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(7) ABSTRACT

Itis an object of the present invention to detect a change in the
metabolism of a glycoprotein having an o2,6-sialyl residue,
which is contained in blood, so as to provide an agent and a
method for diagnosing sporadic Alzheimer’s disease. The
present invention provides an agent for diagnosing Alzhe-
imer’s disease, which comprises lectin used for detecting an
a2,6-sialyl residue-containing glycoprotein.
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1
METHOD FOR DIAGNOSING ALZHEIMER’S
DISEASE USING SERUM GLYCOPROTEIN AS
BIOMARKER

This application is the national stage of International appli-
cation PCT/TP2006/309450, filed in Japan on May 11, 2006,
and claims priority under 35 USC §119(a)-(d) of Japanese
application 2005-138070 filed in Japan on May 11, 2005.

TECHNICAL FIELD

The present invention relates to an agent and a method for
diagnosing Alzheimer’s disease. More specifically, the
present invention relates to an agent and a method for diag-
nosing Alzheimer’s disease, in which an a2,6-sialy] residue-
containing glycoprotein is used as a marker.

BACKGROUND ART

Alzheimer’s disease is a disease attended with a wide range
of symptoms of neurodegenerative dementia. Generation of
amyloid p peptides (Af) is considered to be a cause of Alzhe-
imer’s disease (Selkoe, D. I. (2001) Physiol. Rev. 81, 741-
766; and Iwata, N. etal., (2001) Science 292, 1550-1552). An
amyloid precursor protein (APP) is cleaved with -secretase,
and as aresult, a soluble NH,-terminal fragment (APPsf) and
a 12-kDa COOH-terminal fragment (C99) are generated. The
latter fragment remains bound to a membrane. C99 is further
cleaved with y-secretase, and then pathogenic Af is generated
(De Strooper, B. etal., (1998) Nature (London) 391, 387-390;
and Wolfe, M. S. et al., (1990) Nature (London) 398, 513-
517.) Via another pathway, APP is cleaved with c.-secretase in
an Af sequence, and as a result, a soluble NH,-terminal
fragment (APPsc) and a 10-kDa membrane-bound COOH-
terminal fragment (C83) are generated (Buxbaum, J. D. etal.,
(1998) J. Biol. Chem. 273, 27765-27767; and Lammich, S. et
al., (1999) Proc. Natl. Acad. Sci. USA 96, 3922-3927).

It has been reported that there are a large number of mark-
ers showing a correlation with Alzheimer’s disease. The rela-
tionship of a majority of such markers with the pathological
changes is unknown, and the diagnostic value has not been
necessarily established. Markers that are directly associated
with such pathological changes include a decrease in one type
of amyloid § peptide (AP 1-42) consisting of 42 amino acids
contained in cerebrospinal fluid. However, since such Aj
peptide is easily aggregated to create a precipitate, it becomes
a cause of diseases. Accordingly, the amount of free Af is
very small, and thus it is theoretically difficult to use such a
trace amount of AP as a diagnostic marker. As a matter of fact,
it has been known that the amount of such Af peptide is
fluctuated only after the symptoms of Alzheimer’s disease
become severe. Thus, such A} peptide cannot be used as an
early diagnostic marker. On the other hand, an increase of the
phosphorylated tau protein in cerebrospinal fluid is observed
even at an early stage of the disease, and thus it is considered
the most excellent biomarker. However, when such phospho-
rylated tau is increased. neuron death has already progressed.
Accordingly, even if a treatment is initiated at such stage, a
complete recovery of nerve function cannot be expected. In
addition, when such markers are used in measurements using
cerebrospinal fluid (lumbar puncture fluid). In order to collect
such material, a special technique is necessary. Since it puts a
burden upon patients, a method using the aforementioned
markers cannot become a mass screening method.

The present inventors have found that B-secretase cleaves
not only an amyloid precursor protein, but also 0.2,6-sialyl-
transferase. Based on this discovery, the inventors have mea-
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sured the cleaved free o2,6-sialyltransferase. Thereafter,
regarding the fact that such a2,6-sialyltransferase can be used
in diagnoses as a marker for an increase in f§-secretase activ-
ity, the inventors have previously filed a patent application
(Japanese Patent Application No. 2003-382374, which has
been unpublished at the time of filing of the present applica-
tion). In the aforementioned patent application, an antibody
that specifically recognizes the cleavage site of human
soluble a.2,6-sialyltransferase is used. Use of this antibody
has enabled quantification of soluble a2,6-sialyltransferase
in human blood or cerebrospinal fluid. Thus, a method for
monitoring [3-secretase activity has been provided. However,
in general, only a trace amount of glycosyltransferase is con-
tained in body fluid, and thus the detection efficiency is not
necessarily high. Further, a cleavage site-recognizing anti-
body has been required for detection of such glycosyltrans-
ferase.

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

In sporadic Alzheimer’s disease, which accounts for 95%
or more of all types of Alzheimer’s diseases, Alzheimer’s
disease f-secretase activity is increased, and the cleavage of
an amyloid precursor protein with this enzyme increasingly
takes place. As a result, generation of an amyloid f§ peptide
(Ap) that is a final product is increased, and it is then precipi-
tated in the brain. This precipitate is called senile plaque,
which is considered to be a pathologic change in the early
stage of Alzheimer’s disease. That is to say, an increase in the
activity of p-secretase triggers sporadic Alzheimer’s disease.
If changes in such p-secretase activity can be detected, the
aforementioned disease can be diagnosed before the devel-
opment thereof, and thus it becomes possible to effectively
prevent such disease. However, to date, such a method for
easily detecting such activity increase with high sensitivity
has not previously existed.

It is an object of the present invention to detect a change in
the metabolism of a glycoprotein having an a.2,6-sialyl resi-
due, which is contained in blood, so as to provide an agent and
a method for diagnosing sporadic Alzheimer’s disease.

Means for Solving the Problems

As a result of intensive studies directed towards achieving
the aforementioned object, the present inventors have found
that -secretase cleaves not only an amyloid precursor pro-
tein, but also a.2,6-sialyltransferase, and that the metabolism
of a glycoprotein having an o2,6-sialyl residue that is an
enzyme product thereof is changed. Thereafter, the inventors
have used lectins specifically binding to ¢.2,6-sialyl residues
(SNA, SSA, and TJA lectins, etc.) to examine changes in such
glycoproteins contained in the blood of a patient suffering
from Alzheimer’s disease. As a result, the inventors have
revealed that the quantities of several glycoproteins had been
changed (refer to Example 1). This result demonstrated that
an a2,6-sialyl residue-containing glycoprotein can be used as
a marker in the diagnosis of Alzheimer’s disease.

That is to say, the present invention provides an agent for
diagnosing Alzheimer’s disease, which comprises lectin used
for detecting an a.2,6-sialyl residue-containing glycoprotein.

The 2,6-sialyl residue-containing glycoprotein is prefer-
ably a 180-kD glycoprotein, a 95-kD glycoprotein, or a
40-kD glycoprotein.

In another aspect, the present invention provides an agent
for diagnosing Alzheimer’s disease, which comprises an anti-
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haptoglobin antibody used for detecting a 40-kD glycopro-
tein that contains o.2,6-sialyl residue.

In a further aspect, the present invention provides a kit for
diagnosing Alzheimer’s disease, which comprises lectin and
an anti-haptoglobin antibody.

In a further aspect, the present invention provides a method
for diagnosing Alzheimer’s disease, which comprises detect-
ing or measuring an o.2,6-sialyl residue-containing glycopro-
tein contained in a human-derived sample.

Preferably, the a2,6-sialyl residue-containing glycopro-
tein is a 180-kD glycoprotein, a 95-kD glycoprotein, or a
40-kD glycoprotein.

Preferably, the a2,6-sialyl residue-containing glycopro-
tein is detected or measured by using lectin.

Preferably, a 40-10 glycoprotein that contains ¢.2,6-sialyl
residue is detected or measured by using an anti-haptoglobin
antibody.

Preferably, a 40-kD glycoprotein that contains a.2,6-sialyl
residue is detected or measured by sandwich assay using
lectin and an anti-haptoglobin antibody.

The human-derived sample is preferably a blood sample.

BEST MODE FOR CARRYING OUT THE
INVENTION

The embodiments of the present invention will be
described in detail below.

The agent and method for diagnosing Alzheimer’s disease
of the present invention is characterized in that an ¢.2,6-sialyl
residue-containing glycoprotein is used as a marker. More
specifically, a 180-kD glycoprotein, a 95-kD glycoprotein, or
a40-kD glycoprotein, which contains sialic acid, can be used
as a marker. All of such glycoproteins can be detected using
lectin. In addition, the 40-kD glycoprotein can be detected
using an anti-haptoglobin antibody.

As an example of the diagnostic method of the present
invention, the amount of an «2,6-sialyl residue-containing
glycoprotein existing in a subject-derived sample is com-
pared with the amount of an a.2,6-sialyl residue-containing
glycoprotein existing in a sample derived from a control
subject, so as to diagnose Alzheimer’s disease.

Such an t2,6-sialyl residue-containing glycoprotein (pref-
erably, a 180-kD glycoprotein, a 95-kD glycoprotein, or a
40-kD glycoprotein) can be detected or measured by an assay
using lectin or an antibody that specifically recognizes the
a2,6-sialyl residue-containing glycoprotein (for example, an
anti-haptoglobin antibody that can be used for the 40-kD
glycoprotein).

That is, the binding of an a2,6-sialyl residue-containing
glycoprotein with lectin or the aforementioned antibody can
be analyzed by binding a labeling substance used for enzyme
labeling, color labeling, radiolabeling, or luminescent label-
ing, etc., to lectin, the aforementioned antibody, or a second-
ary antibody, and then detecting or measuring such a labeling
substance. Examples of an immunoassay that can be carried
outin the present invention include ELISA, Western blotting,
immunoprecipitation, slot or dot blot assay, immunohisto-
logical staining, radio immuno assay (RIA), fluoroimmu-
noassay, and an immunoassay using an avidin-biotin or strep-
toavidin-biotin system, but examples are not limited thereto.

A human-derived sample can be used in the diagnostic
method of the present invention. The type of such a human-
derived sample is not particularly limited, as long as an o.2,6-
sialyl residue-containing glycoprotein (preferably, a 180-kD
glycoprotein, a 95-kD glycoprotein, or a40-kD glycoprotein)
can be detected or measured in the sample. Examples of such
a human-derived sample used herein include blood (serum,
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plasma, etc.), urine, saliva, and a brain-derived sample. A
preferred example is blood (serum or plasma).

The type of lectin used in the present invention is not
particularly limited, as long as it recognizes such an a2,6-
sialyl residue-containing glycoprotein and detects it.
Examples of such lectin used herein include SNA lectin
(Sambucus nigra lectin), SSA lectin (Sambucus sieboldiana
lectin), and TJA lectin (Trichosanthes japonica lectin). The
lectin used in the present invention may be labeled, as neces-
sary. As the labeling substance, a labeling substance for a
labeled antibody as described later in the present specification
can be used.

An example of the antibody used in the present invention is
an anti-haptoglobin antibody. It has been known that hapto-
globin is fluctuated when acute inflammation or hemolytic
anemia occurs. Accordingly, it is necessary to make the dif-
ferential diagnosis between the aforementioned diseases and
Alzheimer’s disease. Acute inflammation can be differenti-
ated by a common biochemical examination of blood such as
the use of a Creactive protein value. Hemolytic anemia can be
differentiated by a common examination used for icterus,
hyperbilirubinemia, or the like. In the case of hemolytic ane-
mia, advanced examinations such as the measurement of
erythrocyte life span or the measurement of iron metabolism
cycle may be necessary in some cases. However, such
advanced examinations are carried out only in extremely
exceptional cases. That is, Alzheimer’s disease can be easily
differentiated from the aforementioned diseases by a com-
mon biochemical examination with blood specimen, and thus
the use of an anti-haptoglobin antibody does not become an
impediment to the diagnosis of Alzheimer’s disease.

Moreover, in the case of a 180-kD glycoprotein and a
95-kD glycoprotein, such a glycoprotein is purified, and
thereafter, an animal is immunized with the glycoprotein ora
partial peptide thereof used as an antigen, so as to obtain an
antibody. The antibody used in the present invention can be
either a polyclonal antibody or a monoclonal antibody. Such
an antibody can be produced by common methods.

In the case of a polyclonal antibody, for example, a mam-
malis immunized with the aforementioned protein or a partial
peptide thereof used as an antigen, and blood 1s then collected
from the mammal. Thereafter, an antibody can be separated
and purified from the collected blood. For example, mammals
such as a mouse, a hamster, a guinea pig, a chicken, a rat, a
rabbit, a dog, a goat, a sheep, or a bovine can be immunized.
As an immunization method, a common immunization
method known to persons skilled in the art may be used, and
an antigen may be administered one or more times, for
example.

Such an antigen can be administered two or three times at
intervals of 7 to 30 days, and particularly 12 to 16 days. As a
single dose, approximately 0.05 to 2 mg of antigen can be
administered, for example. Also, an administration route is
not particularly limited. Subcutaneous administration, intra-
cutaneous administration, intraperitoneal administration,
intravenous administration, intramuscular administration, or
the like can be selected, as appropriate. It is preferable to
administer an antigen via an intravenous, intraperitoneal, or
subcutaneous administration route. Furthermore, such an
antigen can be dissolved in a suitable buffer that contains a
commonly used adjuvant such as a complete Freund’s adju-
vant, RAS [MPL (Monophosphoryl Lipid A)+TDM (Syn-
thetic Trehalose Dicorynomycolate)+CWS (Cell Wall Skel-
eton) adjuvant system], or aluminum hydroxide, before use.
However, there may also be cases where the aforementioned
adjuvants cannot be used depending on an administration
route, other administration conditions, etc. The term “adju-
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vant” is used herein to mean a substance, which is adminis-
tered together with an antigen and which non-specifically
enhances an immune reaction to the antigen.

An immunized mammal is raised for 0.5 to 4 months.
Thereafter, a small amount of serum is collected as a sample
from the ear vein of the mammal, and an antibody titer thereof
can be then measured. If such an antibody titer is increased, an
antigen is administered for a suitable number of times
depending on the situation. A booster can be carried out with
10 to 1,000 pg of antigen, for example. One to two months
after the final administration, blood is collected from the
immunized mammal according to an ordinary method, and it
is then treated at 56° C. for 30 minutes to inactivate a comple-
ment system. Thereafter, a specific antibody is purified by
affinity chromatography. As an affinity carrier, an antigen
peptide that has been immobilized on Affigel or the like canbe
used, for example. The aforementioned blood is separated
and purified by an ordinary method such as centrifugation,
precipitation using ammonium sulfate or polyethylene gly-
col, or chromatography such as gel filtration chromatography,
ion exchange chromatography or affinity chromatography, so
as to obtain a polyclonal antibody in the form of a polyclonal
antiserum. It is to be noted that such serum may be treated at
56° C. for 30 minutes to inactivate a complement system.

A monoclonal antibody can be produced using a hybri-
doma obtained by the cell fusion between an antibody-gen-
erating cell and a myeloma cell line. A hybridoma that gen-
erates a monoclonal antibody can be obtained by the
following cell fusion method.

As antibody-generating cells, splenic cells, lymph node
cells, B lymphocytes, or other types of cells, obtained from
the immunized animal, can be used. As an antigen, the same
protein or peptide as in the case of a polyclonal antibody can
be used. As an animal to be immunized, a mouse, a rat, or the
like can be used. An antigen is administered to such animals
according to common methods. For example, a suspension or
an emulsion is prepared by mixing an adjuvant such as a
complete Freund’s adjuvant or an incomplete Freund adju-
vant with an antigen peptide. Thereafter, the thus prepared
suspension or emulsion is administered intravenously, sub-
cutaneously, intracutaneously, intraperitoneally, etc., to an
animal to be immunized several times, so that the animal can
be immunized. Thereafter, antibody-generating cells such as
splenic cells are obtained from the thus immunized animal,
and the obtained splenic cells are then fused with myeloma
cells according to a known method (G. Kohler et al., Nature,
256 495 (1975)), so as to produce hybridomas.

Examples of'a myeloma cell line used in cell fusion include
P3X63Ag8, P3U1 line, and Sp2/0 line, in the case of mice.
When cell fusion is carried out, a fusion promoter such as
polyethylene glycol or Sendai virus is used. In order to select
hybridomas after completion of the cell fusion, a hypoxan-
thine-aminopterin-thymidine (HAT) medium can be used
according to common methods. Hybridomas obtained as a
result of the cell fusion can be cloned by the limiting dilution
method or the like. Further, the obtained cells are screened by
enzyme immunoassay or the like, so as to obtain a cell line
that generates a monoclonal antibody capable of specifically
recognizing an a.2,6-sialyl residue-containing glycoprotein.

In order to produce a monoclonal antibody of interest from
the thus obtained hybridomas, the hybridomas may be cul-
tured by a common cell culture method or an ascites forma-
tion method, and the monoclonal antibody may be purified
from the culture supernatant or ascites. Such monoclonal
antibody can be purified from such culture supernatant or
ascites according to common methods. For example, methods
such as ammonium sulfate fractionation, gel filtration, ion
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exchange chromatography, and affinity chromatography can
be used in combination, as appropriate.

The antibody used in the present invention can also be used
as a labeled antibody. By producing such a labeled antibody,
an a.2,6-sialyl residue-containing glycoprotein can be easily
detected or measured. In addition, the antibody of the present
invention, or a secondary antibody that binds to an a.2,6-sialyl
residue-containing glycoprotein as an antigen thereof, can
also be labeled before use. The type of labeling substance for
the antibody of the present invention or the secondary anti-
body thereof, and a labeling method thereof, can be appro-
priately selected from those known to persons skilled in the
art.

When an enzyme is used as a labeling substance, horserad-
ish peroxidase, alkaline phosphatase, glucose oxidase, f-ga-
lactosidase, glucoamylase, carbonic anhydrase, acetylcho-
line esterase, lysozyme, malate dehydrogenase, glucose-6-
phosphate dehydrogenase, or the like can be used as such a
labeling substance. Examples of a method of labeling the
antibody of the present invention, the secondary antibody
thereof, or the fragment thereof (F(ab')2 fragment, Fab' frag-
ment, etc.) with such enzyme include: a method comprising
oxidizing a sugar chain of enzyme with periodic acid and
allowing the amino acid of the aforementioned antibody or
the like to bind to the generated aldehyde group; and a method
of introducing a maleimide group, a pyridyl sulfide group or
the like into the enzyme and allowing such a group to bind to
a thiol group existing in the Fab' fragment of the aforemen-
tioned antibody.

When an enzyme is used as a labeling substance, a test
sample and a labeled antibody are subjected to incubation.
Thereafter, a free labeled antibody is eliminated by washing,
and the substrate of the aforementioned labeling enzyme is
then allowed to act thereon. The reaction is measured based
on color development or the like, so that the labeled antibody
can be detected. When an antibody is labeled with peroxidase
for example, hydrogen peroxide used as a substrate is com-
bined with diaminobenzidine or O-phenylenediamine used as
a coloring agent, so as to generate a brown or yellow color.
When an antibody is labeled with glucoseoxidase, 2,2'-azino-
di-(3-ethylbenzothiazolin-6-sulfonate) (ABTS) can be used
as a substrate, for example.

When a fluorochrome is used as a labeling substance, the
antibody of the present invention or a secondary antibody
thereof can be labeled with a fluorochrome such as FITC
(fluorescein isothiocyanate) or TRITC (tetramethyl-
rhodamine B isothiocyanate). The antibody of the present
invention or a secondary antibody thereof can be bound to a
fluorochrome by a common method.

When a coloring substance is used as a labeling substance,
colloidal metal or color latex can be used as a labeling sub-
stance, for example. Representative examples of colloidal
metal include colloidal metal particles that are the disperse
particles of gold sol, silver sol, selenium sol, tellurium sol,
platinum sol, etc. With regard to the size of such a colloidal
metal particle, the diameter thereof is generally between
approximately 3 and 60 nm. Representative examples of color
latex include synthetic latexes such as polystyrene latex col-
ored with a pigment of red, blue, or other colors. As such
latex, natural latex such as natural rubber latex can be used.
With regard to the size of such color latex, the diameter
thereof can be selected from the size ranging from approxi-
mately several tens of to several hundreds of nm. Commer-
cially available products can be directly used as such coloring
substances. However, there may also be cases where such a
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commercially available product is further processed, or
where a coloring substance can also be produced by a known
method.

The antibody of the present invention or a secondary anti-
body thereof can be bound to a coloring substance by a
common method. When such a coloring substance is a gold
colloidal particle that is the disperse particle of gold sol, for
example, it is generally possible that the aforementioned anti-
body will be physically bound to the gold sol by mixing them
at room temperature.

As a labeling substance, affinity labeling substances (e.g.
biotin, etc.) or isotopic labeling substances (e.g. '*°I, etc.) can
be used, as well as the aforementioned substances.

In the method of the present invention, an o.2,6-sialyl resi-
due-containing glycoprotein can be detected or measured by
ELISA, Western blotting, immunoprecipitation, slot or dot
blot assay, immunohistological staining, radio immuno assay
(RIA), fluoroimmunoassay, an immunoassay using an avidin-
biotin or streptoavidin-biotin system, etc. These methods are
well known to persons skilled in the art.

When Western blotting is applied, for example, a glyco-
protein can be detected by the method described in Example
2 of the present specification.

In addition, when an antibody such as haptoglobin can be
used, quantification can be carried out by the following sand-
wich lectin ELISA method or a common sandwich ELISA
method. A plate used in ELISA has previously been coated
with an anti-haptoglobin antibody. Thereafter, haptoglobin
contained in a sample is trapped on the plate. According to the
sandwich lectin ELISA method, the trapped haptoglobin is
allowed to react with biotinylated lectin (SNA, SSA, TJA,
etc.). For detection, the resultant is allowed to react with
streptavidin-horseradish peroxidase (HRP). On the other
hand, according to a common sandwich ELISA method, an
antibody, which differs from the antibody that has been
applied onto a plate, is used for detection. In this case, an
antibody used for detection (or a Fab fragment thereof) that is
directly labeled with horseradish peroxidase can be used in
the reaction. (Otherwise, a secondary antibody labeled with
horseradish peroxidase can be used.) In both types of ELISA
methods, a coloring substrate is added to develop a color, and
the concentration of the color 1s then measured using a spec-
trophotometer. A calibration curve has previously been pro-
duced with a standard sample containing a known concentra-
tion of haptoglobin. Using such a calibration curve, a
quantitative value can be calculated.

The agent for diagnosing Alzheimer’s disease of the
present invention can also be provided in the form of a diag-
nostic kit. For example, such a diagnostic kit may comprise:
(1) lectin for detecting an a.2,6-s1alyl residue-containing gly-
coprotein; and/or (2) an antibody against a 180-kD glycopro-
tein, 95-kD glycoprotein or 40-kD glycoprotein that contains
a 2,6-sialyl residue (e.g. an anti-haptoglobin antibody for
detecting a 40-kD glycoprotein, etc.). The diagnostic kit may
further comprise a secondary antibody to which a labeling
substance capable of generating signals has bound, as well as
the aforementioned components. Examples of a secondary
antibody used herein include an antibody capable of binding
to the aforementioned primary antibody and an antibody
capable of recognizing an a.2,6-sialyl residue-containing gly-
coprotein and binding thereto (however, which recognizes a
site differing from the binding site of the primary antibody
and binds thereto). When an antibody capable of recognizing
an a2,6-sialyl residue-containing glycoprotein and binding
thereto is used as a secondary antibody, sandwich immunoas-
say (e.g. sandwich ELISA, etc.) can be carried out.
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In the diagnostic kit of the present invention, the primary
antibody of the present invention may have previously been
solid-phased, or it may have previously been labeled with a
labeling substance. The type of a solid phase used in the
diagnostic kit of the present invention is not particularly lim-
ited. Examples of such a solid phase include polymers such as
polystyrene, and insoluble carriers such as glass beads, mag-
netic particles, a microplate, a filter used in immunochro-
matography, or a glass filter.

The diagnostic kit of the present invention may further
comprise other types of any given components. Examples of
such other types of any given components include an enzyme
used in labeling, a substrate thereof, a radioisotope, a lumi-
nescent substance, a fluorescent substance, a coloring sub-
stance, a buffer, and a plate, but examples are not limited
thereto.

Also, the form of the diagnostic kit of the present invention
is not particularly limited. For the purpose of quickly and
simply making diagnoses, the diagnostic kit of the present
invention can be provided in the form of an integral-type
diagnostic kit, wherein constituents for the diagnostic kit of
the present invention are integrated. The form of such an
integral-type diagnostic kit is not particularly limited.
Examples of the form of such an integral-type diagnostic kit
include a cassette-type kit used in immunochromatography
and a cartridge-type kit used in competitive immunoassay.

The present invention will be more specifically described
in the following examples. However, these examples are not
intended to limit the scope of the present invention.

EXAMPLES
Example 1

Detection of a.2,6-Sialyl Residue-Containing
Glycoprotein by Lectin-Blotting Method

A human serum or plasma sample (corresponding to 20 pg
of protein) was mixed with a Laemmli sample buffer, and the
mixture was then heated. Thereafter, the mixture was sub-
jected to SDS/PAGE using 4/20% gradient polyacrylamide
gel. Electrophoresis was performed at a constant current of 40
mA for 55 minutes. The separated protein was electrically
transcribed onto a PVDF membrare at a constant current of
260 mA for 50 minutes. Thereafter, the membrane was
blocked in 1% bovine serum albumin (BSA)-phosphate buff-
ered saline (PBS) for one or more hours. Thereafter, biotiny-
lated lectin (SSA) diluted with 1% BSA-PBS was allowed to
react with the PVDF membrane for 1 hour. (In this experi-
ment, biotin-SSA (#300442; Seikagaku Corp.) was used in a
concentration of 1 ug/ml.) The membrane was washed three
times with 0.05% Tween 20 (surfactant) in PBS for 15 min-
utes for each time. Thereafter, the resultant was allowed to
react with streptavidin-horseradish peroxidase conjugate
(HRP) (#RPN1231V; Amersham) diluted with 1% BSA-PBS
for 1 hour. Thereafter, the membrane was washed again with
a washing solution three times for 15 minutes for each time.
A chemoluminescent substrate SUPERSIGNAL WEST
DURA extended duration substrate (Pierce)) was used, and
the band of an a2,6-sialyl residue-containing glycoprotein
was detected by a lumino-image analyzer (LAS-1000plus;
Fuji Film, Tokyo), followed by quantification. The results are
shown in FIG. 1. The results demonstrated that a 180-kD
glycoprotein, a 95-kD glycoprotein, and a 40-kD glycopro-
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tein, which contain ¢.2,6'-sialyl residue, were increased in
patients suffering from Alzheimer’s disease.

Example 2
Western Blotting Method

Taking into consideration the fact that such glycoproteins
contain a2,6-sialyl residue and the molecular weights
thereof, an attempt was made to identify a 180-kD glycopro-
tein, a 95-kD glycoprotein, and a 40-kD glycoprotein. An
antibody reacting with a human serum glycoprotein used as a
candidate was purchased and examined. As a result, it was
found that the 40-kD glycoprotein is haptoglobin. A detection
method thereof will be described below.

A human serum or plasma sample (corresponding to 0.04
ug of protein) was mixed with a Laemmli sample buffer, and
the mixture was then heated. Thereafter, the mixture was
subjected to SDS/PAGE using 4/20% gradient polyacryla-
mide gel. Electrophoresis was performed at a constant current
of 40 mA for 55 minutes. The separated protein was electri-
cally transcribed onto a PVDF membrane at a constant cut-
rent of 260 mA for 50 minutes. Thereafter, the membrane was
blocked in 5% skimmed milk-0.1% Tween 20 in Tris buffered
saline (TBS) for one or more hours. Subsequently, a rabbit
anti-human haptoglobin antibody (Sigma H-8636) (12
pg/ml) diluted with 3% skimmed milk-TBS at a ratio of
1:1,000 was allowed to react with a nitrocellulose membrane
for 1 hour. Thereafter, the membrane was washed three times
with 0.1% Tween 20 (surfactant) in TBS for 15 minutes for
each time. Thereafter, the resultant was allowed to react with
anti-rabbit 1gG, horseradish peroxidase (¥NA934V; Amer-
sham) (1 pg/ml)diluted with 3% skimmed milk-TBS at a ratio
of 1:1,000 for 1 hour. Thereatfter, the membrane was washed
again with a washing solution three times for 15 minutes for
each time. A chemoluminescent substrate SUPERSIGNAL
WEST DURA extended duration substrate (Pierce)) was
used, and the band of an a2,6-sialyl residue-containing gly-
coprotein was detected by a lumino-image analyzer (LAS-
1000plus; Fuji Film, Tokyo), followed by quantification. The
results of the Western blotting using an anti-haptoglobin anti-
body are shown in FIG. 2. An increase in haptoglobin was
confirmed in Alzheimer’s disease. A calibration curve has
previously been produced with a standard sample containing
normal human serum or a known concentration of haptoglo-
bin (#H0138; Sigma). Using such a calibration curve, a quan-
titative value can be calculated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows human serum that was stained with SSA
lectin.
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FIG. 2 shows detection of a 40 kD-glycoprotein with a
haptoglobin antibody.

INDUSTRIAL APPLICABILITY

In the present invention, an o.2,6-sialyl residue-containing
glycoprotein, which exists in a large amount in blood, is used
as amarker. Thus, it is possible to make diagnoses using only
a trace amount of blood sample: When compared with the
conventional diagnostic methods using cerebrospinal fluid or
a large amount of blood, a lesser burden is imposed upon a
subject. In addition, in the present invention, a special anti-
body is not required, and lectin that can be prepared in a large
amount in an inexpensive way or antibodies that can be easily
produced (e.g. anti-haptoglobin antibody, etc.) are used.
Accordingly, a method for screening many analytes with high
sensitivity can be easily established.

The invention claimed is:

1. A method for diagnosing Alzheimer’s disease in a
human subject, which comprises:

(1) measuring the amount of an ¢2,6-sialyl residue-con-
taining glycoprotein contained in a sample from the
subject, wherein said measuring is performed by con-
tacting the sample with a lectin that specifically binds to
a2,6-sialic acid and contacting the sample with an anti-
haptoglobin antibody to measure the amount of ¢.2,6-
sialyl residue-containing glycoprotein in the sample,
and

(ii) comparing the amount of the a2,6-sialyl residue-con-
taining glycoprotein in the sample with the amount of
a2,6-sialyl residue-containing glycoprotein in a control
sample,

wherein an increase in the amount of the a.2,6-sialyl resi-
due-containing glycoprotein in the sample from the sub-
ject compared to the amount of the a.2,6-sialyl residue-
containing glycoprotein in the control sample indicates a
diagnosis of Alzheimer’s disease.

2. The method according to claim 1, wherein a 40-kD
glycoprotein that contains an ¢.2,6-sialyl residue is detected
or measured by an anti-haptoglobin antibody.

3. The method according to claim 1, wherein a 40-kD
glycoprotein that contains an o.2,6-sialyl residue is detected
or measured by sandwich assay using the lectin and an anti-
haptoglobin antibody.

4. The method according to claim 1 wherein the sample
from a human subject is a blood sample.

5. The method of claim 1, in which the amounts of all of a
180-kD glycoprotein, a 95-kD glycoprotein and a 40-kD
glycoprotein are measured.
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