies "CS-56" (mouse, IgM), "MO-225"
(mouse, IgM), "MC21C" (mouse, IgM), "LY11ll" (mcousa, IgM), "1-
B-5" (mouse, IgGl), "2-B-6" (mouse, IgGi), "3-E-3" (mouse,
IgM), "2B6" (mouse, IgM), and "473" (mouse, IgA). These are
all monoclonal antibodies which specifically bind to HS,

The above antibodies are already known and, eaxcept
for JM403, are commercially available from Saikagaku
Corporation (Tokyo). Therefore, persons having oxdinary
skill in the art can prepare or procure them without
difficulty.

Example assay methods for "GAG of a single species"
by use of a polypeptide capable of specifically binding to
GAG inalude, but are not limited to, the following.

i) A specimen is brought intoc contact with a2 solid
phase to which a first polypeptide is immobilized, followaed
by addition of a second polypeptide for contact thereto, to
thereby form a sandwich-like complex, and the thus-formed

complex is detected (a so-called sandwich assay) .



WO 03/092601 PCT/US03/13517
25

ii) In the presence of three components; that is,
GAG~containing molecules which is immcbilized onto a solid
pbase, a specimen, and a polypeptide (wherein the specimen
and the polypeptide may be brought inte contact imn advance),
the GAG-containing molecules which is immobilized and GAG-
containing molecules contained in the specimen are allowed to
competitively zreact with the polypeptide, and subsequently,
the amount of polypeptide bound to the solid phase is
detected, to thereby obtain the amount of GAG contained in
the specimen (a so-called inhibition assay).

iii) A specimen is brought into contact with finme
particles to which polypeptide moleculas is immobilized,
followed by addition of a second polypeptide for contact
thereto, to thereby form aggregates of particles, and the
thus~formed aggregates (or precipitates) are detected (a so-
called agglutination assay).

Preferably, the present method is carried out through
a sandwich assay. That is, the present method preferably
comprises the following steps:

(1) a step for forming a sandwich-like complex by
bringing "a solid phase to which a first polypeptide capable
of specifically binding to a GAG-containing molecule is
immobilized", "a specimen”, and "a second polypeptide capable
of specifically binding to a GAG-containing molecule" into
contact with one another, the sandwich-like complex being
constituted by "said first polypeptide immobilized onto the
solid phase - GAG-containing molecule in the specimen -
saecond polypeptide”;: and

(2) a step for detecting the sandwich-like complex

formed in step (1).
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In step (1) above, the three substances; i.e., "a
solid phase to which a first polypeptide capable of
specifically binding to a GAG-containing molecule is
immobilized”, "a specimen", and "a second polypeptide capable
of specifically binding to a GAG-containing molecule" may be
brought into contact simultaneously. Alternatively, the
former two substances may first be brought inte contact with
each other, followed by addition of the third substance for
contact; or the latter two substances may first be brought
into contact with each other, followed by addition of the
first substance foxr contact. Preferably, according to the
method of the present invention, the former two substances
are first brought into contact with each other, followed by
addition of the third substance for contact. Thus, more
preferably, the assay comprises the following steps (1), (2),
and (3):

(1) a step for forming a complex by bringing "a
solid phase to which a £first polypeptide capable of
spacifically binding te a GAG-containing molecule is
immobilized" into contact with "a specimen", the complex
being constituted by "first polypeptide immobilized onto the
golid phase - GAG-~¢ontaining molecule in the specimen';

{(2) a step for forming a sanawichmlike complex by
bringing the above-described solid phase into contact with "a
second polypeptide capable of specifically binding to a GAG-
containing molecule", the sandwich-like complex being
constituted by "said first polypeptide immobilized onto the
solid phase - GAG-containing molecule in the specimen =
second polypeptide"; and

(3) a step for detecting the sandwich-like complex

formed in step (2).
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Heréafter, this method will be explained in detail

for every process.

Step (1):

In step (1), "a solid phase to which a fixst
polypeptide capable of specifically binding to a GAG-
containing molecule is immobilized" is brought into contact
with "a specimen", to thereby form a complex constituted by
"first polypeptide immobilized onto the solid phase - GAG-

containing molecule in the specimen.”

(1)-1 Fixst Polypeptide Capable of Specifically Binding to a
GAG-Containing Molecule

As used herein, the term "GAG-containing molecule”
refers to any molecule that contains GAG as a constituent
thereof. Examples of such a molecule include a GAG molecule
per sa (i.e., containing ne other constituents), and a
proteocglycan molecule.

The "first polypeptide" in this context may be the
game as or different from the below-described "second
polypeptide." However, in any case, at least one of the two
must be a polypeptide capable of specifically binding to GAG
{(i.e., a GAG molecule per se).

The definition of "polypeptide capable of
specifically binding to GAG (i.e., a GAG molecule per se)"
has already been provided hereinabove. An example of a
tpolypeptide capable of specifically binding to a GAG-
containing molecule (other than the GAG molecule per se)" is
an antibody c¢apable of ' specifically binding to the core
protein of proteoglycan. Examples of such an antibody

include, but are not limited to, "6-B-6" (mouse, IgGl) (anti-
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decorin antibedy), "2-B-1" (mouse, IgGl) (anti~vergican
antibody), "HK-102" (mousea, IgG2b) (anti-perlecan antibody),
"]1-G-2" (mouse, IgGl) (anti-neurocan antibody), and "6-B-4"
(mouse, IgM) (anti-phosphacan antibody). In the above
description, the animals from which the immunoglobulins are
derived and immunoglobulin classes are provided in
parentheses.

The above axe all monoclonal antibodies which are
capable of binding to the core protein of proteoglycans.
These antibodies are commercially available from Seikagaku
Corporation (Tokyo).

When blood is used as a specimen, GAGs contained in
the blood specimen are considered to be present in the form
of proteoglycans. Therefore, the aforementioned "polypeptide
capable of specifically binding to a GAG-containing molecule
{(other than the GAG molecule per se)" may be employed to
serve as either one of the first polypeptide and a second
polypeptide, which will be described hereinbelow. In this
case, however, the other polypeptide must be a "polypeptide
capable of specifically binding to GAG (i.e., a GAG molecule

per se)."

(1) -2 Solid Phase

No particular limitation is imposed on the solid
phase to which the first polypeptide is to be immobilized, so
long as the solid phase is capable of immobilizing the
polypeptide and is insoluble in watexr, specimen, or reaction
mixture of the assay. The solid phase may take a variety of
forms, such as plates (e.g., wells of microplates), tubes,
beads, membranes, gels, and micro-spherical solid carriers

(gelatin particles, kaolin particles, or synthetic polymer
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particles such as latex). From the viewpoints Qf accurate
quantitative evaluation and convenience in use, microplates
are preferred.

Examples of the material that constitutes the solid
phase include polystyrene, polypropylene, poly (vinyl
chloride), nitrocellulose, Nvlon, polyécrylamide . Teflon,
polyallomer, polyethylena, glass, and agarose. Among these
materials, polystyrene is preferred, and thus, plates made of
polystyrene are preferred.

In order to immobilize the first polypeptide onto any
of these =so0lid phases, a conventional method for prepaxing
immobilized enzymes may be applied, and such a method
includes, for example, physical adsoxption, covalent bonding,
or entrapment ("Immobilized Enzymes" published by Kodansha,
1975, pp. 9-75).

In particular, physical adsorption is preferred from
the viewpoints of convenience in procedure and prevalence in
use.

A specific example of physical adsorption is
described below. This example is drawn to a case where the
first polypeptide is anti-KS5 antibody.

Anti-KS antibodies are dissolved in a buffer (ea.qg.,
phosphate buffer, phosphate buffered =saline (PRS), or
carbonate buffer; pH 7 to 9), and the solution is added onto
a solid phase (such as a microplate), followed by storage for
1 to 2 hours at about 37°C or overnight at about 4°C, to
thereby immobilize the antibodies.

The surface of the s60lid phase to which the first
polypeptide is immobilized may have portions bearing ne
peptide, and when -GAG-containing molecules contained in the

specimen adhere in an non-specific manner, accurate assay
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results may £ail to be obtained. To prevent this, preferably,
a blocking substance is added before the specimen is brought
inte ceontact with the s=solid phase, so as to cover the
portions to which the first polypeptide has not yet bheen
immeobilized, Examples of such a blocking substance include
serum albumin, casein, skim milk, gelatin, and Pluronie, and
commercial products sold as such may also be employed.

In an exemplary bleocking procedure, a blocking
substance is added, followed by standing for 30 minutes to 2
hours at 37°C or for 1 to 2 hours at room temperature (15-

25°C) .

(1)-3 S8pecimen
Relevant descriptions provided hereinabove apply, and

therefore repetition is omitted.

(1)-4 Contact between Solid Phase and Specimen

No particular limitation is imposed on the manner in
which the solid phase is brought into contact with the
specimen, so long as the first polypeptide molecules
immobilized onto the solid phase and the GAG-containing
molecules contained in the specimen are under c¢onditions
allowing contact therebetween. For example, the spocimen may
be added onto the solid phase, or vice versa, for achieving
contact therebetween. Alternatively, the two may be
simultaneocusly added into a container which is provided
separately. These are only examples, and contact between
solid phase and specimen may be appropriately determined by
persons having ordinary skill in the art in accordance with

the shape, material, etec. of the solid phase. -
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When contact between the two has been established,
preferably, the first polypeptide and GAG-containing
molecules contained in the specimen are allowed to react at 4
to 37°C, more preferably at 37°C, for about 1 hour, so as to
attain sufficient, complete bonding therebetween.

After completion of the above reaction, solid and
liquid phases are separated from each other. Preferably,
non-specific adsorbents ox unreacted components remaining in
the specimen are removed by washing the surface of the solid
phase with a washing solution as desired.

Examples of preferred washing solutions include
buffers to which nonionic surfactants (such as those of the
Tween series) are incorporated, and specifically, mention may
be given of phosphate buffer, PBS, and Tris HCl buffer.

When the specimen is brought into contact with the
solid phase to which the first polypeptide is immobiiizad, a
complex of "first polypeptide immobilized onto the solid

phase - GAG-containing molecule" is formed.

Step (2):

In step (2), a second polypeptide capable of
specifically binding to a GAG-containing meclecule is brought
into contact with the above-described solid phase that has
undergone step (1), to thereby form a sandwich-like complex
of "the first polypeptide immobilized onto the solid phase -

GAG-containing molecule in tha specimen - second

polypeptide."
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(2)-1 Second Polypeptide Capable of Specifically Binding to
a GAG-Containing Molecule

The descriptions provided hereinabove for the
aforementioned "first polypeptide" also apply to the second
polypeptide.

Preferablyv, the second polypeptide is labeled with,
or can be labeled with, a labeling substance, so as to
facilitate detection thereof. No particular limitation is
imposed on the labeling substance which may be employed for
labeling, so long as it can be ordinarily used for labeling
proteins. Examples of such labeling substance include
enzymes (such as peroxidase, alkaline phosphatase, B-
galactosidase, luciferase, acetylcholinesterase, and glucose
oxidase), radioisotopes (such as '¥r, I, and ) ;
fluorochromes (such as fluorescein isothiocyanate (FITC), 7-
amino-4~methylcoumarin-3-acetate (AMCA) , dichlorotriazinyl
aminofluorescein (DTAF), tetramethylrhodamine isothiocyanate
(TRITC) , Lissamine Rhodamine B, Texas Red, Phycoerythrin (PE),
umbelliferone, europium, phycocyanin, Tricolor, and cyanin):
chemilunminescence substances (such ag luminol); haptens (such
as dinitrofluorobenzene, adenosine monophosphate (AMP), and
2,4-dinitroaniline); one component of any of specific binding
pairs (such as biotin and an avidin (e.g., streptoavidin),
lectin and sugaxr c¢hain, agonist and receptor therefor,
heparin and antithrombin III (ATIII), and polysaccharide and
a binding pzotein therefor (e.g., hyaluronie acid and
hyaluronic-acid-binding protein (HABP)).

Of such exemplified labeling substances, one
component of any of specific binding pairs is preferred, with

either biotin or an avidin being more preferred. In

particular, biotin is preferred.
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The method for labeling the second polypeptide with a
labeling substance may be performed through any known method
suited for the substance of interest. For example, when the
labeling substance is an enzyme, any of the following methods
may be appropriately employed: glutaraldehyde method,
periodate cross-linking method, maleimide cross-linking
method, carbodiimide method, and activated ester method.
When the labeling substance is a radioisctope, the chloramine
T method or the lactoperoxidase method (see Zoku-Seikagaku
Jikken Koza 2 "Protein Chemistry (the last volume)" published
by Tokyo EKagaku Dojin, 1987) may be appropriately employed.
For example, when biotin is employed as a labeling subkstance,
there may be used a method in which an N-hydroxysuccinimide
ester derivative or hydrazide derivative of biotin (see
Avidin-Biotin Chemistry: A Handbook, PP. 57-63, Pierce
Chemical Company, published in 1994).

Preferably, the second polypeptide is labeled with a

labeling substance in advance.

{(2)-2 Contact betwean Solid Phase that has undexgone Step
(1) and Second Polypeptide

This step may be performed in a manner similax to
that described in (1)-4 above., Alseco, similar to the case of
step (1)-4, after cqmpletion of reaction, solid and liquid
phases are separated from each other, and preferably, in
accordance with needs, non-specific adsorbents and the
unreacted components remaining in the specimen are removed
through washing of the surface of the so0lid phase. Moreover,

employable washing solutions are the same as described in

connection with step (1)-4.
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When the aforementioned solid phase that has
undergone step (1) (i.e., the solid phase kearing a complex
of "first polypeptide immobilized onto the solid phase - GAG-
containing molecule in the specimen") is brought into contact
with the second polypeptide capable of specifically binding
to a GAG-containing meolecule, a sandwich-like complax of "the
first polypeptide immobilized onte the solid phase - GAG-
containing molecule in the specimen - second polypeptide" is

formed,

Step (3):

In step (3), the sandwich-like complex formed in step
(2) is detected.

No particular limitation is imposed on the method for
detecting the sandwich-like complex. For example, when the
second polypeptide is labeled with a labeling substance, the
conplex can be detected by detecting the labeling substance.

Labeling substances may be detected by an appropriate
method selected f£from among known methods established in
accordance with the type of labeling substances. For examplea,
when onae c¢omponent (e.g., biotin) of a certain specific
binding pair is employed as a labeling substance, an enzyme
(such as peroxidase) to which another component (e.g.,
streptoavidin) capable of specifically binding to the first
component is added, to thereby cause formation of a specific
binding pair. Subsequently, a substrate (for example,
hydrogen peroxide (in the case where the enzyme is
peroxidase)) £for the enzyme employed and a chromogenic
substance (such as 3,3',5,5'-tetramethylbenzidine (TMB) ox
diamincbenzidine) is added, and color developed and assumed

by the product of the enzymatic reaction is determined
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through absorptiometry, to thereby detect the labeled
substance.

When a radioisotope, a fluorochrome, or a
chemoluminescence substance serves as a labeling substance,
radioactivity count, fluorescence intensity, fluorescence
polarization, or luminescence intensity may be measured,

Through detection of such a labeling substance, the
sandwich-like complex can be detected, attaining measurxement
of GAG of a single species (that is, a certain species of
GAG) contained in the specimen. Because this method is a
sandwich format, detection of a large amount of labeling
substance indicates a commensurately large amount of a
sandwich complex; in other words, presence of a laxge amount
of GAG of a single species in the specimen.

When a qualitative assay of GAG (detection of the
presence or absence of GAG) is desired, the results (positive
or negative) regarding detection of the labeling substance is
direcctly employed as the assay results for GAG.

When a quantitative assay of GAG (such as measurement
of the GAG concentration) is desired, the absorbance value,
radicactivity count, fluorescent intensity, or luminescence
intensity may be directly employed as an index for the GAG
content. Moreover, by use of standard GAGs of known
concentrations, therxe may be prepared in advance calibration
curves or correlation equations regarding the relation
between GAG concentration and results of detection (e.g.,
absorbance) on standard substances, and the GAG concentration
in the specimen may be determined therefrom. When a urine
sample is employed as a specimen, the calculated GAG

concentration may be corrected with reference to the
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concentrations of othexr substances (such as urine creatinine)
contained in urine. '

Another preferred method for the present invention is
the inhibition method. That is, the method of the invention
is preferably preformed through a method comprising the
following steps (1) and (2):

(1) a step for forming first and second complexes by
bringing "a third polypeptide capable of specifically binding
to a GAG—containing' molecule”, "a specimen", and "a solid
phase to which a GAG-containing molecule is immcbilized" into
contact with .one another, the first complex being constituted
by "GAG-containing molecule immobilized onto a solid phase -
third polypeptide” and the second complex being constituted
by "GAG-containing molecule in the specimen - third
polypeptide"; and

(2) a step for detecting at least one of the
complexes formed in step (1), the first complex being "GAG-
containing molecule immocbilized onto a solid phase ~ third
polypeptide" and the second complex being "GAG-containing
molecule in the specimen - third polypeptide."

In step (1), the three substances; i.e., "a thixd
polypeptide capable of specifically binding to a GAG-
containing molecule", "a specimen", and "a se¢lid phase to
which a GAG-containing molecule is immobilized" may be
brought into ceontact simultaneocusly. Alternatively, the
former two substances may first be brought into contact with
each other, followed by addition of the third substance for
contaot; or the latter two substances may first be brought
into contact with each other, followed by addition of the
first substance for contact. Preferably, according to the

method of the present invention, the former two substances
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are first brought into contact with each other, followed by
addition of the third substance for contact.

In step (2), of the first and second complexes, only
the first complex (i.e., "GAG-containing molecule immobilized
onte a solid . phase - thixd polypeptide") or the second
complex (i.e., "GAG-containing molecule in the specimen -

third polypeptide’), oxr both, may be detected. According to
the present method, detection of only the first complex is
preferred.

That 4is, the method of the present invention
preferably comprises the following steps (1) to (3):

(1) a step for forming a first complex by bringing
"a third polypeptide capable of specifically binding to a
GAG-containing molecule" and "a specimen" into contact, the
first complex being constituted by "third polypeptide - GAG-
containing molecule in the specimen™;

(2) a step for forming a second complex by bringing
"the so0lid phase to which a GAG-containing molecule is
immobilized" into contact with a mixture resulting from step
(1); i.e., a mixture containing "tha first complex" and "a
third polypeptide that has not participated in formation of
the first complex”, the second complex being constituted by
"GAG-containing molecule immobilized onto the solid phase -
third polypeptide”"; and

(3) a step for detecting the second complex formed
in step (2).

Detection of the second complex is preferably carried
out by use of a fourth polypeptide capable of specifically
binding to the third polypeptide and having been labeled with,
or being capable of being labeled with, a labeling substance.
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Raspective steps of the assay will next be described.

Step (1):

In step (1), a first complex is formed by bringing "a
third polypeptide capable ©f specifically binding to a GAG-
containing molecule” and "a specimen” into contact, the first
complex being constituted by "thizrd polypeptide - GAG-
containing molecule in the specimen."

The description provided for the "third polypeptide
capable of specifically binding to a GAG~containing molecule"
also applies to the aforementicned "polypeptide capable of
specifically binding to GAG (i.e., a GAG molecule itself)."
Also, the specimen employed in this step is the same as that
described above. No particular limitation is imposed on the

' manner of contact between the third polypeptide and the
specimen, so long as the thirxd polypeptide molecule can be
brought into contact with a GAG-containing molecule contained
in the specimen.

When the third polypeptide is brought into c¢ontact
with the specimen, a first complex; i.e., a "third
polypeptide - GAG-containing molecule in the specimen" is
formed. As a result, step (1) can yield a mixture containing
"the first complex" and "a third polypeptide that haz not

participated in formation of the first complex."

Step (2):

In step (2), the s0lid phase to which the GAG-
containing molecule is immobilized iz brought into contact
with the mixture obtained from step (1); 1.e., a mixture
containing "the first complex" and "the third polypeptide

that has not participated in formation of the first complex",
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to therecbhy form a complex of "GAG-containing meolecule
immobilized onto a se0lid phase - third polypeptide.®

No particular limitation is imposed on the solid
phase to which GAG-containing molecules are to be immobilized,
sc long as the solid phase is capable of immeobilizing GAG-
containing molecules and is inscluble in water, specimen, or
reaction mixture of the assay. For other materials, see the
descriptions provided hereinabove,

Also, the GAG-containing molecules capable of being
immobilized onto the so0lid phase are the same as those
described hereinabove. No¢ particular limitation is imposed
on the GAG-containing molecules capable of being immobilized
onto the solid phase, 30 long as they hava a site (or a
portion) to which the third polypeptide can be specifically
bound. That is, the GAG-containing molecule encompasses not
only the GAG-containing molacule itself but also a fragment
obtained through treatment of the GAG-containing molecule
with a GAG-specific degradation enzyme.

GAG-containing molecules may be immobilized onto a
solid phase through any conventional method, such as physical
adsorption or c¢ovalent bonding. In particular, physical
adsorption is preferred, from the viewpoints of convenience
in procedure and prevalence in use.

The solid phase to which the GAG-containing molecules
is dimmobilized iz brought into contact with the mixture
obtained in step (1) in a manner similar to that described
above. Similar to the aforementioned case, preferably, the
s8olid phase and ligquid phase are separated from each other
after completion of reaction, and in addition, in accordance
with needs, non-specific adsorbents and the - unreacted

components remaining in the specimen are removed <through
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washing of the surface of the solid phase with a washing
solution. The washing solution which may be employed is as
dascribed in the foregoing.

By bringing the solid phase to which GAG-containing
moleculas is immobilized into contact with the mixture
obtained from step (1), the "third polvpeptides that have not
participated in formation of the first complexes" are
specifically bound to the GAG-containing molecules, to
thereby form the complexes of the "GAG-containing molecules

immobilized onto the so0lid phase - third polypeptides.”

Step (3):

In step (3), the complexes formed in step (2) are
detected.

No particular limitation is imposed on the mathod for
detecting the complexes, However, detection is preferably
performed by use of '"fourth polypeptides capable of
specifically binding to third polypeptides and having been
labeled with, ox being capable of being labeled with, a
labeling substance."

No particular limitation is impesed on the "fourth
polypeptides capable of specifically binding to third
polypeptides" so long asg tha fourth polypeptides «can
specifically bind to the third polypeptides. When the thirxd
polypeptides are antibodies (immunoglobulins), the fourth
polypeptides may be antibodies which can specifically bind to
such immunoglobulinsg in accordance with -the animals from
which the immunoglobulins are derived or the eclass of the
immunoglobulins. For example, when the third polypeptide is
an immunoglobulin derived from mouse (mouse IgGl), an anti-

mouse IgGl antibody may serve as the fourth polypeptide,
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The descriptions provided for the previously
mentioned labeling substance are also applicable to the
labeling substance employable for labeling the fourth
polypeptides. Preferably, the labeling substance is an
enzyme (peroxidase, alkaline phosphatase, f-galactosidase,
luciferase, acetylcholinesterase, glucose oxidase, ete.),
with peroxidase being more preferred.

Since the method for labeling the fourth polypeptides
with a labeling substance and the method for detecting the
labeling substance are performed in manners similar to those
deseribed hexeinabove, descriptions therefor are omitted fox
the szake of simplicity. However, since the employed method
is the inhibition method, detection of a large amount of the
labeling substance should be interpreted such that the amount
of the "third polypeptides that have not participated in
formation of 'third polypeptide - GAG-containing molecule in
the specimen' conmplexes"” is commensurably laige (that is, the
amount of the complexes being commensurably small); in other
words, the amount of the GAG of a single species contained in
the spacimen iz small,

In the present invention, no particular limitation is
imposed on the "lysosomal storage diseases™ which are to be
detected by the present method and are correlated with assay
results of GAGs, so long as the "lysosomal storage diseases"
are diseases recognized as such in the art. Preferably, the
"lyscosomal storage diseases"” are at least one disease
selected from mucopolysaccharidoses, mucolipidoses, GM1
gangliosidoses, fucosidoses, galactosialidoses, metachromatic
leukodystropy, Niemann-Pick diseases, . Tay-Sachg disease,

Sandhoff disease, GM2 gangliosidoses, Krabbe disease, Fabzry
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disease, Gaucher diseases, glycogen storage diseases and
lipofuscinoseas.

In the present invention, no particular limitation is
imposed on the "mucopolysaccharidoses® which are to be
detected by the present method and are correlated with assay
results of GAGs, s8¢ long as the “mucopolysaccharidoses" are
diseases recognized as such in the axt. Preferably, the
"mucopolysaccharidoses" arxe a class of mucopolysaccharidosis
types I, II, III, IV, VI, and VII.

In the present invention, ne particular limitation is
imposed on the 'mucolipidoses", "GM1 gangliosidoses",
"fucogidoses"”, "galactosialidoses", "metachromatic
leukodystropy", "Niemann-Pick diseases", "Tay-Sachs disease",
nsandhoff digease", "GM2 gangliosidoses", "Krabbe disease",
"Fabry diseasa", "Gaucher diseases", "glycogen storage
diseases" and "lipofuscinoses" so long as they are diseases
recognized as such’ in the art. Preferably, the
'mucolipidoses” are mucolipidosis types II or III.
Preferably, the "Nigmann—Pick diseases” are Niemann-Pick
disease types B or C. Preferably, the "Gaucher diseases" are
Gaucher diseasé types T or III. Preferably, the "glycogen
storage diseases" are glycogen storage disease types 1 or 2.

The step in which lysosomal storage diseases are
correlated with assay results of GAGS may be perfoxrmed as
follows.

As described above, a specimen £from an animal of
lysosomal storage diseases shows a significantly high GAG
level. Accordingly, when the measurement of GAG of a single
species (GAG 1level) is higher than that (GAG level) of
healthy animals (animals of non-lysosomal storage diseases),

the measurement can be correlated to 'affirmation of
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lysosomal storage diseases" or “"high =zxisk of lysosomal
storage diseases"

When the measurement of GAG of a single species (GAG
level) is lower than that (GAG level) of healthy animals, the
measurement can be correlated to "free of lysosomal storage
digeages” or "low risk of lysosomal storage diseases"

The correlation between the identified GAG level and
lysosomal storage diseases encompasses not only that for
predicting the "presence or absence of the risk of lysosomal
storage diseases" but also that for predicting the severity
or progress of lysosomal storage diseases. For example, if
the GAG level of a specimen o¢btained from a certain
indiv;dual iz periodically measured and shows a tendency of
increase in the GAG level, such a tendency may be correlated
to "progressive lysosomal storage diseases" or "high risk of
lysosomal storage diseases progressing." On the other hand,
when the results show a tendency of decrease in the GAG level,
such a tendency may bae correlated to '"lysocsomal storage
diseases aneliorating” or "high possibility of lysoscmal
storage diseases ameliorating." Also, when no changez in the
GAG lavel are observed, this can be correlated to '"no changes
in the state of lysosomal storage diseases" or "high
possibility of lysosomal storage diseases neither progressing
nor mitigating."

The measurement (GAG level) which forms the basis for
the correlation with lysosomal storage diseases may be the
GAG concentration obtained by wuse of the aforementioned
calibration curve or the correlation equations, or the GAG
ratio with =respect to the GAG level as determined in a

specimen from healthy animals.
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According to the method of the present invention, the
"GAG of a single species" is preferably a GAG having a
sulfate group. More preferably, the GAG having a sulfate
group is K8, and simultaneously, the "mucopolysaacharidoses”
to ba detected are one or more mucopolyéaccharidosas selected
from mucopolysaccharidosis types I, II, III, VvIiI, and VII.
Thiz is a particularly important feature of the present
invention, since the Ffinding that KS is secreted into body
fluids of a subject suffering mucopolysaccharidosis type I,
II, III, VI or VII has remained completely unknown until
conception of the present invention. Among the above types,
the "mucopolysaccharidoses” to be detected are preferably one
or more mucopolysaccharidoses selected from types I, II, III
and VI. The "GAG having a sulfate group" is preferably KS,
and simultaneously, the "mucolipidoses” to be datected are
one or more mucolipidosesz selected from mucolipidoses types
IT and III.

In the present invention, the following case is also
preferred: The GAG having a sulfate group is HS, and
simultaneously, the "mucopolysaccharidoses" to bhe detected
are one or more mucopolysaccharidoses selected from
mucopolysaccharidosis types IV and VI. This 4is also a
particularly important feature of the present iavention,
since the finding that HS is secreted into body fluids of
subjects suffering mucopolysaccharidosis type IV ox VI has
remained completely unknown until conception of the present
invention,

In the present invention, the following case is also
preferred: the GAG having a sulfate group is HS, and the
lysosomal storage diseases are of one or more diseases

selected from among mucolipidoses, metachromatic
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leukodystropy, Niemann-Pick diseases, Tay-Sachs disease,
Sandhoff diseasze, GM2 gangliosidoses, Krabbe disease, Fabry
disease, Gaucher diseases, glycogen storage diseases and
lipofuscinoses.

In the present invention, the feollowing case is also
preferred: The GAG having a sulfate group is €S, and
simultaneously, the "mucopolysaccharidoses" to be detected
are one or more mucopelysaccharidoses selected <from
mucopolysaccharidosis types I, II, III, IV, and VI. This is
also a particularly important feature of the preszent
invantion, since the finding that CS is =secreted into body
fluids of subjects suffering mucopolysaccharidosiz of the
above types has remained completely unknown until conception
of the present invention.

In the present invention, the following case is alseo
preferred: The GAG having a sulfate group is DS, and
simultaneously, the "mucopolysaccharidoses" to be detected
are one or more mucopolysaccharidoses selected from
mucopolysaccharidosis types III and IV, This 4is also a
particularly importaﬁt feature of the present invention,
gsince the finding that DS is secreted into body fluids of
subjectz suffering mucopolysaccharidosis of the above types
has remained completely unknown until conception of the
present invention.

Although the descriptions hereinabove have focused on
the "detection method" for lysoscmal storage diseases, the
method of the present invention is not necessarily limited
only to such a method, and a "screening method" and a
"diagnosis method" are also envisaged by the present

invention.
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<2> Kit of the Present Inventieon

The kit of the present invention includes the
following components, and is intended to be used to detect at
least one disease selected from mucopolysaccharidoses,
mucolipidoses, GM1L gangliosidoses, fucosidoses,
galactosialidoses, metachromatic¢ leukodystropy, Niémann—Pick
diseasa, Tay-Sachs disease, Sandheff disease, GM2
gangliosidoses, ERrabbe disease, Fabry disease, Gaucher
disease, glycogen storage disease and lipefuscinoses on the
basis of the measurement of GAG of a single species in a
specimen:

() a s0lid phase to which a first polypeptide
capable of specifically binding to a GAG-containing molecule
is immobilized; and

(B) a second polypeptide capable of specifically
binding to a GAG-containing molecule and having been labeled
with, or being capable of being labeled with, a labeling
substance.

In the <£following descriptions of the kit of the
present invention, the terms "GAG of a single species",
"first polypeptide capable of specifically binding to a GAG-
containing molecule", "solid phase to which a first
polypeptide is immobilized!", "second polypeptide capable of
specifically binding to a GAG~containing molecule", "labaling
substance", method for labeling a polypeptide with a labeling
substance, and target "mucopolysaccharidoses, etec." to be
detected all have the same meanings as previously provided in
section <1> Method of the Present Invention. The present kit
can be used to detaect lysosomal storage diseases through

sandwich assay of GAGs.
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Instead of the above components (A) and (B), the kit
of the present invention may include the following components
(), (B), and (C):

(A) a solid phase to which a GAG-containing molecule
is immobilized,

(B) a thi:':d polvreptide capable of specifiocally
binding to a GAG~containing molecule, and

(C) a fourth polypeptide capable of specifically
binding to the third polypeptide and having been labeled witk,
oxr being capable of being labeled with, a labeling substance.

In the following descriptions of the kit of the
present invention, the terms "solid phase to which a GAG-
containing molecule is dimmobilized", ‘“third polypeptide
capable of specifically binding to a GAG-containing molecule”™,
"fourth polypeptide capable of specifically binding to a
third polypeptide", "labeling substance", method for labeling
a polypeptide with a labeling substance, and target
"mucopolysaccharidoses, etec." to be detected all have the
zame meanings as previously provided in section <1> Method of
the Present Invention. The present kit can be uszed to detect
mucopolysaccharidoses, etc. through the inhibition assay of
GAGs.

Detection of mucopolysaccharidoses, etec. by use of
any mode of the kit of the present invention can be achieved
in accordance with the descriptions provided in section <1>
Method of the Present Invention."

In the kit of the present invention, the
"polypeptide®™ is preferably an antibody or a polypeptide
having an antigen binding site of an antibody.

No particular limitation is imposed on  the

"mucopolysaccharidoses” which are to be detected by the
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present kit, so long as the "mucopolysaccharidosas"™ are
diseases recognized as such in the art. Preferably, the
"mucopolysaccharidoses” are a class of mucopeolysaccharidosis
types I, II, III, IV, VI, and VII. In the same manner, in
the kit of the present invention, no particular limitation is
imposed on  the "mucolipidoses™, "GM1 gangliosidoses",
"fucosideoses", "galactosialidoses”, "metachromatic
leukodystropy", "Niemann-Pick diseases", "Tay-Sachs disease",
vSandhoff disease", "GM2 gangliosidoses", "Krabbe disease",
"Fabry disease", "Gaucher diseases", "glycogen storage
diseases" and "lipofuscinoses", so long as they are diseases
recognized as such in the art. Preferably, the
"mucolipidoses" are mucolipidosis type II ox III. Preferably,
the "Niemann~Pick diseases" are Niemann-Pick disease types B
or ¢. Preferably, the "Gaucher diseases" are Gaucher disease
types I or III. Preferably, the "glycogen storage diseases"
are glycogen storage disease types 1 or 2.

Moreover, "GAG of a single species" in the kit of the
present invention is preferably a GAG having a sulfate group,
and the GAG having a sulfate group is preferably KS, HS, CS,
or DS.

In the kit of the present invention, the "GAG having
a sulfate group" is prefeiably KS, and simultaneocusly, the
"mucopolysaccharidoses" are one or more mucopolysaccharidoses
salected from mucopolysaccharidosis types I, II, III, VI, and
VII. More preferably, the "mucopolysaccharidoses" to Dbe
detected are one or more mucopolysaccharidoses selected from
mucopolysaccharidosis types I, II, III, and VI. Also, the
"GAG having a sulfate group" is preferably KS, and
simultaneously, the '"mucolipidoses" are one or more

mucelipidoses selected from mucolipidosis types II and III.



WO 03/092601 PCT/US03/13517
49

Moreover, the following cases are also preferred: The
"GAG having a sulfate group" is HS, and simultaneously, the
"mucopolysaccharidoses” are one ox moxe mucopolysaccharidoses
selected £rom mucopolysaccharidosis types IV and VI; the "GAG
having a sulfate group" is HS, and_, the lysosomal storage
disecases are of one or more diseases selected from anmong
muccolipidoseas, metachromatic leukodystropy, Niemann-Pick
diseases, Tay-Sachs disease, Sandhoff disease, M2
gangliosidoses, Krabbe disease, Fabry disease, Gaucher
diseases, glycogen storage diseases and lipofuscinoses; the
"GAG having a sulfate group" is CS, and simultaneously, the
"mucopolysaccharidoses" are one or more mucopolysaccharidoses
selected from mucopolysaccharidosis types I, II, III, IV and
VI; the "GAG having a sulfate group" dis DS, and
simultaneously, the "mucopolysaccharidoses" are one or more
mucopolysaccharidoses selected from mucopolysaccharidosis
types IIL and IV. Note that these features also apply to the
method of the present invention.

No particular limitation is imposed on the kit of the
present invention, so0 long as the kit includes the above-
described components. The kit may further include standard
GAG products of known concentration serving as standard
samples useful for drawing calibration curves or establishing
corralation equations, detection reagents for labeling
subsgtances, and so on. In addition to these components, the
kit may also include the aforementioned blocking substance,
the aforementioned washing solution, a solution for diluting
specimens, and a solution for stopping enzymatic reactions.
Moreover, the kit may include a substance serving as a
positive control (QC-control), which is used to maintain a

certain assay level throughout the assay batches.
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These components may be individually stored in
separate containers forming a kit, which is subsequently used
according to the method of the present invention.

Although the above description has focused on a
"detection kit" for mucopolysaccharidoses, needless to say, a
"soreening kit" and a "diagnosis kit" are also envisaged by

the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing the KS levels determined in

human urine specimens.

Fig. 2 is a graph showing the BS levels determined in

human urine gpecimens.

Fig. 3 is a graph showing the CS levels determined in

human urine specimens.

Fig. 4 is a graph showing the DS levels determined in

human urine specimens.

Fig. 5 is a graph showing the KS levels determined in

human urine specimens.

Fig. 6 is a graph showing the KS levels determined in

human plasma specimens.
Fig. 7 is a graph showing the K8 levels determined in

human plasma specimens,

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will next be described in more
detail by way of examples, which should not be construed as

limiting the invention thereto.
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Example 1
A sandwich assay was performed to detect

mucopolysaccharidoses in human urine samples.

(1) 'The specimens, reagents, etc. employed in Example 1 were
as follows.
Specimens and Standard Samples:

The specimens were human urine samples collected from
patients suffering human mucopolysaccharidosis types I, II,
IIT, IV, or VI (1 subject each) and healthy humans (humans
not suffering mucopolysaccharidosis; 2 subjects).

The standard GAGs employed were as follows:

* HS {(derived from bovine kidney, produced by Seikagaku
Coxporation) :

This KS is available from Seikagaku Corporation as
reagant catalogue code No. 400700, and has the following
propexrtias.

Nitrogen content:
2.6 to 3.2% (measuxed by thea method described in Z.
Anal. Chem., 22, 366 (1883))

Sulfur content:
5.0 to 6.0% (measured by the method described in
Mikrochim. Acta., 123 (1955))

Uronic acid content:
28.0 to 30.0% (oxynol reaction)
36.0 to 40.0% (carbazole reaction)

Glucosamine content:

30.0 to 35.0% (amino acid.automatic analyzer)
Galactosamine content:

<0.01%
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* KS (keratan polysulfate; derived from shark ‘cartilage;
produced by Seikagaku Corxrporation) :

This KS is contained 3in a kit available £rom
Seikagaku Corporation as reagent catalogue code No. 400610,
and has the following properties.

Nitrogen content:
2.58% (measured by the method described in Z, Anal.

Chem., 22, 366 (1883))
Sulfur content:
9.70% (measured by the method described in Mikrochim,
Acta,., 123 (19585))
Glucosamine content:
23.51% (amino acid automatic analyzer)
Galactosamine content:
0.11% (amino acid automatic analyzer)
Galactese content:

26.26% (Biochem. J., 50, 288 (1952))

* CS (chondroitin sulfate D; derived from shark cartilage;
produced by Seikagaku Corporation):

This €S is available from Seikagaku Corporation as
reagent catalogue code No. 400676, and has the following
properties.

Nitrogen c¢ontent:
2.2 to 2.6% (measured by the method described in zZ. .
Anal. Chem., 22, 366 (1883))

Sulfur content:
7.1 to 7.7% (measured by the method described in
Mikrochim. Acta., 123 (1955))
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Galactosamine content:

30 to 35% (amino acid automatic analyzer)
Glucuronic acid content:

32 to 35% (carbazole reaction)

Chondroitin sulfate D is a molecule in which
tdigssacharide units in which a glucuronic acid residue and an
N-acetylgalactosamine residue are bound via B1,3-glycoside
linkage" are continuously bound, and CS containing, as a main
constitution component, a dissacharide unit consisting of "a
glucuronic acid residue sulfated at the 2-position and an N-

acetylgalactosamin residue sulfated at the 6-position.”

* Dacorin (derived from bovine articular cartilage; produced

by Sigma)

Antibodies:

"5pan (produced by Seikagaku Corporation) was
employed to serve as an anti-KS antibody to be immobilized
onto a solid phase. "Biotinylated 5D4" (produced by
Seikagaku Corporation) was employed to serve as a
biotinylated anti-KS antibody.

"F58-10E4" (produced by Seikagaku Corporation) was
employed to serve as an anti-HS antibody to be immobilized
onto a solid phase. "Biotinylated F58-10E4" (produced by
Seikagaku Corporation) was employed to sexve as a
biotinylated anti-HS antibody.

"LY111" (produced by Seikagaku Corporation) was
employed to serve as an anti-CS antibody to be immobilized
onto a solid phase, "Biotinylated LY11l" (produced by
Seikagaku Corporation) was employed ®o sexve as a

biotinylated anti-CS antiboedy.
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"6-B-6" (produced by Seikagaku Corporation) was
employed to serve as an antibody for the core protein of

proteoglycan (decorin).

Antibody-Immobilized Plates:

The antibedy=immobilized plates (i.e., plates to
which "5D4v, "F58-10E4", "LYl1ll1ll", or "6-B-6" antibodies were
immobilized) were prepared as described below.

Antibodies of each of +the above specias were
dissolved in phosphate buffered saline (PBS), to thereby
adjust protein concentration to 20 ug/ml. The solution was
added to an immunoplate (MAXISORP; produced by Nune) in an
amount of 50 pl/well, followed by incubation at 37°C for 1.5
hours.

After completion of incubation, the wells were washed
twice with PBS, and the blocking substance (Immunoassay
Stabilizer; produced by Applied Biosystems) was added to each
well in an amount of 200 pl/well. Subsequently, the wells
were incubated at 37°C for 1 hour.

The thus-prepared antibody-immcobilized plates, when
washed with a washing solution 3 times, are ready to use, and

can also be used even after storage for several months

following drying.

Reagents, etc.:

Washing solution: PBS containing 0.05% Tween 20
Specimen diluting soclution: PBS(-) containing 1%

bovine serum albumin (BSA)
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(2) Detection of mucopolysaccharidoses through measurement
of KS

Each specimen was diluted with specimen diluting
solution, to thereby prepare two sets of diluted specimens
(0.5 ml each). To each specimens of a first set, keratanase
II (2.5 nmU, produced by Seikagaku Cerperatier) was added,
whereas this enzyme was not added to the specimens of the
other set. Subsequently, all the specimens were incubated at
room temperature for 3 hours.

The incubated specimens (which may be called "“assay
specimens") were subjected to a GAG assay as described below,
by use of the 5D4-immobilized plate and bhiotinylated 5D4.

Each of the assay specimens was added to the wells of
the respective antibody-immobilized plates described above in
an amount of 50 ul/well, followed by incubation at 37°C for 1
hour. Subsequently, washing solution was added to the wells
in an amount of 200 upl/well, and the plates were washed 4
times.

Biotinylated 5D4 was diluted with specimen diluting
solution so as to attain a concentration of 0.5 pg/ml, and
then was added to the wells of each antibody-immobilized
plate in an amount of 50 ul/well, followed by incubation at
37°C for 1 hour. Subsequently, washing solution was added to
the wells in an amount of 200 upl/well, and the plates were
washed 4 times.

Avidin-peroxidase (produced by Vector) was subjected
to 1,000-fold dilution by use of specimen diluting solution,
and then added to the wells of each antibody-immobilized
plate in an amount of 50 pl/well, followed by incubation at

37°C for 30 minutes. Subsequently, washing solution was
Y
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added to the wells in an amount of 200 pl/well, and the
plates were washed 4 times. _

A TMB solution (substrate, produced by Mozs Inc.) was
added to the wells of each plate in an amount of 50 ul/well,
then subjected to incubation at xroom temperature for 5
minutes. Next, 1M HCl was added therectc in an amocunt of 50
pl/well, to thereby stop enzymatic reaction. The absorbance
at 450-630 nm was measured by use of an absorptiometer.

The measurement results of absorbance are shown in
Fig. 1. The left bars of each bar set show the »results
obtaired from the solutionz that had not undergone any
treatment with keratanase II, whereas the right bars show the
results obtained f£from the soluticons that had undergone
treatment with keratanase II,. In Figs. 1 to 4, "Blank",
"MPS", and "Normal' indicate the results corresponding to no
specimen being added, mucopolysaccharidosis, and healthy
subjects, respectively.

As shown in Fig. 1, wurine samples c¢ollected from
subjects suffering any of mucopeolysaccharidosis types I to VI
were found to exhibit significantly high absorbance values as
compared with the wurine samples collected £from healthy
subjects. Specimens treated with keratanase II (which
specifically degrades KS) exhibited low absorbance values,
which are on similar levels. These results indicate that
high absorbance values exhibited in urine samples £rom
subjects suffering any of mucopelysaccharidosis types I to VI
are attributed to K$; in fact, in all the urine samples from
the subjects suffering mucopolysaccharidosis of any type, the
amount of KS was found to be significantly high.
Particularly,. bhigh KS levels in wurine - samples of
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nucopolysaccharidosesis types I, II, III, and VI are
surprising, because such high data have never been expected.

Thus, it haé now been shown that
mucopolysaccharidoses can be detected by correlating the
assay results of GAG of a single species (in this case, KS)

centained in bedy £fluid (urine) with mucopeolysaccharidoses.

(3) Detection of mucopolysaccharidoses through measurement
of HS

Each specimen was diluted with specimen diluting
solution, to thereby prepare two sets of diluted specimens
(0.5 ml each). To each specimen of a first set, heparitinase
I (10 mU, produc':ad by Seikagaku Corporation) was added,
whereas this enzyme was not added to the specimens of the
othaer set. Subsequently, all the specimens were incubated at
room temperature for one hour. The standard samples (HS)
also underwent similar treatment.

The incubated specimens (which may be called "assay
specimens") were subjected to a GAG assay as described below,
by use of an F58~10E4-immobilized plate and biotinylated FS58-
10E4.

Fach of the assay specimens was added to the wells of
the respective antibody-immobilized platea described above in
an amount of 50 pl/well, followed by incubation at 37°C for 1
hour. Subsequently, washing solution was added to the wells
in an amount of 200 p.l/well, and the plates were washed 4
times.

Avidin-peroxidase (produced by Vector) diluted 1,000-
fold with specimen diluting solution (4°C) and biotinylated
F58-10E4 diluted with a specimen diluting seolution (4°C) to

attain a concentration of 1.0 pug/ml were added to the wells
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of each antibody-immobilized plate in an amount of 25 pl/well
each, followed by incubation at 4°C for 1 hour. Subsequently,
washing solution was added to the wells in an amount of 200
nl/well, and the plates were washed 4 times.

The steps from addition of TMB solution (substrate)
up to measurement cf akscrbance wera the same as those
described in (2) above.

The measurement results of absorbance are shown in
Fig. 2. The left bars of each bar set show the results
obtained from the solutions that had not undergone any
treatment with heparitinase I, whereas the right bars show
the results obtained from the solutions that had undergone
treatment with heparitinase I. "HS(+) control" indicates the
results obtained from the cases where standard samples (HS)
were employed.

A3 shown 4in Fig. 2, urine samples collected f£fxom
subjects suffering any of mucopolysaccharidosis types I to VI
wara found to exhibit significantly high absorbance values as
compared with the urine samples collected from healthy
gsubjects, Specimens treated with hep.arit.inase I {(which
specifically degrades HS) exhibit low absorbance values,
which are on similar levels. These results indicate that
high absorbance values exhibited in wurine samples from
subjects suffering any of mucopolysaccharidosis types I to VI
are attributed to HS; in fact, in all the urine samples from
the subjects suffering any of mucopolysaccharidosis of any
type, the amount of HS was found to be significantly high.
Particularly, high HS values in wurine samples of
mucopolysaccharidosis types IV and VI are surprising, because

such high data have never been expected.
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Thus, it has novw been shown that
mucopolysaccharidoses can be detected by correlating the
assay results of GAG of a single species (in this case, HS)

contained in body fluid (urine) with mucopelysaccharidoses.

{4} Datccticn of nmuccpclyszcchazridcozes through measurement
of CS

Each specimen was diluted with specimen diluting
solution, to thereby prepare diluted specimens (0.5 ml each).

The diluted specimens (which may be called "assay
specimens") were subjected to a GAG assay as described below,
by use of an LYlll-immobilized plate and biotinylated L¥11l.

Each of the assay specimens was added to the wells of
the respective antibody-immobilized plates described above in
an amount of 50 pl/well, followed by incubation at 37°C for 1
hour. Subsequently, washing solution was added to the wells
in an amount of 200 p.l/well, and the plates were washed 4
times.

Avidin-peroxidase (produced by Vector) diluted 1,000-
fold with specimen diluting solution (4°C) and biotinylated
LY11ll diluted with a specimen diluting solution (4°C) ¢to
attain a concentration of 1.0 ug/ml were added to the wells
of each antibody-immobilized plate in an amount of 25 ul/wall
each, followed by incubation at 37°C for 1 hour.
Subsequently, washing solution was added to the wells in an
amount of 200 pl/well, and the plates were washed 4 times.

The steps from addition of TMB solution (substrate)
up to measurement of absorbance were the same as those
described in (2) above. The results of absorptiometry are

shown in Fig. 3.
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As shown in Fig. 3, urine samples collected from
subjects suffering any of mucopolysaccharidosis types I to VI
were found to exhibit high absorbance values as compared with
urine samples collected from healthy subjects. These results
indicate that high €S values exhibited in urine samples from
subjects suffexiang any <¢f muccpolysaccharidosis types I to VI
are attributed to CS. Particularly, high CS8 values in urine
samples of mucopolysaccharidosis types I, II, III, IV, and VI
are suzrprising, because such high data have never been
expected.

Thus, it has now been shown that
mucopolysaccharidozes can be detected by correlating assay
results of GAG of a single species (in this case, CS)

contained in body fluid (urine) with monopolysaccharidoses.

(5) Detection of muccpolysaccharidoses through measurement
of DS

Bach specimen was diluted with specimen diluting
solution, to thereby prepare diluted specimens (0.5 ml each).

The diluted specimens (which may be called "assay
specimens") were subjected to a GAG assay as described below,
by use of the 6-B-6-immcbilized plate and biotinylated LY111l.
"6~B~6" iz an antibody capable of specifically binding to the
core protein of proteoglycan (decoxrin). Accordingly, the
target GAG to be measured is DS present in the proteoglycan
(decorin) molecule,

Each of the assay specimens was added tc the wells of
the respective antibody-immobilized plates described above in
an amount of 50 pl/well, followed by incubation at 37°C for 1
hour. Subsequently, washing solution was added to the wells
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in an amount of 200 pl/well, and the plates were washed 4
times.

Avidin-peroxidase (produced by Vector) diluted 1,000~
fold with specimen diluting solution (4°C) and biotinylated
LY111l diluted with a specimen diluting solution (4°C) to
attain a cocncentration of 1.0 pg/ml were added te the wells
of each antibody-immobilized plate in an amount of 25 pul/well
each, followed by incubation at 37°C for 1 |Thour,.
Subsequently, washing solution was added to the wells in an
amount of 200 pl/well, and the plates were washed 4 times.

Tha steps from addition of TMB solution (substrate)
up to measurement of absorbance were the same as those
described in (2) above. The xresults of absqrptiometry are
shown in Fig. 3.

As shown in Fig. 4, urine samples collected from
subjects suffering any of mucopolysaccharidosgis types I to VI
were found +o exhibit significantly high absorbance as
compared with the urine samples collected from healthy
subjects. ‘These results indicate that high DS values
exhibited in urine samples from subjects suffering
mucopolysaccharidesis types I to VI are attributed to DS.
Particularly, high DS values in urine samples of
mucopolysaccharidosis types III and IV are surprising,
because such high data have never been expected.

Thus, it has now been shown that
mucopolysaccharidoses can be detected by correlating the
assay results of GAG of a single species (in this case, DS)

contained in body fluid (urine) with mucopeolysaccharidoses.
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Example 2
An inhibition assay was performed to detect

mucopolysaccharidoses in serum ox urine samples from dogs or

cats.

(1) Specimens, reagents, aitc, employed in Example 2 are
asgs follows.
Specimens:

The specimens employed are serum and urine samples
collected from mucopolysaccharidosis type IIIB or VII model
animals (dogs); mucopolysaccharidosis type I, VI, or VII
model animals (cats): and healthy apimals (dogs and cats not
suffering mucopolysaccharidosgis).

The standard GAG employed is KS derived from bovine
cornea (Sigma Co.).

Antibodies:

The primary antibody employed is anti-~KS antibody
"5p4" (1/20/5D4; ICN Immunobiologicals). The secondary
antibody employed is horseradish-peroxidase-bound anti-mouse

IgG (H + L) (Pierce Co.).

Antigen-Immobilized Plate:

An antigen-—immobilized plate (i.e., a plate to which
K8 is immobilized) was prepared as described below.

0.2 U Chondroitinase ABC (produced by Seikagaku
Corporation) was added to 1 mg KS solution (bovine-cornea-
derived KS: Sigma), and the resultant solution was incubated
(2 hours, 37°C) under  shaking, to thereby degrade
contaminants such as CS. After treatment with Chondreitinase

ABC, the KS solution was diluted and added to the wells of an
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immunoplate (produced by Nunec) in an amount of 200 ul/well,
followed by incubation for 2 hours at room temperature.

The thus-prepared antigen-immobilized plate can be
used immediately after washing, and can also be used even

after storage for one month or thereabouts at 4°C.

Reagents, etc.:
Washing solution: PBS containing 0.05% Tween 20 (pH 5.3)
Specimen diluting solution:

PBS containing 1% BSA and 0.05% Tween 20 (pE 5.3)

(2) Detection of mucopolysaccharidoses through measurement
of KS

A specimen (serum or Turine) was added to an
immunoplate to which no antigens were immcobilized, and the
specimen was diluted to 140 pl/well with specimen diluting
solution, followed by addition of a primary antibody solution
(140 pl/well) diluted with specimen diluting solution so as
to attain a concentration of 1/18,000 the origimnal
concentration. The thus-prepared plate was incubated
overnight at 4°C.

The wells of the antigen—-immobilized plate were
washed threa times with washing solution, and to tha thus-
washed wells was added the incubated specimen nmixture (which
had undergone reaction with primary antibodies) in an amount
of 200 pl/well, followed by incubation at 4°C for one hour,
Subsequently, the wells were washed three times with washing
solution.

The secondary antibody soclution diluted 1,000-fold
with specimen diluting solution was added to the specimen

mixture in an amount of 200 pl/well. The specimen mixture
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was incubated at room temperature for one houxr under shaking.
Subsequently, the wells were washed three times with washing
solution.

A TMB solution (substrate, Moss Inc.) was added to
the wells of the plate in an amount of 200 pl/wall, and under
observation of developing coler of the mixture, the plate was
incubated at room temperature. Enzymatic reaction of the
mixture was stopped by adding 2M HCl (50 upl/well), and the
absorbance at 490 nm was measured by use of an absorptiometer.
The concentration of KS was obtained through use of the
absorbance data and the calibration curve which had been
prepared in advance from the absorbance data of the standard
sample. The results from the uxine specimens are shown below.
The values in parentheses are those corrected with respect to

the concentration of crxeatinine (Cre).

Urine:
Healthy dogs 121.38 ng/ml (132.49 ng/mgCre)
MPS type IIIB dogs 380.52 ng/ml {345.85 ng/mgCre)
MPS type VII dogs 1988.28 ng/ml (435.07 ng/mgCre)
MPS type I cats 3150.90 ng/ml (1057.34 ng/mgCre)
MPS type VI cats 1812.78 ng/ml (1066.34 ng/mgCre)
MPS type VII cats 3224.61 ng/ml (1258.63 ng/mgCre)

The results obtained from the serum specimens arxe

shown below.

Serum:
Healthy dogs 89.1 ng/ml
MPS type IIIB dogs 186.2 ng/ml
MPS type VII deogs 457 ng/ml

Healthy cats 120 ng/ml
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MPS type I cats 396 ng/ml
MPS type VI cats 554.4 ng/ml
MPS type VII cats 483.3 ng/ml

'I'hus,- it has been confirmed that, not only human
muccpolysaccharidosis caAses, but alse urine specimens of
animals (non-humang) suffering mnmucopolysaccharidosis, show
significantly high KS level. Moreover, the KS level has been
found to be significantly high not only in urine but also in
blood (sexrum). Furthermore, it has been confirmed that
mucopolysaccharidoses can be detected not only through the
sandwich assay method but als¢ through the inhibition assay
method. Particularly, high K& levels in urine and blood
(serum) samples from mucopolysaccharidogis type I, III (IXIB),
VI, and VII animals are surprising, as such high data have
never been expected.

Thus, the above results also show that
mucopolysaccharidoses can be detected by correlating the
assay results of GAG of a single species (in this case, KS)
contained in body fluid {(urine or blood) with

muccpolysaccharidoses.

Example 3
Mass-scale detection of mucopolysaccharidoses:

An attempt was made to detect mucopolysaccharidoses
in a mass scale by the sandwich method using human urine or
plasma as samples. The method is the same as the " (2)
Detection of mucopolysaccharidoses through measurement of KS"

in Example 1.
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The results of using urine as samples (values
corrected for creatinine (Cre) concentration) are shown in
Fig. 5, and the results of using plasma in Figs. 6 and 7.

In Fig. 5, abbreviations show the following results:
Control: xresult of healthy human (n = 67);

All MPS IVA: xesult c¢f all samples of muccpolysaccharidosis
type IVA human (regardless of age, n = 78);

Severxe: result of mucopolysaccharidosis type IVA
({severe type) human (n = 54);

Milder: result of mucopolysaccharidosis type IVA (mild
type) human (n = 11);

Cont 0-5: result of healthy human (from 0 to less than 5
years; n = 21)

IVA 0-5: rasult of mucopolysaccharidosis type IVA human
(from 0 to less than 5 years; n = 12),

Cont 5-10: result of healthy human (from 5 to less than 10
vears; n = 21);

IVA 5-10: result of mucopolysaccharidesis type IVA human
(from 5 to less than 10 years; n = 28);

Cont 10-15: result of healthy human (from 10 to less than
15 years; n = 10);

IVA 10-15: result of mucopolysaccharidosis type IVA human
(from 10 teo lass than 15 years: n = 9);

Cont over 15: result of healthy human (15 years or more; n =
29); and

IVA cover 15: result of mucopolysaccharidosis type IVA human
(15 years or more; n = 18).

In Fig., 6, abbreviations show the feollowing results:
All cont: result of healthy human (n = 112);

All MPS: rasult of all samples of mucopolysaccharidosis

human (regardless of age, n = 88);
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result of mucopolysaccharidosis type I human
{regardless of age, n = 17);

raesult of mucopolysaccharidesis type 1II human
{regardless of age, n = 11);

rasult of mucopolysaccharidosis type III human
(regardless of age, n = 7}

result of mucopolysaccharidosis type IVA human
(regardless of age, n = 42);

result of mucopolysaccharidosis type IVE human
(regardless of age, n = 3):

result of mucopolysaccharidosis type VI human
(regardless of age, n = 2);

result of mucopolysaccharidosis type VII human
(regardless of age, n = 6);

result of mucolipidosis type II human
(regardless of aga, n = 2); and

result of mucolipidosis type III human

(regardless of age, n = 3).

In Fig. 7, abbreviations show the following results:

All cont:

Cord blood:

All MPS:

Cont 1-5:

MPS 1-5:

Cont 5-10:

MPS 5-10:

result of healthy human (n = 112);

result of cord bloeod;

result of all samples of mucopolysaccharidosis
human (regardless of age and type, n = 88);
result of healthy human (from 1 to less than 5§
yeaxrs; n = 7);

result of mucopolysaccharidosis human (from 1
to less than 5 years; n = 19);

result of healthy human (from 5 to less than 10
years; n = 4);

result of mucopolysaccharidosis human (from S

to less than 10 yeaxs; n = 27);
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Cont 10-15: result of healthy human (from 10 to less than
15 years; n = 3);

MPS 10-15: result of mucopolysaccharidosis human (£rom 10
to lesg than 15 years; n = 12);

Cont over 15: result of healthy human (15 years or more; n =
11);

MPS over 15: result of mucopelysaccharidosis human (15 vyears
or more; n = 14).

Each of the boxes in Figs. 5 to 7 shows a range of
from 25% to 75% in each group. The bar in each box shows
average value. Also, the vertical bars outside the box show
a range (a range of from 1l0% to 90%), and the circles show

those departing this range.

Example 4
Detection of mucolipidoses:

An attempt was made to detect mucolipidoses by the
sandwich method using human sexum or urine as samples. The
method is the same as the "{2) Detection of
mucopolysaccharidoses through measurement of KS" in Example 1,

The results of using urine a=zs samples (valuas
corrected for creatinine (Cre) concentration) are shown below.
Regarding the r"healthy human”, the results are shown as

"average value L SD".

Urine:
Healthy human 0.208 + 0.142 ng/mg Cre
ML type II human 0.92 ng/mg Cre
ML type II human 0.615 ng/mg Cre
MI, type III human 1.25 ng/mg Cre

ML type III human 0.75 ng/mg Cre
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ML (type unclear) human 0.614 ng/mg Cre

Also, the results of using serum as samples are shown
below. Regarding the "healthy human", the results are shown

as "average value *+ SD".

Serum:

Healthy human (cord blood) 44.2 & 27.87 ng/ml
Healthy human (1-3 years) 127 + 23.18 ng/ml
Healthy human (4-14 years) 237 + 58 ng/ml
Healthy human (18 years or more) 137 + 51.7 ang/ml
ML type II human (0.9 year) 263 ng/ml
ML type III human (12 years) 1147 ng/ml
ML type III human (10 years) 743 ng/ml

" ML type III human (40 years) 340 ng/ml

It was confirmed from the above results that the
amount of K8 is markedly increased in animals of not only
mucopolysaccharidoses but also mucolipidoses.

Accordingly, it was shown by these zresults that
mucolipidoses can be detected by relating the measured result
of a single kind of GAG (KS8) im a body fluid (urine or blood)

to the muceolipideoses.

Example 5
Detection of GM1 gangliosidoses, fucosidoses and,
galactosialideses:

An attempt was made to detect GM1 gangliosidoses,

fucosidoses and galactosialidoses by the sandwich method

using human serum or urine as samples. The method -is the
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same as the " (2) Detection o©of mucopolysaccharidoses through
measurement of KS" in Example 1.

The =xegults of using urine as samples (values
corrected for creatinine (Cre) concentration) are shown below.
Regarding the "healthy human", the results arxe shown as

"average value + SDV.

Urine:
Healthy human 0.215 £ 0.14 ng/mg Cre
GM1 gangliosidosis human 3.406 ng/mg Cre
Fucosidosis human 1.44 ng/mg Cre
Fucosidosis human 1.37 ng/mg Cre
Galactosialidosis human 1.18 ng/mg Cre

It was confirmed from the above results that the
amount of K38 is markedly increased in animals of not only
mucopolysaccharidoses and mucolipidoses but also
galactosialidoses.

Accordingly, it was shown by these results that GM1L
gangliosidoges, fucosidoses or galactosialidoses can be
detacted by relating the measured result of a single kind of
GAG (KS) in a body fluid (urine or blood) to these diseases.

Example 6
Detection using HPLC:

Using human urine as samples, detection of GAG was
carried out by an HPLC-aided method {(disaccharide analysis).
The results are shown in Table 2.

Also, the "Total-CS" in Table 2 shows total
chondroitin sulfate, the "DS-4S" ghows d4-position-sulfated

dermatan sulfate and the "Cre" shows creatinine.
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It was shown from Table 2 that the amount of GAG is
increased in each disease. Based on this, it was shown that
the method of the invention can be carried out also by a

method which does not use antibodies.

Exampls 7
Mass-scale detection of lysosomal storage diseases:

An attempt was madea to detect lysosomal storage
diseases in a mass scale by the sandwich method using human
urina or serum as samples. The method is the same as the
" (3) Detection of . mucopolysaccharidoses through measurement
of HS" in Example 1.

The results of using serum as samples are shown in

below. The results are shown as "average value".

Serum:

Healthy human (n = 51) 4.89 U/ml
MPS type I human (n = 186) 38.0 U/ml
MPS type II human (n = 25) 82.1 U/ml
MPS type IITA human (n = 6) 22.0 U/ml
MPS type IIIB human (n = 6) 26.8 U/ml
MPS type IIIC human (n = 3) 13.4 U/ml1
MPS type IVA human (n = 29) 7.51 U/ml
MPS type IVB human (n = 2) 9.43 U/ml
MPS type VI human {n = 3) 12.0 U/ml
MPS typa VII human (n = 5) 18.9 U/ml
' MLD human (n = 4) 9.82 U/ml
LIPO human (n =.1) 103 U/ml

TS human (n = 7) 13.0 U/ml
GSD type I human (n = 1) 19.1 U/ml
GSD type II human (n = 1) 7.57 U/ml

Sandhoff disease human (n = 3) 7.59 U/ml
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ML type II human (n = 2) 54.1 U/ml
ML type III human (n = 3} 12.2 U/ml
NP type B human (n = 5) 8.67 U/ml
NP type C human (n = 4) 6.06 U/ml
GM2 gangliosidoses human (n = 1) 10.7 U/ml
Krabbe disease human (n = 3) 6.68 U/ml
Fabry disease human (n = 5) 10.6 U/ml
Gaucher disease type I human (n = 5) 8.18 U/ml

Gaucher disease type III human (n = 2) 11.7 U/ml

It was confirmed from the above results that the
amount of HS is increased din animzals of not only
mucopolysaccharidoses but alsco several kinds of lysosomal
storage diseases.

Accordingly, it was shown by these results that
lysosomal storage diseases can be detected by zxelating the
measured result of a single kind of GAG (HS) in a body fluid

{urine or blood) to thase diseaseas.

Example 8
Preparation of a RKit of the Present Invention (1)

A kit of the present invention including the below-
described components was prepared. The kit can be uaed to

detect muccopolysaccharidoses, etc. through sandwich assay of

GAG .
1. 96-well inmunoplate, immobilized with 5D4 ... 1 plate
2. Biotinylated 5D4 ... 1 vial
3. Avidin-peroxidase ... 1 vial
4. TMB solution ... 1 wvial
5. Reaction stopping solution (1N HCl) ... 1 vial
6. Washing solution (PBS containing 0.05% Tween 20)
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7. Specimen diluting solution (PBS(-) containing 1% bovine
gserum albumin (BSA))
8. KS standard solutions ... 1 set
Also, another kit of the present invention was
prepared, in which a 96-well F58-10E4-immobilized immunoplate
and biotinylated F58-10E4 were provided instead of the 5D4-
immobilized immunoplate and biotinylated 5D4, respectively.
Also, still another kit of the present invention was
prepared, in which a 96-well LYlll-immobilized immunoplate
and biotinylated LY111l were provided instead of the 5D4-
immobilized immunoplate and biotinylated 5D4, respectively.
Also, yet another kit of the present invention was
prepared, in which a 96-well 6-B-6-immobilized immuncplate
and biotinylated LY11l were provided instead of the 5D4-

immcbilized immunoplate and biotinylated 5D4, respectively.

Example 9
Preparation of a Kit of the Present Invention (2)

A kit of the present invention including the below-
described components was prepared. The kit can be used to

detect mucopolysaccharidozes, etc. through inhibition assay

of GAG.
1. 96~well immunoplate, immobilized with KS ... 1 plate
2, 5p4 ... 1 vial
3. Peroxidase-bound anti-mouse IgG (H + L) ... 1 wial
4. TMB solution ... 1 wvial
5. Reaction stopping solution (1N HCl1l) ... 1 vial

6. Washing solution: FPBS containing 0.05% Tween 20 (pH
5.3)

7. Specimen diluting solution: PBS containing 1% BSA and
0.05% Tween 20 (pH 5.3)
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8. KS standard solutions ... 1 set

While the present invention has been described in
detail and with reference to specific embodiments thereof, it
will be apparent to one of skill in the art that various
changes and modifications can be made therein without
departing from the spirit and scope thereof. All references
cited herein are incorporated in their entirety.

This application is based on U.S. provisional patent
application No. 60/376,194 filed on April 30, 2002 and No.
60/441,325 filed on January 22, 2003, the entire coantents of

which are incorporated hereinto by reference.

INDUSTRIAL APPLICABILITY

The method of the present invention provides high
utility d4in practice, because it ensures highly accurate,
highly sensitive, convenient, rapid, inexpensive detection of
lysogomal storage diseases. In particular, since the method
enables detection of lysosomal storage diseases through
measurement of GAG of only one species, measurement of GAGa
of a plurality of species is no longer necessary, thexeby
attaining improvements in convenience, speed, and cost. The
kit of the present invention is of great wuse, as it
facilitates the method of the inventibn, making its
performance more convenient and rapid.

If the present method is performed on all newboxn
infants to detect potential lysosomal storage diseases in an
early newborn stage during which no clinical syndromes of
lysosomal storage diseases are manifested, there can be

performed enzyme supplementing treatment, genetic treatment,
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bone marrow transplantation, or similar treatment, to thereby
possibly prevent mental retardation, etc.

The present invention is of great use, since it can
be used not only for the detection of lysosomal storage
diseases but also to grasp the clinical conditicons, determine
therapeutic regimens, confirm the effects of treatment,
observe the pathological course, evaluate pharmaceutical

product development, etc.
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1. A method for detecting lysosomal storage diseases,
comprising the steps of performing an assay for
glycosaminoglycan of a single species contained in a specimen,
and correlating results of the assay with lysosomal storaga
diseases. .

2. The methed according to claim 1, whgrein the
lyscsomal storage diseases are at least one disease selected
from mucopolysaccharidoses, mucolipidoses, GMl gangliosidoses,
fucosidoses, galactosgialidoses, metachromatic leukodystropy,
Niemann-Pick diseases, Tay-Sachs disease, Sandhoff disease,
GM2 gangliosidoses, Krabbe disease, Fabry disease, Gaucher
diseases, glycogen storage diseases and lipofuscincoses.

3. The method according to claim 1 or 2, wherein the
specimen is a body fluid.

4. The method according to c¢laim 3, wherein the body
fluid is urine or blood.

5. The method accoxding to any one of claims 1 to 4,
wherein the assay for a single species of glycosaminoglycan
is performed by use of a polypeptide capable of specifically
binding to a glycosaminoglycan-containing molecule.

6. The method according to any one of claims 1 to 4,
wherein the assay for a single species of glycosaminoglycan
comprises the following steps (1) and (2):

(1) a step for forming a sandwich-like complex by
bringing "a szolid phase to which a first polypeptide capable
of sgpecifically binding to a glycosaminoglycan-containing
molecule is dimmobilized", “"a specimen", and "a second
polypeptide capable of specifically binding to a

glycosaminoglycan—-containing molecule" into contact with one
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another, the sandwich-like complex being constituted by "gaid
first polypeptide immobilized ontoc the solid phase -
glycosaminoglycan-containing molecule in the specimen -
second polypeptide"; and

(2) a step for detecting the sandwich-like complex
formed in step (1).

7. The method according ¢o claim 6, wherein the
agsay for a single species of glycosaminoglyecan comprises the
following steps (1), (2), and (3):

(1) a step for forming a complex by bringing "a solid
phase to which a first polypeptide capable of specifically
binding to a glycosaminoglycan-containing molecule is
immobilized" into contact with "a specimen"”, the complex
being constituted by "first polypeptide immobilized onto the
solid phase - glycosaminoglycan-containing molecule in the
specimen”;

(2) a step for forming a sandwich-like complex by
bringing the solid phase into contact with "a second
polypeptide capable of specifically binding to a
glycosaminoglycan—containing molecule"”, the sandwich-like
complex being constituted by "said first polypeptide
immobilized onto the solid phase - glycosaminoglycan-
containing meolecule in the specimen - second polypeptide”;
and

(3) a step for detecting the sandwich-like complex
formed in step (2).

8. The method according to claim 6 or 7, wherein the
"second polypeptide" is labeled with a labeling substance or
is capable of being labeled with a labeling substance.
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9. The method according to any one of claims 1 to 4,
wherein the assay for a single species of glycosaminoglycan
comprises the following steps (1) and (2):

(1) a step for forming first and second complexes by
bringing "a third polypeptide capable of specifically binding
to a g¢glycosamincglycan=-containing molecule", "a& specimen”,
and "a solid phase to which a glycosaminoglycan-containing
molecule is immobilized" into contact with one another, the
first complex being constituted by T"glycosaminoglycan-
containing molecule immobilized onto a solid phase - third
polypeptide” and tha second complex being constituted by
"glycosaminoglycan-containing molecule in the specimen -

third polypeptide": and

(2) a step for detecting at least one of the
complexes formed in step (1), the £first complex being
"glycosaminoglycan-containing molecule immobilized onto a
solid phase - third polypeptide" and the second complex being
"glycosaminogiycan-conta:i.n:i.ng molecule in the specimen -

third polypeptide."

10. The method according to claim 9, wherein the
assay for a single species of glycosamineglycan is performed
by the steps comprising the following steps (1) to (3):

(1) a step for forming a first complex by bringing "a
third polypeptide capable of specifically binding to a
glycosaminoglycan-containing molecule" into contact with "a
specimen", the first complex being constituted by "third
polypeptide - glycosaminoglycan-containing molecule in the
specimen” ;

(2) a step for forming a second complex by bringing
"the solid phase to which a glycosaminoglycan-containing

molecule is immobilized" into contact with a mixture
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resulting from step (1) which contains "the first complex”
and "a third polypeptide not participated in formation of the
first complex", the second complex being constituted by
rglycosaminoglycan-containing molecule immobilized onte the
solid phase - third polypeptide’; and

{3) a step for detecting the sscond complex formed in
step (2).

11. The method according to claim 9 or 10, wherein
the seacond complex is detected by use of a fourth polypeptide
capable of ©being specifically bkinding to the thizrd
polypeptide and having been labeled with, or being capable of
being labeled with, a labeling substance.

12. The method according to any one of claims 5 to
11, wherein any of the polypeptides is an antibody or a
polypeptide having an antigen-binding site of the antibody.

13. The method according to any one of claims 1 to
12, wherein the glycosaminoglycan of a singla species is
glycosaminoglycan having a sulfate group.

14. The method according teo claim 13, wherein the
glycosaminoglycan having a sulfate group is keratan sulfate,
heparan sulfate, chondroitin sulfate, or dermatan sulfate.

15. The method according to claim 14, wherein the
glycosaminoglycan having a sulfate group is keratan sulfate,
and the mucopolysaccharidoses are of one or more types
selected from among mucopolysaccharidosis types I, II, III,
VI, and VII.

16. The method according to claim 14, wherein the
glycos_aminoglycan having a sulfate group is keratan sulfate,
and the mucolipidoses are of one or more types selected from

among mucolipidosis types II and III.
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17. The method according to <¢laim 14, wherein the
glycosaminoglycan having a sulfate group is heparan sulfate,
and the mucopolysaccharidoses are of one or more types
selected from among mucopolysaccharidosis types IV and VI.

18. The method according to claim 14, wherein the
glycosamincoglycan having a sulfate group is heparan sulfate,
and the 1lysoszomal storage diseases are of one or more
diseases selected from among mucolipidoses, metachromatio
leukodystropy, Niemann-Pick diseases, Tay-Sachs disease,
Sandhoff disease, GM2 gangliosidoses, Krabbe disease, Fabry
disease, Gaucher diseases, glycogen storage diseases and
lipofuscinoses.

19. The metheod according to c¢laim 14, wherein the
glycosaminoglycan having a sulfate group is chondreoitin
sulfate, and the mnucopolysaccharidoses are o©f one or moxe
types selected from ameng mucopolysaecharidosis types I, II,
III, IV, and VI.

20. The method acecording to claim 14, wherein the
glycosaminoglycan having a sulfate group is dermatan sulfate,
and the mucopolysaccharidoses are of one or more types
selactaed from among mucopolysaccharidosis types III and IV.

21. A kit for detecting at least ona disease
selected f£rom mucopolysaccharidoses, mucolipidoses, GM1
gangliosidoses, fucosidoses, galactosialidoses, metachromatic
leukodystropy, Niemann-Pick diseases, Tay-Sachs disease,
Sandhoff diseagse, GM2 gangliosidoses, Krabbe disease, Fabry
disease, Gaucher diseases, glycogen storage diseases and
lipofuscinoses on the Dbasis of assay results of
glycosaminoglycan of a single species contained in a specimen,

the kit comprising the following components (A) and (B):
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(a) a solid phase to which a first polypeptide
capable of specifically binding to a glycosaminoglycan-
containing molecule is immobilized; and

(B) a second polypeptide capable of specifically
binding to a glycosaminoglycan-containing molecule and having
been labeled with, or being capable of being labeled with, a
labeling substance.

22. A kit for detecting at least one disease
selected from mucopolysaccharidoses, mucolipidoses, (e
gangliosidoses, fucosidoses, galactosialidoses, metachromatic
leukodystropy, Niemann-Pick diseases, Tay-Sachs disease,
sandhoff disease, GMZ gangliosidoses, Krabbe disease, Fabry
disease, Gaucher diseases, glycogen storage diseases and
lipofuscinosas on the basis of assay results of
glycosaminoglycan of a single species contained in a specimen,
the kit comprising the following components (A), (B), and
(C):

(A) a sclid phase to which a glycosaminoglycan-
containing molecule is immobilized;

(B) a third polypeptide capable of specifically
binding to a glycosaminoglycan-containing meolecule; and

(C) a fourth polypeptide capable of specifically
binding to the third polypeptide, and having been labeled
with, or being capable of being labeled with, a labeling
substance,

23. The kit according to claim 21 or 22, wherein any
of the polypeptides is an antibody or a polypeptide having an
antigen-binding site of the antibody.

24. The kit according to any one of claimg 21 to 23,
wherein the glycosaminoglycan of a single species is

glycosaminoglycan having a sulfate group.
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25. The kit according to claim 24, wherein the
glycosaminoglycan having a sulfate group is keratan sulfate,
heparan sulfate, chondroitin sulfate, or dexmatan sulfate.

26. The kit according to <claim 25, wherein the
glycosaminoglycan having a sulfate group is keratan sulfate,
and the mnmuccpelysaccharidogses are of one or mnore Ltypes
selected from among mucopolysaccharidosis types I, I1I, III,
VI, and VII.

27. The kit accorxrding to c¢laim 25, wherein the
glycosaminoglycan having a sulfate group is keratan sulfate,
and the nmucolipidoses are of one or more types selected from
among mucolipidosis types II and III.

28, The kit according to claim 25, wherein the
glycozaminoglycan having a sulfate group is heparan sulfate,
and the mucopolysaccharidoses are of one or more types
selected from among mucopelysaccharidosis types IV and VI.

29, The kit accoxrding to c¢laim 25, wherein the
glycosaminoglycan having a sulfate group is heparan sulfate,
and the diseases are of one or more diseases selected from
ameng mucolipidoses, metachromatic leukodystropy, Niemann-
Pick diseases, Tay-Sachs disease, Sandhoff disease, GM2
gangliosidoses, Krabbe disease, Fabry disease, Gaucher
diseases, glycogen storage diseases and lipofuscinoses

30. The kit according to claim 25, wherein the
glycosaminoglycan having a sulfate group is chondroitin
sulfate, and the mucopolysaccharidoses are of one or more
types selected from among mucopolysaccharideosis types I, II,
III, IV, and VI. '

31. The kit according to <claim 25, wherein the

glycosaminoglycan having a sulfate group is dermatan sulfate,
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and the mucopolysaccharidoses are of one or more types

selected from among mucopolysaccharidosis types III and IV.
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