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(7) ABSTRACT

Provided is a method of testing Alzheimer’s disease using
serum or plasma as a sample. It is found that a p-amyloid
peptide added to a blood sample is degraded. The degradation
activity thereof was compared between the blood samples of
normal subjects and Alzheimer’s disease patients, and it is
also found that the degradation activity is significantly higher
in the blood of the normal subjects.
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METHOD FOR TESTING ALZHEIMER’S
DISEASE BY MEASURING DEGRADATION
RATE OF $-AMYLOID IN BLOOD AND
DIAGNOSTIC REAGENT

[0001] This application is a Divisional of U.S. application
Ser. No. 12/226,148, filed Oct. 9, 2008, which is a national
stage application of International application No. PCT/
JP2007/057663, filed Apr. 5, 2007.

TECHNICAL FIELD

[0002] The present invention relates to a method for testing
adisease in which ff-amyloid is involved, such as Alzheimer’s
disease, by measuring the degradation rate of pf-amyloid in a
blood sample.

BACKGROUND ART

[0003] p-amyloid (hereinafter, referred to as “Ap”) is a
main component of the amyloid plaque which is characteris-
tic of a brain of a patient with Alzheimer’ disease (AD) and it
is known that AP is produced by a f-secretase which cleaves
a fB-position of an N-terminal site of a precursor protein
thereof (APP) and by a y-secretase which cleaves an APP-C-
terminal site which is present in a cell membrane.

[0004] AP molecular species are known to have various
molecular weight sizes. The best-known species of those in
connection with neurotoxicity are A species composed of 42
amino acids (hereinafter, referred to as “Af1-42”). Ap1-42
has a nature which readily forms fibers. It is known that
AP1-42 is deposited in the early stages of AD to form an
amyloid plaque. AP1-42 is considered to be one of the sub-
stances which causes onset of AD.

[0005] As described above, there has been an increase of
research on the amyloidogenic process of AP and the rela-
tionship between AP and onset of AD. On the other hand, in
recent years, a degradation route of AP produced is being
clarified gradually. In particular, a group of Saidou et al. has
found out the presence of neprilysin, which is an Ap-degrad-
ing enzyme localized specifically in nerve cells of the brain,
and suggested that AD may be caused by increasing the level
of A deposited in the brain due to a decrease in the activity
of the enzyme (Non-Patent Documents 1 to 3). Meanwhile,
although Af is considered to be produced in the brain and
transfer into blood via spinal fluid, it is unknown that the
degradation of Af in a part including blood other than brain
tissues, including the presence or absence of a degradation
route and a degrading enzyme.

[0006] Regarding diagnosis of AD, an attempt to diagnose
AD patients, in which A 1-42 is used as a disease marker, has
been investigated because AP1-42 is closely related to onset
of AD. It has been reported that the concentration of AR 1-42
in cerebrospinal fluid of an AD patient is reduced (Non-patent
Documents 4 to 7). However, the use of cerebrospinal fluid as
a sample involves a high risk of bodily impairment or bodily
function damage for the patient when the sample is being
collected. Thus, in practice, the use of cerebrospinal fluid as a
sample is not practical at the present time, and does not come
into wide use. On the other hand, it is considered that blood
samples (serum or plasma) are most common as in vitro
diagnostic reagents and have low risk of bodily impairment.
However, it is almost impossible to detect Af in the serum by
using the general measurement methods such as the double
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antibody sandwich immunoassay which has been so far car-

ried out; hence the clinical usefulness of the A} measurement

in the serum has not been discovered. This suggests that it is

very difficult to diagnose AD patients by measuring AR 1-42

in blood samples (Non-Patent Document 8). In a diagnostic

study of AD, it is very problematic at present that diagnosis in

ablood sample that is generally used as an in vitro diagnostic

reagent cannot be performed.

[0007] Non-patent Document 1: Takaki, et al., J. Biochem
(Tokyo). 2000; 128(6): 897-902.

[0008] Non-patent Document 2: Shirotani K, et al., J. Biol.
Chem. 2001 276(24); 21895-901.

[0009] Non-patent Document 3: Iwata N, et al., Science.
2001 292(5521); 1550-2.

[0010] Non-patent Document 4: Tamaoka A, et al., J. Neu-
rol. Sci. 1997; 148: 41-45.

[0011] Non-patent Document 5: Andreasen N, et al., Arch.
Neurol. 1999; 56: 673-680.

[0012] Non-patent Document 6: Galasko D, et al., Arch.
Neurol. 1998; 55: 937-945.

[0013] Non-patent Document 7: Motter R, et al., Ann Neu-
rol 1995; 38: 643-648.

[0014] Non-patent Document 8: Tamaoka A, et al., J. Neu-
rol. Sci. 1996; 141: 65-68.

[0015] Non-patent Document 9: Namba et al., An investi-
gation of sensitive immunoassays with electrochemilumi-
nescence (ECL), JICLA, 1996, Vol. 21, No. 5

[0016] Non-patent Document 10: Nature, 256, 495-497
(1975)
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0017] The present invention resides in that a method for

measuring a degradation rate of an AP peptide added to a
blood sample is applied to the diagnosis of AD.

Means for Solving the Problems

[0018] The inventor of the present invention has investi-
gated whether or not the presence or absence of degradation
and metabolism of an AP peptide in human serum could be
measured with a view to resolving the above-mentioned prob-
lems. In order to confirm degradation of AB1-42 in blood, an
AP 1-42 synthetic peptide was added to human serum, and the
residual amount of AB1-42 was measured with time. The
measurement was performed by a double antibody sandwich
immunoassay based on the electrochemiluminescence
method (Non-Patent Document 9) in which an antibody spe-
cific to the N-terminal site of AP1-42 was used as a primary
antibody and an antibody specific to the C-terminal site of
AP1-42 was used as a secondary antibody. This method is a
measurement system where it is possible to measure a full-
length AB1-42 but impossible to measure Af1-42 fragments
produced by degradation.

[0019] From the measurement results, it was confirmed that
the measurement value ofthe added AB1-42 synthetic peptide
decreases with the passage of time. Further, it was confirmed
that, when the AP 1-42 synthetic peptide was added to serum,
decrease in the measurement value of the AR1-42 synthetic
peptide with the passage of time was significantly suppressed
by adding in advance a protease inhibitor capable of inhibit-
ing the activity of the enzyme into the serum.

[0020] These facts signify that Af is rapidly degraded and
fragmented in blood by a protease, and that measurement
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based on the double antibody sandwich immunoassay which
enables measurement of only a full-length AB1-42 is impos-
sible because the added AB1-42 synthetic peptide is enzy-
matically digested and fragmented in the blood.

[0021] Next, measurement based on the double antibody
sandwich immunoassay was performed for samples obtained
by adding an appropriate amount of an Af1-42 synthetic
peptide to serum samples of AD patients and normal subject
and storing the mixtures at 25° C. for 20 hours. It was con-
firmed that, in all the samples, proteases in the samples
degraded the AP 1-42 synthetic peptide because the measure-
ment values decrease in the serum of AD patients and normal
subjects compared with those measured immediately after
addition ofthe Ap1-42 synthetic peptide. The results obtained
on comparing the decrease rates of the measurement values in
the serum of AD patients and normal subjects showed a
significant difference therebetween, and the possibility of use
of the serum for the diagnosis of AD was confirmed, whereby
the present invention has been achieved.

[0022] That is, the method of testing Alzheimer’s disease of
the present invention is characterized by comprising measur-
ing the Af-degrading activity in a blood sample. Examples of
a method of measuring the Af-degrading activity include a
method involving: adding an AP peptide in a blood sample;
measuring the activity to degrade the peptide after a lapse of
a predetermined time; and comparing the measured degrad-
ing activity with that of blood of normal subjects.

[0023] The AP peptide to be added to a sample is not par-
ticularly limited as long as it is a peptide which includes a site
to be cleaved where the AP peptide in a living body is cleaved
by a degradative enzyme such as neprilysin, and is preferably
an Af peptide 1-42. The method of measuring the residual
amount of the added A peptide is not particularly limited as
long as it can quantify the peptide, and there are preferably
used an immunoassay which exhibits excellent sensitivity
and ease of use, particularly preferably a double antibody
sandwich immunoassay in which an antibody which recog-
nizes the N-terminal site of the peptide and an antibody which
recognizes the C-terminal site of the peptide. It is preferable
that the above-mentioned blood sample is serum or plasma.
[0024] The AD diagnostic reagent of the present invention
comprises, as essential components, an Af peptide added to
the blood sample, an antibody which recognizes the N-termi-
nal site of the AP peptide, and an antibody which recognizes
the C-terminal site of the AP peptide, and is characterized in
that the activity of an AP peptide-degrading enzyme in a
blood sample is measured by measuring the residual amount
of the AP peptide added to the blood sample. The diagnostic
reagent has a constitution which varies according to the
immunoassay used and the type of the added A peptide.
However, in the case of using the Af1-42 peptide and double
antibody sandwich immunoassay, the reagent may include, as
components, an immobilized antibody which recognizes the
N-terminal site of Ap1-42 and an antibody which recognizes
the C-terminal site of Af1-42 and is labeled with a labeling
substance. Alternatively, the reagent may include, as compo-
nents, an immobilized antibody which recognizes the C-ter-
minal site of AB1-42 and an antibody which recognizes the
N-terminal site of AB1-42 and is labeled with a labeling
substance. The antibody which recognizes the C-terminal site
of Ap1-42 is not particularly limited, but it is preferably
21F12.

[0025] Both polyclonal antibodies and monoclonal anti-
bodies can be used for the above-mentioned antibodies in the
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testing methods and reagents of the present invention. Among
the above-mentioned antibodies. the antibody which recog-
nizes the C-terminal site of Ap1-42 is preferably an antibody
highly specific to Af1-42 but not particularly limited to that.
Tt is preferable that the above-mentioned blood sample is
serum or plasma, but the sample may be whole blood.
Examples of the labeling substance include fluorescent sub-
stances, enzymes, pigments, and luminescent substances and
is not particularly limited, but a ruthenium complex is pref-
erable. The support for immobilization is not particularly
limited, and it is preferably magnetic beads.

[0026] The method of measuring the residual amount of an
added AP peptide is not limited to the above-mentioned
double antibody sandwich immunoassay. For example, there
can be used a method involving: preparing an Af synthetic
peptide labeled with a luminescent or fluorescent substance;
adding the prepared peptide to blood; and measuring a change
in the amount of luminescence or fluorescence caused by
degradation of the added A synthetic peptide. The essence of
the present invention resides in that the Af-degrading activity
of a composition in a blood sample can be measured. That is,
it is a method of testing AD by measuring the activity or
amount of a protease in a blood sample. The specific point of
the present invention is that AD can be diagnosed by measur-
ing the degradation rate of an AP peptide added to a blood
sample, i.e., the activity of an A-degrading enzyme in blood.
[0027] Another method of measuring the activity of an
Ap-degrading enzyme in blood is a method in which there is
used an Af peptide labeled with a radioisotope, a fluorescent
substance, or the like. Specifically, the method comprises;
labeling a specific site of Ap with a fluorescent substance,
adding the peptide to a blood sample, and analyzing the
sample by an HPLC analyzer equipped with a fluorescence
detector after a lapse of a predetermined time to measure the
time to elute the fluorescent substance. Degradation of an A
peptide can be measured by detecting a peak of a fluores-
cence-labeled A peptide fragment, which is detected at an
elution time different from that of a peak of an undegraded
fluorescence-labeled AP peptide.

[0028] According to the present invention, it is possible to
diagnose AD in a more specific manner by measuring a peak
specific to AD patients even if a plurality of degradation
products of the AP peptide are present. Meanwhile, if a peak
specific to AD is specified, it is possible to specify a site
specific to AD where the A} peptide is cleaved and to develop
an AD diagnostic reagent with high specificity.

Effects of the Invention

[0029] The present invention enables AD to be diagnosed
by determining the degradation degree of an Af synthetic
peptide added to a blood sample by using the double antibody
sandwich immunoassay in which an antibody which specifi-
cally recognizes an A} peptide is used to confirm the strength
of the AP peptide-degrading activity of an enzyme. Accord-
ing to the present invention, it is possible to diagnose AD in a
blood sample such as plasma and serum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a graph showing results of Experimental
Example 1.

[0031] FIG. 2 is a graph showing results of Experimental
Example 2.

[0032] FIG. 3 is a graph showing results of Example 1.
[0033] FIG. 4 is a graph showing results of Example 2.
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BEST MODE FOR CARRYING OUT THE
INVENTION

[0034] Hereinafter, embodiments of the present invention
are described, and it is needless to say that various modifica-
tions can be made as long as there is no deviation from the
technical concept of the present invention.

[0035] A case is described below, where using serum as a
blood sample and an AB1-42 synthetic peptide as an AP
peptide to be added to the serum sample, a double antibody
sandwich immunoassay is adopted as a method of quantify-
ing the peptide.

[0036] A mixture obtained by adding an AR1-42 synthetic
peptide to a serum sample is incubated at 25° C., and a
predetermined amount of the mixture is separated. Then, the
residual amount of the Af1-42 synthetic peptide is measured
by the double antibody sandwich immunoassay to calculate
the peptide-degrading activity in the serum sample. The
resultant value is compared with the degradation activity in
serum of a normal subject to test the presence or absence of
morbidity of AD.

[0037] In the double antibody sandwich immunoassay, an
antibody that is immobilized to magnetic beads and is specific
to the N-terminal site of AB1-42 and an antibody that is
labeled with a ruthenium complex and is specific to the C-ter-
minal site are used, and the procedure should be carried out in
accordance with a conventional method. That is, the sepa-
rated sample is reacted with magnetic beads immobilized
with an antibody to bind to an Ap1-42 synthetic peptide,
followed by washing (BF separation). Subsequently, a
labeled secondary antibody is reacted therewith to bind to the
AP1-42 synthetic peptide bound to the magnetic beads, and
washing is performed. Finally, the ruthenium complex, which
is a labeling substance bound to the magnetic beads, is
allowed to emit light by applying thereto electrical energy
under the presence of tryptophyl amine, whereby the amount
of the ruthenium complex is measured by intensity of lumi-
nescence.

[0038] Themethod of measuring the residual amount of the
added AB1-42 synthetic peptide is not particularly limited as
long as the Ap1-42 amount can be determined, and a method
other than immunological methods may be employed.
[0039] The antibodies to be used in the double antibody
sandwich immunoassay can be either monoclonal antibodies
or polyclonal antibodies as long as they are an antibody
specific to the N-terminal site of Af1-42 and an antibody
specific to the C-terminal site of AR1-42.

[0040] The antibody which recognizes the N-terminal site
of Af1-42 is not limited to an antibody which recognizes the
most N-terminal site, and commercially-available examples
thereof include a 3D6 antibody that is an antibody which
recognizes an amino acid 1-5 site of Af1-42 (manufactured
by Innogenetics NV), a 6E10 antibody that is an antibody
which recognizes an amino acid 10-16 site (manufactured by
Chemicon International, Inc.), and a 4G8 antibody which
recognizes an amino acid 17-24 site (manufactured by
Chemicon International, Inc.).

[0041] Commercially-available examples of the antibody
which recognizes the C-terminal site of Af1-42 include:
21F12 (manufactured by Innogenetics NV) and 8G7 (manu-
factured by Nanotools GmbH) which are mouse monoclonal
antibodies; and AB5078P (manufactured by Chemicon Inter-
national, Inc.) which is a rabbit polyclonal antibody.

[0042] Itis also possible to employ a method of measuring
the degradation rate of an A 1-40 synthetic peptide in a blood
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sample by the double antibody sandwich immunoassay sys-
tem in which there are used an antibody which recognizes the
C-terminal site of Ap1-40 and an antibody which recognizes
the N-terminal site thereof. In the case where a 6E10 antibody
which recognizes an amino acid 10-16 site is used as an
antibody which recognizes the N-terminal site, it is possible
to shorten the N-terminal site of an Af synthetic peptide.
Moreover, if an antibody which recognizes a degradation
(cleavage) site of an AP synthetic peptide is used, the pres-
ence or absence of degradationin a sample can be determined.
[0043] As described above, an A synthetic peptide to be
added to a blood sample is not particularly limited as long as
the peptide is long enough to be degraded in blood, and it
includes a peptide other than the AB1-42 synthetic peptide. In
the case where an immunoassay is employed as a method of
measuring the peptide, the length of a peptide can be selected
appropriately in view of the specificity or the like of a recog-
nition site of an antibody to be used. In the method of the
present invention, an AR 1-42 synthetic peptide to be used as
a substrate may be any of peptides manufactured by different
manufacturers as long as the peptide has the same amino acid
sequence as that of AP 1-42 from the human. The peptides can
be synthesized by the usual method such as a solid phase
synthetic method.

[0044] Materials for a support to immobilize the antibody
may be glass, plastic (for example, polystyrene, polyamide,
polyethylene, or polypropylene), metal, or the like. The sup-
port may take a form of a cup, a flat plate, particles, or the like
with no particular limitation. It is preferable that the materials
be magnetic microbeads (magnetic beads).

[0045] Theimmobilization of the antibody onto the support
is performed according to the usual method. In a case where
the magnetic beads are used as the support, the following
process is preferable; magnetic beads and the antibody are
reacted in a buffer solution, after that, the magnetic beads are
treated with a blocking agent, and preserved in the blocking
agent until they are used.

[0046] The labeling substance to be used in the present
invention is not limited to an enzyme, a luminous substance,
a fluorescent substance, an isotope, and a ruthenium complex
is preferable. The method of preparing the labeling antibody
is carried out in accordance with the usual methods. For
example, the antibody and a ruthenium complex (Origen
TAG-NHS Ester, manufactured by Igen Co.) are reacted in a
buffer solution, and then, 2M of glycine is added thereto to
cause further reaction. After that, the preparation can be
achieved by purifying the labeled antibody by gel filtration
column chromatography.

[0047] A diagnostic reagent (kit) based on the double anti-
body sandwich immunoassay of the present invention com-
prises, as essential components, an antibody specific to the
N-terminal site of Ap1-42, an antibody specific to the C-ter-
minal site thereof, and an A 1-42 synthetic peptide. Note that
the reagent may be freely accompanied by a buffer, a mea-
surement tool, or the like for the reaction. As described above,
an A synthetic peptide to be added to a sample can be
selected appropriately depending on the specificity of an anti-
body to be used.

[0048] The antibodies used in the present invention can be
prepared using the usual methods. The preparation ofa mono-
clonal antibody involves using a peptide which retains the
C-terminal site of Ap1-42 as antigen, producing a composite
thereof with a carrier protein as required, and inoculating the
composite into an animal to immunize it. The antibody form-
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ing cells obtained from the spleen or lymph nodes of the
above-mentioned immunized animal are fused with myeloma
cells and prepared by selecting the hybridomas which pro-
duce antibodies which exhibit strong specificity to the C-ter-
minal site of Af1-42. The procedure should be carried out in
accordance with the existing known methods.

[0049] AP1-42 can also be used as the immunogen, but
since the target antibodies are antibodies which are specific to
the C-terminal site of Af1-42, peptides each of which retains
the C-terminal site of AP1-42, such as AP33-42, can be
selected appropriately. Generally, a composite of the immu-
nogen and a carrier protein is used for the antigen, and the
composite can be prepared using various condensing agents,
such as glutaraldehyde, carbodiimide, and maleimide active
esters. Bovine serum albumin, thyroglobulin, hemocyanin,
and the like can be used for the carrier protein and methods
involving coupling in a proportion of 1 to 5 times are gener-
ally used.

[0050] The animal which is immunized with the immuno-
gen may be a mouse, a guinea pig or the like and the inocu-
lation can be carried out subcutaneously, intramuscularly, or
intraperitoneally. In administration of the immunogen, it may
be administered as a mixture with complete Freund’s adju-
vant or incomplete Freund’s adjuvant, and the administration
is generally carried out once per 2 to 5 weeks. The antibody
producing cells obtained from the spleen or lymph nodes of
the immunized animal are formed into fused cells with
myeloma cells and isolated as hybridomas. Myeloma cells
originating from mice, rats, humans, or the like, can be used
for the myeloma cells, and cells originating from the same
species as the antibody producing cells are preferable, but
there are cases where cells originating from different species
can be used.

[0051] The cell fusion operation can be carried out using
such a known method as the Kohler and Milstein method
(Non-Patent Document 10). There can be mentioned polyeth-
vlene glycol, Sendai virus or the like as fusion promoting
agents. The cell fusion can be carried out generally by react-
ing the antibody producing cells and the myeloma cells in a
ratio of about 1:1 to 1:10 fora period of about 1 to 10 minutes
using a concentration of about 20 to 50% of polyethylene
glycol (average molecular weight 1,000 to 4,000) at a tem-
perature of 20 to 40° C., and preferably of 30 to 37° C.
[0052] The screening for the hybridomas which produce
antibodies which have specificity to the C-terminal site of
AP1-42 can be carried out using various immunochemical
methods. For example, the ELISA method, the Western Blot
method, orthe competitive method can be employed. Further,
antibodies which react with Ap1-42 and do not react with
AP1-40 can be selected by using the AB1-42 peptide and the
AP1-40 peptide.

[0053] Cloning is then carried out by means of the limiting
dilution method, for example, from the wells which have been
selected in this way and the target clones can be obtained.
Generally, the selection and growth of the hybridomas is
carried out in an animal cell culture medium (RPM11640, for
example) to which HAT (hypoxanthine, aminopterin, and
thymidine) has been added and which contains from 10 to
20% bovine fetal serum. The clones obtained in this way are
transplanted into the abdominal cavities of a BALB/C mouse
to which Britstan has been administered beforehand, and
abdominal fluid which contains a high concentration of the
monoclonal antibody is collected after 10 to 14 days and this
can be used as the raw material for antibody purification.
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Further, the clones can be cultured and the culture liquid can
be used as the raw material for antibody purification. The
recovery of the monoclonal antibodies should be achieved
using a known method for the purification of immunoglobu-
lins. Forexample, it can be achieved by means such as ammo-
nium sulfate fractionation, PEG fractionation, and ethanol
fractionation, using an anion exchange material, or using
affinity chromatography.

[0054] Polyclonal antibodies can also be prepared using the
usual methods. They can be prepared as a composite by
immunizing an animal such as a rabbit or guinea pig with the
same procedure as described above using a peptide a principal
structure of which is the C-terminal site of Ap1-42 as an
antigen. Polyclonal antibodies can be obtained through puri-
fication by the methods described above with measuring the
antibody potency after appropriate collection of blood and
using the serum with the high potency as the raw material for
the purification of the antibody.

[0055] A method of diagnosing AD by measuring the deg-
radation rate of an Af synthetic peptide added to a blood
sample (plasma, serum) based on the double antibody sand-
wich immunoassay, which is one of the present invention, is
excellent and usable for AD diagnosis in a blood sample. An
in vitro diagnostic reagent to be used for AD diagnosis in
which a blood sample is used has not been developed, and no
report has been made on an attempt to diagnose AD by mea-
suring the degradation degree of Ap1-42 with focusing an
Ap-degrading enzyme in blood. Therefore, the inventor of the
present invention first discovered that the method of the
present invention is useful for AD diagnosis. The present
invention proves that the clinical availability in blood samples
of AD patients and normal subjects by measuring degradation
of an A peptide and enables diagnosis in a blood sample for
AD. Moreover, in view of the essence of the present inven-
tion, a method of measuring an Af-degrading enzyme may be
employed, and the present invention may be used for diagno-
sis of a disease caused by Af or the like.

EXAMPLES

[0056] Hereinafter, the present invention is described in
detail by means of examples, but the present invention is not
limited to the illustrative examples described below as long as
there is no deviation from the essential features of the present
invention.

Experimental Example 1

Electrochemiluminescence Double Antibody Sand-
wich Immunoassay in which a 3D6 Antibody and a
21F12 Antibody are Used

[0057] A 3D6 mouse monoclonal antibody (manufactured
by Innogenetics NV) which was an antibody which recog-
nizes a 1-5 amino acid site of Af1-42 was used as a primary
antibody, and a 21F12 mouse monoclonal antibody (manu-
factured by Innogenetics NV) which was a C-terminal site
recognition antibody of Af1-42 was labeled with a ruthenium
complex and used as a secondary antibody.

[0058] The methods used to prepare the respective consti-
tutional components of a reagent are described hereinbelow.

(1) Method of Preparing 3D6 Antibody-Binding Magnetic
Beads:

[0059] A 3D6 mouse monoclonal antibody was diluted to
an antibody concentration of 1 mg/ml with a 10 mmol/L
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potassium phosphate buffer solution (pH 7.8), and 0.5 mL of
the antibody was mixed with 0.5 mL of magnetic beads
(DYNABEADS M-450 Epoxy, manufactured by Dynal Co.)
having a concentration of 30 mg/mL. The liquid mixture was
stirred for 16 hours at 25° C. so that the antibody was bound
to the magnetic beads. Then, only the liquid solution was
removed from the magnetic bead solution to remove free
antibodies which had not been bound to the magnetic beads
and remained in the liquid solution. Then, 1 mL ofa4% Block
Ace reagent (manufactured by Dainippon Pharmaceutical
Co., Ltd.) as a blocking agent was added to the antibody-
binding magnetic beads, and the mixture was stirred for 3
hours at 25° C. Then, the magnetic beads were washed with
10 mL of the 4% Block Ace reagent (washing five times with
2 mL of the 4% Block Ace reagent). After washing, the 3D6
antibody-binding magnetic beads were mixed with 0.5 mL of
the 4% Block Ace reagent and stored at 4° C. until they were
to be used.

(2) Method of Preparing Ruthenium Complex-Labeled
21F12 Antibody:

[0060] A 21F12 mouse monoclonal antibody (manufac-
tured by Innogenetics NV) was diluted to an antibody con-
centration of 1 mg/ml with a 10 mmol/LL potassium phos-
phate buffer solution (pH 7.8). Then, 17.6 Wl of a 10 mg/mL
ruthenium complex (Origen TAG-NHS Ester, manufactured
by Igen Co.) was added to 0.5 mL of the 1 mg/mL antibody,
and the mixture was stirred for 30 minutes at 25° C. After that,
30 uL of 2 mol/L glycine was added thereto, and the mixture
was stirred for 30 minutes at 25° C.

[0061] Next, the ruthenium-labeled antibody solution was
applied to gel filtration column chromatography (Sephadex
G-25, manufactured by Amersham Biosciences K.K.) packed
into a glass tube of diameter 1 cm and height 30 ¢cm, and the
ruthenium-labeled antibodies were isolated from the non-
labeled ruthenium and purified. Elution was carried out with
a 10 mmol/L potassium phosphate buffer solution (pH 6.0).

(3) Measurement of Af1-42 Peptide by Double Antibody
Sandwich Immunoassay

[0062] The required number of 500 pL polystyrene cups
(hereinafter, referred to as “reaction cups™) were prepared,
and 200 pl. of a reaction solution containing 50 mmol/L
MOPS, 1% (w/v) Block Ace (manufactured by Dainippon
Pharmaceutical Co., Ltd.), 0.15 mol/l. NaCl, 0.01% (w/v)
Tween 20, 10 mmol/l. EDTA2Na, and 0.1% CHAPS (pH 7.2)
(hereinafter, referred to as “reaction solution”) was poured
into each of the reaction cups. 20 plL of a sample obtained by
diluting the AR 1-42 synthetic peptide (manufactured by Pep-
tide Institute, Inc.), the Ap1-40 synthetic peptide (manufac-
tured by Peptide Institute, Inc.), the Ap1-11 synthetic peptide
(manufactured by Behem), and the Ap34-42 synthetic pep-
tide (manufactured by Sigma-Aldrich Japan K.K.) with the
reaction solution to a concentration of0, 1, 5, 10, 50, 100, 200
or 400 pg/ml, was added to each of those reaction cups.
Subsequently, 25 pl. of 3D6 antibody-binding magnetic
beads which had been diluted to a concentration of 1 mg/mL
with the reaction solution was added to each of the reaction
cups to allow a reaction to proceed for 9 minutes at 30° C.
(first reaction).

[0063] Subsequently, the magnetic beads were trapped
with a magnet and the liquid was removed from the reaction
cups. The magnetic beads were washed twice with 350 ulL of
50 mmol/L Tris HCI, Tween 20, and 0.15 mol/LL NaCl (pH
7.5) (hereinafter, referred to as “washing solution™), and non-
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specifically-binding substances other than that of the antigen-
antibody reaction was removed. Then, 200 pl ofa ruthenium-
labeled 21F12 antibody which had been diluted to a
concentration of 4 pg/ml with the reaction solution was
added and reacted for 9 minutes at 30° C. (second reaction).
After the reaction, the magnetic beads were trapped with a
magnet, and theliquid in the cups was removed. The magnetic
beads were washed twice with 350 uL. of a washing solution
and the non-specifically-binding substances other than that of
the antigen-antibody reaction were removed.

[0064] Subsequently. 300 uL of tryptophyl amine which is
aluminescent substrate was put into each cup, and mixed with
the magnetic beads. The ruthenium emitted light when elec-
trical energy was applied in this state, and the luminescence
intensity was detected with a detector. Incidentally, the mea-
suring procedure after the addition of the magnetic beads to
the reaction cups described above was carried out with an
automated ruthenium luminescence measurement device
Picolumi 8220 (manufactured by Sanko Junyaku Co., Ltd.).
Table 1 and FIG. 1 show the results.

TABLE 1

Results of Experimental Example 1

Sample ECL
concentration  luminescence  Difference from
Sample (pg/mL) intensity the Blank
Blank 0 286.1 —

AP1-42 peptide 1 771.0 484.9
5 41245 3838.4
10 9027.1 8741.0
50 62800.0 62513.9
100 138701.6 138415.5
200 281159.2 280873.1
400 600815.1 600529.0
AP1-40 peptide 1 302.1 16.0
5 297.8 11.7
10 280.3 -5.8
50 311.2 25.1
100 290.1 4.0
200 2879 1.8
400 307.9 21.8
AP1-11 peptide 1 267.5 -18.6
5 296.1 10.0
10 288.3 2.2
50 367.1 81.0
100 290.4 4.3
200 311.0 24.9
400 291.1 5.0
AP34-42 peptide 1 302.1 16.0
5 2711 -9.0
10 293.7 7.6
50 295.0 8.9
100 290.2 4.1
200 298.1 12.0
400 287.3 1.2

[0065] Asshownin Table 1 and FIG. 1, the double antibody

sandwich immunoassay was confirmed to be a measurement
system which enabled specific detection of only a full-length
AP1-42 peptide but disabled detection of an A fragment.

Experimental Example 2

Test for Confirming Degradation of Ap1-42 Syn-
thetic Peptide by Enzyme in Serum

[0066] Serum of a normal subject was dispensed into two
microtubes (Immuno Ware Micro Tubes manufactured by
Pierce, hereinafter, referred to as “microtubes”) in an amount
of 90 ul. each. Then, 9 ul. of protease inhibitor cocktail
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(manufactured by Roche Diagnostics K. K.) was added to one
of the two microtubes (hereinafter, referred to as “inhibitor-
added sample™), while 9 uL, of sterilized water was added to
the other microtube (hereinafter, referred to as “inhibitor-free
sample”). Then, the tubes were incubated at 25° C.

[0067] Immediately after preparation of the samples (0
hours), 6 hours after the start of incubation, and 20 hours after
the start of incubation, a 10-1 ulL portion of each sample was
sampled and mixed with 200 pL. of a reaction solution in a
microtube (hereinafter, referred to as “pre-measurement
diluted sample”). Measurement of the pre-measurement
diluted samples was performed immediately after the prepa-
ration by the Ap1-42 sandwich immunoassay in the same way
as Experimental Example 1.

[0068] The results of the measurement of ECL lumines-
cence intensities are shown in Table 2. In Table 2, the mea-
sured values for the samples are shown as relative ratios
taking the measured values immediately after preparation of
the samples to be 100%. FIG. 2 is a graph showing the relative
ratios.

TABLE 2

Results of Experimental Example 2

ECL

Elapsed time lumines- Difference Relative

after startof  cence fromthe  ratio
Sample incubation  intensity Blank %
Blank 0 hours 295.2 — —
Inhibitor-free sample 201217.2  200922.0 100
Inhibitor-added sample 208443.8 208148.6 100
Blank 6 hours 280.9 — —
Inhibitor-free sample 91732.7  91451.8 46
Inhibitor-added sample 201843.9  201563.0 97
Blank 20 hours 277.8 — —
Inhibitor-free sample 3850.1 3572.3 2
Inhibitor-added sample 188281.8  188004.0 90
[0069] As shown in Table 2 and FIG. 2, the serum to which

the AB1-42 synthetic peptide had been added after the addi-
tion of the protease inhibitor provided results that the reduc-
tion in the measured value with the passage of time had
clearly been suppressed. Therefore, it is considered that the
measured values were reduced with the passage of time in the
double antibody sandwich immunoassay system which
enabled detection of only a full-length AB1-42 peptide,
because the serum contains an enzyme capable of degrading
AP1-42 and the added A 1-42 synthetic peptide is degraded
by the enzyme into fragments with the passage of time. On the
other hand, the results suggested that, in the case where a
protease inhibitor was added, the residual amount of AR1-42
was larger compared with the case where no protease inhibi-
tor was added, thereby suppressing a reduction in the mea-

sured value, because degradation of AR1-42 by the enzyme
was inhibited.

Example 1

Comparison of Degradation Rate of Af1-42 in
Serum of AD Patients and Normal Subjects

[0070] Intoa required number of microtubes, serum of each
of 30 AD patients and serum of each of 30 normal subjects
were dispensed in an amount of 100 pL, each. 1 pL of a 400
ng/ml AP1-42 synthetic peptide was added to the dispensed
samples. At the same time, a standard substance was prepared
by adding 1 pL of a 400 ng/mL AB1-42 synthetic peptide to
100 uLL of a reaction solution instead of a serum sample. The
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AP1-42 synthetic peptide-added serum and standard sub-
stance were incubated at 25° C. for 20 hours.

[0071] 20 hours after start of incubation, a 10 pL portion
was sampled from each sample and mixed with 200 pl. of a
reaction solution in a microtube, to thereby produce a pre-
measurement diluted sample. Measurement of the pre-mea-
surement diluted samples was performed immediately after
the preparation by the double antibody sandwich immunoas-
say in the same way as Experimental Example 1.

[0072] The measurement results of ECL luminescence
intensities of the AD patients are shown in Table 3, and the
measurement results of ECL luminescence intensities of the
normal subjects are shown in Table 4. In Tables 3 and 4, the
relative ratio of a luminescence intensity of each sample is
represented as a residual rate regarding the luminescence
intensity of the standard substance as 100%. Moreover, the
tables show the degradation rates of Af1-42(%), calculated
from the residual rates. The degradation rate is calculated by
the following equation (1).
Degradation rate=(1-luminescence intensity of

sample+luminescence intensity of standard sub-
stance)x 100 [0y

[0073] Further, Tables 3 and 4 show average values of the
degradation rates for the AD patients and normal subjects,
respectively. FIG. 3 is a graph showing the AP1-42 degrada-
tion rates of the AD patients and normal subjects.

TABLE 3

Results of samples of AD patients in Example 1

ECL Difference Residual Degrada- Average
luminescence  from the rate tionrate  value
Sample intensity Blank (%) (%) (%)
Blank 2835 — — — —
Standard 185636.1 185352.6 100 0 —
substance
AD
patients
1 58851.8 58568.3 32 68 69
2 71864.7 71581.2 39 61
3 64720.8 64437.3 35 65
4 82682.7 82399.2 44 56
5 45090.5 44807.0 24 76
6 60320.9 60037.4 32 68
7 64796.5 64513.0 35 65
8 331541 32870.6 18 82
9 27314.6 27031.1 15 85
10 49100.1 48816.6 26 74
11 386717.8 383943 21 79
12 73834.7 73551.2 40 60
13 557653 55481.8 30 70
14 55550.0 55266.5 30 70
15 40748.3 40464.8 22 78
16 702314 69947.9 38 62
17 49873.6 49590.1 27 73
18 102935.4 102651.9 55 45
19 62030.9 61747.4 33 67
20 105944.0 105660.5 57 43
21 54783.9 54500.4 29 71
22 82510.7 82227.2 44 56
23 506454 50361.9 27 73
24 62341.1 62057.6 33 67
25 37180.3 36896.8 20 80
26 45537.1 45253.6 24 76
27 24548.2 24264.7 13 87
28 35322.8 35039.3 19 81
29 25619.2 253357 14 86
30 90013.5 89730.0 48 52
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TABLE 4

Results of samples of normal subjects in Fxample 1

ECL Difference Residual Degrada- Average
luminescence  from the rate tionrate  value

Sample intensity Blank (%) (%) (%)

Blank 283.5 — — — —

Standard 185636.1 185352.6 100 0 —

substance
Normal
subjects

1 8327.6 8044.1 4 96 89
2 135594 13275.9 7 93
3 2894.7 2611.2 1 99
4 21526.1 21242.6 11 89
5 6212.5 5929.0 3 97
6 19143.9 18860.4 10 90
7 31790.3 31506.8 17 83
8 46978.0 46694.5 25 75
9 24580.2 24296.7 13 87
10 17087.3 16803.8 9 91
11 19019.9 18736.4 10 90
12 11035.9 10752.4 6 94
13 48559.0 48275.5 26 74
14 3850.1 3566.6 2 98
15 8402.4 8118.9 4 96
16 18535.3 18251.8 10 90
17 26507.6 26224.1 14 86
18 25285.1 25001.6 13 87
19 24973.5 24690.0 13 87
20 31763.9 314804 17 83
21 134584 13174.9 7 93
22 46984.2 46700.7 25 75
23 117834 11499.9 6 94
24 27980.4 27696.9 15 85
25 22642.8 22359.3 12 88
26 24479.0 24195.5 13 87
27 43753 4091.8 2 98
28 31787.1 31503.6 17 83
29 19323.7 19040.2 10 90
30 19570.9 19287.4 10 90

[0074] As shown in Tables 3 and 4 and FIG. 3, the Ap1-42

degradation rates of the group of normal subjects were con-
firmed to be higher than those of the group of AD patients.
This suggests that the ability to degrade Ap1-42 in blood of
the group of normal subjects is higher than that of the group
of AD patients. In addition, it was determined by the t-test that
there was a significant difference between the two groups
(p<0.01), and the result reveals that the method of the present
invention canbe used for AD diagnosis using serum samples.

Example 2

Comparison of Degradation Rate of Af1-42 in
Serum of an AD Patient and a Normal Subject by
Electrochemiluminescence Double Antibody Immu-
noassay in which a 6E10 Antibody and a 21F12
Antibody are Used

[0075] A 6E10 mouse monoclonal antibody (manufactured
by Chemicon International, Inc.) which recognizes a 10-16
amino acid site of Ap1-42 was used as a primary antibody,
and a 21F12 mouse monoclonal antibody (manufactured by
Innogenetics NV) which recognizes the C-terminal site of
AP1-42 and was labeled with ruthenium complex used as a
secondary antibody. The method of preparing 6E10 antibody-
binding magnetic beads, method of preparing the 21F12 anti-
body labeled with ruthenium complex, and method of double
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antibody sandwich immunoassay were the same as those in
Experimental Example 1. The results are shown in Tables 5
and 6 and FIG. 4.

TABLE 5

Results of samples of AD patients in Example 2

ECL Difference Residual Degrada- Average
luminescence  from the rate tionrate  value
Sample intensity Blank (%) (%) (%)
Blank 199.8 — — — —

Standard 48543.4 48343.7 100 0 —
substance

AD
patients

31 20766.9 20567.2 43 57 54

32 23410.7 23211.0 48 52

33 20757.9 20558.2 43 57

34 18542.0 183423 38 62

35 16370.8 16171.1 33 67

36 18571.4 18371.7 38 62

37 13287.9 13088.2 27 73

38 26418.2 26218.5 54 46

39 26393.8 26194.1 54 46

40 29402.9 29203.2 60 40

41 15522.0 153223 32 68

42 28302.5 28102.8 58 42

43 25235.2 25035.5 52 48

44 22783.9 22584.2 47 53

45 30225.6 30025.9 62 38

TABLE 6

Results of samples of normal subjects in Example 2

ECL Difference Residual Degrada- Average
luminescence  from the rate tionrate  value
Sample intensity Blank (%) (%) (%)
Blank 199.8 — — — —
Standard 48543.4 48343.7 100 0 —
substance
Normal
subjects
31 14591.8 14392.1 30 70 76
32 5206.2 5006.5 10 90
33 15326.9 15127.2 31 69
34 129444 12744.7 26 74
35 13526.9 13327.2 28 72
36 18627.1 18427.4 38 62
37 5636.7 5437.0 11 89
38 21588.1 21388.4 44 56
39 13439.9 13240.2 27 73
40 8579.5 8379.8 17 83
41 15473.5 15273.8 32 68
42 14528.0 14328.3 30 70
43 6204.2 6004.5 12 88
44 8663.9 8464.2 18 82
45 4189.1 3989.4 8 92
[0076] As shown in Tables 5 and 6 and FIG. 4, the AR1-42

degradation rates of the group of normal subject were con-
firmed to be higher than those of the group of AD patients. As
in Example 1, it was determined by the t-test that there was a
significant difference between the two groups, that is, a group
of the AD patients and a group of the normal subjects (p<0.
01). This reveals that diagnosis of AD can be performed by
sandwich assay in which the 6E10 antibody which recognizes
a 10-16 amino acid site was used instead of the 3D6 antibody
which recognizes a 1-5 amino acid site of the N-terminal of
AP1-42.
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INDUSTRIAL APPLICABILITY

[0077] The method of the present invention, which enables
measurement of an AB1-42-degrading enzyme activity in
blood, can be used for diagnosis of Alzheimer’s disease in a
blood sample (serum, plasma).

1-10. (canceled)

11. A method of testing Alzheimer’s disease, comprising
measuring a f-amyloid-degrading activity in a blood sample.

12. A method of testing Alzheimer’s disease according to
claim 11, wherein the method of measuring the ff-amyloid-
degrading activity comprises adding a f-amyloid peptide to
the blood sample, measuring an activity to degrade the
[-amyloid peptide, and comparing the measured degrading
activity with that of blood of normal subjects.

13. A method of testing Alzheimer’s disease according to
claim 12, wherein the f-amyloid peptide added to the blood
sample is f-amyloid 1-42.

14. A method of testing Alzheimer’s disease according to
claim 12, comprising measuring a residual amount of the
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p-amyloid peptide added to the blood sample by an immu-
noassay to measure a 3-amyloid peptide-degrading activity in
the blood sample.

15. A method of testing Alzheimer’s disease according to
claim 14, wherein the immunoassay is a double antibody
sandwich immunoassay in which an antibody which recog-
nizes a C-terminal site of the 3-amyloid peptide to be added to
the blood sample and an antibody which recognizes an N-ter-
minal site thereof are used.

16. A method of testing Alzheimer’s disease according to
claim 11, wherein the blood sample is serum or plasma.

17. A method of testing Alzheimer’s disease according to
claim 12, wherein the blood sample is serum or plasma.

18. A method of testing Alzheimer’s disease according to
claim 13, wherein the blood sample is serum or plasma.

19. A method of testing Alzheimer’s disease according to
claim 14, wherein the blood sample is serum or plasma.

20. A method of testing Alzheimer’s disease according to
claim 15, wherein the blood sample is serum or plasma.
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