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total amount of f-amyloid 1-42 and p-amyloid 1-42 frag-
ments each of which retains a C-terminal site of the f-amy-
loid 1-42 in the biological sample by an immunological assay
in which an antibody which recognizes the C-terminal site of
[-amyloid 1-42 is used. It is preferable that the immunologi-
cal assay be a competitive immunological assay.
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Lane  Sample Applied A amount
1 Molecular marker -
2 AB1-42 synthetic peptide 500 ng
-3 Ap1-42 synthetic peptide 50 ng
4 AB1-42 synthetic peptide 10 ng
5 AB1-42 synthetic peptide 5ng
6  Ap1-42 synthetic peptide 100 ng
7 Experiment example 8-2 50 ng
8  Experiment example 8-3 50 ng
9 Experiment example 8-1 50 ng
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METHOD OF ASSAYING ALZHEIMER’S
DISEASE AND DIAGNOSTIC REAGENT

TECHNICAL FIELD

[0001] The present invention relates to diagnostic methods
of diseases caused by p-amyloid, such as Alzheimer’s dis-
ease, by measuring a total amount of p-amyloid 1-42 and
[-amyloid 1-42 fragments each of which retains a C-terminal
site of f-amyloid 1-42 in a biological sample, especially in
blood, and to diagnostic reagents therefor.

BACKGROUND ART

[0002] P-Amyloid (hereinafter, referred to as “AB”) is a
main constitutional component of the characteristic amyloid
plaque which is seen in a brain of a patient with Alzheimer’s
disease (AD)and itis known that Af is produced by a p-secre-
tase action which cleaves a fJ-position of'an N-terminal site of
a precursor protein thereof (APP) and by a y-secretase action
of preselinin which cleaves an APP-C-terminal site which is
present in a cell membrane.

[0003] AP molecular species are known to have various
molecular weight sizes but the most well known of those
species in connection with neurotoxicity are an Af} species
composed of 40 amino acids (hereinafter, referred to as “Ap1-
407) and an A species composed of 42 amino acids (herein-
after, referred to as “Ap1-42”). Ap1-42 has a nature which
readily forms fibers and it is known that Af1-42 is deposited
in the early stages of AD and forms an amyloid plaque.
[0004] As described above, the deposition of Af} is a patho-
logical characteristic which is characteristic of the brain of an
AD patient and the Af is also found in a cerebrospinal fluid
and in the blood. It has been reported that the Ap1-42 con-
centration in the cerebrospinal fluid is low in AD patients
(Non-patent Documents 1 to 4). Further, there are reports that
the Af1-42 which is present in plasma of familial AD patients
increases and that the A 1-40 or Af1-42 concentration in the
plasma of sporadic AD patients is increased (Non-patent
Documents 5 and 6), while on the other hand it has also been
reported to be virtually the same as in the group of people in
normal health (Non-patent Documents 7 to 9) and the actual
behavior of the Ap is unclear.

[0005] The measurement of AP in biological samples in the
past has been carried out mainly using a double antibody
sandwich measurement method. Suzuki et al. have reported
the preparation of a plurality of monoclonal antibodies with
different recognition sites with various Af peptide fragments
as immunogens and a sandwich measurement method in
which those antibodies are used in combination (Patent
Document 1). It is disclosed that the A in the cerebrospinal
fluid of an AD patient is measured with this method and that
AP1-40 is the main component, and that, in a formic acid
extract of an AD patient’s brain, Ap1-40, Ap1-42, and Ap3-
42 are the main components.

[0006] There are also reports in which competitive immu-
nological assays have been used. In Non-patent Document
18, the AP in a serum of hyperlipidaemia patients was mea-
sured by a competitive immunological assay using rabbit
polyclonal antibodies specific to AB1-40 and it is disclosed
that Ap1-40 tends to increase with advancing age. Further,
Graham Paul et al. have disclosed the preparation of a mono-
clonal antibody which is specific to Ap1-42 and which does
not react with Af1-40 and AP1-43 and indicated that the
antibody can accomplish immuno-tissue staining of the
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plaques formed of blood vessel amyloids, fibrous amyloids,
or the like of AD patient’s brain tissue (Patent Document 2).
[0007] Double antibody ELISA reagents for determining
the A concentration in cerebrospinal fluid are commercially
available from two companies, but although values deter-
mined with ELISA reagents are correlated, they are quite
different from one another (Non-patent Document 10). Dif-
ferences in clinical samples which serve as subjects for mea-
surement, an antibody which is used for the measurement, a
method forthe measurement, sensitivity of the method for the
measurement, and a method by which the Af1-42 which is
used for a calibration curve has been produced, for example,
can be cited as reasons for the difference in the determined
values.

[0008] Further, in cases where the sample for the clinical
investigation is plasma or serum it is known that interfering
substances which interact with A molecules are present in
the plasma or serum and those substances must be removed or
isolated in advance (Non-patent Documents 11 to 13). How-
ever, in those cases where plasma or serum is used as the
sample for a clinical investigation, the actual method used to
remove those interfering substances, measurement errors due
to the removal process, dilution effects, a titer of the antibody
which is being used, and the measurement sensitivity, for
example, are all liable to have a great effect on the measured
value.

[0009] AP in the cerebrospinal fluid can be measured by
means of a general measurement procedure, for example, by
the two antibody sandwich method of measurement using
antibodies which bind specifically to Af, and the measure-
ment of AB1-42 in particular has been recognized as being
clinically useful (Non-patent Documents 1, 3, 4, 7, and 15 to
17). However, the use of cerebrospinal fluid as a sample
involves subjecting the patient to a high risk of physical load
or physical function impairment when the sample is being
collected and in practice cerebrospinal fluid is not being used
as a sample at the present time.

[0010] Usually, blood samples (serum or plasma) are con-
sidered to be most general and suitable samples for in vitro
diagnostic with a low risk of physical impairment. However,
AP in the serum is almost impossible to be detected by using
the general measurement methods such as the double anti-
body sandwich measurement method which had been carried
out in the past and the clinical usefulness of such measure-
ments has not been discovered (Non-patent Document 7). [tis
though that this is because the amount of AR which has
migrated from the cerebrospinal fluid into the blood is very
small.

[0011] The amount of AB1-42 in the cerebrospinal fluid of
an AD patient tends to be lower than that in a healthy person
but the amount of AB1-42 in the blood still cannot be recog-
nized as being constant and it is very difficult to use the blood
in a pathological or diagnostic study of AD.

[0012] Patent Document 1: W0O94/17197
[0013] Patent Document 2: W096/25435
[0014] Non-patent Document 1: Tamaoka A, et al., J. Neu-

rol. Sci. 1997, 148:41-45

[0015] Non-patent Document 2: Andreasen N, et al., Arch.
Neurol. 1999; 56:673-680

[0016] Non-patent Document 3: Galasko D, et al., Arch.
Neurol. 1998; 55:937-945

[0017] Non-patent Document 4: Motter R, et al., Ann. Neu-
rol. 1995; 38:643-648



US 2008/0199879 A1l

[0018] Non-patent Document 5: Mayeux R, Ann. Neurol.
1999; 46:412-416

[0019] Non-patent Document 6: Mehta P D, Arch. Neurol.
2000; 57:100-105

[0020] Non-patent Document 7: TamaokaA, et al., J. Neu-
rol. Sci. 1996; 141:65-68

[0021] Non-patent Document 8: Vanderstichele H, et al.,
Amyloid 2000; 7:245-258

[0022] Non-patent Document 9: Fukumoto H, et al., Arch.
Neurol. 2003; 60:958-964

[0023] Non-patent Document 10: Suzuki N, et al., Science
1994; 264:1336-1340

[0024] Non-patent Document 11: Chan W, et al., Biochem-
istry 1996; 35:7123-1230

[0025] Non-patent Document 12: Biere A L, et al., J. Biol.
Chem. 1996; 271:32916-32922

[0026] Non-patent Document 13: KuoY Metal., Biochem.
Biophys. Res. Commun. 2000; 268:750-756

[0027] Non-patent Document 14: Naniwa et al., An inves-
tigation of sensitive immunological assays with electro-
chemiluminescence (ECL), JICLA, 1996, Vol. 21, No. 5

[0028] Non-patent Document 15: Tero T, et al., Neurobiol-
ogy of Aging 21 (2000) 735-740

[0029] Non-patent Document 16: Kanai M, etal., Ann Neu-
rol 1998; 44:17-26

[0030] Non-patent Document 17: Schroder J, et al., Mol
Psychiatry 1997; 2:505-7

[0031] Non-patent Document 18: Christopher C. T. Smith
et al., Neuroscience Letters, 362 (2004) 48-50

[0032] Non-patent Document 19: G. Zhu et al., J. Pharm.
Biomed. Anal. 24, 281-290 (2000)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0033] The present invention is based upon an understand-
ing of the problems outlined above and applies to the diag-
nosis of Alzheimer’s disease by means of a method for the
measurement of Af in the blood of AD patients.

Means for Solving the Problems

[0034] The inventors of the present invention have carried
out thorough research with a view to resolving the above-
mentioned problems. First, the inventors of the present inven-
tion investigated whether or not Af1-42 in the serum of AD
patients could be measured with good sensitivity by using the
double antibody sandwich measurement method in which the
electrochemiluminescence method (Non-patent Document
14) which has a high sensitivity-wide measuring range capac-
ity 1s used. The antibody 21F12 (produced by Innogenetics
Inc.) which is specific to a C-terminal site of A 1-42 was used
as a primary antibody and an antibody which was specific to
a1-5amino acid site of A 1-42 was used as a second antibody
and the A 1-42 was measured in the serum of AD patients and
of healthy people. The results showed that the sensitivity was
quite good as compared with the conventional methods but no
significant difference could be seen between the amounts of
AP1-42 in the serum of the AD patients and in the serum of
healthy people (see, Experiment Examples 1 and 2 and FIG.
4).

[0035] Here, in order to verify the stability of AB1-42 syn-
thetic peptide in the serum, the inventors of the present inven-
tion confirmed that the AB1-42 content fell with the passage
of time when AP1-42 synthetic peptide and serum were both
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present. Further, it was confirmed that when the AR1-42 syn-
thetic peptide was present along with serum no fall in the
AP1-42 content occurred with the passage of time if a pro-
tease inhibitor was introduced into the serum beforehand
(see, Experiment Example 3 and FIG. 5). This fact signifies
that A is degraded and fragmented rapidly by protease in
biological fluids such as cerebrospinal fluid and blood, for
example, and that the reason why A cannot be measured is
not that only trace amounts migrate into the blood, and it
suggests that precise measurement of full length AB1-42 in
blood for example is impossible because of the fact that it is
fragmented.

[0036] The finding suggests that AB1-42 migrated into
blood from the cerebrospinal fluid is degraded therein in a
short period of time, and that degradation of A 1-42 proceeds
also during storage of the serum sample. Thus, this is the main
reason that the accurate measurement cannot be attained. In
other words, the precise measurement of Ap1-42 cannot be
achieved by the double antibody sandwich measurement
method because the AR1-42 is fragmented in blood.

[0037] However, although the AB1-42 is degraded and the
content falls, the degraded AP 1-42 fragments are still present.
Thus, when measuring A 1-42 which has been treated with a
protease by the two measuring methods, that is, by the com-
petitive immunological assay using antibody which recog-
nizes the C-terminal site of AB1-42 and by the above-men-
tioned electrochemiluminescence double antibody sandwich
measurement method, it could hardly be detected at all by the
double antibody sandwich measurement method (see,
Experiment Example 4 and FIG. 2) but it was confirmed that
avalue close to the initial amount of AB1-42 was obtained by
the competitive immunological assay (see, Experiment
Example 5 and FIG. 3). That is, it was first discovered that the
AP1-42 content could be measured precisely by measuring
the total amount of Ap1-42 and AP1-42 fragments which
retained the C-terminal site of AR1-42 (hereinafter, the total
amount is referred to as “Apx-42”) by the competitive immu-
nological assay.

[0038] Next, the results obtained on measuring Apx-42 in
the serum of AD patients and healthy people showed a sig-
nificant difference there between and the possibility of theuse
of the serum for the diagnosis of AD was confirmed, and the
present invention is achieved based upon those discoveries.
[0039] The method of assaying AD by the competitive
immunological assay, which is one of the present inventions,
is an excellent method with which Apx-42 can be detected
with high efficiency without the need for a procedure of
removing the substances which interact with Af1-42 in
plasma and serum. In the past, there had been reports of
competitive immunological assays in which antibodies which
recognize A31-40 were used (Non-patent Document 18), but
there had been no disclosure concerning the competitive
immunological assay in which an antibody which recognizes
just the C-terminal site of Af1-42 like that of the present
invention or any report of its effect and, moreover, the facts
that the method of the present invention has an excellent
effect of reflecting the Ap1-42 content in blood precisely and
that this is useful for the diagnosis of AD were first discovered
by the inventors of the present invention.

[0040] Moreover, the fact that measuring Afx-42 can be
useful in the diagnosis of AD was also first discovered by the
inventors of the present invention, so the method of measur-
ing APx-42 is not limited to the above-mentioned competitive
immunological assay, and detection by the surface plasmon
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resonance method using an antibody which is specific to the
C-terminal site of Af1-42 Non-patent Document 19), a
method of measurement where peptides which retains the
C-terminal sites of AB1-42 are isolated by means of affinity
chromatography using an antibody which is specific to the
C-terminal site of AP1-42, and the like can be used. The
essence of the present invention is that AD can be diagnosed
by measuring Apx-42.

[0041] The present invention is an invention where the use-
fulness of the measurement of Apx-42 with an antibody
which recognizes the C-terminal site of Af1-42 has been
confirmed, but the usefulness of the measurement of Ap1-x in
the same way has also been confirmed. Ap1-x signifies the
total amount of fragments of various AP isotypes which
retains the N-terminal site of AP, such as Af1-40 and Ap1-37.
By using antibodies which recognize the N-terminal site of
AP in a competitive assay method of the present invention, it
is possible to measure those A isotypes at once irrespective
of the type. Specifically, measurement was carried out by the
competitive immunological assay using monoclonal anti-
body 3D6 (produced by Innogenetics Inc.) prepared by
immunizing with Ap1-5, or monoclonal antibody 6E10 (pro-
duced by Chemicon International, Inc.) prepared by immu-
nizing with AB1-17. The results showed no significant differ-
ence between the measured values obtained with serum from
AD patients and those obtained with serum from healthy
people. This shows the importance of measuring specifically
the Apx-42 fragments in the blood for the diagnosis of AD.
[0042] According to those facts, the present invention
reflects the amount of AB1-42 in blood precisely by measur-
ing APx-42, and moreover, the clinical usefulness is con-
firmed between the serum samples of AD patients and healthy
people, thereby enabling AD to be diagnosed using a blood
sample. Further, there is a possibility that it could be used for
the diagnosis of diseases where Af is one of the causes.
[0043] That is, according to the present invention, there is
provided a method of assaying Alzheimer’s disease, which
includes measuring a total amount of f-amyloid 1-42 and
[-amyloid 1-42 fragments each of which retains a C-terminal
site of the f-amyloid 1-42 in a biological sample by means of
an immunological assay in which an antibody specific to the
C-terminal site of the f-amyloid 1-42 is used.

[0044] Among the f-amyloid 1-42 fragments, a f-amyloid
1-42 fragment which retains the C-terminal site of f-amyloid
1-42 specifically indicates a peptide which retains the C-ter-
minal site of f-amyloid 1-42, and indicates a f-amyloid 1-42
fragment which preferably retains 1 or more amino acid resi-
dues, preferably 2 or more amino acid residues, and more
preferably 3 or more amino acid residues from the C-terminal
of f-amyloid 1-42. It is desirable that the f-amyloid 1-42
fragment which retains the C-terminal site of f-amyloid 1-42
preferably bind to an antibody specific to the C-terminal site
of AP1-42. Hereinafter, the f-amyloid 1-42 fragment is
sometimes referred to as “Af1-42 C-terminal site-retaining
peptide”, and p-amyloid 1-42 and the Ap1-42 C-terminal
site-retaining peptide may sometimes be referred to as “Apx-
42” as a whole.

[0045] It is preferable that the immunological assay be a
competitive immunological assay. Procedures for the com-
petitive immunological assay can be performed by, for
example, two types of the following procedures in which a
peptide which retains C-terminal of Ap1-42 and which is
immobilized as a solid phase or an immobilized antibody is
used.
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[0046] A first aspect of the method of the present invention
by the competitive immunological assay includes the follow-
ing steps (a) and (b) of:

[0047] (a) reacting a support on which a peptide which
retains a C-terminal site of f-amyloid 1-42 is immobilized as
a solid phase, a biological sample, and an antibody labeled
with a labeling substance (antibody which recognizes the
C-terminal site of f-amyloid 1-42); and

[0048] (b) determining, after washing, APx-42 by measur-
ing an amount of a labeled antibody which is bound to the
peptide which retains the C-terminal site of the f-amyloid
1-42 and which is immobilized as a solid phase.

[0049] In addition to the above-mentioned steps, the first
aspect may further include the following step of:

[0050] (c) assaying the occurrence or absence of Alzhe-
imer’s disease by comparing a measured value of APx-42 ina
biological sample with that in a biological sample from a
healthy person.

[0051] A second aspect of the method of the present inven-
tion by the competitive immunological assay includes the
following steps (a) and (b) of:

[0052] (a) reacting a support on which an antibody which
recognizes a C-terminal site of AP1-42 is immobilized as a
solid phase, a biological sample, and a peptide which retains
the C-terminal site of Ap1-42 and which is labeled with a
labeling substance; and

[0053] (b) determining, after washing, APx-42 by measur-
ing an amount of a labeled peptide which retains the C-ter-
minal site of Af1-42 and which is bound to the immobilized
antibody.

[0054] Inadditionto the above-mentioned steps, the second
aspect may further include the following step of:

[0055] (c) assaying the occurrence or absence of Alzhe-
imer’s disease by comparing a measured value of Afx-42 ina
biological sample with that in a biological sample from a
healthy person.

[0056] A synthetic peptide can be used for the labeled AP 1-
42 C-terminal site-retaining peptide but AB1-42 C-terminal
site-retaining peptide composites (hereinafter, referred to as
“peptide composites”) in which a carrier substance has been
bound can also be used. The term carrier substance signifies a
compound which can be labeled with a labeling substance
such as a ruthenium complex and these include, for example,
polylysine (poly-L-lysine), dextran, bovine serum albumin,
and polypeptides which retain many free amino groups. The
carrier substance can be, added to any position in the peptide
as long as binding property between the peptide and the
antibody is not impaired, and it is desirable that the carrier
substance be preferably added to an N-terminal site of the
peptide.

[0057] The AD diagnostic reagent (kit) of the present
invention is a diagnostic reagent for Alzheimer’s disease
which has an antibody which recognizes the C-terminal site
of Ap1-42 as an essential structural component and with
which Apfx-42 can be measured. The diagnostic reagent has a
constitution which differs according to the immunological
assay used, but in the case of the competitive immunological
assay, either an AP1-42 C-terminal site-retaining peptide
which is immobilized as a solid phase or an antibody which is
immobilized as a solid phase is used. In the case where an
AP1-42 C-terminal site-retaining peptide which is immobi-
lized as a solid phase is used, an antibody which is labeled
with a labeling substance forms another constituent compo-
nent, and in the case where an antibody which is immobilized
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as a solid phase is used, an AR1-42 C-terminal site-retaining
peptide which is labeled with a labeling substance forms
another constituent component. A peptide composite in
which a carrier substance is bound can also be used for the
labeled Ap1-42 C-terminal site-retaining peptide. The carrier
substance may be, for example, polylysine, dextran, bovine
serum albumin, or a polypeptide which retains many free
amino groups. The carrier substance can be added to any
position in the peptide as long as binding property between
the peptide and the antibody is not impaired, and it is desir-
able that the carrier substance be preferably added to an
N-terminal site of the peptide.

[0058] Polyclonal antibodies or monoclonal antibodies can
be used for the above-mentioned antibody in the methods and
reagents for diagnosis of the present invention. Further, the
above-mentioned antibodies are preferably antibodies which
recognize AP1-42 but do not recognize AR1-40, and more
preferably mouse monoclonal antibodies each of which is
specific to the C-terminal site of AR1-42 and obtained by
using as an immunogen a 33-42 amino acid site of the }-amy-
loid 1-42. Specific examples thereof include 21F12 (pro-
duced by Innogenetics Inc.), AB5S078P (produced by Chemi-
con International, Inc.) and 8G7 (produced by Nanotools
GmbH).

[0059] Itis preferable that the above-mentioned biological
sample be serum or plasma. Examples of the labeling sub-
stance include fluorescent substances, enzymes, pigments,
and luminescent substances, with a ruthenium complex being
preferable. The support for immobilization is preferably mag-
netic beads.

[0060] The method of measuring p-amyloid 1-42 of the
present invention includes measuring a total amount of
-amyloid 1-42 and f-amyloid 1-42 fragments each of which
retains a C-terminal site of the f-amyloid 1-42 in a biological
sample by means of an immunological assay in which an
antibody specific to the C-terminal site of the $-amyloid 1-42
is used. It is preferable that the biological sample be serum or
plasma.

EFFECTS OF THE INVENTION

[0061] The present invention enables AD to be diagnosed
by measuring ABx-42 in a biological sample using an immu-
nological assay in which an antibody which recognizes spe-
cifically the C-terminal site of AB1-42 is used. According to
the presentinvention, itis not necessary to remove substances
thatinteract with AB1-42 in serum or plasma, and ABx-42 can
be detected accurately and efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] FIGS. 1(a) to 1(c) are schematic explanatory draw-
ings showing a first example of a method of assaying Alzhe-
imer’s disease of the present invention.

[0063] FIGS. 2(a) to (c¢) are schematic explanatory draw-
ings showing a second example of a method of assaying
Alzheimer’s disease of the present invention.

[0064] FIG. 3 is a graph showing results of Experiment
Example 1.
[0065] FIG. 4 is a graph showing results of Experiment
Example 2.
[0066] FIG. 5 is a graph showing results of Experiment
Example 3.
[0067] FIGS. 6(a) and 6(b) are schematic explanatory

drawings showing metabolism of Ap1-42 in blood.
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[0068] FIG. 7 is a graph showing results of Experiment
Example 6 and 7.

[0069] FIG. 8 is a graph showing results of Example 1.
[0070] FIG. 9 is a graph showing results of Example 2.
[0071] FIG. 10 is a graph showing a calibration curve

obtained using a standard substance of Example 3.

[0072] FIG. 11 is a graph showing the results of Example 3.
[0073] FIG. 12 is a graph showing a calibration curve
obtained using a standard substance of Experiment Example
8.

[0074] FIG. 13 is a photograph showing results of electro-
phoresis of Experiment Example 8.

[0075] FIGS. 14(a) to 14(d) are charts showing first results
of Experiment Example 9.

[0076] FIG. 15 is a graph showing first results of Example
9.

[0077] FIG. 16 is a graph showing a calibration curve
obtained in Experiment Example 9.

[0078] FIG. 17 is a chart showing the second results of
Experiment Example 9.

[0079] FIG. 18 is a chart showing the results of Experiment
Example 10.

DESCRIPTION OF REFERENCE NUMERALS

[0080] 10, 20: support, magnetic beads, 12, 24: AR1-42
synthetic peptide, 13: Af1-42 synthetic peptide-binding
support, AP1-42 synthetic peptide-binding magnetic
beads, 14, 22: antibody specific to C-terminal of Af1-42,
16, 26: labeling substance, 17: labeled antibody, 23: Ap1-
42 antibody-binding support, AP1-42 antibody-binding
magnetic beads, 27: labeled A 1-42 synthetic peptide, 30:
ApPx-42 in biological sample, 32: reaction cup, 34: reaction
solution, 40: luminescence of labeling substance

BEST MODE FOR CARRYING OUT THE
INVENTION

[0081] Hereinafter, embodiments of the present invention
are described, but of course, various modifications can be
made as long as there is no deviation from the technical
concept of the present invention.

[0082] The method of assaying Alzheimer’s disease of the
present invention is intended for assaying the presence or
absence of morbidity of Alzheimer’s disease by measuring a
total amount (amount of APx-42) of Af1-42 and Ap1-42
fragments each of which retains a C-terminal site of AR 1-42
in a biological sample by an immunological assay in which an
antibody specific to the C-terminal site of Af1-42.

[0083] The immunological assay to be used in the present
invention is not particularly limited as long as Afx-42 in a
biological sample can be measured. Any one of, for example,
a competitive immunological assay, detection by the surface
plasmon resonance method (Non-patent Document 19), a
measurement method involving isolating a peptide which
retains the C-terminal of A1-42 by affinity chromatography,
and the like can be used, with the competitive immunological
assay being preferable.

[0084] Examples of the biological sample include serum,
plasma, cerebrospinal fluid, bone marrow fluid, tissue or cell
extracts, and cell culture media, with the serum and plasma
being preferable.

[0085] Theantibody to be used in the present invention can
be either a monoclonal antibody or a polyclonal antibody as
long as it is an antibody which is specific to the C-terminal site
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of AP1-42. An antibody which reacts with Ap1-42 but does
not react with AB1-40 is preferable, and commercially-avail-
able examples thereof include 21F12 (produced by Innoge-
netics Inc.), AB5078P (produced by Chemicon International,
Inc.), and 8G7 (produced by Nanotools BmbH) which are
mouse monoclonal antibodies each of which is specific to the
C-terminal site of AR1-42 and obtained by using as an immu-
nogen a 33-42 amino acid site of the AP1-42, with the 21F12
being preferable. The antibodies which do not react with
AP1-40 include those antibodies which, even though they
have a weak reactivity, have essentially no effect in the mea-
surement of the total amount of the Af1-42 C-terminal site.
Further, it makes no difference if there is reactivity with
AP1-43.

[0086] The antibodies used in the present invention can be
prepared using the usual methods.

[0087] The preparation of a monoclonal antibody involves
using a peptide which retains the C-terminal site of AP 1-42 as
antigen, producing a composite with a carrier protein as
required and immunization by inoculating this into an animal.
The antibody producing cells obtained from the spleen or
lymph nodes of the above-mentioned immunized animal are
fused with myeloma cells and the hybridomas which produce
antibodies which exhibit strong specificity for the C-terminal
site of AB1-42 can be prepared by selection. The procedure
should be carried out in accordance with the existing known
methods.

[0088] AP1-42 canalsobeused as the immunizing antigen,
but since the target antibodies are antibodies which are spe-
cific to the C-terminal site of AP 1-42, peptides each of which
retains the C-terminal site of AP1-42, such as A$33-42, can
be selected appropriately. Generally, a composite with a car-
rier protein is used for the antigen, and these can be prepared
using various coupling agents, such as glutaraldehyde, car-
bodiimide, and maleimide active esters. Bovine serum albu-
min, thyroglobulin, hemocyanin, and the like can be used for
the carrier protein and generally, methods involving coupling
in a proportion of 1 to 5 times by weight are used.

[0089] The animal which is immunized may be a mouse or
a guinea pig, for example, and the inoculation can be carried
out subcutaneously, intramuscularly, or intraperitoneally. In
administration, it may be administered as a mixture with
complete Freund’s adjuvant or incomplete Freund’s adjuvant,
and the administration is generally carried out once per2to 5
weeks. The antibody producing cells obtained from the
spleen or lymph nodes of the immunized animal fused 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.

[0090] The cell fusion operation can be carried out using a
known method, for example the Kayler and Millstein method
(Nature, 256, 495-497 (1975)). Polyethylene glycol and Sen-
dai virus, for example, can be cited as fusion promoting
agents and the cell fusion can be carried out generally by
reacting the antibody producing cells and the myeloma cells
in a ratio generally of 1:1 to 1:10 for a period of about 1 to 10
minutes using a 20 to 50% concentration of polyethylene
glycol (average molecular weight 1000 to 4000) at a tempera-
ture of 20 to 40° C., and preferably of 30 to 37° C.

[0091] The screening for the hybridomas which produce
antibodies which have specificity for the C-terminal site of
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AP1-42 can be carried out using various immunochemical
methods. For example, use can be made of the ELISA
method, the Western Blot method, or the competitive method.
Further, antibodies which react with A$1-42 and do not react
with A 1-40 can be selected by using the AR 1-42 peptide and
the AR 1-40 peptide.

[0092] 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 are obtained. Gen-
erally, the selection and growth of the hybridomas is carried
out in an animal cell culture medium (for example
RPMI1640) to which hypoxanthine, aminopterin, and thymi-
dine (HAT) have 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 BALB/C mice to
which Britstan has been administered beforehand and ascetic
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. Further, the
clones can be cultured and the culture liquid can be used as the
raw material for antibody refinement. The recovery of the
monoclonal antibodies should be achieved using a known
method for the refinement of immunoglobulins and, for
example, it can be achieved using a means such as ammonium
sulfate fractionation, PEG fractionation, and ethanol fraction-
ation, using an anion exchange material, or using affinity
chromatography.

[0093] Polyclonal antibodies can also be prepared using the
usual methods. They can be prepared by inoculating an anti-
gen into an animal such as a rabbit or guinea pig as a com-
posite by the same procedure as described above using a
peptide which has the C-terminal site of Ap1-42 as its prin-
cipal structure. Polyclonal antibodies can be obtained
through refinement by the methods described above by mea-
suring the antibody potency after appropriate collection and
using the serum with the highest potency as the raw material
for the refinement of the antibody.

[0094] Hereinafter, the method of assaying Alzheimer’s
discase of the present invention is described by referring to an
example in which the competitive imnmunological assay is
used as the immunological assay.

[0095] Descriptions are made of the method of the present
invention which uses the competitive immunological assay.
The competitive immunological assay to be used in the
present invention uses an antibody specific to the C-terminal
site of AB1-42 and an AP synthetic peptide, and uses as a
reaction basis the competitive binding reaction of the AR 1-42
which retains the C-terminal of Af1-42 and the A synthetic
peptide to the antibody in a biological sample such as blood.
[0096] Any kind of the A synthetic peptide can be used in
the method of the present invention as long as the peptide
reacts with the antibody which recognizes the C-terminal site
of AB1-42. Specifically, peptides each of which retains the
C-terminal site of AP1-42 can be used. Examples of the
peptides each of which retains the C-terminal site of AR1-42
include, but not limited to, synthetic peptides such as AR33-
42 and AP17-42 in addition to the A 1-42 that is a full-length
peptide. The peptides can be synthesized by the normal
method such as a solid phase synthetic method. Hereinafter,
an example in which an AP1-42 synthetic peptide is used as
the AP synthetic peptide is described in detail.

[0097] FIGS. 1(a) to 1(c) are schematic explanatory draw-
ings showing a first example of the method of assaying Alzhe-
imer’s disease of the present invention. In the example, the
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immunological assay is performed by the competitive immu-
nological assay in which a peptide which retains a C-terminal
site of AP1-42 is immobilized as a solid phase on a support.

[0098] InFIGS.1(a)to 1(c), reference numeral 10 denotes
a support, reference numeral 12 denotes an AR 1-42 synthetic
peptide, reference numeral 32 denotes a reaction vessel (reac-
tion cup), and reference numeral 34 denotes a reaction solu-
tion (for example, a buffer solution). As shown in FIG. 1(a),
the AP 1-42 synthetic peptide 12 is allowed to bind (immobi-
lized as a solid phase) to the support 10 to prepare an AR 1-42
synthetic peptide-binding support 13.

[0099] Materials for the support 10 may be glass, plastic
(for example, polystyrene, polyamide, polyethylene, or
polypropylene), metal, or the like. The support may take a
form of a cup, a flat plate, particles, or the like with no
particular limitation. It is preferable that the support 10 be
magnetic microbeads (magnetic beads).

[0100] Theimmobilization of the Ap synthetic peptide onto
the support is performed according to the normal method. In
a case where the magnetic beads are used as the support, it is
preferable that the magnetic beads be allowed to react with
the AP 1-42 synthetic peptide in a buffer solution, treated with
a blocking agent, and then preserved in the blocking agent.
Hereinafter, descriptions are made of an example in which the
magnetic beads are used as the support.

[0101] The AP1-42 synthetic peptide-binding magnetic
beads 13 which has been prepared as described above is
mixed with an antibody 17 (hereinafter, referred to as
“labeled antibody”), which is obtained by labeling an anti-
body 14 specific to the C-terminal site of AR1-42 with the
labeling substance 16, and a biological sample so that com-
petitive reactions are allowed to proceed between the AR1-42
synthetic peptide 12 which is bound to the magnetic beads
and AB1-42 in the biological sample, and between a fragment
30 which retains the C-terminal site of A 1-42 and the labeled
antibody 17, to thereby competitively binding them (FIG.
1(5)).

[0102] The labeling substance 16 to be used in the present
invention may be an enzyme, a luminescent substance, a
fluorescent substance, an isotope, or the like, but not particu-
larly limited. A ruthenium complex is preferable.

[0103] The method of preparing the labeling antibody is
carried out in accordance with the normal methods. For
example, the antibody and a ruthenium complex (Origen
TAG-NHS Ester, produced 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 chro-
matography.

[0104] After the competitive reaction, the reaction solution
is aspirated and the magnetic beads are washed, to thereby
remove free substances which are unbound to the magnetic
beads from the reaction solution (BF separation).

[0105] Next, the amount of the labeling substance bound to
the magnetic beads is measured. The measurement of the
labeling substance is performed by the normal method. For
example, in a case where a ruthenium complex is used as the
labeling substance, as shown in FIG. 1(c), the ruthenium
complex-labeled antibody which is bound to the magnetic
beads is allowed to emit light by applying thereto electrical
energy under the presence of tryptophyl amine, and intensity
of the ruthenium complex luminescence 40 is measured
(Non-patent Document 14).
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[0106] At this time, the amount of the labeled antibody
bound to the bead-bound peptide decreases when a large
amount of APx-42 is present in the sample owing to the
competitive reaction between them. Thus, the luminescence
intensity decreases as compared with that in a case where no
competitive substance is present. By using the degree of the
decrease in luminescence intensity (represented as inhibition
rate (%) in the examples hereinbelow), the amount of ARx-42
in the sample can be determined. Since the amount of Ax-42
in a sample from a patient suffering from Alzheimer’s disease
is significantly lower than that in a sample from a healthy
person, assay of Alzheimer’s disease can be performed by
measuring the amounts of Afx-42 in the samples by the
method of the present invention.

[0107] FIGS. 2(a) to 2(c) are schematic explanatory draw-
ing showing a second example of the method of assaying
Alzheimer’s disease of the present invention. In the example,
the immunological assay is performed by the competitive
immunological assay in which an antibody that specifically
recognizes the C-terminal site of AR 1-42 is immobilized as a
solid phase on a support.

[0108] InFIGS.2(a)to 2(c), reference numeral 20 denotes
a support, and reference numeral 22 denotes an antibody that
specifically recognizes a C-terminal site of A 1-42. As shown
in FIG. 2(a), the AB1-42 antibody 22 is allowed to bind
(immobilized as a solid phase) to the support 20 that is a
magnetic bead or the like to prepare the A1-42 antibody-
binding support 23. The immobilization of the antibody onto
the support is performed according to the normal method.
Hereinafter, descriptions are made of an example in which the
magnetic beads are used as the support.

[0109] The antibody-binding magnetic beads prepared as
described above is mixed with a labeled Af1-42 synthetic
peptide obtained by labeling the AP 1-42 synthetic peptide 24
with the labeling substance 26 and a biological sample to
allow a competitive reaction to proceed, to thereby competi-
tively binding them (FIG. 2(5)).

[0110] After the competitive reaction, the same operations
as for the first example described above, and the amount of the
labeling substance which has been bound to the magnetic
beads is measured (FIG. 2(¢)), whereby the amount of ABx-
42 in the sample can be determined.

[0111] The AP1-42 synthetic peptide to be labeled can be
used as it is, but peptide composites each of which has a
carrier substance bound to the Ap1-42 can also be used. Here,
the term carrier substance signifies a compound to which the
labeling substance can be bound, and examples include polyl-
ysine (poly-L-lysine), dextran, bovine serum albumin and
polypeptides which retain many free amino groups, and
polylysine is preferable. The amount of the labeling sub-
stances per one A 1-42 peptide can be increased and a rise in
sensitivity can be anticipated as a result of using a carrier
substance and so the use of these composites is preferable.

[0112] The labeled peptide composite prepared by the
method in which a carrier substance which is labeled with the
labeling substance and the AP1-42 synthetic peptide are
bound by means of, for example, a crosslinking agent. At this
time, a spacer, such as a lysine peptide composed of 15 lysine
units, for example, can be bound optionally on the N-terminal
site of the A1-42 beforehand, as required. Further, labeling
with a labeling substance is possible after preparing the pep-
tide composite, and both methods can be used optionally and
no limitation is imposed.
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[0113] A diagnostic reagent (kit) based on the immunologi-
cal assay of the present invention includes as an essential
constitutional component an antibody specific to a C-terminal
site of AP1-42, and further includes as a constitutional com-
ponent a synthetic peptide which retains the C-terminal site of
AB1-42.

[0114] Types of the constitutional components of the
reagent may appropriately be set depending on the kind of the
immunological assay employed. For example, in the com-
petitive immunological assay, as described above, it is pref-
erable that a support (preferably magnetic beads) on which
the synthetic peptide which retains the C-terminal site of
AP1-42 is immobilized as a solid phase and a labeled anti-
body be used as the constitutional components, or a support
(preferably magnetic beads) on which an antibody is immo-
bilized as a solid phase and the synthetic peptide which
retains the C-terminal site of AR1-42 be used as the constitu-
tional components. The labeled synthetic peptide which
retains the C-terminal site of Ap1-42 preferably includes a
constitutional component a peptide composite obtained by
binding a carrier substance to the peptide which retains the
C-terminal site of A 1-42 as described in the second example
of the method of the present invention.

[0115] Note that, it is free to append a buffer, a measure-
ment tool, or the like for the reaction to the reagent.

EXAMPLES

[0116] Hereinafter, the present invention is described in
detail by means of examples, but the present invention is
limited only 1o not exceeding the essential features and it is
not limited by the illustrative examples below.

Experiment Examples 1 and 2

Electrochemiluminescence Double Antibody Sand-
wich Measurement Method

[0117] In Experiment Examples | and 2, analysis was pet-
formed by the electrochemiluminescence double antibody
sandwich measurement method in which two types of anti-
bodies which are specific to Af are used. A 21F12 mouse
monoclonal antibody (produced by Innogenetics Inc.) which
was an antibody which reacts specifically with Ap1-42 pre-
pared by immunizing a mouse with a 33-42 amino acid site of
AP1-42 was used as a primary antibody, and a 3D6 mouse
monoclonal antibody (produced by Innogenetics Inc.) which
was prepared by immunizing a mouse with a 1-5 amino acid
site of AB1-42 and labeled with a ruthenium complex was
used as a secondary antibody.

[0118] The methods used to prepare the respective consti-
tutional components of a reagent are described hereinbelow.

(1) Method of Preparing 21F12 Antibody-Binding Magnetic
Beads

[0119] A21F12 mouse monoclonal antibody was diluted to
an antibody concentration of 1 mg/ml with a 10 mmol/l potas-
sium phosphate buffer solution (pH 7.8), and 0.5 ml of the
antibody was mixed with 0.5 ml of magnetic beads (Dyna-
beads M-450 Epoxy, produced by Dynal Co.) having a con-
centration 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
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solution. Then, 1 ml of a 4% Block Ace reagent (produced by
Dainippon Sumitomo Pharma 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 21F12 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 a Ruthenium Complex-Labeled 3D6
Antibody

[0120] A 3D6 mouse monoclonal antibody (produced by
Innogenetics Inc.) was diluted to an antibody concentration of
1 mg/ml with a 10 mmol/l potassium phosphate buffer solu-
tion (pH 7.8). Then, 17.6 pl of a 10 mg/ml ruthenium complex
(Origen TAG-NHS Ester, produced by Igen Co.) was added to
0.5 mlofthe 1 mg/ml antibody, and the mixture was stirred for
30 minutes at 25° C. Then, 30 pl of 2 mol/1 glycine was added
thereto, and the mixture was stirred for 30 minutes at 25° C.
[0121] Then, the ruthenium complex-labeled antibody lig-
uid was applied to gel filtration column chromatography
(Sephadex G-25, manufactured by GE Healthcare Bio-Sci-
ence KK) packed into a glass tube of diameter 1 cm and height
30 cm and the ruthenium-labeled antibodies were isolated
from the non-labeling ruthenium complex and purified. Elu-
tion was carried out with a 10 mmol/l potassium phosphate
buffer solution (pH 6.0).

Experiment Example 1
Measurement of Af1-42 Synthetic Peptide

[0122] Seven 500-ul polystyrene cups (hereinafter, referred
to as “reaction cups’) were prepared, and 150 ul of a reaction
solution containing 50 mmol/l Tris HCI, 1% BSA, 0.15 mol/l
NaCl, 0.01% Tween 20, 10 mmol/l EDTA2Na, and 0.1%
normal mouse serum (pH 7.5) (hereinafter, referred to as
“sandwich measurement reaction solution”) was poured into
each of the reaction cups. 50 pl of a sample obtained by
diluting the A 1-42 synthetic peptide with the sandwich mea-
surement reaction solution to a concentration of 0, 0.5, 1, 5,
10, 25, 50, or 100 pg/ml was added to each of those reaction
cups, respectively. Then, 25 pl of 21F12 antibody-binding
magnetic beads which had been diluted to a concentration of
2 mg/ml with the sandwich measurement reaction solution
was added to each of the reaction cups to allow a reaction to
proceed for 9 minutes at 30° C. (first reaction).

[0123] 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 ul of
a washing solution containing 50 mmol/l Tris HCI, 0.01%
(w/v) Tween 20, and 0.15 mol/l NaCl pH 7.5, and non-spe-
cifically-binding substances other than that of the antigen-
antibody reaction was removed (BF separation).

[0124] Then, 200 ul of a ruthenium complex-labeled 3D6
antibody which had been diluted to a concentration of 4 ug/ml
with the sandwich measurement 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 the liquid 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 (BF separation).
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[0125] Subsequently, 300 ul of tryptophyl amine was put
into each cup, and mixed with the magnetic beads. The ruthe-
nium complex emitted light when electrical energy was
applied in this state, and the luminescence intensity was
detected with a detector. Moreover, the measuring 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 (manufac-
tured by Sanko Junyaku Co., Ltd.). Table 1 and FIG. 3 show
the results. Note that, in FIG. 3, ECL values were represented
by values each obtained by subtracting a measured value
when the sample concentration is O from a measured value of
the ruthenium complex luminescence intensity.

TABLE 1

Measurement results of Experiment Example 1

Sample concentration (pg/mL) Difference from

(AP1-42 synthetic peptide) ECL value the blank
0 (Blank) 469.9 —

0.5 1083.9 614.0

1 1835.9 1366.0

5 10805.4 10335.5

10 22857.5 22387.6

25 75796.0 75326.1

50 160254.4 159784.5

100 345037.0 344567.1

ECL value: measured value of luminescence intensity of a ruthenium com-
plex

Difference from the Blank: ECL value - ECL value when a sample concen-
tration is 0

[0126] As shown in Table 1 and FIG. 3, the electrochemi-
luminescence double antibody sandwich measurement
method was confirmed to be a measurement system which
enabled detection of the A} 1-42 synthetic peptide in amounts
up to 0.5 pg/ml. This is a measurement system with which a
sensitivity more than ten times the highest sensitivity
obtained with past reagents from among the AR1-42 sand-
wich measuring reagents generally known in the past.

Experiment Example 2

Measurement of Serum from AD Patients and
Healthy People by the Electrochemiluminescence
Double Antibody Sandwich Measurement Method

[0127] A plurality of reaction cups was prepared as
required, and 150 pl of a sandwich measurement reaction
solution was poured into each of the reaction cups. Samples
(standard products for creation of calibration curve) obtained
by diluting the Ap1-42 synthetic peptide t0 0,0.5, 1, 5, 10, 25,
50 or 100 pg/ml with the sandwich measurement reaction
solution and 50 pl samples of serum from 25 AD patients and
from 25 healthy people were introduced respectively into the
reaction cups and mixed. Then, 25 pl of 21F12 antibody-
binding magnetic beads diluted with sandwich measurement
reaction solution to a concentration of 2 mg/ml were added to
each cup and reacted for 9 minutes at 30° C. (first reaction).
[0128] Subsequently, after trapping the magnetic beads
with a magnet, the liquid was removed from the reaction cups
and the magnetic beads were washed twice with 350 pl of a
washing solution containing 50 mmol/l Tris HCl, 0.01%
(W/V) Tween 20, and 0.15 mol/I NaCl, pH 7.5 and the non-
specifically-bound substance other than that of the antigen-
antibody reaction was removed (BF separation).
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[0129] Then, 200 ul of a ruthenium complex-labeled 3D6
antibody which had been diluted to a concentration of 4 ug/ml
with a sandwich measurement reaction solution was added
and reacted for 9 minutes at 30° C. (second reaction).
[0130] Subsequently, after trapping the magnetic beads
with a magnet, the liquid was removed from the reaction cups
and the magnetic beads were washed twice with 350 pl of a
washing solution and the non-specifically-bound substance
other than that of the antigen-antibody reaction was removed
(BF separation).

[0131] After that, 300 ul of tryptophyl amine was intro-
duced into each cup and mixed with the magnetic beads. The
ruthenium complex emitted light when electrical energy was
applied in this state and the luminescence intensity was
detected with a detector. Moreover, the measuring procedure
after the addition of the magnetic beads to the reaction cups
described above was carried out with an automated ruthenium
complex luminescence measurement device Picolumi 8220
(manufactured by Sanko Junyaku Co., Ltd.). A calibration
curve was created using the measurement results of the stan-
dard AB1-42 synthetic peptide, and A 1-42 concentrations in
the AD patients and the healthy people were calculated out
using the calibration curve. FIG. 4 shows the results.

[0132] The results, as shown in FIG. 4, were such that, in 8
out of 25 cases with the AD patients and in 3 out of 25 cases
with healthy people, the values were above 0.5 pg/ml which is
the minimum sensitivity for measurement and in the cases
with all of the remaining samples the values were below the
measurement sensitivity. Further, it was confirmed that there
was no clinical usefulness between the two groups of AD
patients and healthy people according to a t-test in the case of
the samples where measurement was possible (p>0.05).

Experiment Example 3
Fragmentation Test of AB1-42 in Serum

[0133] Serum from a healthy person (1 ml) was divided into
0.5 ml lots and 10 pl of a protease solution obtained by
dissolving 1 protease inhibitor cocktail tablet (complete mini,
manufactured by Roche Diagnostics K. K.) in 1 ml of a buffer
solution containing 10 mmol/l Tris HCI (pH 7.5) was mixed
with one of those lots (Experiment Example 3-1). Mean-
while, the other lot was mixed with 10 pl of a buffer solution
containing 10 mmol/l Tris HCI (pH7.5) as a control (Experi-
ment Example 3-2).

[0134] Then, 5 ul of a 1,000 ng/ml Ap1-42 synthetic pep-
tide (produced by Peptide Institute, Inc.) was added to each
serum. The serum to which the substances had been added
was left to stand at 20° C. and the change in the measured
value of the added Ap1-42 synthetic peptide with the passage
of time was measured by the above-mentioned electrochemi-
luminescence double antibody sandwich measurement
method as time progressed.

[0135] FIG. 5 is a graph which shows the percentage
change of the measured value with the passage of time as a
relative ratio taking the measured value immediately after the
AP 1-42 synthetic peptide had been added to the serum to be
100%. As shown in FIG. §, the serum to which the AR1-42
synthetic peptide had been added after the addition of the
protease inhibitor of Experiment Example 3-1 provided
results that the reduction in the measured value with the
passage of time had clearly been suppressed as compared
with that of Experiment Example 3-2, that is, the control. This
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suggests that the AB1-42 in the plasma is rapidly fragmented
by protease which is present in the blood.

[0136] FIG. 6 is a schematic drawing that conceptually
shows metabolism of AB1-42 in blood. FIG. 6(a) shows the
amino acid sequence (SEQ ID NO: 1) of Af1-42, and FIG.
6(b) shows the metabolism of Af1-42 in blood. Af1-42 is
expressed in brain, and transferred into cerebrospinal fluid
(CSF). After that, the Ap1-42 leaks into blood, and then
rapidly fragmented by proteases in the blood.

Experiment Examples 4 and 5

[0137] Theenzyme degradation product ofthe Ap1-42 syn-
thetic peptide was measured by the electrochemilumines-
cence double antibody sandwich immunological assay (Ex-
periment Example 4) and the competitive immunological
assay using an immobilized antigen (Af1-42 synthetic pep-
tide) (Experiment Example 5).

(a) Method of Preparing Respective Samples

[0138] An enzyme-treated sample was prepared by: adjust-
ing 20 pl of an AP 1-42 synthetic peptide (produced by Peptide
Institute Inc.) to have a concentration of 10 ug/ml with a 10
mmol/l potassium phosphate buffer solution (pH 7.8); and
adding thereto 5 pl of trypsin (1:250 trypsin, produced by
Sigma-Aldrich Corporation) which had been adjusted to have
a concentration of 1 mg/ml with a 10 mmol/l potassium
phosphate buffer solution (pH 7.8). In addition, a control
sample was prepared in such a manner that 20 plofan Af1-42
synthetic peptide (produced by Peptide Institute Inc.) having
the same concentration as mentioned above was added with 5
wl of a 10 mmol/1 potassium phosphate buffer solution (pH
7.8). Further, as a blank sample, a 10 mmol/l potassium
phosphate buffer solution (pH 7.8) added with an AR1-42
synthetic peptide was used.

(b) Measurement of Enzyme Degradation Product of Ap1-42
Synthetic Peptide

[0139] The samples were each incubated for 30 minutes,
and then subjected to measurement by the electrochemilumi-
nescence double antibody sandwich immunological assay
(Experiment Example 4) in the same manner as in Example 1
and a competitive immunological assay (Experiment
Example 5) as described below.

[0140] Procedures of the competitive immunological assay
of Experiment Example 5 are shown below.

(1) Method or Preparing Respective Constitutional Compo-
nents of the Reagent

(1-1) Method of Preparing Ap1-42 Synthetic Peptide-Bind-
ing Magnetic Beads

[0141] 0.3 mlofa 50 ng/ml AP1-42 synthetic peptide (pro-
duced by Peptide Institute Inc.) was mixed with 0.3 ml of 30
mg/ml magnetic beads (Dynabeads M-450 Epoxy, produced
by Dynal Co.). The mixed liquid was stirred for 16 hours at
25° C. and the synthetic peptide was bound to the magnetic
beads. Subsequently, only the liquid solution was removed
from the magnetic bead solution and the free synthetic pep-
tide which was not bound to the magnetic beads remaining in
the solution was removed. Then, 1 ml of phospholipid poly-
mer reagent (S101E, produced by NOF Corporation) as a
blocking agent was added and the mixture was stirred for 3
hours at 25° C. Subsequently, the magnetic beads were

Aug. 21, 2008

washed with 10 ml of the above-mentioned phospholipid
polymer reagent (by washing 5 times with 2 ml of the phos-
pholipid reagent). After washing, the Ap1-42 synthetic pep-
tide-binding magnetic beads were mixed with 0.3 ml of the
above-mentioned phospholipid polymer reagent and stored at
4° C. until they were to be used.

(1-2) Method of Preparing a Ruthenium Complex-Labeled
21F12 Antibody

[0142] The 21F12 mouse monoclonal antibody (Innoge-
netics Inc.) which is an antibody specific to the C-terminal
site of AP 1-42 was diluted with a 10 mmol/1 potassium phos-
phate buffer solution (pH 7.8) to an antibody concentration of
1 mg/ml. Then, 17.6 ul of a 10 mg/ml ruthenium complex
(Origen TAG-NHS Ester, produced by Igen Co.) was added to
0.5 mlofthe 1 mg/ml antibody, and the mixture was stirred for
30 minutes at 25° C. Subsequently, 30 pl of 2 mol/l glycine
were added thereto, and the mixture was stirred for 30 min-
utes at 25° C.

[0143] Next, the ruthenium complex-labeled antibody
solution was applied to gel filtration column chromatography
(Sephadex G-25, manufactured by GE Healthcare Bio-Sci-
ence KK) packed into a glass tube of diameter 1 cm and height
30 cm, and the ruthenium complex-labeled antibodies were
isolated from the non-labeling ruthenium complex and puri-
fied. The elution was carried out with a 10 mmol/l potassium
phosphate buffer solution (pH 6.0).

(2) Method of Measuring Apx-42 in the Sample

[0144] A plurality of reaction cups was prepared as
required, and 50 ul of a reaction solution containing 50
mmol/l Tris HCI, 10% BSA, 0.15 mol/l NaCl, 0.01% (w/v)
Tween 20, 10 mmol/l EDTA2Na, and 0.1% normal mouse
serum (pH 7.5) was poured into each of the reaction cups.
Bach of the reaction cups was added with 50 ul of the enzyme-
treated sample of the Ap1-42 synthetic peptide and 50 ul of
the control sample. The reaction cups were then added with
25 ul of an A 1-42 synthetic peptide-binding magnetic beads
which had been diluted to have a concentration of 1.5 mg/ml
with the reaction solution, and 200 pl of a ruthenium com-
plex-labeled 21F 12 mouse monoclonal antibody (hereinafter,
referred to as “labeled antibody™) which had been diluted to
have a concentration of 0.1 pg/ml with the reaction solution.
The mixtures were each stirred at 30° C. for 26 minutes to
allow a competitive reaction between the Af1-42 or the Ap 1-
42 fragments in the samples and the magnetic beads-binding
AP1-42 synthetic peptide, with the ruthenium complex-la-
beled 21F12 mouse monoclonal antibody to proceed.

[0145] Subsequently, after trapping the magnetic beads
with a magnet, the liquid was removed from the reaction cups
and the magnetic beads were washed twice with 350 pl of a
washing solution containing 50 mmol/l Tris HCl, 0.01%
(W/V) Tween 20, and 0.15 mol/l NaCl (pH 7.5) and the
non-specifically-bound substance other than that of the anti-
gen-antibody reaction was removed (BF separation). After
that, 300 ul of tryptophyl amine was introduced into each cup
and mixed with the beads. The ruthenium complex emitted
light when electrical energy was applied in this state and the
luminescence intensity was detected by a detector. In addi-
tion, the measuring procedure after the addition of the mag-
netic beads to the reaction cups described above was carried
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out with an automated ruthenium luminescence measurement
device Picolumi 8220 (manufactured by Sanko Junyaku Co.,
Ltd.).

(c) Results

[0146] Table 2 shows the measurement results of the elec-
trochemiluminescence double antibody sandwich immuno-
logical assay of Experiment Example 4. Table 3 shows the
measurement results of the competitive immunological assay
of Experiment Example 5. In Tables 2 and 3, the term “ECL
value” indicates a measured value of intensity of the ruthe-
nium complex luminescence, and the symbol “%’ indicates a
relative ratio of a measured value when a measured value of
the control sample is regarded as 100%. In addition, in Table
3, the relative ratio of decrease in measurement value due to
the competitive reaction when a value (blank value) of a
sample without a competitive substance is regarded as 100%
indicates an inhibition rate.

TABLE 2

Measurement results of Experiment Example 4
(electrochemiluminescence double antibody
sandwich measurement method)

Sample ECL value %

Blank 692.5 —

Control 12794.8 100%

Enzyme treatment 1092.3 9%
TABLE 3

Measurement results of Experiment Example 5

competitive immunological assay

Sample ECL value Inhibition rate %

Blank 34375.8 0% —

Control 20842.7 39% 100%

Enzyme treatment 19560.6 43% 94%
[0147] As shown in Table 2, by the double antibody sand-

wich measurement method, from the trypsin treated Af1-42
synthetic peptide, it was only possible to detect Yo of the
amount of AB1-42 detected in the control sample which had
not been trypsin treated. However, as shown in Table 3, as a
result of the measurement of the same samples with the com-
petitive immunological assay, substantially the same com-
petitive reaction was seen as that with the control sample
which had not been treated with trypsin, confirming that even
though the AP1-42 had been fragmented, the measurement
can be performed in the same way as that for the full length
AP1-42. That is, it was confirmed that the competitive immu-
nological assay reflected accurately the amount of frag-
mented AP1-42 in the sample.

Experiment Examples 6 and 7
21F12 Antibody Characteristic Tests

[0148] AP1-42 synthetic peptide (produced by Peptide
Institute Inc.) (Experiment Example 6) and Ap1-40 synthetic
peptide (produced by Peptide Institute Inc.) (Experiment
Example 7) which had been prepared at concentrations of 0
(blank), 10, 100, 1,000 and 10,000 ng/ml in a 10 mmol/l
potassium phosphate buffer solution (pH 7.8) were measured
using the competitive immunological assay. The competitive
immunological assay was carried out using the procedure
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described in Example 5. FIG. 7 shows the results. Note that,
the inhibition rate shown in the graph of FIG. 7 was repre-
sented by a relative ratio of the decrease in measured value
obtained by the competitive reaction when a value (blank
value) of a sample without a competitive substance was
regarded as 100%.

[0149] The results, as shown in FIG. 7, were such that the
competitive reaction increased as the concentration of the
AP1-42 synthetic peptide of Experiment Example 6
increased while no competitive reaction occurred with the
AP1-40 synthetic peptide of Experiment Example 7 even
when the concentration increased. Therefore, it is clear that
the antibody 21F12 used in the competitive immunological
assay of the present invention is an antibody which reacts
specifically with Ap1-42 and which hardly reacts at all with
AB1-40.

Experiment Example 1

Measurement of AD Patient and Healthy Person
Serum by the Competitive Immunological Assay

[0150] Therequired number of cups into which 50 pl of the
reaction solution had been introduced was used. Then, 50 pl
of serum from each of 25 AD patients, serum from each of 15
healthy people, and a reaction solution (blank) were mixed
respectively as samples. Then, 25 ul of AB1-42 synthetic
peptide-binding magnetic beads diluted to a concentration of
1.5 mg/ml with the reaction solution was added and measure-
ments were made by the competitive immunological assay in
accordance with the procedure described in Example 5. FIG.
8 shows the results.

[0151] Themeasured results showed that the luminescence
intensity for each sample obtained was reduced when com-
pared with the luminescence intensity in the case where reac-
tion solution had been used as a sample which contained no
competitive material, since when there is a large amount of
APx-42 in the sample, the amount of the ruthenium complex-
labeled antibody bound to the magnetic bead-bound peptide
is reduced by the competitive reaction.

[0152] Theluminescence intensity obtained was calculated
as an inhibition factor using the following equation:

Inhibition Facter (%)=[1-Luminescence intensity of
each sample/Luminescence intensity when reaction
solution is used as the sample (luminescence intensity
when there is no competitive reaction)|x100.

[0153] The results, as shown in FIG. 8, were assessed as
being significantly different with a probability of more than
95% between the two groups of AD patients and healthy
people in a t-test (p<0.0002).

Example 2

Competitive Immurnological Assay Using a Poly-
clonal Antibody

[0154] Measurement of serum samples of 20 AD patients
and 18 healthy people was performed by the competitive
immunological assay in the same manner as in Example 1
except that, in stead of the ruthenium complex-labeled 21F12
antibody, a ruthenium complex-labeled AB5078P antibody
which was obtained by labeling a polyclonal antibody
ABS5078P (produced by Chemicon International, Inc.) which
specifically reacts with the C-terminal site of Af1-42 with a
ruthenium complex. FIG. 9 shows the results.

[0155] As aresult, as in Example 1, it was determined that
there was a significant difference between two groups, that is,
a group of the AD patients and a group of the healthy people,
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by the t-test with an probability of 95% or higher (p<0.0002).
The result revealed that any one of the monoclonal antibody
and the polyclonal antibody can be used as long as the anti-
body is specific to the C-terminal site of Af1-42.

Example 3

Competitive Immunological Assay Using an Immo-
bilized Antibody

(a) Method of Preparing Respective Constitutional Compo-
nents of the Reagent

[0156] (1) Method of Preparing AR1-42 C-Terminal Site-
Retaining Peptide Labeled with a Ruthenium Complex

(1-1) Preparation of Thiolated SPDP-Binding Ruthenium
Complex-Labeled Polylysin

[0157] Polylysine (poly-L-lysine, average molecular
weight of 38,000, produced by Sigma-Aldrich Corporation)
(2.5 ml) was dissolved in 2 ml of phosphate buffer (pH 7.8),
then 450 pl of a 10 mg/ml ruthenium complex (Origen TAG-
NHS Ester, produced by Igen Co.) was added and mixed for
60 minutes at 25° C. Then, 200 pl of 2 mol/l glycine was
added to the mixture and mixed for 30 minutes at 25° C. The
mixture was applied to gel filtration column chromatography
(Sephadex G-25, manufactured by GE Healthcare Bio-Sci-
ence KK) packed into a glass tube of internal diameter 2 cm
and height 40 cm and the ruthenium complex-labeled polyl-
ysine was isolated from the non-labeling ruthenium complex
and purified. The elution was carried out with a 10 mmol/l
potassium phosphate buffer solution (pH 6.0).

[0158] Then, 8.3 pl of a 20 mmol/1 protein crosslinking
agent (SPDP, produced by Pierce Biotechnology, Inc.) was
mixed with the 2 mg/ml ruthenium complex-labeled polyl-
ysine and the mixture was stirred for 1 hour at 25° C. while
blowing in nitrogen gas. After stirring, the mixture was
applied to gel filtration column chromatography (Sephadex
G-25, manufactured by GE Healthcare Bio-Science KK)
packed into a glass tube of internal diameter 2 cm and height
40 cm and the SPDP-bound ruthenium complex-labeled
polylysine was isolated from the unbound SPDP and refined.
The elution was carried out with a 10 mmol/l potassium
phosphate buffer solution which contained 1 mmol/1 of eth-
ylenediamine tetra-acetic acid di-sodium salt (pH 7.5).
[0159] Then, 55 wl of a 10 mmol/l potassium phosphate
buffer solution which contained 1 mol/l dithiothreitol and 1
mmol/l ethylenediamine tetra-acetic acid di-sodium salt were
added to the SPDP-bound ruthenium complex-labeled polyl-
ysine and the 2-pyridyl di-sulfide groups of the SPDP were
thiolated by stirring the mixture for 30 minutes at 25° C. while
blowing in nitrogen gas. After stirring, the mixture was
applied to gel filtration column chromatography (Bio-Gel
P-4, manufactured by Bio-Rad laboratories Inc.) packed into
a glass tube of internal diameter 1 cm and height 30 cm and
the thiolated SPDP-bound ruthenium complex-labeled polyl-
ysine was isolated from the dithiothreitol and thiolated by-
products and purified. The elution was carried out with a 10
mmol/l potassium phosphate buffer solution which contained
1 mmol/l of ethylenediamine tetra-acetic acid di-sodium salt
(pH7.5).

(1-2) Preparation of SPDP-Bound 15 L-33-42 Peptide

[0160] 0.5 mg of an AP33-42 synthetic peptide in a form
with 15 lysine residues bound on the N-terminal side, having
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an amino acid sequence: KKKKKKKKKKKKKKKGL.M-
VGGVVIA (SEQ ID NO: 2), hereinafter, referred to as 15
[-p33-42 was dissolved in 50 ul of DMSO and diluted with
0.45 ml of a 10 mmol/l potassium phosphate buffer solution
which contained 1 mmol/l ethylenediamine tetra-acetic acid
di-sodium salt (pH 7.5) to prepare a 15 L-$33-42 peptide
solution.

[0161] Then, 50 pl of a 20 mmol/l protein crosslinking
agent (SPDP, produced by Pierce Biotechnology, Inc.) was
mixed with the 15 [-$33-42 peptide solution, and the mixture
was stirred for 1 hour at 25° C. while blowing in nitrogen gas.
After stirring, the mixture was applied to gel filtration column
chromatography (Bio-Gel P-4, manufactured by Bio-Rad
laboratories Inc.) packed into a glass tube of internal diameter
1 cm and height 30 cm and the SPDP-bound 15 L-$33-42
peptide was isolated from the unbound SPDP and purified.
The elution was carried out with a 10 mmol/l potassium
phosphate buffer solution which contained 1 mmol/l ethyl-
enediamine tetra-acetic acid di-sodium salt (pH 7.5).

(1-3) Binding of Thiolated SPDP-Bound Ruthenium Com-
plex-Labeled Polylysine with SPDP-Bound 15 L-$33-42
Peptide

[0162] 0.3 mg of thiolated SPDP-bound ruthenium com-
plex-labeled polylysine was added to 0.2 mg of SPDP-bound
15 L-f33-42 peptide and left to stand for 16 hours at 4° C,,
and the 15 L-f33-42 peptide and the ruthenium complex-
labeled polylysine were bound via 2-pyridyl di-sulfide binds
of the 15 L-p33-42 peptide-bound SPDP and the thiol groups
of the thiolated SPDP-bound ruthenium complex-labeled
polylysine. The mixture was applied to gel filtration column
chromatography (Sephadex G-25, manufactured by GE
Healthcare Bio-Science KK) packed into a glass tube of inter-
nal diameter 1 cm and height 30 cm and the 15 L-f33-42
peptide+ruthenium complex-labeled polylysine-bound sub-
stance (hereinafter, referred to as “labeled peptide compos-
ite”) was isolated from the free SPDP-bound 15 [-p33-42
peptide and the free thiolated SPDP-bound ruthenium com-
plex-labeled polylysine and purified. The elution was carried
out with a 10 mmol/l potassium phosphate buffer solution
which contained 1 mmol/l ethylenediamine tetra-acetic acid
di-sodium salt (pH 7.5).

[0163] Note that, the bound substances of the peptide and
the ruthenium complex-labeled polylysine can be produced
by means of the same method using other peptide fragments
which retain the Af1-42 C-terminal site and Ap1-42 syn-
thetic peptide instead of the 15 1.-p33-42 peptide used above.
(2) Method of Preparing Magnetic Beads Bound with an
Antibody Specific to C-Terminal Site of Af1-42

[0164] 21F12 antibody-binding magnetic beads were pre-
pared in the same manner as in Experiment Example 1.
[0165] Note that, other antibodies can be used instead ofthe
21F12 antibody as long as they are specific to the C-terminal
site of Ap1-42.

(b) Measurement of Serum from AD Patients and Healthy
People

[0166] A plurality of 500-ul polystyrene cups (hereinafter,
referred to as “reaction cups”) were prepared as required, and
50 ul of a reaction solution containing 10 mmol/l sodium
phosphate, 1% Block Ace, 0.15 mol/l NaCl, 0.01% (W/V)
Tween 20, 10 mmol/l EDTA2Na, 0.25% (W/V) trehalose, and
0.1% normal mouse serum (pH 7.2) was poured into each of
the reaction cups. 20 ul aliquots of an AR 1-42 synthetic pep-
tide as standards for calibration curve purposes at optional
concentrations of 0, 31.25, 62.5, 125, 250, 500, and 1,000
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ng/ml were mixed in the reaction cups, respectively, and 20 pl
aliquots of serum from 15 AD patients and 15 healthy people
as samples for measurement were mixed in the reaction cups.
Then, 25 pl aliquots of 21F12 antibody-binding magnetic
beads which had been diluted to a concentration of 0.3 mg/ml
with reaction solution were added and 200 pl of a labeled
peptide composite diluted to a concentration of 1 pg/ml with
reaction solution were added and reacted for 26 minutes at
30°C.

[0167] Subsequently, the liquid in the reaction cups was
removed while trapping the magnetic beads with a magnet
and the magnetic beads were washed twice with 350 pl of a
washing solution containing 50 mmol/l1 Tris HCI, 0.1%
(W/V) Tween 20, and 0.15 mol/l NaCl (pH 7.5) and the
non-specifically-bound substance was removed.

[0168] Subsequently, 300 ul of tryptophyl amine was intro-
duced into each reaction cup and mixed with the magnetic
beads. The ruthenium complex emitted light on applying
electrical energy in this state and the luminescent intensity
was detected with detection apparatus. Moreover, the proce-
dure following the addition of the magnetic beads to the
reaction cups described above was carried out using an auto-
mated ruthenium luminescence measurement device
Picolumi 8220 (manufactured by Sanko Junyaku Co., Ltd.).

[0169] The inhibition rates due to the competitive reaction
with the standard Af1-42 synthetic peptide are shown in
Table 4 and a calibration curve (y=-3107.3, Ln(x)+26,227,
R?=0.9909) is shown in FIG. 10. The measured values for the
AD patient and healthy person serum samples are shown in
Tables 5 and 6 and in FIG. 11. Note that the determined values
were calculated by applying ECL values of the samples to the
calibration curve of FIG. 10. The results confirmed that the
total amount of AB1-42 C-terminal site in the serum is sig-
nificantly lower in AD patients than in healthy people and that
the means of the present invention can be used for the diag-
nosis of AD.

TABLE 4

Measurement results of standard product of Experiment Example 3

AP1-42 synthetic peptide Inhibition rate

(ng/mL) ECL value (%)
1000 4912.7 71
500 6523.8 62
250 9385.7 45
125 11437.7 33

50 13427.0 21

25 16583.3 3

0 (Blank) 17024.9 0

* The inhibition rate in the table is, where the luminescence intensity mea-
sured value (ECL value) of the ruthenium complex with no inhibition (con-
centration of added AB1-42 peptide is 0, that is, blank) was taken to be
100%, a reduction rate of the ECL luminescence intensity when each con-
centration of AP1-42 was introduced as a percentage.

TABLE 5

Measurement results of AD patient’s serum of Example 3

Average of the
Determined value  determined values
Sample No. ECL value (ng/mL) (ng/mL)
1 8177.0 333.1 107
2 10132.0 177.6
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TABLE 5-continued

Measurement results of AD patient’s serum of Fxample 3

Average of the
Determined value  determined values
Sample No. ECL value (ng/mL) (ng/mL)
3 8510.2 299.2
4 16509.6 228
5 14690.0 41.0
6 15315.1 335
7 16859.0 204
8 11183.0 126.6
9 13187.3 664
10 13964.6 517
11 12901.8 728
12 14652.2 415
13 10213.5 173.0
14 13876.8 532
15 12331.5 87.5
TABLE 6

Measurement results of healthy person’s serum of Fxample 3

Average of the
Determined value  determined values
Sample No. ECL value (ng/mL) (ng/mL)
1 6373.8 5951 570
2 9165.9 2423
3 7037.7 480.6
4 6793.5 5199
5 6031.1 664.5
6 7804.0 375.6
7 5717.6 735.0
8 6681.6 539.0
9 5920.4 688.6
10 6433.4 583.8
11 6152.4 639.1
12 5036.9 915.0
13 7445.8 4215
14 6910.4 500.7
15 6138.2 642.0
[0170] Note that, the calibration curve with this procedure

was drawn up using AP33-42 synthetic peptide as the stan-
dard antigen but it was confirmed that the same results as
those shown in FIG. 10 were observed with a calibration
curve drawn up using Af1-42 synthetic peptide as the stan-
dard antigen. Further, the antibody used was the same 21F12
as used in Example 1 and it was confirmed that a competitive
reaction was seen with AB1-42 synthetic peptide and AP33-
42 synthetic peptide but that there was no reaction with A 1-
40 synthetic peptide.

Experiment Example 8
Test for Confirming AB1-42 Fragmentation in Serum

[0171] Investigation was performed on change in molecule
thereof after the Ap1-42 synthetic peptide had been added to
serum by SDS-PAGE electrophoresis.

1. Preparation of Samples

[0172] InExperiment Example 8-1,50pl ofaserum sample
from a healthy person was mixed with 500 ul of an Ap1-42
synthetic peptide (produced by Peptide Institute Inc.) of a
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concentration of 50 pg/ml, and the mixture was well stirred,
followed by incubation at 25° C. for 90 hours. The resultant
sample was subjected to purification, desalination, and con-
centration by the following method to prepare a purified
desalted sample (30 pl).

[0173] InExperiment Example8-2, 50l ofaserum sample
from a healthy person was mixed with 500 ul of the Ap1-42
synthetic peptide (produced by Peptide Institute Inc.) of a
concentration of 50 pg/ml, and the mixture was well stirred.
The resultant sample was immediately subjected to purifica-
tion, desalination, and concentration by the following method
to prepare a purified desalted sample (30 pl).

[0174] InExperiment Example 8-3, to confirm the molecu-
lar weight of Af in serum of a living body, 1 ml of pool serum
from a healthy person was subjected to purification, desali-
nation, and concentration by the following method to prepare
a purified desalted sample (30 pl).

[0175] The method for the purification, desalination, and
concentration of the samples was as described below. A
sample was purified using affinity gel in which a 21F12
antibody (produced by Innogenetics Inc.) that recognizes the
C-terminal of AB1-42 was bound to sepharose gel (CNBr-
activated sepharose4B: produced by GE Healthcare Bio-Sci-
ence KK). The purification was performed in such a manner
that: 0.2 mlofthe 21F12 antibody affinity gel was packed into
an Ultrafree-MC (manufactured by Millipore Corporation),
and then a sample to which the Ap1-42 synthetic peptide had
been added was applied thereto. After that, 10 mM sodium
phosphate/0.15 M NaCl (pH 7.8) was allowed to flow through
the column for washing until a discharged solution flew out
from the column had the absorbance at A280 nm of 0.000.
After that, 0.1 M citric acid (pH 5.0) was allowed to flow
through the column for washing until a discharged solution
flew out from the column had the absorbance at A280 nm of
0.000. The AP which had been bound to the 21F12 column
was eluted out with 0.6 ml of 4 M guanidine, and the resultant
eluate was subjected to desalination and concentration using
Zip-Tip C18 (manufactured by Millipore Corporation) to
vield 30 ul of a purified sample.

2. Measurement by Competitive Immunological Assay

[0176] The samples obtained by the desalination and con-
centration were each subjected to measurement by the com-
petitive immunological assay as described in Example 3. The
measurement was performed in such a manner that: 2 pl each
of the purified samples was diluted 10-fold with a reaction
solution; and 20 pl of the dilution was used as a sample. Table
8 shows the measurement results for the purified desalted
samples. In addition, Table 7 shows the measurement results
for the standard AB1-42 synthetic peptide. FIG. 12 shows a
calibration curve (y=-3545.7, Ln(x)+30507, R*=0.9856).
[0177] As a result, a determined value in Experiment
Example 8-1 was 452 ng/ml. Since the purified sample of this
case had been diluted 10-fold in advance, the purified sample
had an Apx-42 concentration of 4,520 ng/ml, and the amount
of APx-42 in the sample was calculated to be 136 ng because
the purified sample had a volume of 30 pl.
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TABLE 7

Measurement results of standard product of Experiment Fxample 8

Ap1-42 Synthetic peptide

(ng/mL) ECL value
1000 6270.0
500 8411.9
250 10226.7
125 13950.9
62.5 15788.9
0 (Blank) 18133.2
TABLE 8
Value after
Determined  concentration
value conversion
ECL value (ng/ml) (10-fold) Yield (ng)
Experiment 8829.1 452 4521 136
Example 8-1
Experiment 7589.1 641 6414 192
Example 8-2
Experiment 11305.6 225 2248 67
Example 8-3

Experiment Example 8-1: sample obtained by adding an
AP 1-42 synthetic peptide to serum and purifying the mixture
after 90 hours from the addition

Experiment Example 8-2: sample obtained by adding an
AP 1-42 synthetic peptide to serum and purifying the mixture
immediately after the addition

Experiment Example 8-3: sample obtained by purifying 1 ml
of serum [0094]

3. Electrophoresis

[0178] Next, the purified desalted samples were subjected
to electrophoresis and emerged bands were observed. Nu-
PAGE Bis-Tris gel (produced by Invitrogen Corporation)
having a 4-12% gradient was used as electrophoresis gel, and
Mark 12 (produced by Invitrogen Corporation) was used as a
molecular marker. The purified desalted samples were each
mixed with an LDS sample buffer (produced by Invitrogen
Corporation) that was a sample dilution buffer so that 50 ng
each of the samples were applied to the gel, according to the
determined values obtained by the competitive immunologi-
cal assay, and the mixtures were each applied to the gel. At the
same time, optional amounts of the Ap1-42 synthetic peptide
(produced by Peptide Institute Inc.) and an A$34-42 synthetic
peptide (produced by Sigma-Aldrich Corporation) were each
mixed with the LDS sample buffer, and each of the mixtures
and 5 pl of the molecular marker were applied to the gel.
EBlectrophoresis was performed at 15 mA until a blue pigment
in the LDS sample buffer reached the bottom of the gel. After
the electrophoresis, the gel was subjected to silver staining
using a silver staining II kit Wako (manufactured by Wako
Pure Chemical Industries, Ltd.) to stain protein bands. FIG.
13 shows a photograph of the stained gel after the electro-
phoresis.

[0179] As a result of the electrophoresis, the Ap1-42 syn-
thetic peptide exhibited a band at around a molecular weight
of 4.5 KDa by referring to the result of the molecular marker.
On the other hand, the Ap34-42 synthetic peptide that had a
molecular weight of 0.8581 KDa did not exhibit a band. The
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results of the electrophoresis of the molecular marker indi-
cated that peptides having molecular weights of 3.5 KDa or
more was able to be detected, but the AB34-42 having addi-
tionally smaller molecular weight had migrated to the bottom
of the gel, so the Ap34-42 was not able to be detected as a
band on the gel.

[0180] For the sample obtained by adding Ap1-42 to serum
and purifying the mixture immediately after the addition by
using the 21F12 antibody affinity column (Experiment
Example 8-2), aband was detected at the same position as that
of the Ap1-42 synthetic peptide. In addition, there was no
band detected in molecular weight regions except that at
around 4.5 KDa. Thus, it was confirmed that, by using the
present purification method using the 21F12 antibody affinity
column, the AP1-42 which had been added to the serum was
able to be purified from the serum to a state where the A 1-42
alone exists.

[0181] On the other hand, for the sample which had been
purified using the 21F12 affinity column after the addition
and incubation for 90 hours (Experiment Example 8-1) and
the sample obtained by purifying 1 ml of serum (Experiment
Example 8-3), there was no band at around 4.5 KDa, and there
was no band detected in molecular weight regions except that
at around 4.5 KDa. In those cases, 50 ng of each of the
samples was applied to the gel according to the determined
values obtained by the competitive immunological assay.
Thus, after the addition of the Ap1-42 synthetic peptide to the
serum, the synthetic peptide in the serum was gradually frag-
mented with passage of time and converted into small mol-
ecules, so it was considered that the band of the Ap1-42
synthetic peptide was not able to be detected for the same
reason as that for the Ap34-42 synthetic peptide.

Experiment Example 9

[0182] For a method of confirming the presence or absence
of Apx-42 fragments in molecular weight regions of 3.5 KDa
or less, which cannot be detected by SDS-PAGE, an investi-
gation was made on a method using a low-molecular peptide
separation gel filtration column.

[0183] Biogel P-4 gel (produced by Bio-Rad laboratories
Inc.) that was a gel filtration column was packed into a glass
column tube (manufactured by Bio-Rad laboratories Inc.)
having ¢ of 1.0 and height of 120 cm so that a gel volume was
84 ml. A mobile phase of 8M urea/50 mM Tris (pH 7.5) was
sentata flow speed of 0.1 ml/min withan HPLC pump CCPM
(manufactured by Tosoh Corporation). An eluate from the
column was measured for absorption thereof at A225 nm with
an SPD6AV spectrometer (manufactured by Shimadzu Cor-
poration), and measurement data was used for creation of a
chart with a C-R3A chromatopack (manufactured by Shi-
madzu Corporation). Note that, the SPD-6AV spectrometer
was set to have a range 0f 0.005 and a response of STD mode.
The C-R3A chromatopack was set to have peak detection
sensitivity (SLOPE) of 193.68, a minimum peak area value of
10, and a chart speed of 1 mm/min.

[0184] The gel filtration column apparatus was applied
with pepsin A (molecular weight of 35 KDa, produced by
Sigma-Aldrich Corporation), Ap1-42 (molecular weight of
4.514 KDa, produced by Peptide Institute Inc.), Ap1-28 (mo-
lecular weight of 3.2625 KDa, produced by Bachem AG),
AP12-28 (molecular weight of 1.9552 KDa, produced by
Sigma-Aldrich Corporation), Ap1-11 (molecular weight of
1.3253 KDa, produced by Bachem AG), Ap34-42 (molecular
weight of 0.8581 KDa, produced by Sigma-Aldrich Corpo-
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ration), Suc-D-Asp-MCA (molecular weight of 0.3903 KDa,
produced by Peptide Institute Inc.), and E-64-c (molecular
weight of 0.31438 KDa, produced by Peptide Institute Inc.)
having dissolved in dimethylsulfoxide (hereinafter, referred
to as “DMSO”, produced by Sigma-Aldrich Corporation),
and DMSO alone (molecular weight of 0.0781 KDa, pro-
duced by Sigma-Aldrich Corporation) in this order. Charts
were created with a chromatopack using absorption at A225
nm of eluates thereof. FIG. 14 shows the charts. In addition,
FIG. 15 shows a graph created using the peak emergence time
shown in the charts and the known molecular weights.
[0185] Due to the linearity between the pepsin A (molecu-
lar weight of 35 KDa) and Af1-42 (molecular weight of 4.51
KDa) shown inthe graph of FIG. 15, the pepsin A and A 1-42
were considered to be eluted at exclusion limit values (Void
volume) of the column. Therefore, fractionation molecular
weights used in the gel filtration column apparatus were
3.2625 KDa (AB1-28) to 0.0781 KDa (DMSO), and a cali-
bration curve within this molecular weight range was created.
FIG. 16 shows a graph of the thus-created calibration curve
(y=-3545.7, La(x)+30507, R*=0.9856).

[0186] In addition, to investigate reproducibility of the
apparatus, AP1-28, AP1-11, and Suc-D-Asp-MCA were
again applied to the column to confirm differences in elution
time between the first application and the second application.
As aresult, good reproducibility was attained. FIG. 17 shows
a chart, and Table 9 shows reproducibility data.

TABLE 9

Results of Experiment Example 9

Elution time (min

Sample First Second Relative ratio (%)
Ap1-28 287.622 286.467 99.60
Ap1-11 342513 343.367 100.25
Suc-D-Asp-MCA 494.522 492.400 99.57

[0187] InTable 9, the relative ratio is represented as % of a
second measured value regarding a first value as 100.

Experiment Example 10

[0188] To confirm the molecular weight of AP in serum of
a living body, 1 ml of pool serum from a healthy person was
subjected to purification using affinity gel in which a 21F12
antibody which recognizes the C-terminal of Af1-42 was
bound to sepharose gel (CNBr-activated sepharose4B). The
purification was performed in such a manner that: 0.2 ml of
the affinity gel was packed into an Ultrafree-MC (manufac-
tured by Millipore Corporation), and then a sample was
applied thereto, and a passed fraction was preserved at -20°
C. After that, 10 mM sodium phosphate/0.15 M NaCl (pH
7.8) was allowed to flow through the column for washing until
adischarged solution flew out from the column had the absor-
bance at A280 nm of 0.000. After that, 0.1 M citric acid (pH
5.0) was allowed to flow through the column for washing until
adischarged solution flew out from the column had the absor-
bance at A280 nm of 0.000. A 21F12 column-bound fraction
was eluted out with 0.4 ml of 8M urea/50 mM Tris (pH 7.5).
[0189] A purified sample was added with 5 pl of DMSO,
and then applied to the gel filtration column apparatus, and a
chart was created with a chromatopack by using absorption at
A225 nm of the eluate. FIG. 18 shows the chart.
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[0190] DMSO which had been added to the sample exhib-
ited a peak thereof at 678.8 minutes, which resulted in good
reproducibility as compared with the peak emergence time of
DMSO at the time of creation of the calibration curve of
676.567 minutes. The resultant sample had a main peak at
512.167 minutes. There was a shoulder peak prior to the main
peak, which was not sufficiently separated from the main
peak, and the emergence time of the shoulder peak was about
470 minutes when converted from a chart speed and a dis-
tance from the beginning to the shoulder peak. Although not
able to be visually observed, a plurality of extremely small
detected peaks were detected, which were able to be detected
by an automated peak detection mechanism of the chromato-
pack. The emergence time of the main peak and the shoulder
peak was applied to the previously-created calibration curve
of FIG. 19 to calculate out molecular weights of the eluted
substances. As a result, the main peak had a molecular weight
0f 0.357 KDa and the shoulder peak had a molecular weight
0f 0.526 KDa.

[0191] In addition, the passed fraction collected from the
affinity column and pool serum from a healthy person (same
as that purified) which had not been purified were subjected to
measurement by the competitive immunological assay as
described in Example 3. As a result, the serum before being
subjected to affinity purification had a measured value of 875
ng/ml while the passed fraction which was obtained by allow-
ing the serum to pass through the 21F12 column had a mea-
sured value of 293 ng/ml, resulting in an decrease in amount
to about 30% of that before passage through the column.
Therefore, the balance, that is, about 70% (582 ng), of a total
amount was considered to be bound to the 21F12 affinity
column, and the low-molecular peak emerged in the chart
obtained by using the gel filtration column apparatus reflected
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the amount of about 70% (582 ng) which corresponded to the
decrease in value obtained by the competitive immunological
assay.

[019};] Those results revealed that an Afx-42 fragment at
the main peak was estimated to have a C-terminal peptide of
Val-Ile-Ala (molecular weight of 0.33742 KDa), and an A x-
42 fragment at the shoulder peak was estimated to have a
C-terminal peptide of Gly-Val-Val-Ile-Ala (0.52964 KDa).
[0193] In addition, since the plurality of extremely small
peaks were detected in the automated peak detection of the
chromatopack, there was a possibility that a plurality of Apx-
42 fragments, other than those at the main peak and the
shoulder peak, were present in the sample which had been
obtained by purifying serum with the 21F12 antibody affinity
column.

[0194] The results of the investigation using SDS-PAGE of
Experiment Example 8, the investigations using the gel fil-
tration column apparatus of Experiment Examples 9 and 10,
and the metabolism confirmation test using the protease
inhibitor of Experiment Example 3 strongly supported the
idea that AP1-42 is degraded by enzymes and fragmented in
blood. This finding demonstrated for the first time that the
APx-42 fragments were able to be measured using a blood
sample such as serum or plasma. Accordingly, the finding
means that the present invention is effective for every method
of measuring an AP fragment by using a blood sample such as
serum or plasma as well as for the competitive immunological
assay disclosed by the present invention.

INDUSTRIAL APPLICABILITY

[0195] Measurement of the total amount of AB1-42 and
peptide fragments which retain the Af1-42 C-terminal site of
AP1-42 (APx-42) in a sample using an immunological assay
with antibodies which are specific to the C-terminal site of
AP 1-42 can be used for the diagnosis of Alzheimer’s disease.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys

1 5 10

15

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile

20 25

Gly Leu Met Val Gly Gly Val Val Ile Ala
35 40

<210> SEQ ID NO 2

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

30

<223> OTHER INFORMATION: Description of Artificial Sequence; Synthetic



US 2008/0199879 A1l

Aug. 21, 2008

-continued

<400> SEQUENCE: 2

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Gly

1 5 10

Leu Met Val Gly Gly Val Val Ile Ala
20 25

15

1-25. (canceled)

26. A method of assaying Alzheimer’s disease, comprising
measuring a total amount of f-amyloid 1-42 and f-amyloid
1-42 fragments each of which retains a C-terminal site of the
B-amyloid 1-42 in a biological sample by an immunological
assay in which an antibody specific to the C-terminal site of
the f-amyloid 1-42 is used.

27. The method of assaying Alzheimer’s disease according
to claim 26, wherein the immunological assay is a competi-
tive immunological assay.

28. The method of assaying Alzheimer’s disease according
to claim 26, wherein the antibody is a polyclonal antibody or
a monoclonal antibody.

29. The method of assaying Alzheimer’s disease according
to claim 28, wherein the monoclonal antibody is an antibody
which recognizes f-amyloid 1-42 but which does not recog-
nize f-amyloid 1-40.

30. The method of assaying Alzheimer’s disease according
to claim 26, wherein the antibody is a mouse monoclonal
antibody specific to a C-terminal site of Af1-42, which is
obtained by using as an immunogen a 33-42 amino acid site of
the f-amyloid 1-42.

31. The method of assaying Alzheimer’s disease according
to claim 27, wherein the competitive immunological assay
comprises the following steps (a) and (b) of:

(a) reacting a support on which a peptide which retains the

C-terminal site of the f-amyloid 1-42 is immobilized as
a solid phase, a biological sample, and an antibody
which recognizes the C-terminal site of the p-amyloid
1-42 and which is labeled with a labeling substance; and

(b) measuring, after washing, a total amount of the 3-amy-
loid 1-42 and p-amyloid 1-42 fragments each of which
retains the C-terminal site of the f-amyloid 1-42 by
measuring an amount of a labeled antibody which is
bound to the peptide which retains the C-terminal site of
the B-amyloid 1-42 and which is immobilized as a solid
phase.

32. The method of assaying Alzheimer’s disease according
to claim 27, wherein the competitive immunological assay
comprises the following steps (a) and (b) of:

() reacting a support on which an antibody which recog-
nizes the C-terminal site of the -amyloid 1-42 is immo-
bilized as a solid phase, a biological sample, and a pep-
tide which retains the C-terminal site of the p-amyloid
1-42 and which is labeled with a labeling substance; and

(b) measuring, after washing, a total amount of f-amyloid
1-42 and P-amyloid 1-42 fragments each of which
retains the C-terminal site of the f-amyloid 1-42 by
measuring an amount of the labeled peptide which
retains the C-terminal site of the B-amyloid 1-42 and
which is bound to the immobilized antibody.

33. The method of assaying Alzheimer’s disease according
to claim 32, wherein the peptide which retains the C-terminal
site of f-amyloid 1-42 and which is labeled with the labeling
substance is a peptide composite which has a carrier sub-
stance bound thereon.
34. The method of assaying Alzheimer’s disease according
to claim 33, wherein the carrier substance comprises polyl-
ysine, dextran, bovine serum albumin, or a polypeptide which
has many free amino groups.
35. The method of assaying Alzheimer’s disease according
to claim 31, wherein the labeling substance comprises a
ruthenium complex.
36. The method of assaying Alzheimer’s disease according
to claim 31, wherein the support comprises magnetic beads.
37.The method of assaying Alzheimer’s disease according
to claim 26, wherein the biological sample comprises serum
or plasma.
38. A diagnostic reagent for Alzheimer’s disease, compris-
ing as an essential constitutional component an antibody spe-
cific to a C-terminal site of f-amyloid 1-42, wherein the
diagnostic reagent is used for assaying Alzheimer’s disease
by measuring a total amount of the f-amyloid 1-42 and
[-amyloid 1-42 fragments each of which retains the C-termi-
nal site of the 3-amyloid 1-42 in a biological sample.
39. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 38, further comprising as essential constitutional
components:
apeptide which retains the C-terminal site of the f-amyloid
1-42 and which is immobilized as a solid phase; and

an antibody which is specific to the C-terminal site of the
[f-amyloid 1-42 and which is labeled with a labeling
substance,

wherein the diagnostic reagent is used for a competitive

immunological assay.

40. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 38, further comprising as essential constitutional
components:

an antibody which is specific to a C-terminal site of f-amy-

loid 1-42 and which is immobilized as a solid phase; and
apeptide which retains the C-terminal site of the f-amyloid
1-42 and which is labeled with a labeling substance,
wherein the diagnostic reagent is used for a competitive
immunological assay.

41. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 39, wherein the support to be used for immobi-
lization comprises magnetic beads.

42. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 40, wherein the support to be used for immobi-
lization comprises magnetic beads.

43. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 40, wherein the peptide which retains the C-ter-
minal site of the f-amyloid 1-42 which is labeled with the
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labeling substance comprises a peptide composite having a
carrier substance bound thereto.

44. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 43, wherein the carrier substance comprises
polylysine, dextran, bovine serum albumin, or a polypeptide
which has many free amino groups.

45. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 39, wherein the labeling substance comprises a
ruthenium complex.

46. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 38, wherein the antibody comprises a polyclonal
antibody or a monoclonal antibody.

47. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 46, wherein the monoclonal antibody comprises
an antibody which recognizes the f-amyloid 1-42 but which
does not recognize f-amyloid 1-40.

48. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 38, wherein the antibody comprises a mouse
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monoclonal antibody which is specific to a C-terminal site of
AP1-42 and which is obtained by using as an immunogen a
33-42 amino acid site of the f-amyloid 1-42.

49. The diagnostic reagent for Alzheimer’s disease accord-
ing to claim 38, wherein the biological sample comprises
serum or plasma.

50. A method of measuring f-amyloid 1-42, comprising
measuring an amount of p-amyloid 1-42 in a biological
sample by measuring a total amount of the f-amyloid 1-42
and f-amyloid 1-42 fragments each of which retains the
C-terminal site of the f-amyloid 1-42 in a biological sample
by an immuno assay method in which an antibody specific to
the C-terminal site of the f-amyloid 1-42 is used.

51. The method of measuring ff-amyloid 1-42 according to
claim 50, wherein the biological sample comprises serum or
plasma.



patsnap

ERIEH(ID) BB/ S B BRI Wi B0 75 3%
[F(RE)E US20080199879A1 K (aH)A 2008-08-21
HiES US11/665816 RiFH 2005-10-27
B (% AR A () =HABRGERATE.
M BB R AGE) SHATRAERAT.
[#R1 & BB A TAKAYAMA SHIGEO

YAMADA YUJI
KHEA TAKAYAMA, SHIGEO

YAMADA, YUJI
IPCH &= GO01N33/53 GO1N33/544 CO7K16/00
CPCH¥= C07K16/18 GO1N2800/2821 GO1N2333/4709 GO1N33/6896
£ 2005052003 2005-02-25 JP

2004314639 2004-10-28 JP
SNERaE Espacenet USPTO
HE(F) -
A% B S IR T — RO B A MR R IR R BRI B A 5 0 | 3T X% _Soe
s b I SAI N S A B o ey . V_ <I~vC3{—1o | 2=
BHENATARKERBH LM, THUBTNEFEHREN1-420 | % X e -
B-EM I 1425 B B BRI EF/RBER R | AR TR E — '
1-42RB- B BEE1-2H BEHREENHRPEENHER1-420 o e
C-HRiRfIm, RBEENE  Hep AR WS [ 1-4200C- R ik = e S—
R, REeRENELESEaBNE. =R

‘ﬁ% == :‘>
W e S O@o

L= ]

l Application of electrical energy

<O



https://share-analytics.zhihuiya.com/view/d492c69e-4139-4abc-9ae0-57f52fd22d13
https://worldwide.espacenet.com/patent/search/family/036227886/publication/US2008199879A1?q=US2008199879A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080199879%22.PGNR.&OS=DN/20080199879&RS=DN/20080199879

