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METHOD FOR DETECTING LYSOSOMAL
STORAGE DISEASES

TECHNICAL FIELD

[0001] The present invention relates to a method for detect-
ing lysosomal storage diseases and to a kit therefor.

BACKGROUND ART

[0002] The following abbreviations are used throughout
the present specification:

[0003] GAG: glycosaminoglycan
[0004] KS: keratan sulfate
[0005] HS: heparan sulfate
[0006] CS: chondroitin sulfate
[0007] CS-4S: chondroitin-4-sulfate
[0008] CS-6S: chondroitin-6-sulfate
[0009] DS: dermatan sulfate (also called chondroitin sul-
fate B)
[0010] GSD I: glycogen storage disease type 1
[0011] GSD II: glycogen storage disease type 2 (Pompe
disease)
[0012] Hep: heparin
[0013] HA: hyaluronic acid
[0014] LIPO: lipofuscinoses
[0015] MPS: mucopolysaochaxidoses
[0016] ML: mucolipidoses
[0017] MLD: metachromatic leukodystropy
[0018] NP: Niemann-Pick diseases
[0019] TS: Tay-Sachs disease
[0020] Lysosomal storage diseases are diseases caused by

abnormality of enzymes present in lysosomes.

[0021] 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 muco-
polysaccharidoses are diversified, but most cases involve
coarse facial expression, dysostosis multiplex, and viscer-
omegaly. In same oases, hypacusia, cardiovascular disorders,
and mental retardation are also observed.

[0022] Table 1-1 shows the known relations between types
of mucopolysaccharidoses and corresponding GAGs that are
accumulated (see, for example, “The Metabolic and Molecu-
lar Bases of Inherited Disease”, 7th edn., Scriver C R, Beau-
det AL, Sly W S, Valle D (eds.), 1995, McGraw-Hill, New
York).

TABLE 1-1

mucopolysaccharidoses

Substance
Type Disease Name Enzyme Deficiency Stored
1H Hurler a-L-iduronidase HS, DS
Syndrome
IS Scheie same as above HS, DS
Syndrome
TH/S Hurler-Scheie  same as above HS, DS
Complex
A Hunter iduronate sulfatase HS, DS
Syndrome
(Severe)
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TABLE 1-1-continued

mucopolysaccharidoses

Substance

Type Disease Name Enzyme Deficiency Stored

IIB Hunter same as above HS, DS
Syndrome
(Mild)

ITA Sanfilippo heparan N-sulfatase HS
Syndrome A

I B Sanfilippo a-N-acetylglucosaminidase HS
Syndrome B

Imc Sanfilippo acetyl CoA: a-glucosaminide N- HS
Syndrome C acetyltransferase

I D Sanfilippo N-acetylglucosamine-6-sulfatase HS
Syndrome D

IVA Morquio galactosamine-6-sulfatase KS
Syndrome A

IVB Morquio B-galactosidase KS
Syndrome B

VIA Maroteaux- arylsulfatase B DS
Lamy
Syndrome
(Severe)

VIB Maroteaux- same as above DS
Lamy
Syndrome
(Mild)

VII - B-glucuronidase HS, DS,
glucuronidase CS-48,
deficiency CS-6S

TABLE 1-2

mpucoli idoses

Type Disease Name Enzyme Deficiency Substance Stored

I I-Cell disease N-acetylglucosamine-1-  Inclusion body
phosphotransferase
1T Pseudo-Hurier same as above (Mild) Inclusion body
Polydystrophy
[0023] However, until the present invention, it has

remained unknown that each case of the mentioned muco-
polysaccharidoses 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 other species of
GAGs.

[0024] 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 antibodies such as anti-
KS antibody, anti-CS antibody, anti-HS antibody or the like)
is immobilized is brought into contact with a specimen con-
taining a first ligand (GAG such as KS, CS, HS or the like),
and formation of a complex between the first receptor and the
first ligand is detected by a first-labeling-substance-labeled
first receptor, to thereby assay the first ligand contained in the
specimen. This publication also discloses that the method
facilitates primary screening of GAG-related diseases (in-
cluding mucopolysaccharidoses such as Morquio’s syn-
drome and Hurler’s syndrome).

[0025] However, Japanese Patent Application Laid-Open
(kokai) No. 10-153600 neither discloses nor suggests 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
other species of GAGs. Moreover, this publication neither
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discloses nor suggests whether measurement of GAG of a
single species enables detection of all types of mucopolysac-
charidoses, regardless of the classification (type) of muco-
polysaccharidoses.

[0026] Mucolipidoses are also kinds of lysosomal storage
diseases and are diseases that show similar clinical symptoms
to those of mucopolysaccharidoses. It is known that types of
the mucolipidoses are as shown in Table 1-2.

[0027] Also, GM1 gangliosidoses and fucosidoses are also
kinds of lysosomal storage diseases. GM 1 gangliosidoses are
diseases in which GM1 ganglioside and [3-galactose residue-
containing oligosaccharides and glycoproteins are accumu-
lated due to impediment in (3-galactosidase, and fucosidoses
are diseases in which oligosaccharides and glycoproteins
having a.-fucose residues are accumulated due to impediment
in o-fucosidase.

[0028] Inaddition, galactosialidoses are also kinds oflyso-
somal storage diseases and are diseases in which sialyloli-
gosaccharides and substances similar to the case of GM1
gangliosidoses are accumulated due to impediment in [3-ga-
lactosidase and a-neuraminidase, and impediment in cathe-
psin A which is involved in the stabilization of these enzymes.
[0029] Furthermore, the following diseases are also kinds
of lysosomal storage diseases.

[0030] Metachromatic leukodystrophy is a disease in
which sulphatides are accumulated due to impediment in
arylsulfatase A.

[0031] Niemann-Pick diseases are diseases in which sph-
ingomyelin is accumulated. Niemann-Pick type B is due to
impediment in acid sphingomyelinase, and Niemann-Pick
type C is due to cholesterol esterification defect.

[0032] Tay-Sachsdiseaseis disease in which GM2 ganglio-
side is accumulated due to impediment in o-subunit of
N-acetyl-f-D-glucosaminidase A.

[0033] Sandhoff disease is disease in which GM2 ganglio-
side is accumulated due to impediment in [-subunit of
N-acetyl-p-D-glucosaminidase A and B.

[0034] GM2 gangliosidoses are diseases in which GM2
ganglioside is accumulated due to impediment in GM2 acti-
vator protein.

[0035] Krabbe disease is disease in which galactocerebro-
side is accumulated due to impediment in -D-galactocer-
ebrosidase.

[0036] Fabry disease is disease in which globosides are
accumulated due to impediment in o.-D-galactosidase.
[0037] Gaucher diseases are diseases in which glucosylce-
ramide is accumulated due to impediment in 3-D-glucocer-
ebrosidase.

[0038] Glycogen storage disease type 1 is disease in which
glycogen is accumulated due to impediment in glucose-6-
phosphatase.

[0039] Glycogen storage disease type 2 (also called Pompe
disease) is disease in which glycogen is accumulated due to
impediment in a-D-glucosidase.

[0040] Lipofuscinoses are caused by impediment in palmi-
toyl-protein thioesterase or tripeptidyl amino peptidase-I.
[0041] Ithasnotbeenknownthat GAG is also dischargedin
a large amount into body fluids in these diseases.

[0042] Hereinafter, mucopolysaccharidoses, mucolipi-
doses, GM1 gangliosidoses, fucosidoses, galactosialidoses,
metachromatic_leukodystropy, Niemann-Pick diseases, Tay-
Sachs disease, Sandhoff disease, GM2 gangliosidoses,

Oct. 20, 2011

Krabbe disease, Fabry disease, Gaucher diseases, glycogen
storage diseases and lipofuscinoses are referred to as “muco-
polysaccharidoses, etc.”

[0043] In general, mucopolysaccharidoses, etc. are asymp-
tomatic 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. In some cases, although subjects are
normal during neonatal periods, mental retardation gradually
progresses over years. Therefore, diagnosis of mucopolysac-
charidoses, etc. in an early newborn stage during which no
clinical syndromes are manifested may possibly prevent men-
tal retardation, etc., through early enzyme replacement
therapy, genetic treatment, or bone marrow transplantation.
Therefore, diagnosis of mucopolysaccharidoses, etc. is desir-
ably performed for all newborns.

[0044] However, in Japan, for example, the number of new-
borns 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 diagnosis therefor, which detects
deficiency or abnormality of enzymes, is cumbersome and
expensive, demand exists for an accurate screening method to
be performed before such an expensive diagnosis. In other
words, if there can be provided a method for detecting
patients suffering mucopolysaccharidoses, etc. with high
accuracy, with high sensitivity, conveniently, quickly, and at
low cost, without overlooking any patients of mucopolysac-
charidoses, etc., presence or absence of mucopolysacchari-
doses, etc. can be detected in all newborns, and thus precise,
definite diagnosis of every patient of mucopolysaccharidoses,
etc. can be attained at an early stage of the disease.

DISCLOSURE OF THE INVENTION

[0045] Accordingly, an object of the present invention is to
provide a very accurate, sensitive method for detecting lyso-
somal storage 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.
[0046] The present inventors have carried out extensive
research in an attempt to attain the above objects, and have
found the following: in spite of conventional understanding
that, in accordance with the type (classification) of muco-
polysaccharidosis, only GAG of a specific species is excreted
into body 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, metach-
romatic leukodystropy, Niemann-Pick diseases, Tay-Sachs
disease, Sandhoff disease, GM2 gangliosidoses, Krabbe dis-
ease, Fabry disease, Gaucher diseases, glycogen storage dis-
eases and lipofuscinoses. On the basis of this finding, the
inventors have achieved a highly accurate, highly sensitive,
convenient, effective, inexpensive method and kit for detect-
ing lysosomal storage diseases, thus leading to completion of
the invention.

[0047] Accordingly, the present invention provides a
method for detecting lysosomal storage diseases, comprising
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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[0048] Preferably, the “lysosomal storage diseases” are at
least one disease selected from mucopolysaccharidoses,
mucolipidoses, GM1 gangliosidoses, fucosidoses, galacto-
sialidoses, metachromatic leukodystropy, Niemann-Pick dis-
eases, Tay-Sachs disease, Sandhoff disease, GM2 gangliosi-
doses, Krabbe disease, Fabry disease, Gaucher diseases,
glycogen storage diseases and lipofuscinoses.

[0049] Preferably, the specimen is a body fluid, with urine
or blood being more preferred.

[0050] Preferably, the assay of the mentioned single spe-
cies of GAG is performed by use of a polypeptide that is
capable of specifically binding to a GAG-containing mol-
ecule.

[0051] Preferably, the assay comprises the following steps
(1) and (2):
[0052] (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 immo-
bilized”, “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—
second polypeptide”; and

[0053] (2) a step for detecting the sandwich-like complex
formed in step (1).

[0054] More preferably, the assay comprises the following
steps (1), (2), and (3):

[0055] (1) a step 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 being constituted by
“first polypeptide immobilized onto the solid phase—GAG-
containing molecule in the specimen™;

[0056] (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 con-
stituted by “said first polypeptide immobilized onto the solid
phase—GAG-containing molecule in the specimen—second
polypeptide”; and

[0057] (3) a step for detecting the sandwich-like complex
formed in step (2).

[0058] Preferably, the “second polypeptide” is labeled with
a labeling substance or, alternatively, is capable of being
labeled with a labeling substance.

[0059] Preferably, the assay comprises the following steps
(1) and (2):

[0060] (1) astep 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 consti-
tuted by “GAG-containing molecule immobilized onto a
solid phase—third polypeptide” and the second complex
being constituted by “GAG-containing molecule is the speci-
men—third polypeptide”; and

[0061] (2) a step for detecting at least one of the complexes
formed in step (1), the first complex being “GAG-containing
molecule immobilized onto a solid phase—third polypep-
tide” and the second complex being “GAG-containing mol-
ecule in the specimen—third polypeptide.”
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[0062] More preferably, the assay comprises the following
steps (1) to (3):
[0063] (1) a step for forming a first complex by bringing

into contact “a third polypeptide capable of specifically bind-
ing to a GAG-containing molecule” and “a specimen”, the
first complex being constituted by “third polypeptide—
GAG-containing molecule in the specimen”;

[0064] (2) astep for forming a second complex by bringing
“the solid phase to which a GAG-containing molecule is
immobilised” into contact with a mixture resulting from step
(1) which contains “the first complex” and “a third polypep-
tide that participated in formation of the first complex”, the
second complex being constituted by “GAG-containing mol-
ecule immobilized onto the solid phase—third polypeptide”;
and

[0065] (3) a step for detecting the second complex formed
in step (2).
[0066] Detection of the second complex is preferably car-

ried out by use of a fourth polypeptide capable of being
specifically binding to the third polypeptide and having been
labeled with, or being capable of being labeled with, a label-
ing substance.

[0067] Any of the polypeptides employed in the above
methods is preferably an antibody or a polypeptide having an
antigen-binding site of an antibody.

[0068] 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 preferably KS, HS,
CS, or DS. In the present method, preferred are the cases
where the “GAG having a sulfate group” is KS, and simulta-
neously, the “mucopolysaccharidoses™ are of one or more
types selected from among mucopolysaccharidosis types I, II,
111, VI, and VII. Also 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 mucolipidosis types
1I and Also preferred are the cases where the “GAG having a
sulfate group” is HS, and simultaneously, the “mucopolysac-
charidoses” are of one or more types selected from among
mucopolysaccharidosis types IV and VI; the cases where the
“GAG having a sulfate group” is HS, and the lysosomal
storage diseases are of one or more diseases selected from
among mucolipidoses, metachromatic leukodystropy,
Niemann-Pick diseases, Tay-Sachs disease, Sandhoft dis-
ease, GM2 gangliosidoses, Krabbe disease, Fabry disease,
Gaucher diseases, glycogen storage diseases and lipofusci-
noses; the cases where the “GAG having a sulfate group” is
CS, and simultaneously, the “mucopolysaccharidoses” are of
one or more types selected from among mucopolysacchari-
dosis types I, I1, 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 III and I'V.

[0069] The present invention also provides a kit for detect-
ing at least one disease selected from mucopolysacchari-
doses, mucolipidoses, GM1 gangliosidoses, fucosidoses,
galactosialidoses, metachromatic leukodystropy, Niemann-
Pick diseases, Tay-Sachs disease, Sandhoff disease, GM2
gangliosidoses, Krabbe disease, Fabry disease, Gaucher dis-
eases, glycogen storage diseases and lipofuscinoses compris-
ing the following components and used for detecting at least
one disease selected from mucopolysaccharidoses, mucolipi-
doses, GM1 gangliosidoses, fucosidoses, galactosialidoses,
metachromatic leukodystropy, Niemann-Pick diseases, Tay-
Sachs disease, Sandhoff disease, GM2 gangliosidoses,
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Krabbe disease, Fabry 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”):

[0070] (A) a solid. phase to which a first polypeptide
capable of specifically binding to a GAG-containing mol-
ecule is immobilized; and

[0071] (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 label-
ing substance.

[0072] Alternatively, the kit of the present invention may
comprise the following components:

[0073] (A) a solid phase to which a GAG-containing mol-
ecule is immobilized;

[0074] (B) a third polypeptide capable of specifically bind-
ing to a GAG-containing molecule; and

[0075] (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 sub-
stance.

[0076] Preferably, any of these polypeptides is an antibody
or a polypeptide having an antigen-binding site of an anti-
body.

[0077] In the kit 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 preferably KS, HS, CS, or
DS. In the presentkit, preferred are the cases where the “GAG
having a sulfate group” is KS, and simultaneously, the
“mucopolysaccharidoses™ are of one or more types selected
from among mucopolysaccharidosis types 1, II, III, VI, and
VII. Also 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 mucolipidosis types II and
II1. Also preferred are the cases where the “GAG having a
sulfate group” is HS, and simultaneously, the “mucopolysac-
charidoses” are of one or more types selected from among
mucopolysaccharidosis types IV and VI; the cases where the
“GAG having a sulfate group” is HS, and the diseases are of
one or more diseases selected from among mucolipidoses,
metachromatic leukodystropy, Niemann-Pick diseases, Tay-
Sachs disease, Sandhoff disease, GM2 gangliosidoses,
Krabbe disease, Fabry disease, Gaucher diseases, glycogen
storage diseases and lipofuscinoses; the cases where the
“GAG having a sulfate group” is CS, and simultaneously, the
“mucopolysaccharidoses” are of one or 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 mucopolysacchari-
dosis types Il and IV.

[0078] Various modes of the present invention will next be
described.

<1> Method of the Present Invention

[0079] 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 correlating the measurement results with lyso-
somal storage diseases.

[0080] Preferably, the present invention contemplates a
detection method for at least one disease selected from muco-
polysaccharidoses, mucolipidoses, GM1 gangliosidoses,
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fucosidoses, galactosialidoses, metachromatic leukodys-
tropy, Niemann-Pick diseases, Tay-Sachs disease, Sandhoff
disease, GM2 gangliosidoses, Krabbe disease, Fabry disease,
Gaucher diseases, glycogen storage diseases and lipofusci-
noses and comprises the steps of measuring GAG of a single
species contained in a specimen and correlating the measure-
ment results with at least one disease selected from muco-
polysaccharidoses, mucolipidoses, GM1 gangliosidoses,
fucosidoses, galactosialidoses, metachromatic leukodys-
tropy, Niemann-Pick diseases, Tay-Sachs disease, Sandhoff
disease, GM2 gangliosidoses, Krabbe disease, Fabry disease,
Gaucher diseases, glycogen storage diseases and lipofusci-
noses.

[0081] 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 mucopolysacchari-
doses, different species of GAGs are accumulated and
excreted. Therefore, quite naturally, according to conven-
tional understanding, even when the measurement of a certain
species of GAG (e.g., KS) is negative, presence of muco-
polysaccharidoses cannot be denied until measurements of
other species of GAG (e.g., HS, CS, DS or the like) support
the negative results. That is, conventionally, in order to detect
mucopolysaccharidoses, a plurality of species of GAGs must
be measured for a single specimen.

[0082] In contrast, the method of the present invention
enables correlation with mucopolysaccharidoses to be estab-
lished by the measurement of only GAG of a single species.
Furthermore, the method of the present invention enables
correlation with not only mucopolysaccharidoses but also at
least one disease selected from mucolipidoses, GM1 gangli-
osidoses, fucosidoses, galactosialidoses, metachromatic leu-
kodystropy, Niemann-Pick diseases, Tay-Sachs disease,
Sandhoff disease, GM2 gangliosidoses, Krabbe disease,
Fabry disease, Gaucher diseases, glycogen storage diseases
and lipofuscinoses.

[0083] Although no 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 contains, GAG accu-
mulated as a result of lysosomal storage diseases. Examples
of'the body 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 superna-
tants of cell cultures. Of these, urine and blood are preferred,
as they are easily collected from newborns and in fact are
routinely collected for usual newborn health check items.
[0084] When blood is used as the body fluid, the collected
blood sample may be used as is without any treatment, or
serum or plasma derived from the collected blood sample
may be used. Preferably, serum or plasma is employed. Alter-
natively, hydrophilic components may be extracted from the
blood sample, after which GAG contained in the extract is
measured. No particular limitation is imposed on the method
For extracting hydrophilic components; for example, a drop-
let 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
aqueous solution, the filter paper bearing the droplet of the
blood sample.
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[0085] 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 lysosomal stor-
age diseases. Preferably, such individuals are mammals, and
more preferably the mammals are humans. In particular,
humans ranging in age from just-delivered newborns to about
6-month infants are preferred.

[0086] The “GAG of a single species” to be used 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 species” 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.

[0087] Examples of “GAG” include KS, HS, CS, 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.

[0088] Examples of “proteoglycan” formed up of GAG and
protein attached thereto include, but are not limited to, deco-
rin (DS is attached to the core protein), aggrecan (CS and KS
are attached to the core protein), versican (DS is attached to
the core protein), keratocan (KS is attached to the core pro-
tein), syndecan (CS and HS are attached to the core protein),
and perlecan (HS is attached to the core protein).

[0089] No particular limitation is imposed on the method
for the “measurement” of any single species of these Was
contained in a specimen, so long as the method enables detec-
tion of the single species of GAG. As used herein, the word
“measurement” (or “assay”) encompasses not only quantita-
tive detection of GAG but also qualitative detection (i.e.,
detection of presence or absence of GAG).

[0090] Measurement of GAG ofasingle species (or in other
words, measurement of a certain GAG species) may be per-
formed through any of the following methods:

[0091] 1) a method employing a polypeptide capable of
specifically binding to the GAG;

[0092] i) a method for analysis using various chromatog-
raphy. The method using chromatography is not particularly
limited, and includes various chromatography methods such
as a gas chromatography method and a liquid chromatogra-
phy. 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 (disaccha-
ride), and through high performance liquid chromatography
(HPLC) the elution time of the product from the ion exchange
column is analyzed (disaccharide analysis);

[0093] 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 absence, as well as the degree, of degradation
of'the GAG is determined by use of a dye capable of reacting
with the GAG;

[0094] iv) amethod 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

Oct. 20, 2011

specifically binding to the GAG. The method iv) is also
described hereinbelow in Example 1; and

[0095] v)amethod for analysis using a mass spectrometry.
The method using a mass spectrometer is not particularly
limited, and includes various mass spectrometry methods
such as a tandem mass spectrometry method (MS/MS) and a
MALDI/TOFMS method.

[0096] Of these methods, those employing a polypeptide
capable of specifically binding to GAG are preferred.

[0097] Preferably, the “polypeptide” is an antibody or a
polypeptide having an antigen-binding site (Fab) of an anti-
body. The “polypeptide having an Fab of an antibody” may be
a fragment containing an Fab of an antibody. The Fab-con-
taining fragment may be produced by treating an antibody
with a protease (such as plasmin, pepsin, papain or the like)
that does not degrade Fab. Examples of the Fab-containing
fragment also include Fabc, (Fab'), and the like, in addition to
Fab.

[0098] The “polypeptide having an Fab of an antibody”
may be a chimera antibody having an Fab of interest. When
the 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.
[0099] The “polypeptide” is preferably purified in advance.
When the polypeptide is an “antibody” and the immunoglo-
bulin class thereof is IgG, the polypeptide can be purified by
means of affinity chromatography making use of protein A or
Protein G. When the immunoglobulin class of an antibody is
IgM, the polypeptide is purified by means of gel filtration
column chromatography.

[0100] No particular limitation is imposed on the “anti-
body” 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 antibod-
ies may be used. From the viewpoints of specificity, homo-
geneity, reproducibility, and productivity in sustainable abun-
dance, monoclonal antibodies are preferred.

[0101] 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

[0102] An antigen is administered to animals for immuni-
zation, such as mice, rats, guinea pigs, rabbits, goat, sheep,
horses, pigs, dogs, cats, or chickens under the skin (subcuta-
neously), into the abdominal cavity (intraperitoneally), orin a
footpad.

[0103] Use ofan 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, anti-
sera of high titer can be obtained. About one week following
the final immunization, blood is collected and serum is sepa-
rated. The serum is treated with heat to thereby deactivate
complements. Immunoglobulin fractions may be purified
through a conventional purification method employed for
antibodies.

2) Method for Producing a Monoclonal Antibody

[0104] A monoclonal antibody may be prepared by the
method of Kohler and Milstein (Nature, 256, 495-497
(1975)).
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[0105] 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 intraperito-
neally, subcutaneously, or in a footpad.

[0106] From theimmunized animals, spleen cells, lympho-
cytes, peripheral 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 lines of
mammals. Preferably, cell lines from animals of the same
species as the immunized animals are employed. Also pref-
erably, 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 collec-
tion of antibodies of interest from a culture supernatant of
hybridoma, the myeloma cells are preferably of a cell line
which does not secrete inherent immunoglobulins.

[0107] The obtained hybridomas are continuously grown,
and subsequently, hybridoma cell lines which continuously
produce antibodies capable of specifically binding to antigens
are selected through screening.

[0108] The thus-selected hybridoma cell line is cultured by
use of a suitable medium, to thereby obtain monoclonal anti-
bodies in the medium. It is also possible to mass-produce
monoclonal antibodies by culturing said hybridoma cell 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.

[0109] Although no particular limitation is imposed on the
immunoglobulin class of the antibodies, IgG is preferred.
Antibodies whose immunoglobulin class is IgG can be
obtained through screening by use of an anti-IgG antibody.
[0110] The definition of “GAG of a single species” has
already been provided hereinabove. Thus, the “polypeptide
capable of specifically binding to GAG” is 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, CS, or DS; even more pref-
erably a polypeptide capable of specifically binding to KS or
HS; most preferably a polypeptide capable of specifically
binding to KS.

[0111] 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
animals from which the immunoglobulins are obtained and
the immunoglobulin classes.

Polypeptide Capable of Specifically Binding to KS:

[0112] Anti-KS antibody “5D4” (mouse, IgG1). “5D4” is a
monoclonal antibody which specifically binds to KS.

Polypeptide Capable of Specifically Binding to HS:

[0113] Anti-HS antibodies “HepSS-1” (mouse, IgM),
“F58-10E4” (mouse, IgM), “HK-249” (mouse, IgM), “F69-
3G10” (mouse, IgG2b), “IM403” (mouse, IgM (Diabetolo-
gia, 37(3),313-320 (1994))). These are all monoclonal anti-
bodies which specifically bind to HS.

Polypeptide Capable of Specifically Binding to DS and CS:

[0114] Anti-CS antibodies “CS-56" (mouse, IgM), “MO-
225” (mouse, IgM), “MC21C” (mouse, IgM), “LY111”
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(mouse, IgM), “1-B-5” (mouse, IgGl), “2-B-6” (mouse,
1gG1), “3-B-3” (mouse, I1gM), “2H6” (mouse, IgM), and
“473” (mouse, IgA). These are all monoclonal antibodies
which specifically bind to HS.

[0115] The above antibodies are already known and, except
for IM403, are commercially available from Seikagaku Cor-
poration (Tokyo). Therefore, persona having ordinary skill in
the art can prepare or procure them without difficulty.
[0116] Example assay methods for “GAG of a single spe-
cies” by use of a polypeptide capable of specifically binding
to GAG include, but are not limited to, the following.
[0117] 1) A specimen is brought into contact with a solid
phase to which a first polypeptide is immobilized, followed
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).

[0118] ii) In the presence of three components; that is,
GAG-containing molecules which is immobilized onto a
solid phase, a specimen, and a polypeptide (wherein the
specimen and the polypeptide may be brought into contact in
advance), the GAG-containing molecules which is immobi-
lized and GAG-containing molecules contained in the speci-
men are allowed to competitively react 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).
[0119] iii) A specimen is brought into contact with fine
particles to which polypeptide molecules 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).

[0120] Preferably, the present method is carried out
through a sandwich assay. That is, the present method pref-
erably comprises the following steps:

[0121] (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 immo-
bilized”, “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—
second polypeptide”; and

[0122] (2) a step for detecting the sandwich-like complex
formed in step (1).

[0123] Instep (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 sub-
stances may first be brought into 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 for
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 com-
prises the following steps (1), (2), and (3):

[0124] (1) astep 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
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contact with “a specimen”, the complex being constituted by
“first polypeptide immobilised onto the solid phase—GAG-
containing molecule in the specimen™;

[0125] (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 con-
stituted by “said first polypeptide immobilized onto the solid
phase—GAG-containing molecule in the specimen—second
polypeptide”; and

[0126] (3) a step for detecting the sandwich-like complex
formed in step (2).

[0127] Hereafter, this method will be explained in detail for
every process.

Step (1):

[0128] Instep (1), “a solid phase to which a first polypep-
tide 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-con-
taining molecule in the specimen.”

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

[0129] As used herein, the term “GAG-containing mol-
ecule” refers to any molecule that contains GAG as a con-
stituent thereof. Examples of such a molecule include a GAG
molecule per se (i.e., containing no other constituents), and a
proteoglycan molecule.

[0130] The “first polypeptide” in this context may be the
same 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).

[0131] The definition of “polypeptide capable of specifi-
cally binding to GAG (i.e., a GAG molecule per se)” has
already been provided hereinabove. An example of a
“polypeptide capable of specifically binding to a GAG-con-
taining molecule (other than the GAG molecule per se)” is an
antibody capable of specifically binding to the core protein of
proteoglycan. Examples of such an antibody include, but are
not limited to, “6-B-6" (mouse, IgG1) (anti-decorin anti-
body), “2-B-1” (mouse, 1gG1l) (anti-versican antibody),
“HK-102” (mouse, 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 paren-
theses.

[0132] The above are all monoclonal antibodies which are
capable of binding to the core protein of proteoglycans. These
antibodies are commercially available from Seikagaku Cor-
poration (Tokyo).

[0133] Whenblood is used as a specimen, GAGs contained
in the blood specimen are considered to be present in the form
of proteoglycans. Therefore, the aforementioned “polypep-
tide 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
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this case, however, the other polypeptide must be a “polypep-
tide capable of specifically binding to GAG (i.e., a GAG
molecule per se).”

(1)-2 Solid Phase

[0134] No particular limitation is imposed on the solid
phase to which the first polypeptide is to be immobilised, so
long as the solid phase is capable of immobilising the
polypeptide and is insoluble in water, 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 par-
ticles such as latex). From the viewpoints of accurate quan-
titative evaluation and convenience in use, microplates are
preferred.

[0135] Examples of the material that constitutes the solid
phase include polystyrene, polypropylene, poly(vinyl chlo-
ride), nitrocellulose, Nylon, polyacrylamide, Teflon, polyal-
lomer, polyethylene, glass, and agarose. Among these mate-
rials, polystyrene is preferred, and thus, plates made of
polystyrene are preferred.

[0136] Inorderto immobilize the first polypeptide onto any
of these solid phases, a conventional method for preparing
immobilized enzymes may be applied, and such a method
includes, for example, physical adsorption, covalent bonding,
or entrapment (“Immobilized Enzymes” published by
Kodansha, 1975, pp. 9-75).

[0137] In particular, physical adsorption is preferred from
the viewpoints of convenience in procedure and prevalence in
use.

[0138] A specific example of physical adsorption is
described below. This example is drawn to a case where the
first polypeptide is anti-KS antibody.

[0139] Anti-KS antibodies are dissolved in a buffer (e.g.,
phosphate buffer, phosphate buffered saline (PBS), or car-
bonate 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
immobilise the antibodies.

[0140] The surface of the solid phase to which the first
polypeptide is immobilised may have portions bearing no
peptide, and when GAG-containing molecules contained in
the specimen adhere in an non-specific manner, accurate
assay results may fail to be obtained. To prevent this, prefer-
ably, a blocking substance is added before the specimen is
brought into contact with the solid phase, so as to cover the
portions to which the first polypeptide has not yet been immo-
bilized. Examples of such a blocking substance include serum
albumin, casein, skim milk, gelatin, and Pluronic, and com-
mercial products sold as such may also be employed.

[0141] In an exemplary blocking procedure, a blocking
substance is added, followed by standing for 30 minutes to 2
hoursat37° C. or for 1 to 2 hours at room temperature (15-25°
C).

(1)-3 Specimen

[0142] Relevant descriptions provided hereinabove apply,
and therefore repetition is omitted.

(1)-4 Contact between Solid Phase and Specimen

[0143] No particular limitation is imposed on the manner in
which the solid phase is brought into contact with the speci-
men, so long as the first polypeptide molecules immobilized
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onto the solid phase and the GAG-containing molecules con-
tained in the specimen are under conditions allowing contact
therebetween. For example, the specimen may be added onto
the solid phase, or vice versa, for achieving contact therebe-
tween. Alternatively, the two may be simultaneously 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, etc. of
the solid phase.

[0144] When contact between the two has been established,
preferably, the first polypeptide and GAG-containing mol-
ecules 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.

[0145] After completion of the above reaction, solid and
liquid phases are separated from each other. Preferably, non-
specific adsorbents or unreacted components remaining in the
specimen are removed by washing the surface of the solid
phase with a washing solution as desired.

[0146] 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, PHS, and Tris HCI buffer.
[0147] When the specimen is brought into contact with the
solid phase to which the first polypeptide is immobilized, a °
ampler of “first polypeptide immobilized onto the solid
phase—GAG-containing molecule” is formed.

Step (2):

[0148] Instep (2), a second polypeptide capable of specifi-
cally binding to a GAG-containing molecule is brought into
contact with the above-described solid phase that has under-
gone step (1), to thereby form a sandwich-like complex of
“the first polypeptide immobilised onto the solid phase—
GAG-containing molecule in the specimen—second
polypeptide.”

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

[0149] The descriptions provided hereinabove for the
aforementioned “first polypeptide” also apply to the second
polypeptide.

[0150] Preferably, 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, [(-galactosidase,
luciferase, acetylcholinesterase, and glucose oxidase), radio-
isotopes (such as *2°1, *'1, and *H); fluorochromes (such as
fluorescein isothiocyanate (FITC), 7-amino-4-methylcou-
marin-3-acetate (AMCA), dichlorotriazinyl aminofluores-
cein (DTAF), tetramethylrhodamine isothiocyanate
(TRITC), Lissamine Rhodamine B, Texas Red, Phycoeryth-
rin (PE), umbelliferone, europium, phycocyanin, Tricolor,
and crania); chemiluminescence substances (such as lumi-
nol); haptens (such as dinitrofluorobenzene, adenosine
monophosphate (AMP), and 2,4-dinitroaniline); one compo-
nent of any of specific binding pairs (such as biotin and an
avidin (e.g., streptavidin), lectin and sugar chain, agonist and
receptor therefor, heparin and antithrombin III (ATIII), and
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polysaccharide and a binding protein therefor (e.g., hyalu-
ronic acid and hyaluronic-acid-binding protein (HABP)).
[0151] Of such exemplified labeling substances, one com-
ponent of any of specific binding pairs is preferred, with
either biotin or an avidin being more preferred. In particular,
biotin is preferred.

[0152] 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: glu-
taraldehyde method, periodate cross-linking method, male-
imide cross-linking method, carbodiimide method, and acti-
vated ester method. When the labeling substance is a
radioisotope, the chloramine T method or the lactoperoxidase
method (see Zoku-Seikagaku Jikken Koza 2 “Protein Chem-
istry (the last volume)” published by Tokyo Kagaku Dojin,
1987) may be appropriately employed. For example, when
biotin is employed as a labeling substance, there may be used
a method in which an N-hydroxysuccinimide ester derivative
or hydrazide derivative of biotin (see Avidin-Biotin Chemis-
try: A Handbook, PP. 57-63, Pierce Chemical Company, pub-
lished in 1994).

[0153] Preferably, the second polypeptide is labeled with a
labeling substance in advance.

(2)-2 Contact between Solid Phase that has undergone Step
(1) and Second Polypeptide

[0154] This step may be performed in a manner similar to
that described in (1)-4 above. Also, similar to the case of step
(1)-4, after completion 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 solid phase. Moreover, employable washing
solutions are the same as described in connection with step
(1)-4.

[0155] When the aforementioned solid phase that has
undergone step (1) (i.e., the solid phase bearing 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 molecule, a sandwich-like complex of
“the first polypeptide immobilized onto the solid phase—
GAG-containing molecule in the specimen—second
polypeptide” is formed.

Step (3):

[0156] In step (3), the sandwich-like complex formed in
step (2) is detected.

[0157] 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 complex can be detected by detecting the labeling sub-
stance.

[0158] Labeling substances may be detected by an appro-
priate method selected from among known methods estab-
lished in accordance with the type of labeling substances. For
example, when one component (e.g., biotin) of a certain spe-
cific binding pair is employed as a labeling substance, an
enzyme (such as peroxidase) to which another component
(e.g., streptavidin) capable of specifically binding to the first
component is added, to thereby cause formation of a specific
binding pair. Subsequently, a substrate (for example, hydro-
gen peroxide (in the case where the enzyme is peroxidase))
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for the enzyme employed and a chromogenic substance (such
as 3,3',5,5'-tetramethylbenzidine (TMB) or diaminobenzi-
dine) is added, and color developed and assumed by the
product of the enzymatic reaction is determined through
absorptiometry, to thereby detect the labeled substance.

[0159] When aradioisotope, a fluorochrome, or a chemolu-
minescence substance serves as a labeling substance, radio-
activity count, fluorescence intensity, fluorescence polariza-
tion, or luminescence intensity may be measured.

[0160] Through detection of such a labeling substance, the
sandwich-like complex can be detected, attaining measure-
ment 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 large
amount of GAG of a single species in the specimen.

[0161] 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
directly employed as the assay results for GAG.

[0162] When a quantitative assay of GAG (such as mea-
surement of the GAG concentration) is desired, the absor-
bance value, radioactivity 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, there may be prepared in advance
calibration curves or correlation equations regarding the rela-
tion between GAG concentration and results of detection
(e.g., absorbance) on standard substances, and the GAG con-
centration in the specimen may be determined therefrom.
When a urine sample is employed as a specimen, the calcu-
lated GAG concentration may be corrected with reference to
the concentrations of other substances (such as urine creati-
nine) contained in urine.

[0163] 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):

[0164] (1) astep 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 consti-
tuted by “GAG-containing molecule immobilized onto a
solid phase—third polypeptide” and the second complex
being constituted by “GAG-containing molecule in the speci-
men—third polypeptide”; and

[0165] (2) a step for detecting at least one of the complexes
formed in step (1), the first complex being “GAG-containing
molecule immobilized onto a solid phase—third polypep-
tide” and the second complex being “GAG-containing mol-
ecule in the specimen—third polypeptide.”

[0166] In step (1), the three substances; i.e., “a third
polypeptide capable of specifically binding to a GAG-con-
taining molecule”, “a specimen”, and “a solid phase to which
a GAG-containing molecule is immobilized” may be brought
into contact simultaneously. Alternatively, the former two
substances may first be brought into 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 for
contact. Preferably, according to the method of the present
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invention, the former two substances are first brought into
contact with each other, followed by addition of the third
substance for contact.

[0167] In step (2), of the first and second complexes, only
the first complex (i.e., “GAG-containing molecule immobi-
lized onto a solid phase—third polypeptide™) or the second
complex (i.e., “GAG-containing molecule in the specimen—
third polypeptide”), or both, may be detected. According to
the present method, detection of only the first complex is
preferred.

[0168] That is, the method of the present invention prefer-
ably comprises the following steps (1) to (3):

[0169] (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”;

[0170] (2) astep 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);i.e., a mixture containing “the 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

[0171] (3) a step for detecting the second complex formed
in step (2).
[0172] Detection of the second complex is preferably car-

ried 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.

[0173] Respective steps of the assay will next be described.
Step (1):
[0174] Instep (1), a first complex is formed 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.”

[0175] The description provided for the “third polypeptide
capable of specifically binding to a GAG-containing mol-
ecule” also applies to the aforementioned “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 third polypeptide molecule can
be brought into contact with a GAG-containing molecule
contained in the specimen.

[0176] When the third polypeptide is brought into contact
with the specimen, a first complex; i.e., a “third polypep-
tide—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 has not participated in
formation of the first complex.”

Step (2):

[0177] Instep (2), the solid phase to which the GAG-con-
taining molecule is immobilized is brought into contact with
the mixture obtained from step (1); i.e., a mixture containing
“the first complex™ and “the third polypeptide that has not
participated in formation of the first complex”, to thereby
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form a complex of “GAG-containing molecule immobilized
onto a solid phase—third polypeptide.”

[0178] No particular limitation is imposed on the solid
phase to which GAG-containing molecules are to be immo-
bilized, so long as the solid phase is capable of immobilizing
GAG-containing molecules and is insoluble in water, speci-
men, or reaction mixture of the assay. For other materials, see
the descriptions provided hereinabove.

[0179] Also, the GAG-containing molecules capable of
being immobilized onto the solid phase are the same as those
described hereinabove. No particular limitation is imposed on
the GAG-containing molecules capable of being immobi-
lized onto the solid phase, so long as they have 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 molecule itself but also a frag-
ment obtained through treatment of the GAG-containing mol-
ecule with a GAG-specific degradation enzyme.

[0180] GAG-containing molecules may be immobilized
onto a solid phase through any conventional method, such as
physical adsorption or covalent bonding. In particular, physi-
cal adsorption is preferred, from the viewpoints of conve-
nience in procedure and prevalence in use.

[0181] The solid phase to which the GAG-containing mol-
ecules is immobilized is 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
solid phase and liquid phase are separated from each other
after completion of reaction, and in addition, in accordance
with needs, non-specific adsorbents and the unreacted com-
ponents remaining in the specimen are removed through
washing of the surface of the solid phase with a washing
solution. The washing solution which may be employed is as
described in the foregoing.

[0182] By bringing the solid phase to which GAG-contain-
ing molecules is immobilized into contact with the mixture
obtained from step (1), the “third polypeptides that have not
participated in formation of the first complexes™ are specifi-
cally bound to the GAG-containing molecules, to thereby
form the complexes of the “GAG-containing molecules
immobilized onto the solid phase—third polypeptides.”

Step (3);

[0183]
detected.
[0184] No particular limitation is imposed on the method
for detecting the complexes. However, detection is preferably
performed by use of “fourth polypeptides capable of specifi-
cally binding to third polypeptides and having been labeled
with, or being capable of being labeled with, a labeling sub-
stance.”

[0185] No particular limitation is imposed on the “fourth
polypeptides capable of specifically binding to third polypep-
tides” so long as the fourth polypeptides can specifically bind
to the third polypeptides. When the third polypeptides are
antibodies (immunoglobulins), the fourth polypeptides may
be antibodies which can specifically bind to such immuno-
globulins in accordance with the animals from which the
immunoglobulins are derived or the class of the immunoglo-
bulins. For example, when the third polypeptide is an immu-
noglobulin derived from mouse (mouse IgG1), en anti-mouse
IgG1 antibody may nerve as the fourth polypeptide.

[0186] The descriptions provided for the previously men-
tioned labeling substance are also applicable to the labeling

In step (3), the complexes formed in step (2) are
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substance employable for labeling the fourth polypeptides.
Preferably, the labeling substance is an enzyme (peroxidase,
alkaline phosphatase, §-galactosidase, luciferase, acetylcho-
linesterase, glucose oxides, etc.), with peroxidase being more
preferred.

[0187] Since the method for labeling the fourth polypep-
tides with a labeling substance and the method for detecting
the labeling substance are performed in manners similar to
those described hereinabove, descriptions therefor are omit-
ted for the sake 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’ complexes” is commensurably large (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 specimen is small.

[0188] 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
“lysosomal storage diseases” are at least one disease selected
from mucopolysaccharidoses, mucolipidoses, GM1 gangli-
osidoses, fucosidoses, galactosialidoses, metachromatic leu-
kodystropy, Niemann-Pick diseases, Tay-Sachs disease,
Sandhoff disease, GM2 gangliosidoses, Krabbe disease,
Fabry disease, Gaucher diseases, glycogen storage diseases
and lipofuscinoses.

[0189] 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, so long as the “mucopolysaccharidoses” are
diseases recognized as such in the art. Preferably, the “muco-
polysaccharidoses” are a class of mucopolysaccharidosis
types I, 1L, IIL, IV, VI, and VII.

[0190] In the present invention, no particular limitation is
imposed on the “mucolipidoses”, “GM1 gangliosidoses”,
“fucosidoses”, “galactosialidoses”, “metachromatic leukod-
ystropy”, ‘“Niemann-Pick diseases”, “Tay-Sachs disease”,
“Sandhoff disease”, “GM2 gangliosidoses”, “Krabbe dis-
ease”, “Fabry disease”, “Gaucher diseases”, “glycogen stor-
age diseases” and “lipofuscinoses” so long as they are dis-
eases recognized as such in the art. Preferably, the
“mucolipidoses” are mucolipidosis types II or III. Preferably,
the “Niemann-Pick diseases” are Niemann-Pick disease
types B or C. Preferably, the “Gaucher diseases” are Gaucher
disease types I or III. Preferably, the “glycogen storage dis-
eases” are glycogen storage disease types 1 or 2.

[0191] The step in which lysosomal storage diseases are
correlated with assay results of GAGs may be performed as
follows.

[0192] 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 level) is higher than that (GAG level) of healthy
animals (animals of non-lysosomal storage diseases), the
measurement can be correlated to “affirmation of lysosomal
storage diseases” or “high risk of lysosomal storage diseases”
[0193] When the measurement of GAG of a single species
(GAG level) is lower than that (GAG level) of healthy an the
measurement can be correlated to “free of lysosomal storage
diseases” or “low risk of lysosomal storage diseases”
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[0194] 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 obtained from a certain individual is
periodically measured and shows a tendency of increase in
the GAG level, such a tendency may be correlated to “pro-
gressive lysosomal storage diseases” or “high risk of lysoso-
mal storage diseases progressing.” On the other hand, when
the results show a tendency of decrease in the GAG level, such
a tendency may be correlated to “lysosomal storage diseases
ameliorating” or “high possibility of lysosomal storage dis-
eases ameliorating.” Also, when no changes in the GAG level
are observed, this can be correlated to “no changes in the state
of lysosomal storage diseases” or “high possibility of lysoso-
mal storage diseases neither progressing nor mitigating.”

[0195] The measurement (GAG level) which forms the
basis for the correlation with lysosomal storage diseases may
be the GAG concentration obtained by use of the aforemen-
tioned calibration curve or the correlation equations, or the
GAG ratio with respect to the GAG level as determined in a
specimen from healthy animals.

[0196] 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 KS, and simultaneously, the “mucopolysacchari-
doses” to be detected are one or more mucopolysaccharidoses
selected from mucopolysaccharidosis types I, II, III, VI, and
VII. This is a particularly important feature of the present
invention, since the finding that KS is secreted into body
fluids of a subject suffering mucopolysaccharidosis type I, 11,
111, VI or VII has remained completely unknown until con-
ception of the present invention. Among the above types, the
“mucopolysaccharidoses” to be detected are preferably one
or more mucopolysaccharidoses selected from types I, II, IIT
and V1. The “GAG having a sulfate group” is preferably KS,
and simultaneously, the “mucolipidoses” to be detected are
one or more mucolipidoses selected from mucolipidoses
types II and III.

[0197] In the present invention, the following case is also
preferred: The GAG having a sulfate group is HS, and simul-
taneously, the “mucopolysaccharidoses” to be detected are
one or more mucopolysaccharidoses selected from muco-
polysaccharidosis types IV and V1. This is also a particularly
important feature of the present invention, since the finding
that HS is secreted into body fluids of subjects suffering
mucopolysaccharidosis type IV or VI has remained com-
pletely unknown until conception of the present invention.

[0198] 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 leu-
kodystropy, Niemann-Pick diseases, Tay-Sachs disease,
Sandhoff disease, GM2 gangliosidoses, Krabbe disease,
Fabry disease, Gaucher diseases, glycogen storage diseases
and lipofuscinoses.

[0199] In the present invention, the following case is also
Preferred: The GAG having a sulfate group is CS, and simul-
taneously, the “mucopolysaccharidoses” to be detected are
one or more mucopolysaccharidoses selected from muco-
polysaccharidosis types I, II, III, IV, and V1. This is also a
particularly important feature of the present invention, since
the finding that CS is secreted into body fluids of subjects
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suffering mucopolysaccharidosis of the above types has
remained completely unknown until conception of the
present invention.

[0200] In the present invention, the following case is also
preferred: The GAG having a sulfate group is DS, and simul-
taneously, the “mucopolysaccharidosis” to be detected are
one or more mucopolysaccharidoses selected from muco-
polysaccharidosis types I1I and IV. This is also a particularly
important feature of the present invention, since the finding
that DS is secreted into body fluids of subjects suffering
mucopolysaccharidosis of the above types has remained
completely unknown until conception of the present inven-
tion.

[0201] Although the descriptions hereinabove have
focused on the “detection method” for lysosomal storage
diseases, the method of the present invention is not necessar-
ily limited only to such a method, and a “screening method”
and a “diagnosis method” are also envisaged by the present
invention.

<2> Kit of the Present Invention

[0202] Thekit of the present invention includes the follow-
ing components, and is intended to be used to detect at least
one disease selected from mucopolysaccharidoses, mucolipi-
doses, GM1 gangliosidoses, fucosidoses, galactosialidoses,
metachromatic leukodystropy, Niemann-Pick disease, Tay-
Sachs disease, Sandhoff disease, GM2 gangliosidoses,
Krabbe disease, Fabry disease, Gaucher disease, glycogen
storage disease and lipofuscinoses on the basis of the mea-
surement of GAG of a single species in a specimen:

[0203] (A) a solid phase to which a first polypeptide
capable of specifically binding to a GAG-containing mol-
ecule is immobilized; and

[0204] (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 label-
ing substance.

[0205] Inthe 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-con-
taining molecule”, “solid phase to which a first polypeptide is
immobilized”, “second polypeptide capable of specifically
binding to a GAG-containing molecule”, “labeling sub-
stance”, method for labeling a polypeptide with a labeling
substance, and target “mucopolysaccharidoses, etc.” 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 detect lysosomal storage diseases through
sandwich assay of GAGs.

[0206] Instead of the above components (A) and (B), the kit
of the present invention may include the following compo-
nents (A), (B), and (C):

[0207] (A) a solid phase to which a GAG-containing mol-
ecule is immobilized,

[0208] (B)a third polypeptide capable of specifically bind-
ing to a GAG-containing molecule, and

[0209] (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.
[0210] Inthe following descriptions of the kit of the present
invention, the terms “solid phase to which a GAG-containing
molecule is immobilized”, “third polypeptide capable of spe-
cifically binding to a GAG-containing molecule”, “fourth
polypeptide capable of specifically binding to a third



US 2011/0256563 Al

polypeptide”, “labeling substance”, method for labeling a
polypeptide with a labeling substance, and target “muco-
polysaccharidoses, etc.” 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 detect
mucopolysaccharidoses, etc. through the inhibition assay of
GAGs.

[0211] Detection of mucopolysaccharidoses, etc. 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.”

[0212] Inthekit of the present invention, the “polypeptide”
is preferably an antibody or a polypeptide having an antigen
binding site of an antibody.

[0213] No particular limitation is imposed on the “muco-
polysaccharidoses” which are to be detected by the present
kit, so long as the “mucopolysaccharidoses™ are diseases
recognized as such in the art. Preferably, the “mucopolysac-
charidoses” axe a class of mucopolysaccharidosis types I, 11,
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™, “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”, so long as they are diseases recognized
as such in the art. Preferably, the “mucolipidoses™ are
mucolipidosis type II or III. Preferably, the “Niemann-Pick
diseases” are Niemann-Pick disease types B or C. Preferably,
the “Gaucher diseases” are Gaucher disease types I or III.
Preferably, the “glycogen storage diseases” are glycogen
storage disease types 1 or 2.

[0214] 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.

[0215] Inthekit of the present invention, the “GAG having
a sulfate group” is preferably KS, and simultaneously, the
“mucopolysaccharidoses” are one or more mucopolysaccha-
ridoses selected from mucopolysaccharidosis types I, II, 111,
V1, and More preferably, the “mucopolysaccharidoses” to be
detected are one or more mucopolysaccharidoses selected
from mucopolysaccharidosis types I, 11, 111, and V1. Also, the
“GAG having a sulfate group” is preferably KS, and simul-
taneously, the “mucolipidoses” are one or more mucolipi-
doses selected from mucolipidosis types II and III.

[0216] Moreover, the following cases are also preferred:
The “GAG having a sulfate group” is HS, and simultaneously,
the “mucopolysaccharidoses” are one or more mucopolysac-
charidoses selected from mucopolysaccharidosis types IV
and VI; the “GAG having a sulfate group” is HS, and the
lysosomal storage diseases are of one or more diseases
selected from among mucolipidoses, metachromatic leukod-
ystropy, Niemann-Pick diseases, Tay-Sachs disease, Sand-
hoff disease, gangliosidoses, Krabbe disease, Fabry disease,
Gaucher diseases, glycogen storage diseases and lipofusci-
noses; the “GAG having a sulfate group” is CS, and simulta-
neously, the “mucopolysaccharidoses” are one or more
mucopolysaccharidoses selected from mucopolysaccharido-
sis types I, II, III, IV and VI; the “GAG having a sulfate
group” is DS, and simultaneously, the “mucopolysacchari-
doses” are one or more mucopolysaccharidoses selected from
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mucopolysaccharidosis types 11l and IV. Note that these fea-
tures also apply to the method of the present invention.
[0217] No particular limitation is imposed on the kit of the
present invention, so long as the kit includes the above-de-
scribed components. The kit may further include standard
GAG products of known concentration serving as standard
samples useful for drawing calibration curves or establishing
correlation equations, detection reagents for labeling sub-
stances, 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 posi-
tive control (QC-control), which is used to maintain a certain
assay level throughout the assay batches.

[0218] These components may be individually stored in
separate containers forming a kit, which is subsequently used
according to the method of the present invention.

[0219] Although the above description has focused on a
“detection kit” for mucopolysaccharidoses, needless to say, a
“screening kit” and a “diagnosis kit” are also envisaged by the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0220] FIG. 1 is a graph showing the KS levels determined
in human urine specimens.

[0221] FIG. 2 is a graph showing the HS levels determined
in human urine specimens.

[0222] FIG. 3 is a graph showing the CS levels determined
in human urine specimens.

[0223] FIG. 4 is a graph showing the DS levels determined
in human urine specimens.

[0224] FIG. 5 is a graph showing the KS levels determined
in human urine specimens.

[0225] FIG. 6 is a graph showing the KS levels determined
in human plasma specimens.

[0226] FIG. 7 is a graph showing the KS levels determined
in human plasma specimens.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0227] The present invention will next be described in more
detail by way of examples, which should not be construed as
limiting the invention thereto.

Example 1

[0228] A sandwich assay was performed to detect muco-
polysaccharidoses in human urine samples.

(1) The Specimens, Reagents, Etc. Employed in Example 1
were as Follows.

Specimens and Standard Samples:

[0229] The specimens were human urine samples collected
from patients suffering human mucopolysaccharidosis types
I, II, III, IV, or VI (1 subject each) and healthy humans
(humans not suffering mucopolysaccharidosis; 2 subjects).
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[0230] The Standard GAGs Employed were as Follows:

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

[0231] This KSis available from Seikagaku Corporation as
reagent catalogue code No. 400700, and has the following
properties.

Nitrogen Content:
[0232] 2.6t03.2% (measured by the method described in
Z. Anal. Chem., 22,366 (1883))
Sulfur Content:
[0233] 5.0t06.0% (measured by the method described in
Mikrochim. Acta., 123 (1955))
Uronic Acid Content:
[0234] 28.0 to 30.0% (oxynol reaction)
[0235] 36.0 to 40.0% (carbazole reaction)
Glucosamine Content:

[0236] 30.0 to 35.0% (amino acid automatic analyzer)

Galactosamine Content:

[0237] <0.01%
* KS (keratan polysulfate; derived from shark cartilage; pro-
duced by Seikagaku Corporation):
[0238] This KS is contained in a kit available from Seika-
gaku Corporation as reagent catalogue code No. 400610, and
has the following properties.

Nitrogen Content:

[0239] 2.58% (measured by the method described in Z.
Anal. Chem., 22, 366 (1883))

Sulfur Content:

[0240] 9.70% (measured by the method described in
Mikrochim. Acta., 123 (1955))

Glucosamine Content:
[0241] 23.51% (amino acid automatic analyzer)

Galactosamine Content:

[0242] 0.11% (amino acid automatic analyzer)
Galactose content:
[0243] 26.26% (Biochem. J., 50, 298 (1952))

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

[0244] This CS is available from Seikagaku Corporation as
reagent catalogue code No. 400676, and has the following
properties.

Nitrogen Content:
[0245] 2.2102.6% (measured by the method described in
Z. Anal. Chem., 22,366 (1883))
Sulfur Content:
[0246] 7.1t07.7% (measured by the method describedin
Mikrochim. Acta., 123 (1955))
Galactosamine Content:

[0247] 30 to 35% (amino acid automatic analyzer)

Glucuronic Acid Content:
[0248] 32 to 35% (carbazole reaction)
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[0249] Chondroitin sulfate D is a molecule in which “dis-
accharide units in which a glucuronic acid residue and an
N-acetylgalactosamine residue are bound via §1,3-glycoside
linkage” are continuously bound, and CS containing, as a
main constitution component, a disaccharide unit consisting
of “a glucuronic acid residue sulfated at the 2-position and an
N-acetylgalactosamine residue sulfated at the 6-position.”

* Decorin (derived from bovine articular cartilage; produced
by Sigma)

Antibodies:

[0250] “5D4” (produced by Seikagaku Corporation) was
employed to serve as an anti-KS antibody to be immobilized
onto a solid phase. “Biotinylated 5D4” (produced by Seika-
gaku Corporation) was employed to serve as a biotinylated
anti-KS antibody.

[0251] “F58-10E4” (produced by Seikagaku Corporation)
was employed to serve as an anti-HS antibody to be immo-
bilized onto a solid phase. “Biotinylated F58-10E4” (pro-
duced by Seikagaku Corporation) was employed to serve as a
biotinylated anti-HS antibody.

[0252] “LY111” (produced by Seikagaku Corporation) was
employed to serve as an anti-CS antibody to be immobilised
onto a solid phase. “Biotinylated LY111” (produced by
Seikagaku Corporation) was employed to serve as a biotiny-
lated anti-CS antibody.

[0253] “6-8-6” (produced by Seikagaku Corporation) was
employed to serve as an antibody for the core protein of
proteoglycan (decorin).

Antibody-Immobilized Plates:

[0254] The antibody-immobilized plates (i.e., plates to
which “5D4”, “F58-10E4”, “LY111”, or “6-B-6” antibodies
were immobilized) were prepared as described below.
[0255] Antibodies of each of the above species were dis-
solved in phosphate buffered saline (PBS), to thereby adjust
protein concentration to 20 pg/ml. The solution was added to
an immunoplate (MAXISORP; produced by Nunc) in an
amount of 50 ul/well, followed by incubation at 37° C. for 1.5
hours.

[0256] After completion of incubation, the wells were
washed twice with PBS, and the blocking substance (Immu-
noassay 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.

[0257] The thus-prepared antibody-immobilized 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.:

[0258] Washing solution: PBS containing 0.05% Tween 20
[0259] Specimen diluting solution: PBS(-) containing 1%
bovine serum albumin (BSA)

(2) Detection of Mucopolysaccharidoses Through Measure-
ment of KS

[0260] 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
mU, produced by Seikagaku Corporation) was added,
whereas this enzyme was not added to the specimens of the
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other set. Subsequently, all the specimens were incubated at
room temperature for 3 hours.

[0261] 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
biotinylated 5D4.

[0262] 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 pl/well, and the plates were
washed 4 times.

[0263] Biotinylated 5D4 was diluted with specimen dilut-
ing solution so as to attain a concentration of 0.5 ng/ml, and
then was added to the wells of each antibody-immobilized
plate 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 pl/well, and the plates were
washed 4 times.

[0264] Avidin-peroxidase (produced by Vector) was sub-
jected to 1,000-fold dilution by use of specimen diluting
solution, and then added to the wells of each antibody-immo-
bilized plate in an amount of 50 pl/well, followed by incuba-
tionat 37° C. for 30 minutes. Subsequently, washing solution
was added to the wells in an amount of 200 pl/well, and the
plates were washed 4 times.

[0265] A TMB solution (substrate, produced by Moss Inc.)
was added to the wells of each plate in an amount of 50
wl/well, then subjected to incubation at room temperature for
5 minutes. Next, 1 M HCI was added thereto in an amount of
50 pl/well, to thereby stop enzymatic reaction. The absor-
bance at 450-630 nm was measured by use of an absorptiom-
eter.

[0266] The measurement results of absorbance are shown
in FIG. 1. The left bars of each bar set show the results
obtained from the solutions that had not undergone any treat-
ment with keratanase II, whereas the right bars show the
results obtained from the solutions that had undergone treat-
ment with keratanase I1. In FIGS. 1to 4, “Blank”, “MPS”, and
“Normal” indicate the results corresponding to no specimen
being added, mucopolysaccharidosis, and healthy subjects,
respectively.

[0267] As shown in FIG. 1, urine samples collected from
subjects suffering any of mucopolysaccharidosis types [ to VI
were found to exhibit significantly high absorbance values as
compared with the urine samples collected from healthy sub-
jects. Specimens treated with keratanase II (which specifi-
cally degrades KS) exhibited low absorbance values, which
are on similar levels. These results indicate that high absor-
bance values exhibited in urine samples from subjects suffer-
ing any of mucopolysaccharidosis types 1 to VI are attributed
to KS; 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, high KS
levels in urine samples of mucopolysaccharidosesis types I,
IL, 111, and VI are surprising, because such high data have
never been expected.

[0268] Thus, it has now been shown that mucopolysaccha-
ridoses can be detected by correlating the assay results of
GAG of a single species (in this case, KS) contained in body
fluid (urine) with mucopolysaccharidoses.

(3) Detection of Mucopolysaccharidoses Through Measure-
ment of HS

[0269] Each specimen was diluted with specimen diluting
solution, to thereby prepare two sets of diluted specimens (0.5
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ml each). To each specimen of a first set, heparitinase I (10
mU, produced by Seikagaku Corporation) 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 one hour. The standard samples (HS)
also underwent similar treatment.

[0270] 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 F58-10E4.

[0271] 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 pl/well, and the plates were
washed 4 times.

[0272] Avidin-peroxidase (produced by Vector) diluted
1,000-fold with specimen diluting solution (4° C.) and bioti-
nylated F58-10E4 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
wl/well each, followed by incubation at 4° 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.
[0273] Thesteps from addition of TMB solution (substrate)
up to measurement of absorbance were the same as those
described in (2) above.

[0274] 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 treat-
ment with heparitinase I, whereas the right bars show the
results obtained from the solutions that had undergone treat-
ment with heparitinase I, “HS(+) control” indicates the results
obtained from the cases where standard samples (HS) were
employed.

[0275] As shown in FIG. 2, urine samples collected from
subjects suffering any of mucopolysaccharidosis types I to VI
were found to exhibit significantly high absorbance values as
compared with the urine samples collected from healthy sub-
jects. Specimens treated with heparitinase I (which specifi-
cally degrades HS) exhibit low absorbance values, which are
on similar levels. These results indicate that high absorbance
values exhibited in urine 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
urine samples of mucopolysaccharidosis types IV and VI are
surprising, because such high data have never been expected.
[0276] Thus, it has now been shown that mucopolysaccha-
ridoses can be detected by correlating the assay results of
GAG of a single species (in this case, HS) contained in body
fluid (urine) with mucopolysaccharidoses.

(4) Detection of Mucopolysaccharidoses Through Measure-
ment of CS

[0277] Each specimen was diluted with specimen diluting
solution, to thereby prepare diluted specimens (0.5 ml each).
[0278] The diluted specimens (which may be called “assay
specimens”) were subjected to a GAG assay as described
below, by use of an LY111-immobilized plate and biotiny-
lated LY111.

[0279] Each of the assay specimens was added to the wells
of the respective antibody-immobilized plates described
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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 pl/well, and the plates were
washed 4 times.

[0280] Avidin-peroxidase (produced by Vector) diluted
1,000-fold with specimen diluting solution (4° C.) and bioti-
nylated LY111 diluted with a specimen diluting solution (4°
C.) to attain a concentration of 1.0 pg/ml were added to the
wells of each antibody-immobilized plate in an amount of 25
wl/well 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.
[0281] 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.

[0282] As shown in FIG. 3, urine samples collected from
subjects suffering any of mucopolysaccharidosis types 1 to VI
were found to exhibit high absorbance values as compared
with urine samples collected from healthy subjects. These
results indicate that high CS values exhibited in urine samples
from subjects suffering any of mucopolysaccharidosis types I
to VIareattributed to CS. Particularly, high CS values in urine
samples of mucopolysaccharidosis types I, I1, III, IV, and VI
are surprising, because such high data have never been
expected.

[0283] Thus, it has now been shown that mucopolysaccha-
ridoses 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 Mucopolysaccharidoses Through Measure-
ment of DS

[0284] Each specimen was diluted with specimen diluting
solution, to thereby prepare diluted specimens (0.5 ml each).
[0285] 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-immobilized plate and biotiny-
lated LY111. “6-B-6" is an antibody capable of specifically
binding to the core protein of proteoglycan (decorin). Accord-
ingly, the target GAG to be measured is DS present in the
proteoglycan (decorin) molecule.

[0286] 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 pl/well, and the plates were
washed 4 times.

[0287] Avidin-peroxidase (produced by Vector) diluted
1,000-fold with specimen diluting solution (4° C.) and bioti-
nylated LY111 diluted with a specimen diluting solution (4°
C.) to attain a concentration of 1.0 pg/ml were added to the
wells of each antibody-immobilized plate in an amount of 25
wl/well 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.
[0288] 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.

[0289] As shown in FIG. 4, urine samples collected from
subjects suffering any of mucopolysaccharidosis types [ to VI
were found to exhibit significantly high absorbance as com-
pared with the urine samples collected from healthy subjects.
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These results indicate that high DS values exhibited in urine
samples from subjects suffering mucopolysaccharidosis
types I to VI are attributed to DS. Particularly, high DS values
in urine samples of mucopolysaccharidosis types 1II and IV
are surprising, because such high data have never been
expected.

[0290] Thus, it has now been shown that mucopolysaccha-
ridoses can be detected by correlating the assay results of
GAG of a single species (in this case, DS) contained in body
fluid (urine) with mucopolysaccharidoses.

Example 2

[0291] An inhibition assay was performed to detect muco-
polysaccharidoses in serum or urine samples from dogs or
cats.

(1) Specimens, Reagents, Etc. Employed in Example 2 are as
Follows.

Specimens:

[0292] The specimens employed are serum and urine
samples collected from mucopolysaccharidosis type II1IB or
VII model animals (dogs); mucopolysaccharidosis type I, VI,
or VII model animals (oats); and healthy animals (dogs and
oats not suffering mucopolysaccharidosis).

[0293] The standard GAG employed is KS derived from
bovine cornea (Sigma Co.).

Antibodies:

[0294] The primary antibody employed is anti-KS antibody
“5D4” (1/20/5D4; ICN Immunobiologicals). The secondary
antibody employed is horseradish-peroxidase-bound anti-
mouse IgG (H+L) (Pierce Co.).

Antigen-Immobilized Plate:

[0295] An antigen-immobilized plate (i.e., a plate to which
KS is immobilized) was prepared as described below.
[0296] 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 contami-
nants such as CS. After treatment with Chondroitinase ABC,
the KS solution was diluted and added to the wells of an
immunoplate (produced by Nunc) in an amount of 200
wl/well, followed by incubation for 2 hours at roam tempera-
ture.

[0297] 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.:

[0298]
(pH 5.3)
[0299] Specimen Diluting Solution:

[0300] PBS containing 1% BSA and 0.05% Tween 20

(pH 5.3)

(2) Detection of mucopolysaccharidoses through measure-
ment of KS
[0301] A specimen (serum or urine) was added to an immu-
noplate to which no antigens were immobilized, 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

Washing solution: PBS containing 0.05% Tween 20
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attain a concentration of %1s,000 the original concentration.
The thus-prepared plate was incubated overnight at 4° C.
[0302] The wells of the antigen-immobilized plate were
washed three times with washing solution, and to the thus-
washed wells was added the incubated specimen mixture
(which had undergone reaction with primary antibodies) in an
amount of 200 pl/well, followed by incubation at4° C. for one
hour. Subsequently, the wells were washed three times with
washing solution.

[0303] The secondary antibody solution diluted 1,000-fold
with specimen diluting solution was added to the specimen
mixture in an amount of 200 pl/well. The specimen mixture
was incubated at room temperature for one hour under shak-
ing. Subsequently, the wells were washed three times with
washing solution.

[0304] A TMB solution (substrate, Moss Inc.) was added to
the walls of the plate in an amount of 200 pl/well, and under
observation of developing color of the mixture, the plate was
incubated at room temperature. Enzymatic reaction of the
mixture was stopped by adding 2M HCl (50 pl/well), and the
absorbance at 490 nm was measured by use of an absorpti-
ometer. 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 urine specimens are shown
below. The values in parentheses are those corrected with
respect to the concentration of creatinine (Cre).

Urine:

[0305]
Healthy dogs 121.38 ng/ml (132.49 ng/mg Cre)
MPS type IIIB dogs 380.52 ng/ml (345.85 ng/mg Cre)
MPS type VII dogs 1988.28 ng/ml (435.07 ng/mg Cre)
MPS type I cats 3150.90 ng/ml (1057.34 ng/mg Cre)
MPS type VI cats 1812.78 ng/ml (1066.34 ng/mg Cre)
MPS type VII cats 3224.61 ng/ml (1258.63 ng/mg Cre)

[0306] The results obtained from the serum specimens are
shown below.
Serum:
[0307]
Healthy dogs 89.1 ng/ml
MPS type IIIB dogs 186.2 ng/ml
MPS type VII dogs 457 ng/ml
Healthy cats 120 ng/ml
MPS type I cats 396 ng/ml
MPS type VI cats 554.4 ng/ml
MPS type VII cats 483.3 ng/ml
[0308] Thus, it has been confirmed that not only human

mucopolysaccharidosis cases, but also urine specimens of
animals (non-humans) suffering mucopolysaccharidosis,
show significantly high KS level. Moreover, the KS level has
been found to be significantly high not only in urine but also
in blood (serum). Furthermore, it has been confirmed that
mucopolysaccharidoses can be detected not only through the
sandwich assay method but also through the inhibition assay
method. Particularly, high KS levels in urine and blood (se-
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rum) samples from mucopolysaccharidosis type I, I1I (I1IB),
V1, and VII animals are surprising, as such high data have
never been expected.

[0309] Thus, the above results also show that mucopolysac-
charidoses 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 mucopolysaccharidoses.

Example 3

Mass-Scale Detection of Mucopolysaccharidoses:

[0310] An attempt was made to detect mucopolysacchari-
doses 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.

[0311] The results of using urine as samples (values cor-
rected for creatinine (Cre) concentration) are shown in FIG. 5,
and the results of using plasma in FIGS. 6 and 7.

[0312] InFIG. 5, abbreviations show the following results:
[0313] Control: result of healthy human (n=67);
[0314] All MPSIVA: result of all samples of mucopolysac-

charidosis type IVA human (regardless of age, n=78);

[0315] Severe: result of mucopolysaccharidosis type IVA
(severe type) human (n=54);

[0316] Milder: result of mucopolysaccharidosis type IVA
(mild type) human (n=11);

[0317] Cont 0-5: result of healthy human (from O to less
than 5 years; n=21)

[0318] IVA 0-5: result of mucopolysaccharidosis type IVA
human (from O to less than 5 years; n=12),

[0319] Cont 5-10: result of healthy human (from 5 to less
than 10 yearn; n=21);

[0320] IVA 5-10: result of mucopolysaccharidosis type
IVA human (from 5 to less than 10 years; n=28);

[0321] Cont 10-15: result of healthy human (from 10 to less
than 15 years; n=10);

[0322] IVA 10-15: result of mucopolysaccharidosis type
IVA human (from 10 to less than 15 years; n=9);

[0323] Cont over 15: result of healthy human (15 years or
more; n=29); and

[0324] IVA over 15: result of mucopolysaccharidosis type
IVA human (15 years or more; n=18).

[0325] InFIG. 6, abbreviations show the following results:
[0326] All cent: result of healthy human (n=112);
[0327] All MPS: result of all samples of mucopolysaccha-

ridosis human (regardless of age, n=88);

[0328] I: result of mucopolysaccharidosis type I human
(regardless of age, n=17);

[0329] II: result of mucopolysaccharidosis type II human
(regardless of age, n=11);

[0330] III: result of mucopolysaccharidosis type 11l human
(regardless of age, n=7);

[0331] IVA: result of mucopolysaccharidosis type IVA
human (regardless of age, n=42);

[0332] IVB: result of mucopolysaccharidosis type IVB
human (regardless of age, n=3):

[0333] VI result of mucopolysaccharidosis type VI human
(regardless of age, n=2);

[0334] VII: result of mucopolysaccharidosis type VII
human (regardless of age, n=6);

[0335] MLIL result of mucolipidosis type II human (re-
gardless of age, n=2); and
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[0336] MLIII: result of mucolipidosis type III human (re-
gardless of age, n=3).

[0337] InFIG. 7, abbreviations show the following results:

[0338] All coat: result of healthy human (n=112);

[0339] Cord blood: result of cord blood;

[0340] All MPS: result of all samples of mucopolysaccha-
ridosis human (regardless of age and type, n=88);

[0341] Cont 1-5: result of healthy human (from 1 to less
than 5 years; n=7);

[0342] MPS 1-5: result of mucopolysaccharidosis human
(from 1 to less than 5 years; n=19);

[0343] Cont 5-10: result of healthy human (from 5 to less
than 10 years; n=4);

[0344] MPS 5-10: result of mucopolysaccharidosis human
(from 5 to less than 10 years; n=27);

[0345] Cont 10-15: result of healthy human (from 10 to less
than 15 years; n=3);

[0346] MPS 10-15: result of mucopolysaccharidosis
human (from 10 to less than 15 years; n=12);

[0347] Cont over 15: result of healthy human (15 years or
more; n=11);

[0348] MPS over 15: result of mucopolysaccharidosis
human (15 years or more; n=14).

[0349] 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 10% to 90%), and the circles show

those departing this range.

Example 4

Detection of Mucolipidoses:

[0350] An attempt was made to detect mucolipidoses by the
sandwich method using human serum or urine as samples.
The method is the same as the “(2) Detection of mucopolysac-
charidoses through measurement of KS” in Example 1.
[0351] The results of using urine as samples (values cor-
rected for creatinine (Cre) concentration) are shown below.
Regarding the “healthy human”, the results are shown as
“average valuexSD”.

Urine:

[0352)
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
ML type III human 1.25 ng/mg Cre
ML type III human 0.75 ng/mg Cre
ML (type unclear) human 0.614 ng/mg Cre

[0353] Also, the results of using serum as samples are
shown below. Regarding the “healthy human”, the results are
shown as “average valuexSD”.

Serum:

[0354]
Healthy human (cord blood) 44.2 +27.87 ng/ml
Healthy human (1-3 years) 127 £ 23.18 ng/ml
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-continued
Healthy human (4-14 years) 237 +58 ng/ml
Healthy human (18 years or more) 137 £ 51.7 ng/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

[0355] It was confirmed from the above results that the
amount of KS is markedly increased in animals of not only
mucopolysaccharidoses but also mucolipidoses.

[0356] Accordingly, it was shown by these results that
mucolipidoses can be detected by relating the measured result
of'a single kind of GAG (KS) in a body fluid (urine or blood)
to the mucolipidoses.

Example 5

Detection of GM1 Gangliosidoses, Fucosidoses and Galac-
tosialidoses:

[0357] An attempt was made to detect GM1 gangliosi-
doses, fucosidoses and galactosialidoses by the sandwich
method using human serum or urine as samples. The method
is the same as the “(2) Detection of mucopolysaccharidoses
through measurement of KS” in Example 1.

[0358] The results of using urine as samples (values cor-
rected for creatinine (Cre) concentration) are shown below.
Regarding the “healthy human”, the results are shown as
“average valuexSD”.

Urine:

[0359]
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

[0360] It was confirmed from the above results that the
amount of KS is markedly increased in animals of not only
mucopolysaccharidoses and mucolipidoses but also galacto-
sialidoses.

[0361] Accordingly, it was shown by these results that
GM1 gangliosidoses, fucosidoses or galactosialidoses can be
detected 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:

[0362] 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.

[0363] Also, the “Total-CS” in Table 2 shows total chon-
droitin sulfate, the “DS-4S” shows 4-position-sulfated der-
matan sulfate and the “Cre” shows creatinine.
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TABLE 2
Total-CS  Total-CS DS-4S  DS-4S KS KS HS HS Cre
Disease (ug/mL) pg/mgCre (ug/mL) pg/mgCre (pg/mL) pg/mgCre (pg/mL) pg/mgCre (mg/dL)
MPS I 90.7 166.1 246.5 451.3 12.3 225 51.6 94.6 55
MPS I 8.6 195.6 16.8 383.5 1.1 26.2 5.1 115.7 4
MPS 1T 40.2 77.1 91.5 175.7 6.8 13.1 46.1 88.5 52
MPS 1T 83.1 117.1 143.8 202.6 9.0 12.6 73.0 102.8 71
MPS 1T 40.4 206.4 122.0 623.0 2.7 14.0 27.5 140.2 20
MPS III 7.5 81.3 2.3 25.3 13 13.7 18.6 202.2 9
MPS IIIA 12.5 93.9 2.0 15.0 22 16.4 24.5 183.6 13
MPS IIIB 8.3 453 1.5 8.1 1.6 8.6 30.0 164.6 18
MPS IIIB 20.1 54.4 2.8 7.5 29 7.8 81.0 219.7 37
MPS IVA 34.1 147.9 2.9 124 28.9 125.3 2.2 9.5 23
MPS IVA 36.2 167.0 2.1 9.6 25.7 118.7 3.1 14.2 22
MPS IV? 175.2 3334 4.2 8.0 56.4 107.4 5.9 11.1 53
MPS IVB 5.5 89.1 1.7 27.7 4.1 65.7 0.3 5.1 6
MPS IVB 54.4 46.5 3.1 2.7 48.7 41.6 1.0 0.9 117
ML I 22.1 2334 1.4 15.0 33 34.8 1.1 11.8 9
ML III 64.4 45.2 11.3 7.9 194 13.7 11.1 7.8 142
ML III 11.1 7.9 3.6 25 2.8 2.0 2.7 1.9 141
GM 1 5.5 59.2 0.2 2.6 5.4 58.1 0.2 25 9
Fucosidosis 50.4 75.2 4.0 6.0 23.7 353 3.1 4.6 67
Fucosidosis 31.6 50.7 1.5 24 16.6 26.6 1.7 2.8 62
Healthy person 21.1 48.7 0.3 0.6 25 5.8 0.4 1.0 43
Healthy parson 9.9 33.2 0.4 1.2 1.8 59 0.3 0.9 30
Healthy person 12.4 22.7 0.5 1.0 1.8 34 0.6 1.0 55
Healthy parson 30.9 18.2 1.7 1.0 3.2 1.9 3.2 1.9 170
Healthy person 12.5 7.6 0.4 0.3 0.9 0.6 0.6 0.4 164
[0364] It was shown from Table 2 that the amount of GAG
is increased in each disease. Based on this, it was shown that —continued
the method of the invention can be carried out also by a N upebh A pp—
. . . © juman (n = . m.
method which does not use antibodies. NP type C human (n = 4) 6,06 U/ml
GM2 gangliosidoses human (n = 1) 10.7 U/ml
Examp]e 7 Krabbe disease human (n = 3) 6.68 U/ml
Fabry disease human (n = 5) 10.6 U/ml
Mass-Scale Detection of Lysosomal Storage Diseases: giﬁiﬂ: gi:zz: Ex: gfiﬁinaf(n 2)2) ff? gfﬁ
[0365] An attempt was made to detect lysosomal storage
diseases in a mass scale by the sandwich method using human [0368] It was confirmed from the above results that the

urine or serum as samples. The method is the same as the “(3)
Detection of mucopolysaccharidoses through measurement
of HS” in Example 1.

[0366] The results of using serum as samples are shown in

below. The results are shown as “average value”.

Serum:

[0367)
Healthy human (n = 51) 4.89 U/ml
MPS type I human (n = 16) 38.0 U/ml
MPS type II human (n = 25) 82.1 U/ml
MPS type IIIA 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/ml
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 type 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
ML type II human (n = 2) 54.1 U/ml
ML type III human (n = 3) 12.2 U/ml

amount of HS is increased in animals of not only muco-
polysaccharidoses but also several kinds of lysosomal storage
diseases.

[0369] Accordingly, it was shown by these results that lyso-
somal storage diseases can be detected by relating the mea-
sured result ofa single kind of GAG (85) in a body fluid (urine
or blood) to these diseases.

Example 8

Preparation of a Kit of the Present Invention (1)
[0370] A kit of the present invention including the below-
described components was prepared. The kit can be used to
detect mucopolysaccharidoses, etc. through sandwich assay
of GAG.
[0371] 1. 96-well immunoplate, immobilized with 5D4 .
.. 1 plate

[0372] 2. Biotinylated 5D4 1 vial

[0373] 3. Avidin-peroxidase . . . 1 vial

[0374] 4. THE solution . . . 1 vial

[0375] 5. Reaction stopping solution (1N HCI). 1 vial

[0376] 6. Washing solution (PBS containing 0.05%
Tween 20)

[0377] 7.Specimen diluting solution (PBS(-) containing

1% bovine serum albumin (BSA))
[0378] 8. KS standard solutions . . . 1 set
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[0379] Also, another kit of the present invention was pre-
pared, in which a 96-well F58-10E4-immobilized immuno-
plate and biotinylated F58-10E4 were provided instead of the
5D4-immobilized immunoplate and biotinylated 5D4,
respectively.

[0380] Also, still another kit of the present invention was
prepared, in which a 96-well LY111-immobilized immuno-
plate and biotinylated LY 111 ware provided instead of the
5D4-immobilized immunoplate and biotinylated 5D4,
respectively.

[0381] Also, yet another kit of the present invention was
prepared, in which a 96-well 6-B-6-immobilised immuno-
plate and biotinylated Y111 were provided instead of the
5D4-immobilized immunoplate and biotinylated 5D4,
respectively.

Example 9

Preparation of a Kit of the Present Invention (2)

[0382] A Kkit of the present invention including the below-
described components was prepared. The kit can be used to
detect mucopolysaccharidoses, etc. through inhibition assay
of GAG.

[0383] 1. 96-well immunoplate, immobilized with KS . .
. 1 plate

[0384] 2.5D4...1 vial

[0385] 3. Peroxidase-bound anti-mouse IgG (H+L) 1
vial

[0386] 4. TMB solution . .. 1 vial

[0387] 5. Reaction stopping solution (1 N HCI). 1 vial

[0388] 6. Washing solution: PBS containing 0.05%

Tween 20 (pH 5.3)
[0389] 7. Specimen diluting solution: PBS containing
1% BSA and 0.05% Tween 20 WS 5.3)
[0390] 8. KS standard solutions . . . 1 set
[0391] 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.
[0392] This application is based on U.S. provisional patent
application No. 60/376,194 filed on Apr. 30, 2002 and No.
60/441,326 filed on Jan. 22, 2003, the entire contents of which
are incorporated hereinto by reference.

INDUSTRIAL APPLICABILITY

[0393] The method of the present invention provides high
utility in practice, because it ensures highly accurate, highly
sensitive, convenient, rapid, inexpensive detection of lysoso-
mal storage diseases. In particular, since the method enables
detection of lysosomal storage diseases through measure-
ment of GAG of only one species, measurement of GAGs of
a plurality of species is no longer necessary, thereby attaining
improvements in convenience, speed, and cost. The kit of the
present invention is of great use, as it facilitates the method of
the invention, making its performance more convenient and
rapid.

[0394] If the present method is performed on all newborn
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 per-
formed enzyme supplementing treatment, genetic treatment,
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bone marrow transplantation, or similar treatment, to thereby
possibly prevent mental retardation, etc.

[0395] 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 conditions, determine therapeu-
tic regimens, confirm the effects of treatment, observe the
pathological course, evaluate pharmaceutical product devel-
opment, etc.

1-31. (canceled)

32. A method for determining the risk of a subject having a
lysosomal storage disease comprising:

detecting the presence of heparan sulfate in a blood sample

from a subject suspected of having a lysosomal storage
disease, and

determining a higher risk of the subject having the lysoso-

mal storage disease when the level of heparan sulfate
detected in the blood sample is elevated compared to a
control value of a healthy subject.

33. The method of claim 32, wherein said disease is a type
I, II, 111, IV, VI or VII mucopolysaccharidosis.

34. The method of claim 32, wherein said disease is a type
I mucopolysaccharidosis.

35. The method of claim 32, wherein said disease is a type
II mucopolysaccharidosis.

36. The method of claim 32, wherein said disease is a type
IIT mucopolysaccharidosis.

37. The method according to claim 32, wherein said dis-
ease is a type IV mucopolysaccharidosis.

38. The method according to claim 32, wherein said dis-
ease is a type VI mucopolysaccharidosis.

39. The method according to claim 32, wherein said dis-
ease is a type VII mucopolysaccharidosis.

40. The method according to claim 32, wherein said lyso-
somal storage disease is metachromatic leukodystrophy, a
Niemann-Pick disease, Tay-Sachs disease, Sandhoff disease,
GM2 gangliosidosis, Krabbe disease, Fabry disease, a Gau-
cher disease, a glycogen storage disease, or lipofuscinosis.

41. The method according to claim 32, wherein the subject
is a newborn.

42. A method for determining the risk of a subject having a
lysosomal storage disease other than a mucopolysaccharido-
sis comprising:

detecting the presence of a glycosaminoglycan of a single

species in a urine sample of a subject, and

determining a higher risk of the subject having the lysoso-

mal storage disease when the level of a glycosaminogly-
can of a single species detected in the urine sample is
elevated compared to a control value of a healthy sub-
ject.

43. The method according to claim 42, wherein said gly-
cosaminoglycan of a single species is heparan sulfate and said
lysosomal storage disease is mucolipidosis 11, mucolipidosis
111, GM1 gangliosidosis or fucosidosis.

44. The method according to claim 42, wherein said gly-
cosaminoglycan of a single species is dermatan sulfate and
said lysosomal storage disease is mucolipidosis II, mucolipi-
dosis I1I, GM1 gangliosidosis or fucosidosis.

45. The method according to claim 42, wherein said gly-
cosaminoglycan of a single species is chondroitin sulfate and
said lysosomal storage disease is mucolipidosis II, mucolipi-
dosis I1I, GM1 gangliosidosis or fucosidosis.

46. The method according to claim 42, wherein said gly-
cosaminoglycan of a single species is keratan sulfate and said
lysosomal storage disease is mucolipidosis II, mucolipidosis
111, GM1 gangliosidosis, fucosidosis, or galactosialidosis.
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